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INTRODUCTION

A large body of evidence has been provided that car-
diac autonomic control is deranged in heart failure  1. 
It is also commonly accepted that aging is character-
ized by several molecular and structural changes  2 in 
organs and tissues that per se affect cardiac autonomic 
control 3-6. Hence, both cardiac diseases and aging are 
likely to contribute to the autonomic dysfunction of el-
derly patients with heart failure.
In the first part a brief review of the methods currently 
used in the autonomic control assessment of the car-
diovascular function in human subjects is reported. 
Then, major findings on the relationship between aging 

and cardiac autonomic indexes in normal subjects are 
presented. In the third part, main concepts and experi-
mental observations on autonomic dysfunction in heart 
failure are reviewed. Finally, some basic considerations 
on the relationship between aging, cardiac autonomic 
function and heart failure are introduced and results 
from a previous study described.

METHODS OF AUTONOMIC FUNCTION 
INVESTIGATION IN HUMANS

Since changes in sympathetic and vagal traffic to the 
sinoatrial node alter the natural frequency of the cardiac 
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pacemaker inducing a corresponding change in heart 
rate, the measurement of the latter would be the sim-
plest way of appraising the heart autonomic control 
and, more specifically, the sympatho-vagal balance. 
The interaction among heart rate, intrinsic frequency of 
the pacemaker and the levels of vagal and sympathetic 
outflows to the heart has been model as a multiplicative 
relationship 7 and could be conditioned by several differ-
ent factors 8-11. Hence, given the intrinsic frequency, the 
net effect of the sympatho-vagal balance is expressed 
by the current heart rate. Unfortunately the intrinsic 
frequency changes between individuals and its meas-
urement require a complete autonomic blockade. As a 
consequence, the measurement of heart rate provides 
only an uncalibrated quantification of the sympatho-
vagal balance.
Beat-to-beat spontaneous fluctuations of heart rate 
do occur continuously in every human subject with 
a healthy heart and reflect corresponding fluctua-
tions in neural traffic of efferent vagal and sympathetic 
nerves. The fluctuation of heart rate around its mean 
has commonly referred as heart rate variability (HRV). 
Several time- and frequency-domain indexes have 
been extracted in the last two decades from the HRV 
signal using digital signal processing techniques, and 
experimental evidence have been provided that known 
changes in sympathetic and vagal outflows to the 
heart, associated with physiological manoeuvres, drug 
administration, disease or increased risk for lethal ar-
rhythmias, are accompanied by well-defined changes 
in HRV parameters  12. It has been thus hypothesized 
that spontaneous cardiovascular fluctuations can be 
exploited to provide quantitative indexes of cardiac au-
tonomic control mechanisms. 
Time-domain HRV indexes are basically derived from 
direct measurement of normal-to-normal (NN) RR 
intervals or from the differences between them. The 
most common parameters obtained are the standard 
deviation of NN intervals (SDNN) and the root square 
of the mean successive squared difference of succes-
sive NN intervals (RMSSD) (task force), respectively. 
These measurements can be performed either on long-
term (24-h) ambulatory recordings or on short-term 
(<  10  min) laboratory recordings. Long-term indexes, 
in turn, may be derived from the analysis of the overall 
recording, or may be calculated segmenting the entire 
24-h period into consecutive small epochs (typically 5’) 
and then averaging results over pre-defined periods 
of time, e.g. night and day. A depressed SDNN has 
consistently been found in patients after myocardial 
infarction (MI) and interpreted as the effect of a reduced 
vagal activity directed to the heart 13. In the acute phase 
of a myocardial infarction the 24-h SDNN is related to 
left ventricular dysfunction, peak creatine kinase and 

