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R

isk stratification among patients
suffering from cardiovascular diseases is a major field of intense investigation worldwide. The combination
of structural indices, such as the left ventricular ejection fraction, with autonomic
function indices has recently been proposed as the state-of-the-art method for
risk assessment in patients with acute myocardial infarction or severe congestive
heart failure. Among indices of autonomic-cardiac coupling heart rate variability,
that is, the RR variability on the electrocardiogram, and heart rate turbulence,
which describes the change in sinus cycle
length after a premature ventricular beat,
have been extensively studied in large patient populations and have been proven of
significant value for the discrimination between survivors and non-survivors after an
acute myocardial infarction. They are both
related to the baroreflex arc, whose assessment can ameliorate the discriminating
power of different mortality risk stratifiers.
In this review article, the basic pathophysiological aspects of the above indices are
discussed, along with the major clinical
studies where their clinical validity has
been tested. It seems that alterations in
different autonomic indices can reliably
differentiate between normal and pathological responses of the cardiovascular system after an acute (myocardial infarction)
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or chronic (congestive heart failure) event,
whereas continuous individualised patient
monitoring may provide the means of determining benefit for a given intervention
in a particular patient.
Heart rate variability
Heart rate variability (HRV) describes
variations in both instantaneous heart rate
and RR intervals. Beat-to-beat fluctuations
reflect the dynamic response of the cardiovascular control systems to a host of naturally occurring physiological perturbations.
In particular, arterial and venous blood
pressures are altered continuously as a result of the cyclic variation in intrathoracic
pressure associated with respiratory movements, and also because of the fluctuations
in peripheral vascular resistance resulting
from regional blood flow autoregulation.
The sympathetic and parasympathetic nervous systems maintain cardiovascular
homeostasis by responding to beat-to-beat
perturbations that are sensed by baroreceptors and chemoreceptors.1
Although oscillations in heart rate and
blood pressure were identified over 100
years ago, the notion that certain frequencies may be indicative of either sympathetic or parasympathetic tone is considerably
newer and has led to great clinical interest
in describing changes in a range of physio-
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logical and pathological conditions, such as heart failure, diabetes, hypertension, sepsis and brain death.2-9
The first recorded measurements of oscillations in
the cardiovascular system were described by Mayer in
1876. He observed pronounced oscillations in blood
pressure in anaesthetised and spontaneously breathing rabbits at 0.1 Hz. A variety of animal and human
research has established two clear frequency bands in
heart rate and blood pressure signals. These bands include oscillations associated with respiration between
0.2 to 0.4 Hz (high frequency) and bands with a lower
frequency range, below 0.15 Hz. The latter has often
been subdivided into the low-frequency range below
0.09 Hz as well as a mid-frequency range (0.09-0.15
Hz). 10,11 In 1981 Akselrod introduced power spectrum analysis of heart rate fluctuations in order to
quantify beat-to-beat cardiovascular control. Power
spectrum density analysis provides the basic information of how power (variance) is distributed as a function of frequency. 1 In 1996, the Task Force of the
European Society of Cardiology and the Northern
American Society of Pacing and Electrophysiology
published guidelines regarding standardisation of
nomenclature, specification of methods of measurement, definition of physiological and pathophysiological correlates, description of clinical applications and
identification of different areas for future research.12
The clinical relevance of heart rate variability was
first appreciated in 1965 when Hon and Lee noted
that foetal distress was preceded by alterations in inter-beat intervals before any change occurred in the
heart rate itself.13 The association of higher risk of
post-infarction mortality with reduced heart rate variability was first shown by Wolf in 1977.14 The clinical
importance of heart rate variability became appreciated in the late 1980s, when it was demonstrated that
low heart rate variability was a strong and independent predictor of mortality after an acute myocardial
infarction.6,10
Measurement of heart rate variability
The RR variations may be evaluated by two methods:
time domain and frequency domain.
Time domain methods
Time domain methods determine heart rate or RR
intervals in continuous electrocardiographic recordings. Each QRS complex is detected and the normalto-normal intervals (all intervals between adjacent

