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TABELA 1.

TABLE 1. Heart rate variability parameters analysed in this study.

Parameter Description Range

VLF (ms2) VLF
Variance in VLF range

LF (ms2) LF
Variance in LF range

LF norm (nu)

LF
LF VLF

LF in normalised units = LF/ (total 
variance - VLF)  100

HF (ms2) HF
Variance in HF range

HF norm (nu)

HF
= HF VLF

HF in normalised units = HF/ (total 
variance - VLF)  100

LF/HF LF [ms2] / HF [ms2]

VLF – LF LF norm – 
HF – visoka 

HF norm
dinicama; LF/HF –
VLF – very low frequency; LF – low frequency; LF norm – low nor-
malised frequency; HF – high frequency; HF norm – high normalised 
frequency; LF/HF – low/high frequency ratio

TABELA 2.
TABLE 2. Demographic characteristics of study group.

Characteristics Healthy controls Patients

Number

Gender (male/female)

Age (years)

kg/m2)
Body mass index 
(BMI; kg/m2)

t
ANOVA

Pearson

REZULTATI

BMI



NYHA I NYHA II, 14
NYHA III NYHA IV

TABELA 3.
TABLE 3. Clinical characteristics of study group.

Clinical characteristics
n=63)

Patients (n=63)

Dilated cardiomyopathy

Ischaemic cardiomyopathy

Previous myocardial infarction

Arterial hypertension

CABG
DM2

Heart failure duration (months)
NYHA I/II/III/IV

studija

Echocardiograph

LVEF
EDD (mm)
ESD (mm)

Therapy

Digoxin

Diuretic
ACE
ACE inhibitor

Beta-blocker

DM2 NYHA
New York Heart Association
EDD ESD

CABG – coronary artery bypass surgery; DM2 – diabetes mellitus type 2; 
NYHA – New York Heart Association; LVEF – left ventricle ejection frac-
tion; EDD – end-diastolic dimension; ESD – end-systolic dimension

ACE

VLF p LF,
HF i Tot Power p LF/HF

LF norm i HF norm

NYHA

NYHA

NYHA

NYHA
VLF, LF i Tot Power p

NYHA LF norm

TABELA 4.
TABLE 4. Comparison of heart rate variability between healthy controls and patients.

Parameter Healthy controls Patients
p

Heart rate (beat/minute)
VLF (ms2)
LF (ms2)
HF (ms2)
LF/HF 
Tot Power (ms2)
LF norm (nu)
HF norm (nu)

Tot Power
Tot Power – total power

TABELA 5. NYHA

TABLE 5. Correlation between NYHA functional class and heart rate 
variability in study group.

Parameter
r p

VLF
LF
HF
LF/HF 
Tot Power
LF norm 
HF norm 



NYHA  
NYHA I NYHA II

NYHA III NYHA IV

LF/HF
LF/HF

NYHA

NYHA
ANOVA

VLF

NYHA
III p NYHA IV p

NYHA I i NYHA IV

GRAFIKON 1. NYHA
GRAPH 1. Heart rate variability in healthy controls and heart failure patients classified in NYHA functional classes.
VLF LF HF Tot Power
VLF – very low frequency; LF – low frequency; HF – high frequency; Tot Power – total power

GRAFIKON 2. NYHA
GRAPH 2. Low/high frequency ratio in healthy controls and heart failure patients classified in NYHA functional classes.
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F
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LF
NYHA

I p NYHA II p NYHA III p
NYHA IV p

NYHA I i NYHA III p NYHA I
i NYHA IV p NYHA II i NYHA III p
NYHA II i NYHA IV p HF

NYHA
I p NYHA II p NYHA III p
NYHA IV p

NYHA I i NYHA III p
NYHA II i NYHA III p

Tot Power ms2

NYHA II p NYHA III p
NYHA IV p



NYHA I i NYHA III p NYHA I
i NYHA IV p NYHA II i NYHA III p
NYHA II i NYHA IV p

LF/HF

NYHA II i NYHA IV p

NYHA III i NYHA IV p VLF p LF p HF p
i Tot Power p

TABELA 6. NYHA

TABLE 6. Comparison of heart rate variability of healthy controls and heart failure patients categorised in NYHA functional classes.