Klillip class  13. Large-scale studies have shown that a 
depressed SDNN is also a powerful predictor of mor-
tality and arrhythmic complications in post-MI patients, 
independently of other well-established risk stratifica-
tion markers such as left ventricular ejection fraction, 
ventricular ectopic activity and presence of late poten-
tials 13.
Frequency-domain methods aim to identify and esti-
mate major rhythms hidden into the apparently erratic 
behaviour of the HRV signal. These methods are mostly 
used in short-term recordings, typically ranging from 
2 to 5 min  7  12-14. Three rhythms or spectral compo-
nents are commonly detected: the very low frequency 
(VLF) rhythm in the range: 0.01-0.04 Hz, the low fre-
quency (LF) rhythm in the range 0.04-0.15 Hz and the 
high frequency (HF) or respiratory rhythm in the range 
0.15-0.4 Hz. Automatic signal processing procedures 
provide both the central frequency and power of these 
spectral components 15. Graded orthostatic tilt, which 
is known to be associated with sympathetic activation, 
typically causes an increase of the LF component and 
a simultaneous decrease of the HF component. This 
displacement of power from one component to the 
other is well correlated with the angle of tilt  16. Phar-
macological blockade of beta-adrenergic receptors 
causes an unbalance of the power content in favour 
of the HF component, whereas muscarinic receptor 
blockade causes a prevalence of the LF over the HF 
component 12. These findings, together with several ex-
perimental observations from animal studies, led to the 
conclusion that in spontaneous rhythms the analysis of 
the HRV signal, more appropriately, the relative power 
of the LF and HF components expressed as normalized 
powers or LF/HF power ratio, are capable of providing 
quantitative markers of the sympatho-vagal balance 12.
More recently, several investigators have shown that 
heart rate fluctuations share some basic properties with 
nonlinear dynamics and chaotic determinism 16-19. 
Complex interactions of hemodynamic, electrophysi-
ological and humoral variables as well as reflex and 
central regulatory mechanisms involved in cardiovas-
cular function  20-23 are thought to determin Nonlinear 
phenomena involved in the genesis of HRV.
It has been speculated that the HRV analysis based on 
methods of nonlinear dynamics may provide valuable 
information for the physiological interpretation of HRV 
and for prognostic stratification of cardiac disease pa-
tients 24-26.
The parameters most often used to measure nonlinear 
properties of HRV include 1/f scaling of Fourier spec-
tra, D2 correlation dimension, Lyapunov exponent, 
Kolmogorov entropy, H scaling exponent and Coarse 
Graining Spectral Analysis. For data representation, 
Poincarè plots, low dimension attractor plot, singular 
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value decomposition, and attractor trajectories have 
been used. Although all these techniques are in theory 
powerful tool for the analysis of HRV, their practical 
usefulness is still controversial. Indeed, most attempts 
to apply nonlinear dynamics techniques to real data 
have provided either trivial results or intriguing specu-
lations. Moreover, some basic methodological issues, 
such as the confounding effect of non-stationarity in 
the observed HRV time series, still need to be solved. 
Finally, the general requirement of long-term recordings 
for these methods prevents their application to labora-
tory data 27. 
Two nonlinear techniques have recently gained great 
interest due to remarkable results in clinical studies: the 
1/f scaling of Fourier spectra and Poincarè plots 28.
The former method has recently been applied in the 
prognostic assessment of patients with recent myocar-
dial infarction and patients with heart transplants, and it 
has been shown that power law regression parameters 
are excellent predictors of death of any cause or ar-
rhythmic death and predict these outcomes better than 
the traditional power spectral bands 29 30.
The Poincarè plot method has been used by some inves-
tigators in patients with mild to moderate chronic heart 
failure, showing an independent prognostic value and 
identifying increased risk for all-cause cardiac death 31. 
This method consists in constructing HRV maps by plot 
of each RR interval against the subsequent one. These 
maps allow detecting patterns resulting from non-linear 
processes that may not be detectable by other classi-
cal methods of analysis. A simple example is given by 

sudden changes in the RR interval, which would appear 
in the power spectrum as wide-band noise. The major 
limitation of the traditional approach to the analysis of 
Poincarè plots is the visual classification of plot shapes 
and the manual measurement of the maps. To over-
come this limitation our group has developed new algo-
rithms for automatic morphological quantification of the 
plots 32 33, which allows to extract relevant parameters 
like length, wideness and area of the bi-dimensional 
plots and number of peaks and radii of inertia of the 
three-dimensional maps (Fig. 1). 
Arterial baroreceptors play a major role in controlling the 
cardiac autonomic nerves activity through quick adap-
tation to changes in pressure and tissue perfusion in 
response to daily activities. The evaluation of baroreflex 
sensitivity has become a widely used clinical tool since 
it has been recognized that vagal and sympathetic con-
trol is deeply deranged in several cardiac diseases, and 
that changes in sensitivity of heart baroreflex control 
may be highly relevant for the outcome of these pa-
tients 34.
Among the various quantitative methods developed 
to estimate baroreflex sensitivity, the most widely used 
technique is the measure of the heart rate response to 
the injection of a vasoactive drug free of cardiac ac-
tion. Baroreceptors stimulation with the vasoconstric-
tor agent phenylephrine has become the reference for 
the clinical evaluation of baroreflex sensitivity. However, 
other techniques such as the neck chamber have been 
largely used, mainly for research purposes 35. More re-
cently, several methods have been devised to estimate 