QRS complexes) are calculated. Other time domain
variables include the mean normal-to-normal interval, the mean heart rate, and the difference between
the longest and the shortest interval. More complex
statistical methods are also used, especially in the
case of heart rate signals that are recorded over 24
hours or more. The simplest of these metrics is the
standard deviation of the normal-to-normal intervals
(SDNN), which is the square root of the variance.
However, it should be emphasized that the shorter
the monitoring period the less accurate the SDNN
variable becomes. The most commonly used time domain methods are the square root of the mean
squared differences of successive intervals (RMSSD),
the number of differences between successive intervals greater than 50 ms (NN50), and the proportion
derived from dividing NN50 by the total NN intervals
(pNN50).12
Frequency domain methods
Spectral analysis of heart rate signals provides their
power spectrum density and displays in a plot the relative contribution (amplitude) of each frequency.
This plot includes at least three peaks. Fast periodicities in the range 0.15-0.4 Hz (HF) are largely due to
the influence of the respiratory phase on vagal tone.
Low frequency periodicities (LF), in the region of
0.04-0.15 Hz, are produced by baroreflex feedback
loops, affected by both sympathetic and parasympathetic modulation of the heart, and very low frequency periodicities, in the frequency range less than 0.04
Hz, have been variously ascribed to modulation by
chemoreception, thermoregulation and the influence
of vasomotor activity (Table 1). The area under the
power spectral curve in a particular frequency band is
considered to be a measure of heart rate variability at
that frequency. According to the report of the Task
Force, the ECG signals analysed must satisfy several
technical requirements in order that reliable information may be obtained. Ectopic beats, arrhythmic
events, missing data and noise effects should be properly filtered and omitted. Frequency domain methods
must be preferred in short term investigations. The
recordings should last for at least 10 times the wavelength of the lower frequency bound, thus recordings
of approximately 1 minute can assess the HF component of heart rate variability while 2 minutes are needed for the LF component. In conclusion, 5-minute
recordings are preferred, unless the aim of the study
dictates a different design.1,10-12
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Table 1. Heart rate variability metrics in the frequency domain.
Frequency components

Units

Characteristics

ULF (ultra low frequency)
VLF (very low frequency)
LF (low frequency)
HF (high frequency)

ms2
ms2
ms2
ms2

24-hour recordings: <0.003 Hz
24-hour and 5-minute recordings: 0.003-0.04 Hz
24-hour and 5-minute recordings: 0.04-0.15 Hz
24-hour and 5-minute recordings: 0.15-0.4 Hz

Origin of heart rate variability components
Respiratory oscillations
The cyclic variation in intrathoracic pressure perturbs
venous return, cardiac output, and thus blood pressure. These changes are sensed by baroreceptors and
result in changes in autonomic activity in the heart.
The important point is that such perturbations are
mediated via the vagus nerve, since atropine administration eliminates high frequency oscillations in heart
rate. It seems that a major cause of respiratory arrhythmia is a central coupling of respiratory drive to
cardiac vagal motor neurons. However, the changes in
vagal activity are partly induced by baroreceptor sensing of respiratory oscillations in blood pressure and
reflect all components of the baroreflex loop. In addition, factors such as reduced respiratory capacity and
body position may alter the amplitude of high frequency oscillations in blood pressure and subsequently the HF component of heart rate oscillations as well.
Thus, heart rate variability analysis concerning slow
frequencies cannot be used for comparisons between
different patient groups, since there is a need for control of ventilation for both rate and depth. A more
longitudinal study, involving patients whose respiratory variables remain stable, seems of greater importance and deserves further investigation.15,16
Slow oscillations
The low frequency component of heart rate variability is probably the most contentious aspect with respect to cardiovascular variability. There are two opposing theories in the literature proposing different
potential origins: the central oscillator theory and the
baroreflex feedback loop theory. According to the
first viewpoint, LF oscillations reflect sympathetic
tone and are generated by the brain stem circuits.
Montano analysed the discharges of single neurons,
which were classified as sympathetic and were located
in the rostral ventrolateral medulla and caudal ven280 ñ HJC (Hellenic Journal of Cardiology)

