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Abstract
Introduction: Cirrhosis is associated with many disorders of
the cardiovascular system defined "cirrhotic cardiomyopa-
thy". They concern, among others autonomic imbalance. One
of the ways to evaluate these disorders is to study the heart
rate variability (HRV). Abnormal HRV values occur in hyper-
tension, ischemic heart disease, post myocardial infarction
and heart failure. Are one of the prognostic factors.
Aim: Evaluation of parameters of HRV in 24-hour Holter mon-
itoring in patients with decompensated cirrhosis.
Material and methods: The study included 18 patients with
decompensated cirrhosis and the control group consisted of
16 healthy subjects. Enrolled were performed 24-hour Holter
ECG. Heart rate variability parameters, were estimated dur-
ing whole recording period, separately for night resting and
morning activity hours.
Results: There have been significant differences in almost
all, both time and frequency HRV parameters between the
two groups for follow-up clock. Similar results were
obtained by comparing the HRV separately for the night
and morning with a control group. The control group
achieved statistically significant differences between all the
time parameters of HRV at night compared with morning.
Frequency parameters showed no significant differences. In
patients with cirrhosis demonstrated such differences for
the average time NN, SDNN, SDANN, Tr-I, Tinn and ULF. In
a 24-hour observation of HRV parameters did not differ sig-
nificantly depending on the grade in Child-Pugh classifica-
tion.
Conclusions: Patients with decompensated cirrhosis showed
significantly lower HRV parameters than healthy volunteers.
In addition, disturbances of circadian distribution showed

Streszczenie
Wstęp: Marskość wątroby wiąże się z wieloma zaburzeniami
układu sercowo-naczyniowego określanymi jako cirrhotic cardio -
myopathy. Dotyczą one m.in. układu autonomicznego i rów-
nowagi współczulno-przywspółczulnej. Jednym ze sposobów
oceny tych zaburzeń jest badanie dobowej zmienności rytmu
serca (heart rate variability – HRV). Nieprawidłowe wartości
HRV występują w nadciśnieniu tętniczym, chorobie niedo-
krwiennej serca, po przebytym zawale i niewydolności serca.
Stanowią jeden z czynników rokowniczych.
Cel: Ocena parametrów HRV w 24-godzinnym badaniu elek-
trokardiograficznym (EKG) metodą Holtera u osób z niewy-
równaną (zdekompensowaną) marskością wątroby.
Materiał i metody: Do badania włączono 18 chorych z niewy-
równaną (zdekompensowaną) marskością wątroby. Grupę
kontrolną stanowiło 16 zdrowych ochotników. Zakwalifikowa-
nym pacjentom wykonano 24-godzinne EKG metodą Holtera.
Parametry HRV szacowano dla obserwacji całodobowej oraz
dla godzin nocnych (24.00–4.00) i porannych (8.00–12.00).
Wyniki: Odnotowano statystycznie istotne różnice w prawie
wszystkich, zarówno czasowych, jak i częstotliwościowych,
parametrach HRV pomiędzy badanymi grupami dla obserwacji
całodobowej. Podobne wyniki uzyskano, porównując odrębnie
HRV dla godzin nocnych i porannych z grupą kontrolną. U osób
z grupy kontrolnej stwierdzono znamienne statystycznie różnice
pomiędzy wszystkimi parametrami czasowymi HRV z godzin
nocnych w porównaniu z godzinami porannymi. Parametry
częstotliwościowe nie wykazywały znamiennych różnic.
U osób z marskością wątroby różnice takie wykazano dla śred-
niego czasu NN, SDNN, SDANN, Tr-I, TINN oraz ULF. W 24-go -
dzinnej obserwacji parametry HRV nie różniły się znamiennie
w zależności od stopnia w skali Childa-Pugha.
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Wnioski: U pacjentów z niewyrównaną marskością wątroby
występowały znamiennie mniejsze wartości parametrów
zmienności rytmu niż u zdrowych ochotników oraz zaburze-
nia dobowego rozkładu tych parametrów. Zaburzenia HRV nie
korelowały z zaawansowaniem marskości wątroby.

these parameters. Disorders of HRV did not correlate with
the severity of liver cirrhosis.