Figure 1. New algorithms for automatic morphological quantification of the plots, which allows to extract relevant parameters like 
length, wideness and area of the bi-dimensional plots and number of peaks and radii of inertia of the three-dimensional maps.
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the baroreflex gain by the analysis of spontaneous 
beat-to-beat fluctuations of systolic arterial pressure 
and of related changes in the RR interval, thus avoid-
ing the need of drug injection. Two basic approaches 
have been proposed and validated: the time-domain 
approach, better known as the sequence method, and 
the frequency domain approach, which exploits LF 
and HF oscillatory components in arterial pressure as 
“stimuli” for the baroreceptors, and measures related 
changes in corresponding oscillatory components of 
the RR interval 35 36. 

AGING AND THE AUTONOMIC NERVOUS SYSTEM

A full knowledge of age-related changes of the auto-
nomic nervous system in humans is still lacking. There 
is general consensus that aging is accompanied by 
increased plasma norepinephrine concentration and 
decrease of a) cardiac norepinephrine stores, b) affinity 
of beta-receptors stores, c) inotropic and chronotropic 
response to beta-agonists and d) baroreflex sensitiv-
ity 37. Supine resting heart rate does not change signifi-
cantly with age, whereas a significant lengthening of the 
RR interval has been observed both in the seated and 
in the standing posture of elderly 3 38. HRV has consist-
ently been found to decrease with age, independently 
of aerobic capacity and body mass index 3 38-40. Time 
indexes of HRV show a pattern of change with age, 
which is a dependent measure. SDNN, for instance, 
decreases very gradually with aging with a quadratic 
regression pattern and a 40% reduction between 20 
and 95 years 40. Conversely, RMSSD decreases in the 
same length of time by about 60% 40. The presence of a 
blunted baroreflex response together with a decreased 
HRV and a reduced heart response to atropine have 
been interpreted as evidence of decreased parasym-
pathetic activity in elderly people. Postural change from 
supine to standing produces significant variations in 
heart rate and HRV, but this effect is blunted in elderly 
with respect to young people  38. Since aging makes 
an increase in peripheral vascular resistance and a 
decrease in peripheral vascular capacitance, it is likely 
that baroreceptor-mediated modifications in HRV in re-
sponse to posture-induced changes in vascular dynam-
ics are reduced in elderly persons as a consequence 
of reduced demand made upon baroreceptors. Some 
investigators have shown that elderly people have less 
movement of thoracic blood into lower extremities in 
response to lower body negative pressure, suggest-
ing that during postural change a similar phenomenon 
could occur, thus reducing the need for baroreceptor-
mediated pressure regulation 41 42. However, a reduction 
of the sensitivity of the baroreflex arc per se with aging 

cannot be excluded, contributing both to the reduced 
response of heart rate and HRV to postural change as 
well as to the reduced supine resting HRV.
Using spectral indexes of HRV, absolute powers in the 
LF and HF bands have been found to be significantly and 
negatively correlated with ageing 43. Among all variables 
the ln(LF) parameter is the best correlated with age with 
a coefficient of determination which explain more than 
15% of variability by aging 43. The normalized LF power 
and LF/HF power ratio, but not the normalized HF 
power, were found to correlate with age. However, no 
significant changes were detected, especially in men, 
until age 60 years 43. Although the age-related decrease 
in HRV has been commonly attributed to a decline in 
parasympathetic activity, the reduction in normalized LF 
power with increasing age suggests that sympathetic 
activity may also drop with age. Conversely, the fall in 
absolute LF power might simply reflect the decline of 
baroreflex sensitivity.
As depressed HRV has been proposed as a marker of a 
number of pathological conditions and of increased risk 
of mortality in cardiac patients, the use of HRV for pre-
dictive purposes must take in account the confound-
ing effect of age. Umetani et al. 40, analysing 24-h HRV 
time-domain indexes in 260 healthy subjects, found 
that either the SDNN or RMSSD of subjects > 65 years 
old fell below published cut-points for increased risk of 
mortality in respectively 25% and 12% of them. In the 
same study the range of variation of all HRV measures, 
defined as 95% confidence limits, was wider in young 
subjects and narrows with increasing age, reflecting a 
decrease in interindividual differences over time. 