trolateral medulla in cats, and observed activity at
0.12 Hz that was positively correlated with heart rate
and blood pressure variability. As the above oscillations remained after sinoaortic and vagal resection, it
was assumed that the central nervous system is able
to generate such oscillations. In humans, an increased
LF component in heart rate variability has been documented in various conditions that decrease baroreflex
gain and increase sympathetic outflow (tilt, mental
stress, exercise). Apnoea, in which there is an absence
of peripheral inputs, is also associated with a low frequency component in heart rate and blood pressure
variability.16,17
However, the dominant theory remains the baroreflex feedback loop model. It seems that a change in
blood pressure is sensed by arterial baroreceptors,
which adjust heart rate through the central nervous system via both the fast vagal action and the slower sympathetic action. At the same time, baroreceptors induce a
slow sympathetic withdrawal in the vessels. The delay in
the sympathetic branch of the baroreflex in turn determines a new oscillation, which is sensed by the baroreflex and induces a new oscillation in heart rate. It has also been proposed that the LF oscillation arises from the
interaction of slow sympathetic and fast vagal responses,
where baroreflex buffering of the slow, respiratory-induced blood pressure oscillations results in resonant low
frequency oscillations due to the delay in the slow conducting sympathetic loop of the baroreflex.15,16,18
In conclusion, it must be stressed that the low frequency oscillations of heart rate reflect the ability of
the individual components of the baroreflex feedback
loop to respond to different inputs that can alter the
power of such oscillations and are not just a measure
of sympathetic nerve activity.
Clinical implications of altered heart rate variability
A healthy state exhibits some degree of stochastic
variability in physiological variables such as heart
rate. Loss of such variability means a loss of complex-
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ity that accompanies cardiovascular disease, critical illness and trauma, while it is associated with an increased mortality rate after acute myocardial infarction. It seems that physiological systems consist of various components that interact with each other in such
a way that small changes in one component could elicit profound effects on the behaviour of the system as a
whole. Heart rate variability is accepted as a measure
of autonomic regulation of cardiac activity, and can reflect the coupling between the autonomic nervous system and the sinoatrial node.19 Figure 1 illustrates the
different heart rate dynamics of a healthy subject and
of someone suffering from congestive heart failure.
Both patients have nearly identical means and variances of heart rate. However, in the first case the heart

rate signal shows complex and rather unpredictable behaviour, whereas in the second there are periodic oscillations that are associated with a Cheyne-Stokes pattern of breathing, indicating loss of complexity and low
variability within the heart rate time series.
The observation that in acute myocardial infarction the absence of respiratory sinus arrhythmia is associated with an increased mortality was published in
1978 and was the first report that demonstrated the
prognostic value of heart rate variability analysis for
identification of high risk patients.14 The first large
prospective population study that proved the significant prognostic value of low heart rate variability after an acute myocardial infarction was the Autonomic
Tone and Reflexes After Myocardial Infarction Study

Figure 1. Time series of heart rate signals in two different situations. The plot of heart rate (beats/min, bpm) versus
time (min) is called a tachogram. The top signal is from a healthy subject and the middle tracing is from a patient with
severe congestive heart failure (CHF). Both patients have nearly identical means and variances of heart rate (bottom), however their dynamics differ significantly. (Downloaded from the open-source website: www.physionet.org).
(Hellenic Journal of Cardiology) HJC ñ 281
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(ATRAMI), which included 1284 patients with a recent (<28 days) myocardial infarction. 20 Twentyfour-hour Holter monitoring was performed in order
to quantify heart rate variability (using SDNN values)
and ventricular arrhythmias. Low values of heart rate
variability (SDNN <70 ms) carried a significant multivariate risk of cardiac mortality. Furthermore, the
association of low SDNN with left ventricular ejection
fraction (LVEF) <35% carried a relative risk of 6.7,
compared with patients with LVEF above 35%. Investigators from the Framingham Heart Study studied heart rate variability time and frequency domain
measures in 736 patients and correlated them with
all-cause mortality during 4 years of follow-up.5 They
concluded that heart rate variability offers prognostic
information independent of that provided by traditional risk factors. During the Zutphen study, 885
middle-aged (40-60 years old) and elderly (aged 6585) Dutch men were followed from 1960 until 1990
with SDNN being determined from the resting 12lead ECG. It was shown that low heart rate variability
was predictive of mortality from all causes, indicating