Introduction
Liver cirrhosis is associated with a number of sys-

temic disturbances including cardiovascular disorders
called cirrhotic cardiomyopathy [1-4]. Haemodynamic,
electric and regulatory mechanisms are affected. There
is evidence on development of autonomic nervous sys-
tem disorders resulting in sympathetic-parasympathet-
ic imbalance, disturbed autoregulation of brain flow and
peripheral vessel reactivity [5, 6]. A non-invasive tool for
evaluation of autonomic nervous system function in car-
diovascular diseases is estimation of parameters of
heart rate variability (HRV). The HRV is used as a mor-
tality predictor in patients with ischaemic heart disease
(IHD), after myocardial infarction (MI), arterial hyperten-
sion (HA), and heart failure (HF) [7-11]. A few studies
have proved that abnormalities in HRV parameters are
observed in liver cirrhosis [12-14]. Independently of the
aetiology of liver cirrhosis, reduction in HRV is noted.
Reduction in HRV may correlate with progression of liv-
er cirrhosis, vascular changes and systemic abnormali-
ties including hepatic encephalopathy.

Aim
The aim of our study was to evaluate HRV parame-

ters in patients with decompensation of liver cirrhosis.
Abnormalities in HRV parameters that are associated
with autonomic nervous system disorder were correlat-
ed with cirrhotic liver severity evaluated according to
the Child-Pugh classification at discharge from hospital.
We also compared HRV parameters in morning activity
hours and night resting hours to assess presence of
a circadian rhythm. 

Material and methods 
The study comprised 18 patients (men: 13, women: 5)

selected from 32 patients admitted to the Depart-
ment of Infectious and Liver Diseases because of de -
com pensated liver cirrhosis (ascites and/or peripheral
oedema; bilirubin > 1 mg/dl; albumin < 3.5 g/dl; ence -
phalopathy ≥ 1 score; INR > 1.4; symptoms of haemor-
rhagic diathesis; dyspnoea) between 01.01.2009 and
01.06.2009 and 16 controls. No significant differences
were observed in age (52 ±10.73 years compared to 
52 ±14.24 years, p = 0.876), percentage of women (n = 5
[27.8%] compared to n = 5 [31.25%], p = 0.673), or body
mass index (BMI) (25.85 ±4.26 vs. 25.6 ±2.99 kg/m2,

p = 0.743) between the study group and control group –
all p > 0.05. Exclusion criteria were previous diagnosis of
ischemic heart disease, neoplastic diseases including
hepatocellular cancer, NYHA class III or IV, alcoholic car-
diomyopathy, uncontrolled severe arterial hypertension,
renal failure, diabetes mellitus, autoimmunological dis-
eases, nicotine addiction or gastrointestinal haemor-
rhage during the last 2 months. Diuretics were not giv-
en on the day of Holter monitoring and β-blockers or
other drugs known to influence autonomic function
were withheld for 5 days before Holter monitoring. The
control group comprised 16 volunteers matched for age
and sex not treated for liver diseases or for any diseases
that excluded patients from the study. On admission
medical history was taken, patients were examined;
blood samples for laboratory tests were taken; echocar-
diography and 12-lead ECG were performed. Patients
who met the inclusion criteria underwent ECG Holter
monitoring. Diagnosis of liver cirrhosis was confirmed
by physical examination, laboratory tests, ultrasonogra-
phy and, if needed, liver biopsy. Among study partici-
pants 10 had alcoholic liver cirrhosis, 3 patients had liv-
er cirrhosis related to hepatitis B infection, 3 patients
had liver cirrhosis related to hepatitis C infection and
2 patients had idiopathic liver cirrhosis. During hospital-
ization typical treatment was administered including
spironolactone, loop diuretics and propranolol. Loop
diuretics and propranolol were administered after ECG
Holter monitoring as these drugs may affect the auto-
nomic nervous system. For this reason patients who
received loop diuretics and propranolol before admission
to the hospital were excluded from the study. The study
was performed in agreement with the ethical guidelines
of the 1975 Declaration of Helsinki and was approved by
the local Bioethics Committee.