AUTONOMIC DYSFUNCTION IN HEART FAILURE 

Heart failure is commonly characterized by a prominent 
neurohormonal excitation which appears as increased 
sympathetic activity, increased circulating levels of 
norepinephrine, vasopressin and renin, withdrawal 
of parasympathetic activity and impaired baroreflex 
gain  1 44-46. Evidence of increased central sympathetic 
outflow has been provided by direct recording of nerve 
firing in sympathetic nerves innervating muscular or cu-
taneous vascular beds, and by correlating the level of 
this firing with plasma norepinephrine levels 47. Caution, 
however, should be exerted in interpreting plasma nor-
epinephrine concentrations as measure of sympathetic 
nerve traffic in humans, since it actually represents the 
balance between norepinephrine spillover (i.e. the neu-
rally released norepinephrine) and its clearance. When 
plasma norepinephrine spillover is measured separately 
from norepinephrine clearance, the former is on aver-
age double in heart failure patients compared to control 
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subjects and the latter is reduced by about a third 48. 
Indirect evidences of generalized sympathoneural 
activation in decompensated congestive heart failure 
are represented by clinical observation of tachycardia, 
tachypnea, diaphoresis, pallor, agitation and renal so-
dium retention 49 50.
In a similar way only indirect evidence has been pro-
vided on parasympathetic withdrawal in heart failure. 
Besides the original demonstration by Eckberg et al. 
of a defective parasympathetic control of heart rate 51, 
the observation of a reduced bradycardic response to 
the pressor stimulus of phenylephrine has been inter-
preted as the effect of reduced vagal outflow to the 
heart. However, as increased sympathetic activity may 
interfere with the ability to increase vagal activity, a more 
realistic interpretation of depressed baroreflex gain in 
heart failure is to be secondary to a concomitant and 
opposite alteration in the activity of the two autonomic 
limbs 52.
The generalized sympathetic activation and parasym-
pathetic withdrawal in heart failure have been attributed 
to alterations in inhibitory and excitatory influences on 
vasomotor neurons. In normal subjects afferent inputs 
from arterial baroreceptors as well as from cardiopul-
monary mechanoreceptors exert a major inhibitory 
influence on sympathetic outflow, whereas discharge 
from muscle metaboreceptors are major excitatory in-
puts 53 54. The vagal limb of the baroreceptor heart rate 
reflex is also responsive to arterial baroreceptor afferent 
input. At rest the net effect of these competing influ-
ences is characterized by a relatively low sympathetic 
activity. In heart failure the principal stimuli to barore-
ceptors (mean pressure, pulse pressure and rate of in-
crease of blood pressure) are blunted and the sensitivity 
of cardiopulmonary mechanoreceptors diminishes, re-
ducing inhibitory input. Moreover, excitatory input may 
originate from arterial chemoreceptors and skeletal 
metaboreceptors. The net response to this shift in bal-
ance between inhibitory and excitatory afferent inputs 
is a generalized increase in basal sympathetic outflow, 
parasympathetic withdrawal and impaired regulation of 
heart rate and vascular resistance.
Several investigators have attempted to assess the 
autonomic dysfunction of heart failure patients through 
analysis of HRV 55 56.
A consistent finding has been that HRV measured ei-
ther in the time or frequency domain, in short-term or 
long-term recordings, is markedly depressed in heart 
failure  1 57 58, a finding, which has been interpreted as 
the effect of impaired parasympathetic control of heart 
rate. The amount of heart rate variability is closely and 
negatively related to the degree of sympathoexcitation 
as expressed by muscle sympathetic nerve activity and 
plasma norepinephrine  59. When HRV in heart failure 