that it can be used as an index of compromised health
in the general population.21 It seems that the predictive value of low heart rate variability is independent
of other factors such as depressed left ventricular
ejection fraction and presence of late potentials. It is
supposed that the change in the geometry of a beating heart due to necrosis may abnormally increase the
firing of sympathetic afferent fibres by mechanical
distortion of their sensory endings.6,7 This excitation
attenuates the vagal activity in the sinus node, while
there is a parallel reduced responsiveness of sinus
nodal cells to neural modulations. Apart from a global reduction in all heart rate variability values after myocardial infarction, normalised values of low frequency
(LF/total power) components are increased and high
frequency components are decreased, indicating a shift
of sympathovagal balance toward a sympathetic predominance.6,7,22 After acute myocardial infarction,
heart rate variability has been found to be reduced for
a period of few weeks, while it is maximally but not fully recovered after 6 to 12 months.23
Apart from the value of altered heart rate variabil-

Table 2. Some selected studies investigating different heart rate variability values in cardiac diseases.
Disease

Authors

Study population

Methods

Clinical Findings

Hypertension

Guzzetti 199125

49 with hypertension vs.
30 controls
34 with hypertension vs.
54 controls

Autoregressive modelling

↑ LH in hypertension,

Fast Fourier transformation (FFT)

↓ HF component and loss
of circadian variation (both
studies)

Langewitz 199426

Heart failure

Saul 199827

25 with heart failure vs.
21 controls

Statistical methods

Low HRV

NYHA III & IV

Binkley 199128

10 with heart failure vs.
10 controls
12 with heart failure

4 minutes FFT

↓ HF (>0.1 Hz), ↑ LF/HF

FFT and statistical methods

↑ HRV with treatment with
inhibitors of
converting activation
enzyme (ACEs)

FFT and statistical methods

↓ HF (>0.1 Hz)

Townend 199229

Cardiomyopathies Counihan 199330

104 patients with
cardiomyopathy

Sudden death,

Algra 199331

193 survivors vs. 230 controls Statistical methods in 24 recordings

↓ HRV induces ↑ in
mortality by a factor of 2.6

Heart attack

Huikuri 199232

22 survivors vs. 22 controls

Autoregressive modelling in 24 hour
Holter

↓ HF in survivors

Ventricular
arrhythmias

Huikuri 199333

18 patients with ventricular
fibrillation

Autoregressive modelling in 24 hour
Holter recordings

↓ of all HRV components
before the arrhythmic
episode

NYHA – New York Heart Association.
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A

B

Figure 2. Power spectrum density, analysed in two patients treated in the intensive care unit. Patient A was hospitalised for a scheduled
carotid endarterectomy and patient B suffered from cardiogenic shock post myocardial infarction. The latter patient displays low heart rate
power (area under the curve), while all frequency components are barely visible in comparison with the first subject. The scale of power in
the second case has been changed and the x-axis has been omitted for better visualisation of the plot; otherwise it would be impossible to
detect any peaks in the graph.

ity for risk stratification after acute myocardial infarction, it has been demonstrated recently that patients
suffering from congestive heart failure (retrospective
electrocardiographic data analysis from 127 patients in
the Veterans Affairs’ Survival Trial of Antiarrhythmic
Therapy in Congestive Heart Failure) with SDNN
<65.3 ms had a significantly increased risk of sudden
death (p=0.016), while each increase of 10 ms in
SDNN conferred a 20% decrease in risk of mortality
(p=0.0001).24 Table 2 summarises some of the studies
investigating the possible association between different
heart rate variability measures and various cardiovascular disorders, while Figure 2 shows power spectral
density plots of two characteristic patients (survivor
and non-survivor), treated in the intensive care unit.
Baroreflex function and cardiovascular disease
The baroreflex feedback loop is responsible for neurocardiovascular control. Baroreceptors in the walls
of the carotid arteries and the aorta sense systemic
blood pressure via stretching and, through afferent
discharge transmitted to the central nervous system,
buffer or oppose the changes in blood pressure. A
rise in pressure results in reflex parasympathetic activation with sympathetic inhibition and a subsequent
decrease in heart rate, whereas a decrease in pressure
reduces baroreceptor discharge and elicits an increase in sympathetic outflow. In addition, the increase in shear stress by blood pressure stimulates
augmented endogenous nitric oxide production. Due