Holter ECG monitoring
Twenty-four-hour ECG was monitored using an

Aspect 702 recorder (Aspel Zabierzów, Poland). Data
were analysed by an automatic computer system – Hol-
CARD 24W (Aspel Zabierzów, Poland). Automatic detec-
tion of QRS complexes was performed. The time and
frequency domain of HRV was calculated. Results of
these analyses were verified by a cardiologist experi-
enced in 24-hour ECG records. Satisfactory Holter ECG
records were obtained from all cirrhotic patients.
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Heart rate variability analysis
Heart rate variability was analysed and then

assessed according to ESC guidelines [7]. Analysis was
performed by the fast Fourier transformation test. Heart
rate variability parameters were estimated during the
whole 24-hour Holter recording period, separately for
night resting hours (between 24.00 and 4.00 a.m.) and
morning activity hours (between 8.00 and 12.00 a.m.).
Heart rate variability was analysed as to time and fre-
quency domain parameters. The following parameters
of HRV in the time domain were estimated:
• mean duration of NN (RR) intervals [ms],
• SDNN – standard deviation of NN intervals [ms],
• SDANN – standard deviation of the averages of NN

intervals in all 5-minute segments of the entire record-
ing [ms],

• SDNNI – SDNN index – mean of the SD of all NN inter-
vals for all five-minute segments [ms],

• r-MSSD – root mean square successive differences [ms],
• p50NN – percentage of differences between adjacent

NN intervals that are greater than 50 ms [%],
• TrI – HRV triangular index – the number of all NN inter-

vals divided by the maximum of the density distribution,
• TINN – the triangular interpolation of the NN interval

histogram is the baseline width of the distribution
measured as the base of a triangle approximating the
NN interval distribution.

Heart rate variability parameters in the frequency
domain used in the current study (TP, HF, LF, VLF, ULF,
NHF, NLF, LF/HF ratio) were defined as follows: 
• TP – total power of frequency domain [ms2],
• HF – high frequency domain [ms2] (0.15-0.4 Hz),
• LF – low frequency domain [ms2] (0.04-0.15 Hz),
• VLF – very low frequency domain [ms2] (0.003-0.04 Hz),
• ULF – ultra low frequency domain [ms2] (< 0.003 Hz),
• NHF – normalized HF power,
• NLF – normalized LF power,
• LF/HF – LF/HF ratio.

Among time domain parameters SDANN is consid-
ered to be the most appropriate to estimate sympathet-
ic nervous system activity, and p50NN and r-MSSD are
considered to be the most appropriate to estimate
parasympathetic nervous system activity [7]. Such
a clear correlation is not estimated for frequency
domain parameters. However, there are some data indi-
cating that HF is associated with vagus nerve function,
LF is correlated with both sympathetic and parasympa-
thetic nervous system, whereas LF/HF ratio estimates
sympathetic/parasympathetic balance [5, 13].

Statistical analysis
Statistical analysis was performed using Statistica 8

PL (StatSoft Inc.). Normality of distribution was assessed

by the Shapiro-Wilk W test. Continuous variables were
non-normally distributed. We used ANOVA rank Kruskal-
Wallis test, nonparametric Mann-Whitney and Wilcoxon
test. Statistical significance was set at p < 0.05. Results
are presented as mean and standard deviation.  

Results
Significant differences were noted for almost all HRV

parameters in the time and frequency domain estimat-
ed for the whole 24-hour period between the study and
control group as compared in Tables I-III. Significant dif-
ferences were not found only for HR max, NHF, NLF and
LF/HF ratio. The same results were found when HRV
parameters were compared separately for morning
activity hours and night resting hours. Significant differ-
ences (p < 0.001) were observed for all parameters
excluding NHF, NLF and LH/HF ratio. When we compared
HRV parameters between morning activity hours and

Variable Cirrhosis Control 
(n = 18) (n = 16)