patients is assessed through spectral methods and 
compared to normal subjects, the distribution of the 
variability over frequency invariably shows a shift from 
the LF and HF band to the VLF band 57. Hence, all oscil-
latory components of HRV in heart failure are depressed 
with respect to normal controls but, at the same time, 
VLF oscillations are proportionally much higher then the 
other spectral components. The presence of a reduced 
HF component supports the notion of parasympathetic 
withdrawal in heart failure patients, as this component 
is almost entirely vagal-mediated. The LF component 
shows two typical patterns. In some patients it is 
predominant over the HF component, suggesting, as 
expected, a shift of the sympathovagal balance in fa-
vor of sympathetic activation  60. In other patients the 
HF component is still low but the LF component has 
almost disappeared  57. These patients are character-
ized by a greater severity of the disease, including a 
higher NYHA class, a more depressed left ventricular 
function and a higher degree of sympathoexcitation as 
evidenced by higher levels of plasma noradrenaline. 
This paradoxically low LF component in presence of a 
pronounced sympathetic activity has been explained 
by the concept that in the more severe stages of the 
disease an abnormally high sympathetic tone may be 
capable of “saturating” the sinus node response, mak-
ing it almost insensitive to modulations of this tone 60. 
However, in chronic heart failure patients, spectral 
analysis of resting muscle sympathetic nerve activity 
and RR interval has recently shown a close coherence 
between the variability patterns of the two signals  61. 
A consistent finding of this and other studies is that 
patients with very depressed or absent LF component 
have the worse prognosis 60 61. 
In recent years, the increasing evidence of association 
between various respiratory and cardiovascular dis-
eases 59, and the simultaneous recording of cardiovas-
cular (ECG, arterial blood pressure)  62 and respiratory 
(lung volume, SaO2) signals in patients with heart fail-
ure has disclosed new important information on res-
piratory abnormalities of these patients and on related 
implications on cardiovascular regulation  63-71. These 
respiratory abnormalities are typically characterized by 
a smooth rise and fall in ventilation with cycle lengths 
ranging from about 25 s to 100 s (0.01¸0.04 Hz) and are 
commonly referred to as periodic breathing, or, usually 
when separated by apnea, Cheyne-Stokes respiration. 
Although the phenomenon of periodic breathing has 
been studied mostly during sleep, recent investigations 
have shown that it has a high prevalence in awake pa-
tients, ranging from 25% to 66% during recordings in 
controlled laboratory conditions in patients with mild to 
moderate severity of the disease (New York Heart As-
sociation class I to III) 72 73. The ventilatory oscillation is 
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accompanied by a synchronous oscillation of arterial O2 
saturation, which, especially in the more accentuated 
forms of periodic breathing, brings about marked cyclic 
desaturations. As a consequence, a chemoreceptor-
induced sympathetic excitation results, which adds to 
an already existing condition of sympathetic predomi-
nance  61 74. Moreover, the cyclic change in ventilation 
is also accompanied by a phase-linked oscillation of 
heart rate and arterial blood pressure in the VLF band, 
which dominates the overall fluctuating pattern of these 
signals  75. These findings clearly indicate that during 
periodic breathing a deep simultaneous involvement of 
the respiratory and cardiovascular systems does take 
place. Moreover, they also point out that the use of 
HRV for the assessment of autonomic cardiovascular 
regulation and for prognostic evaluation in heart failure 
patients must take into account the confounding effect 
of periodic breathing 73.
Evidence has been provided that alterations in 

sympathetic and parasympathetic outflows to the 
sinoatrial node in heart failure can be identified by analy-
sis of Poincarè plots shape from 24-h heart variability 
recordings  76. While normal subject typically show a 
comet-shaped pattern, indicating an increasing vari-
ability at lower heart rates, heart failure patients show 
three main patterns: 1) a contraction in the plot’s length 
with a torpedo-shaped pattern, resulting in a reduced 
distribution of the whole heart rate dispersion, 2) a fan-
shaped pattern, with a great dispersion on a narrow 
range of frequencies and 3) a complex-shaped pattern, 
consisting of a thin core area and several clusters of 
points (Fig. 2). 
The mechanisms responsible for these strikingly dif-
ferent patterns are not entirely clear and are currently 
under investigation in our laboratory. It has been sug-
gested that the core of the pattern is the result of 
sympathetic influences, whereas the increased disper-
sion at longer RR intervals reflects parasympathetic 

Figure 2. Alterations in sympathetic and parasympathetic outflows to the sinoatrial node in heart failure identified by analysis of 
Poincarè plots shape from 24-h heart variability recordings.
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activity, respiratory sinus arrhythmia or sleep state. The 
torpedo-shaped pattern seems the one closer to the 
normal pattern, whereas the complex- and fan-shaped 
pattern reflect a greater disturbance in autonomic 
cardiac regulation. We have developed a set of mor-
phological quantification indexes in order to provide an 
objective assessment of Poincarè maps. These indexes 
are characterized by an excellent short- and long-term 
reproducibility in stable chronic heart failure patients, in-
dicating that they constitute reliable measures suitable 
to be used in the clinical setting 33. Among the overall 
set of 2-dimensional and 3-dimensional indexes, the 
latter are closely and independently related to plasma 
norepinephrine levels in patients with advance heart 
failure 77 78.