to its potent vasodilatory action the initial rise in
blood pressure is counterbalanced.16,18
Methods of measurement
The function of baroreflex can be estimated by the
degree of change in heart rate for a given unit change
in blood pressure. This can be quantified through the
application of an external stimulus, mechanical or
pharmacological.25 An alternative method evaluates
heart rate modulation by identifying consecutive RR
intervals in which progressive increases in systolic
blood pressure are followed by progressive lengthening in pulse interval and vice versa. The slope of the
regression line between these two values is considered as the magnitude of the reflex gain.34 This method is called the ‘sequence technique’. Another method for the assessment of baroreflex sensitivity estimates the transfer function magnitude between systolic blood pressure and heart rate. The transfer magnitude represents the relative amplitude or gain of
the output signal for a given input signal at a given
frequency. Its estimation can be obtained by computing the alpha (·) index.35,36
Origin and regulation of baroreflex function
Myelinated and unmyelinated fibers in cranial nerves X
and XI connect different brain regions to neurons in
the dorsal medial region of the nucleus tractus solitarius
(NTS). Projections from the NTS are connected to the
(Hellenic Journal of Cardiology) HJC ñ 283
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caudal ventral lateral medulla (CVLM) and subsequently synapse to excitatory neurons in the rostral ventral lateral medulla (RVLM). This region increases the
firing of the sympathetic preganglionic motor neurons
in the spinal cord. Any increase in blood pressure can
activate baroreceptors that project to the NTS, with
subsequent activation of RVLM and CVLM neurons.
The final activation of CVLM neurons by the RVLM
inhibits the descending excitatory input to the spinal
cord. The resulting decrease in sympathetic activity opposes the initial increase in blood pressure.37
Respiration can significantly alter the baroreflex influence on heart rate. Inspiration decreases and expiration enhances the cardiac vagal response to baroreflex
activation. Hyperventilation can also result in modulation of sympathetic regulation of heart rate.38 In critically ill patients suffering from adult respiratory distress
syndrome, the resistive load breathing can by itself affect the respiratory arrhythmia.39 There is also the possibility that respiration-induced changes in blood volume and central venous pressure may produce changes
in heart rate independent of systolic blood pressure, via
activation of low-pressure receptors.18
The interrelation between heart rate variability frequency components and baroreflex feedback loop has
already been discussed. The contribution of the baroreflex to the strength of low frequency oscillations has also been confirmed in different animal models of sinoaortic denervation.40 Such a condition results in selective changes in the heart rate variability spectrum, where
there is a significant reduction in LF power with or
without a reduction in HF, but different species manifest different patterns of change. Conversely, the overall blood pressure variability increases.40 A possible role
of nitric oxide has been described, where the latter
buffers blood pressure and subsequently heart rate variability, especially in the very low frequency domain.41
Baroreflex gain, heart rate variability and complexity in
cardiovascular disease
Apart from a reduced variability of heart rate signals,
impaired baroreflex sensitivity has been observed in
cardiovascular patients with conditions such as postmyocardial infarction, hypertension and heart failure.42-44 Depressed heart rate variability and baroreflex
gain seem to result from altered responsiveness of sinus node pacemaker cells, cardiac remodelling, and reduced parasympathetic cardiovascular control.22,44 Pincus has proposed that the uncoupling of oscillations of
different origin, such as heart rate, central nervous sys284 ñ HJC (Hellenic Journal of Cardiology)