Parameter Healthy controls
(n=14)

NYHA I
(n=11)

NYHA II
(n=29)

NYHA III
(n=14)

NYHA IV
(n=9) p*

VLF (ms2)
LF (ms2)
HF (ms2)
LF/HF 
Tot Power (ms2)
LF norm (nu)
HF norm (nu)

*ANOVA
*ANOVA – analysis of variance

GRAFIKON 3. A B C
D

GRAPH 3. Correlation between ejection fraction and very low frequency (A), low frequency (B), high frequency (C), and total power (D) in study group.

EF VLF LF HF Tot Power
EF – ejection fraction; VLF – very low frequency; LF – low frequency; HF – high frequency; Tot Power – total power
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LF/HF

VLF, LF, HF
LF HF LF/HF

NYHA

NYHA I
LF, HF

i Tot Power

Tot Power LF norm i HF norm, a
LF/HF

Tot
Power

NYHA I

Tot Power
NYHA I i II

NYHA III i IV

NYHA

LF i HF
VLF

NYHA

NYHA III LF

i HF Tot Power
NYHA I i NYHA

II VLF

HF
HF

LF

LF
LF

LF
LF
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LF
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VLF
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NYHA
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NYHA III i NYHA II.
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ABSTRACT
INTRODUCTION  Autonomic regulation of cardiovascu-
lar functions in congestive heart failure is characterised by 
enhanced sympathetic and diminished parasympathetic activ-
ity. The long term predominance of sympathetic tone is a sig-
nificant factor in arrhythmogenesis, sudden cardiac death, and 
progressive pump failure. Heart rate variability (HRV) is a non-
invasive method for estimating the sympatho vagal balance in 
cardiovascular control.
AIM  The aim of this study was to analyse the influence of heart 
failure severity on HRV.
METHOD  HRV was estimated through the spectral analysis of 
short term ECG (Cardiovit AT 60, Schiller, CH) in 63 patients (78% 
male, mean age 56.9±10.9 years) and 14 healthy volunteers 
(57.1% male, mean age  53.1±8.2 years). The following spectral 
components were measured: VLF (very low frequency), LF (low 
frequency), HF (high frequency), and total power (Tot Power).
RESULTS  All spectral components were statistically, significant-
ly lower in patients with heart failure in comparison to healthy 
controls (VLF: 159.89±147.02 vs. 285.50±202.77 ms2; p=0.023, LF: 
161.48±204.01 vs. 474.57±362.93 ms2; p<0.001, HF: 88.58±102.47 
vs. 362.71±318.28 ms2; p<0.001), as well as total power (Tot 
Power: 723.39±644.52 vs. 1807.29±1204.74 ms2; p<0.001). A sig-

nificant, negative correlation between HRV parameters and 
NYHA class was detected in heart failure patients (VLF: r=-
0.391; p=0.002, LF: r=-0.401; p=0.001, and Tot Power r=-0.372; 
p=0.003). Ejection fraction proved to be in significant, positive 
correlation to VLF (r=0.541; p=0.002), LF (r=0.531; p=0.003), HF 
(r=0.418; p=0.020), and Tot Power (r=0.457; p=0.013).
CONCLUSION  Significant HRV reduction is a precursor to 
incipient heart failure (NYHA I). In heart failure progression, total 
power as well as the power of all spectral components is pro-
gressively reduced. LF and Tot Power are the most prominent 
parameters for discriminating between the different stages of 
heart failure. These results could promote HRV as an important 
decision-making tool in heart failure treatment as well as in 
monitoring the results of that treatment.

Key words: heart failure; heart rate variability; spectral analysis
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