AGING AND AUTONOMIC FUNCTION IN HEART 
FAILURE

We have seen so far that that both aging and heart 
failure affect the autonomic regulation of the cardio-
vascular system and that marked changes in heart rate 
variability follow the progression of age and of disease 
severity. It thus appears that when heart failure devel-
ops or progresses in the elderly both factors contribute 
concurrently to the deterioration of the autonomic func-
tion and their effects tend to be confounded. Although 
intuitively the effect of aging and heart failure would sum 
each other, there are no definite proofs that they are 
additive. In general, studies on the relationship between 

aging and heart failure are scanty. It is well known that 
impaired cardiac beta-adrenergic receptor (beta-AR) 
signalling and function represents a hallmark underlying 
mechanism of chronic heart failure (HF) pathophysiol-
ogy, characterized by a beta-AR downregulation and 
desensitization of both beta-AR and beta-AR sub-
types 79 80.
We recently analyzed time- and frequency-domain as 
well as Poincarè plot indexes of HRV from 24-h am-
bulatory recordings of 41 chronic heart failure patients 
(NYHA class III-IV) and compared the results with those 
from 59 patients with coronary artery disease without 
signs or symptoms of heart failure. Patients were di-
vided according to the standard cut-off age of 65 years. 
Results are given in Table I. It can be noticed that in sub-
jects under 65 years with the exception of the HF power 
(in absolute units) and the Width parameter of Poincarè 
plots, all indexes of heart rate variability are significantly 
reduced in HF compared to CAD patients, in agreement 
with the notion of depressed variability in heart failure. 
In patients over 65 years almost all heart rate variability 
indexes except the LF power in normalized units do not 
change significantly with respect to younger subjects 
in both groups. Peak number and mean peak distance 
of Poincarè plots are the only variability indexes, which 
differentiate heart failure patients from CAD patients in 
both age groups. These results suggest that cardiac 
autonomic regulation in chronic heart failure and CAD 
patients over 65 years does not change in a clearly de-
tectable way with respect to the same patients under 
65 years old. As expected, chronic heart failure patients 

Table I. Relationship between age and major time-domain (Mean RR, SDNN), frequency-domain (lnLF, lnHF, LFNU) and Poincarè plot 
(Length, Width, 3D peak number, Mean peak distance) indexes of heart rate variability from 41 chronic heart failure patients and 59 
patients with coronary artery disease without sign or symptoms of heart failure.

Age < 65 years Age ≥ 65 years
CHF CAD CHF CAD

N 22 35 19 24
Age (years) 57 ± 6 37 ± 15** 70 ± 4 †† 73 ± 6 ††
EF (%) 24 ± 7 63 ± 5** 26 ± 6 55 ± 7** ††
Mean RR (ms) 790 ± 119 833 ± 168 834 ± 198 985 ± 157* ††
SDNN (ms) 102 ± 31 143 ± 40** 110 ± 63 133 ± 41
lnLF (ln(ms2)) 5.93 ± 0.46 6.38 ± 0.37* 5.8 ± 0.8 5.97 ± 0.53
lnHF (ln(ms2)) 5.47 ± 0.44 5.7 ± 0.4 5.49 ± 0.94 5.56 ± 0.5
LFNU (%) 60 ± 19 65 ± 15** 57 ± 36 59 ± 32 ††
Length (ms) 139 ± 43 228 ± 58** 145 ± 81 193 ± 50
Width (ms) 28 ± 15 32 ± 9 45 ± 45 31 ± 12
Peak number 18 ± 8 30 ± 12** 16 ± 6 25 ± 6**
Mean peak distance (ms) 4.5 ± 4.2 12.7 ± 6.9** 3.94 ± 4.02 8.34 ± 6.8**

Results are expressed as meanSD. EF: ejection fraction; SDNN: standard deviation of normal-to-normal RR intervals; LF: absolute power in the LF band; HF: absolute 
power in the HF band; LFNU: LF power in normalized units; ln: natural logarithm.f 
* p < 0.01 vs CHF; ** p < 0.001 vs CHF
† p < 0.05 vs < 65 years; †† p < 0.001 vs < 65 years
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have depressed variability compared to CAD patients 
that is most consistently described by the peak number 
and mean peak distance of the Poincarè plots.
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