tem firing neurons, and vasomotor waves, due to
baroreflex gain impairment may induce an increased
periodicity within time series (heart rate and blood
pressure signals) and has proposed the use of a new statistic named approximate entropy (ApEn).45,46 ApEn is
a family of statistics that addresses the question: “given
a sequence of two (or three or four) inter-beat intervals, what is the probability that the next consecutive
interval falls within a predetermined range?” Thus, approximate entropy is a measure of short-range correlation. Approximate entropy in general quantifies the
creation of information in a time series. A low value indicates that the signal is deterministic: a high value indicates randomness.47 Decreased ApEn values have
been associated with increased mortality after coronary artery bypass surgery.48
In heart failure patients, despite increased sympathetic activity, there is depressed baroreflex sensitivity
and heart rate variability, especially in the LF band.
This finding suggests that the LF component of the
heart rate variability power spectrum is not solely linked with increased sympathetic drive in such pathological conditions. It has been speculated that the attenuation of low frequency oscillations can contribute to the
increased activity of the renin-angiotensin system that is
observed in heart failure patients.18,49
Heart rate turbulence
Another recently discovered ‘physiomarker’ extrapolated from heart rate recordings is currently under investigation for its applicability to cardiovascular patients. It is called heart rate turbulence, it is a physiological phenomenon, and it describes the short-term
fluctuation in sinus cycle length associated with a ventricular premature complex (VPC). More precisely, it
describes the increase in heart rate for 1 or 2 beats
and its subsequent decrease after a VPC. The mechanism responsible for these alterations relies mainly on
the baroreflex arc. During a ventricular premature
beat blood pressure falls, as diastolic filling becomes
incomplete with a subsequent low ejection volume. In
addition, different membrane ion channels have not
fully recovered, leading to a short action potential.
This drop in blood pressure stimulates aortic baroreceptors, which increase heart rate through the baroreflex loop. The compensatory pause that follows a premature ventricular beat is associated with a rise in
blood pressure which is higher than the pressure originating from a sinus beat, a phenomenon called postextrasystolic potentiation. This upward shift in blood
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pressure again reduces heart rate via the baroreflex
loop.50,51 When the autonomic control system is intact,
this change is registered immediately with an instantaneous response in the form of heart rate turbulence. If
the autonomic control system is impaired, this reaction is either weakened or entirely missing. However,
many fine details of the mechanism of heart rate turbulence remain elusive. For example, what is the role
of the sympathetic/parasympathetic system during the
sinus acceleration/deceleration period? It has been hypothesised that heart rate turbulence is a vagal phenomenon, since atropine eliminates it completely,
whereas intravenous esmolol does not alter it at all.52,53
Despite the above lines of evidence that favour the vagal theory of origin, others believe that the importance
of a sympathetic role cannot be ruled out, since both
divisions of the autonomic nervous system interact
with each other in such a way that vagal predominance
is stronger in the presence than in the absence of sympathetic tone.50
Heart rate turbulence measurements
Sinus acceleration and deceleration after a ventricular premature complex can be quantified by two numerical parameters: turbulence onset, which is the
amount of acceleration, and turbulence slope, which
estimates the rate of deceleration. Turbulence onset
is the percentage difference between the average value of the first two normal RR intervals following the
ventricular premature complex and the last two normal intervals preceding the VPC (Figure 3B). Turbulence slope is the steepest slope of a linear regression
line through five consecutive measurement points in
the averaged tachogram (plot of heart rate versus
time) and is expressed in milliseconds per RR interval (Figure 3C). The methodology of measurement
has been described by George Schmidt’s research
group in Munich and is available with free downloadable software on the website www.h-r-t.org; however,
the measurement of turbulence has not yet been standardised. 54 Heart rate turbulence analysis can be
based on Holter records, but it can also be studied after induction of intra-cardiac pacing in the lab or in
patients with implanted cardiac defibrillators (induced heart rate turbulence). In relation to heart rate
variability analysis, turbulence measurements pose
opposite problems, because in the first method ectopic beats have to be excluded, whereas in the second measurements cannot be undertaken in subjects
who do not have premature ventricular beats, making