Max HR [beats/min] 125.18 ±18.7 115.56 ±11.8

Min HR [beats/min] 61.82 ±10.6 48.30 ±4.0a

Mean HR [beats/min] 88.06 ±13.9 76.00 ±6.9b

Mean NN [ms] 687.40 ±102.0 866.38 ±107.5a

SDNN [ms] 67.07 ±27.2 149.69 ±32.5a

SDNN-ix [ms] 21.87 ±6.9 53.06 ±20.5a

SDANN [ms] 61.93 ±24.0 131.44 ±26.6a

r-MSSD [ms] 15.67 ±9.2 44.50 ±33.1a

p50NN [%] 1.83 ±2.7 12.93 ±13.2a

TrI 33.80 ±13.7 80.88 ±25.5a

TINN 277.73 ±150.0 740.81 ±235.2a

TP [ms2] 5278.87 ±1676.3 13791.94 ±5969.5a

HF [ms2] 1281.20 ±569.4 4076.00 ±2644.7a

LF [ms2] 1067.33 ±490.6 3519.5 ±1647.36626a

VLF [ms2] 1474.90 ±584.4 3539.13 ±1096.2a

ULF [ms2] 479.67 ±202.5 964.94 ±238.8a

NHF 37.67 ±6.0 42.14 ±5.3

NLF 32.85 ±10.5 39.31 ±8.4

LF/HF 0.90 ±0.3 0.96 ±0.3

Table I. Comparison of HRV parameters in time
and frequency domain between study and con-
trol group in 24-hour period
Tabela I. Porównanie czasowych i częstotliwo-
ściowych parametrów HRV pomiędzy grupą
badaną a kontrolną w zapisie 24-godzinnym 

aDenotes significant (p < 0.001) differences between cirrhotic and
control group; bdenotes significant (p < 0.01) differences between
cirrhotic and control group
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Variable Morning activity hours Night resting hours

Cirrhosis (n = 18) Control (n = 16) Cirrhosis (n = 18) Control (n = 16)

Mean NN [ms] 680.47 ±108.9 832.63 ±106.9a 736.20 ±132.0 1030.50 ±110.7a

SDNN [ms] 57.60 ±25.0 128.88 ±43.9a 44.00 ±15.4 94.63 ±37.0a

SDNN-ix [ms] 21.40 ±8.3 53.13 ±23.6a 23.20 ±7.9 63.5 ±21.6a

SDANN [ms] 52.73 ±22.0 109.25 ±35.4a 39.87 ±13.0 67.45 ±25.1a

r-MSSD [ms] 14.00 ±10.7 42.06 ±34.5a 16.13 ±10.0 56.56 ±36.8a

p50NN [%] 2.09 ±4.3 11.51 ±12.6a 2.17 ±3.4 21.12 ±17.8a

TrI 28.60 ±15.9 66.13 ±21.9a 17.60 ±7.1 42.69 ±22.0a

TINN 305.27 ±216.0 705.75 ±411.4a 158.40 ±74.3 347.75 ±201.4a

TP [ms2] 2054.27 ±1048.7 5590.50 ±2606.6a 2073.47 ±900.5 6022.94 ±2545.5a

HF [ms2] 511.07 ±367.1 1611.69 ±1163.4a 615.07 ±390.8 1879.69 ±1309.2a

LF [ms2] 419.67 ±226.2 1473.06 ±668.5a 438.60 ±231.8 1623.38 ±698.0a

VLF [ms2] 590.33 ±283.2 1437.69 ±466.0a 544.33 ±240.9 1499.25 ±482.8a

ULF [ms2] 240.20 ±115.0 495.63 ±135.9a 173.60 ±74.3 328.50 ±125.3a

NHF 39.93 ±5.5 41.98 ±5.4 43.97 ±7.2 48.29 ±7.0

NLF 36.79 ±10.5 42.51 ±7.8 34.03 ±11.8 40.06 ±9.2

LF/HF 0.94 ±0.3 1.04 ±0.3 0.82 ±0.4 0.88 ±0.4

Table II. Comparison of HRV parameters in time and frequency domain between study and control group
in 4-hour-long periods (morning activity hours 08.00-12.00; night resting hours 00.00-04.00)
Tabela II. Porównanie czasowych i częstotliwościowych parametrów HRV pomiędzy grupą badaną a kontrol -
ną w 4-godzinnych przedziałach czasu (godziny porannej aktywności 8.00–12.00; godziny snu nocnego 
0.00–4.00)

aDenotes significant (p < 0.001) differences between cirrhotic and control group

Variable Cirrhosis (n = 18) Control (n = 16)

Morning activity hours Night resting hours Morning activity hours Night resting hours