the study of heart rate turbulence in healthy states
unreliable. Another issue concerning turbulence
analysis is its relation with heart rate. Many studies
have demonstrated that turbulence is reduced during
increased heart rate, leading to warnings about false
positive results.55,56
Clinical applications of heart rate turbulence
In the first clinical study of turbulence as a predictor
of mortality after myocardial infarction, by Schmidt
et al, different threshold values were determined
from Holter recordings of 100 patients, three months
after an acute myocardial infarction.54 Turbulence
onset ≥0 and slope ≤2.5 were considered abnormal,
meaning that a healthy state is associated with a
strong acceleration followed by a rapid deceleration,
whereas the inverse findings characterise pathological responses. These metrics were blindly applied to
Holter records from a total of 1191 patients from two
large clinical trial groups, the placebo arm of the
European Myocardial Infarction Amiodarone Trial
(EMIAT, number of patients: 614)57 and the Multicentre Post Infarction Program (MPIP, number of
patients: 577).58 Univariate and multivariate analysis
showed that turbulence slope, turbulence onset, previous infarction history, ejection fraction and heart
rate >75 were independent predictors of mortality.
In particular, the slope was the strongest risk stratifier in EMIAT (relative risk 2.7) and the second
strongest in the MPIP trial (relative risk 3.5). A relative risk of approximately 3 means that patients with
abnormal turbulence slope values are 3 times more
likely to die than those with normal measurements.
Data from the ATRAMI trial were also used to study
heart rate turbulence and its relation with cardiac arrest.20 It was demonstrated that turbulence slope and
onset could discriminate survivors versus non-survivors. From these two studies, the sensitivity and
positive predictive value of the combination of turbulence slope and turbulence onset were estimated as
30%, meaning that one in three post-myocardial infarction patients whose slope and onset are both abnormal 2 weeks after their infarction (Holter recordings in the Schmidt study were made in the 2nd week
after the event) are likely to die within 2 years (mean
follow-up in the ATRAMI study). 50,51 In another
study of 199 patients with congestive heart failure,
abnormality of both onset and slope turbulence was
associated with a risk ratio of 4.1 for cardiac deaths,
implying that patients with abnormal turbulence
(Hellenic Journal of Cardiology) HJC ñ 285
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Figure 3. Schematic diagrams showing measurements of turbulence onset (B) and turbulence slope (C) after a
ventricular premature complex (A). RR intervals (y-axis) are plotted against beat number (x-axis), for 2 beats preceding and 20 beats following the premature beat, with the compensatory pause being beat 0. In this example, turbulence onset is -4.7%. For measurement of turbulence slope, the slopes of 5-beat RR sequences after the compensatory pause are fitted with a straight line. The turbulence slope in this example is 16 ms/RR interval. (Downloaded from the open-source website: www.h-r-t.org).

slope and turbulence onset are 4 times more likely to
die than those with normal values.59 These studies
show that heart rate turbulence is diminished not only in post-myocardial infarction patients but also in
the case of heart failure, providing clinically useful
risk stratification information. At the same time, it
has been demonstrated that turbulence parameters
are strongly correlated with almost all heart rate variability time domain measurements and with baroreflex sensitivity alpha index.60,61
286 ñ HJC (Hellenic Journal of Cardiology)

Another important issue concerning the applicability of heart rate turbulence in cardiovascular
disease is its advantage for prediction of post-myocardial infarction outcome in patients receiving
beta-blockers. Whereas in the EMIAT trial mean
heart rate, previous history of myocardial infarction
and low ejection fraction proved to be independent
predictors for patients not taking beta-blockers,
they failed when applied to the patients on betablockers. In these subjects, combined turbulence
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onset and turbulence slope was found to be the only
independent predictor of mortality, with a relative
risk of 3.8.50
Conclusions
Heart rate variability, heart rate turbulence and
baroreflex sensitivity, like many other physiological
phenomena, reflect complex interactions between
cells, tissues and organs. The Task Force on Sudden
Cardiac Death of the European Society of Cardiology
recently recommended a risk stratification strategy
which combines a marker of structural damage (such
as LVEF) with markers of autonomic imbalance.62
Different studies and methods of analysis have suggested that heart rate variability is related to the
baroreflex gain and is mainly influenced by the autonomic nervous system. Its prognostic value as a risk
stratifier has been verified in different groups of patients suffering from myocardial infarction, hypertension, heart failure, and also from septic shock and
neurotrauma.2,8,37 In addition, heart rate turbulence
is a new field of intensive research with a limited
number of full length publications. In addition to the
parameters discussed in this review, novel heart rate
turbulence measures are under investigation, but further and well designed studies are needed to see if
any of these parameters provide superior risk stratification compared to other already standardised ‘physiomarkers’. However, many important questions remain unanswered, such as the value of single or longitudinal heart rate variability measurements for clinically useful information, its prognostic capability for
risk stratification between patients or within the same
patient (trend analysis), and the fact that most results
were obtained from animal data.
In conclusion, the most important aspect of research on heart rate dynamics remains the free access of different investigators to international databases of various biosignals, (ECG, ST, QT) that contain different software tools for signal processing,
such as the Web site Physionet (www.physionet.org),
which is a public service of the Research Resource
for Complex Physiologic Signals,63 and the website
www.h-r-t.org for heart rate turbulence analysis. 54
Through international collaboration, basic researchers and clinicians will be able to cooperate
and address difficult questions concerning the
pathophysiology of diseases, bedside monitoring implementation and possible impact of new diagnostic
tools on final outcome.
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