Mean NN [ms] 680.47 ±108.9 736.20 ±132.0a 832.63 ±106.9 1030.50 ±110.7a

SDNN [ms] 57.60 ±25.0 44.00 ±15.4b 128.88 ±43.9 94.63 ±37.0a

SDNN-ix [ms] 21.40 ±8.3 23.20 ±7.9 53.13 ±23.6 63.5 ±21.6a

SDANN [ms] 52.73 ±22.0 39.87 ±13.0b 109.25 ±35.4 67.45 ±25.1a

r-MSSD [ms] 14.00 ±10.7 16.13 ±10.0 42.06 ±34.5 56.56 ±36.8a

p50NN [%] 2.09 ±4.3 2.17 ±3.4 11.51 ±12.6 21.12 ±17.8a

TrI 28.60 ±15.9 17.60 ±7.1a 66.13 ±21.9 42.69 ±22.0a

TINN 305.27 ±216.0 158.40 ±74.3a 705.75 ±411.4 347.75 ±201.4a

TP [ms2] 2054.27 ±1048.7 2073.47 ±900.5 5590.50 ±2606.6 6022.94 ±2545.5

HF [ms2] 511.07 ±367.1 615.07 ±390.8 1611.69 ±1163.4 1879.69 ±1309.2

LF [ms2] 419.67 ±226.2 438.60 ±231.8 1473.06 ±668.5 1623.38 ±698.0

VLF [ms2] 590.33 ±283.2 544.33 ±240.9 1437.69 ±466.0 1499.25 ±482.8

ULF [ms2] 240.20 ±115.0 173.60 ±74.3a 495.63 ±135.9 328.50 ±125.3a

NHF 39.93 ±5.5 43.97 ±7.2 41.98 ±5.4 48.29 ±7.0a

NLF 36.79 ±10.5 34.03 ±11.8 42.51 ±7.8 40.06 ±9.2b

LF/HF 0.94 ±0.3 0.82 ±0.4 1.04 ±0.3 0.88 ±0.4b

Table III. Comparison of HRV parameters in time and frequency domain between morning activity hours
and night resting hours in study and control group in 4-hour-long periods (morning activity hours 
08.00-12.00; night resting hours 00.00-04.00)
Tabela III. Porównanie czasowych i częstotliwościowych parametrów HRV pomiędzy godzinami aktywności
porannej (8.00–12.00) i nocnego odpoczynku (0.00–4.00) w grupie badanej i kontrolnej

aDenote significant (p < 0.01) differences between cirrhotic and control group, bdenote significant (p < 0.05) differences between cirrhotic and control group
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night resting hours in the control group, we found sig-
nificant differences in all time domain parameters and
ULF, NHF, NLF and LF/HF ratio. TP, HF, LF and VLF did not
differ significantly. However, in the study group we
found significant differences for mean duration of NN,
SDNN, SDANN, TrI, TINN and ULF. Other parameters did
not differ significantly. 

Another analysis was performed using the Child-
Pugh classification. Patients belonged to all three class-
es: A – 3 patients, B – 9 patients, C – 6 patients. Results
are presented in Table IV. In the 24-hour period no sig-
nificant differences were found in HRV parameters
dependently on the Child-Pugh classification. 

Discussion
Patients with liver cirrhosis, independently of aetiol-

ogy, develop haemodynamic disturbances, electro-
mechanical conjunction and autonomic nervous system
and peripheral nerve disorders [1, 12, 15, 16]. Autonomic
nervous system disorders correlate with liver cirrhosis
progression. It seems that autonomic nervous system
disorder may be a worse prognostic factor in advanced

stages of liver cirrhosis, including patients with cirrhotic
encephalopathy [12, 17, 18]. Some authors suggest that
decrease in HRV parameters is an independent mortali-
ty risk factor in patients with liver cirrhosis [14, 16]. So
far, reasons for this phenomenon are not clearly
explained. It is considered that the following mecha-
nisms are involved: autonomic neuropathy, impaired
metabolism of vasoactive mediators (dopamine, norepi-
nephrine) and lipids, and disturbed NO-mediated
vasodilatation [19].

In the current study we performed an analysis of all
HRV parameters in the time and frequency domain.
Among HRV parameters in the time domain the most
commonly used are SDNN, SDANN, r-MSSD and
p50NN. Among HRV parameters in the frequency
domain the most commonly used are HF, LF and HF/LH
ratio. These parameters are considered to correlate
with autonomic nervous function. From 24-hour record
we excluded for separate analysis periods representing
morning activity hours (08.00-12.00) and night resting
hours (00.00-04.00). There is data on variability of HRV
parameters during different hours of the day and on dis-

Variable Child-Pugh

A (n = 3) B (n = 9) C (n = 6)

Max HR [beats/min] 108.00 ±23.81 129.88 ±17.22 127.50 ±16.07

Min HR [beats/min] 57.67 ±8.08 60.5 ±13.49 65.67 ±6.74

Mean HR [beats/min] 87.33 ±15.31 85.75 ±18.26 91.50 ±6.22

Mean NN [ms] 703.33 ±110.39 702.43 ±132.73 656.80 ±46.60

SDNN [ms] 52.67 ±10.21 75.43 ±33.05 64.00 ±24.61

SDNN-ix [ms] 19.00 ±6.56 23.29 ±8.92 21.60 ±4.22

SDANN [ms] 50.67 ±8.39 68.43 ±28.86 59.60 ±23.59

r-MSSD [ms] 14.00 ±9.00 16.29 ±10.69 15.80 ±9.12

p50NN [%] 1.13 ±1.51 1.66 ±2.40 2.50 ±3.94

TrI 29.00 ±5.57 35.29 ±14.28 34.60 ±17.64

TINN 232.00 ±41.73 281.14 ±196.28 300.40 ±133.55

TP [ms2] 4682.33 ±2000.96 5262.71 ±1700.00 5659.40 ±1746.47

HF [ms2] 1283.33 ±776.59 1234.43 ±475.07 1345.40 ±696.99

LF [ms2] 941.67 ±534.51 1123.71 ±621.12 1063.80 ±321.51

VLF [ms2] 1154.67 ±468.57 1558.86 ±690.78 1549.60 ±522.97

ULF [ms2] 341 ±113.71 530.57 ±221.59 491.60 ±210.49

NHF 39.00 ±8.15 38.24 ±5.02 36.08 ±7.04

NLF 31.23 ±11.78 33.69 ±10.60 32.66 ±11.87

LF/HF 0.87 ±0.52 0.89 ±0.32 0.92 ±0.38

Table IV. Comparison of HRV parameters in time and frequency domain dependently on Child-Pugh classi-
fication. There were no significant differences between class A, B and C
Tabela IV. Porównanie czasowych i częstotliwościowych parametrów HRV w zależności od klasyfikacji Childa-
-Pugha. Nie odnotowano istotnych statystycznie różnic pomiędzy klasami A, B i C
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turbances of HRV parameters in some diseases. Circadi-
an rhythm of heart rate variability is a normal physio-
logical reaction and their impairment may lead to
increased of mortality [20, 21]. All HRV parameters in
time domain and most of the HRV parameters in fre-
quency domain were significantly lower in cirrhotic
patients compared to control group during 24-hour
observational period. LH/HF ratio and normalized HF
and LF (NHF and NLF) did not differ significantly. The
same differences in HRV parameters between cirrhotic
patients and control group were significant for night
resting hours and morning activity hours. Our results
confirm previous results documented by Ates et al. [14]
This study group included 30 cirrhotic patients and 28
healthy volunteers. The causes of cirrhosis were infec-
tion from hepatitis B (n = 22) and hepatitis C (n = 8).
Ates et al. compared HRV parameters in time domain
between cirrhotic patients and control group in 24-hour
observational period. All parameters, which are given
above were significantly lower in cirrhotic patients com-
pared to control group (p < 0.001). Moreover, these
parameters were significantly lower in sub-group of
patients which died in 2-year observational period than
in patients which survived (p < 0.001). In current study
we did not proved correlation between HRV parameters
and grade of Child-Pugh classification, which was
shown by Ates et al. Explanation for our results may be
the fact, that autonomic nervous system disorders, that
results in HRV disturbances, develop on very early
stages of liver cirrhosis, but it seems there is no further
progression in advanced stages of liver cirrhosis. It is
also possible that a small number of study participants
had impact on our study. Genovesi (n = 48) et al. [22]
results confirm Ates et al. observation that decrease in
HRV parameters in time domain correlate with the
grade of Child-Pugh classification. Decrease in HRV
parameters was associated with increase in transve-
nous gradient in portal blood flow and decrease in Ca2+

and total Ca concentrations. Fleisher et al. [16] found sig-
nificantly lower pNN50 (p50NN) parameters and esti-
mated entropy (non-linear HRV parameter) in cirrhotic
patients waiting for liver transplantation compared to
healthy controls. Mani et al. [13] documented significant
reduction of SDNN, LH and HF in cirrhotic subjects 
(n = 80) with encephalopathy compared to healthy vol-
unteers (n = 11); significant differences were not found
for LH/HF ratio. Our results confirm the findings of Mani
et al. However, Mani et al. proved that HRV parameter
disturbances correlate with liver cirrhosis progression
estimated by the Child-Pugh scoring system, which was
not documented in our studies. The results of Keresztes
et al. [15] indicated that HRV parameters in the time and
frequency domain (SDNN, r-MSSD, pNN50, TP, LF, HF)
are significantly lower in cirrhotic patients compared to

healthy controls. Contrary to our results Keresztes et al.
did not find significant differences in SDANN. Because
SDANN reflects sympathetic nervous system function
this may indicate sympathetic nervous system activa-
tion. Keresztes et al. speculate that reduction in HRV
parameters is a consequence of both autonomic nerv-
ous system disorder and peripheral sensory nerve dis-
turbances. Newton et al. [12] indicated that frequency
HRV parameters are significantly reduced in patients
with liver cirrhosis. Milovanovic et al. [23] revealed that
both short-term and 24-hour HRV parameters are dis-
turbed in patients (n = 16) with alcoholic liver cirrhosis
compared to healthy volunteers (n = 19). This group had
significantly depressed SDNN, SDANN, TrI, LF and HF val-
ues. The authors did not find differences in mean NN, 
r-MSSD, and LF/HF ratio. These results are comparable
with our result in which only r-MSSD differed between
study and control groups. Milovanovic et al. suggest
a decreased SDNN value as a potential risk predictor of
sudden cardiac death. Iga et al. [6] reported that HRV
abnormalities appear in early stages of liver cirrhosis
and depend on changes of norepinephrine level. 

Circadian variation of HRV parameters is reported by
some authors. This phenomenon was observed in
healthy subjects. In elderly patients circadian HRV varia-
tion is disturbed for example in arterial hypertension
(HA) or diabetes mellitus (DM) [20, 24, 25]. 

Circadian variation of HRV parameters in healthy
subjects was confirmed in the current study. We proved
that all time parameters and ULF, NHF, NLF and LF/HF
ratio values calculated separately in night resting hours
and morning activity hours differed significantly in
healthy controls. In cirrhotic patients we did not observe
circadian variability of the parameters r-MSSD, pNN50,
NHF, NLF and LF/HF, but we noted circadian variation in
mean NN, SDNN, SDANN, TrI, TINN and ULF. 

Decrease in circadian HRV variation in cirrhotic
patients reflects autonomic nervous system regulation
disorders. Perciaccante et al. [26] suggest that resistance
to insulin that is observed in many pathological condi-
tions may have a role in decrease in circadian variation
of HRV parameters. These disturbances seem to be irre-
versible although patients undergo treatment. Kołasiń -
ska-Kloch et al. [20] indicated that in hypertensive
patients disturbed circadian variation of HRV parame-
ters had not been normalized even though patients
were treated effectively with ACE-I (enalapril). We are in
need of further studies.

Conclusions
The current work has proven that patients with liver

cirrhosis have significantly lower HRV parameters than
healthy subjects. It has been demonstrated for all HRV
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parameters in the time domain and most HRV parame-
ters in the frequency domain. Heart rate variability cor-
relation with liver cirrhosis progression (Child-Pugh clas-
sification) has not been observed. In liver cirrhosis not
only are HRV parameters affected but also circadian
variation of HRV is disturbed. It seems that these HRV
disturbances appear in early stages of liver cirrhosis and
are stable even though liver cirrhosis develops. Other
study groups have documented that decreases in HRV
parameters correlate with progression of liver cirrhosis.
It is possible that the small number of study participants
affected our results, but it is also possible that an undis-
covered factor plays a role. 

Limitations of the current study were the small num-
ber of participants and the specific group of them. The
presented work is only preliminary. Currently, the stud-
ied group has a lot more persons. We are also perform-
ing serial measurements of HRV parameters in the same
patients. A group with compensated cirrhosis was also
included. In our opinion the presented problem requires
further research and inquiry.
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