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Abstract. Patients with liver cirrhosis have autonomic dysfunction and complex cardiovascular
changes. Increases risk for sudden cardiac death (SCD) was recently recognized in liver cirrhosis.
This study analyzed risk predictors for SCD related to autonomic dysfunction in patients with al-
coholic liver cirrhosis (ALC). Twenty five patients with ALC were examined and compared with
healthy control group. Cardiovascular autonomic reflex tests, comprehensive ECG with QTc in-
terval, late potentials, short-term heart rate variability (HRV) analysis (time domain, spectral and
nonlinear-Poincare plot analysis) and 24-h Holter ECG with long-term HRV analysis were done.
According to autonomic reflex tests patients with ALC had high incidence (56%) of severe auto-
nomic dysfunction, manifested as pronounced damage of vagal function. Patients had significantly
depressed HRV (SDNN, SDANN, triangular index, LF and HF) and more frequently had serious
arrhythmias, prolonged QTc and Poincare plot in a shape of dot (p < 0.001). In patient group QTc
significantly inversely correlated with spectral components from short-term HRV analysis (In(LF):
r=-0.53, In(HF): r = -0.47; p < 0.05), and Lown class significantly correlated with total autonomic
function score (r = 0.64, p = 0.04). This study indicates that in ALC autonomic neuropathy with vagal
impairment and sympathetic predominance is related to SCD risk predictors and onset of serious

ventricular arrhythmias.
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Introduction

Liver cirrhosis is associated with complex cardiovascular
changes, including hyperdynamic circulation with increased
blood volume, increased cardiac output and reduced pe-
ripheral vascular resistance (Moller and Henriksen 2008).
Autonomic dysfunction is common in liver cirrhosis, both
in alcoholic and non-alcoholic and is associated with the
severity of hepatic dysfunction (Dillon et al. 1994; Ates et
al. 2006) and survival (Hendrickse et al. 1992; Fleckenstein
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et al. 1996). The pathogenesis of autonomic neuropathy in
cirrhosis is not fully known and several mechanisms are
suggested: circulatory changes in cirrhosis, metabolic and
neurohormonal alterations including renin angiotensin
aldosterone system, excessive nitric oxide production,
oxidative stress and inflammatory mediators (interleukines)
(Moller and Henriksen 2008). Autonomic dysfunction in
cirrhotic patients has been evaluated by standard autonomic
function test (Gonzalez-Reimers et al. 1991; Dillon et al.
1994; Szalay et al. 1998), heart rate variability (HRV) (Dillon
et al. 1994; Fleisher et al. 2000; Ates et al. 2006) and 1231-
metaiodobenzylguanidine myocardial scintigraphy (Iga et
al. 2003). According to standard autonomic function tests,
autonomic neuropathy in liver cirrhosis is characterized with
predominately vagal impairment (Hendrickse et al. 1992;
Dillon et al. 1994; Ates et al. 2006). Cirrhotic patients with
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vagal neuropathy have a five-fold increased mortality com-
pared to those without autonomic dysfunction (Hendrickse
et al. 1992; Fleckenstein et al. 1996). However, mechanisms
behind increased mortality related to autonomic dysfunction
have not been evaluated. Recently, in patients with primary
biliary cirrhosis unexplained excess mortality that remains
even after accounting for liver and cancer-related deaths was
recognized and potentially linked to increased risk of sudden
cardiac death (SCD) (Newton et al. 2006).

Conversely, incidence of SCD is increased in chronic
alcoholics (Moushmoush and Mansour 1991; Hémery et al.
2000; Spies et al. 2001). Chronic alcohol ingestion induces
autonomic neuropathy, predominately of vagal origin (Dun-
can et al. 1980; Matikainen et al. 1986; Barter and Tanner
1987), potentially contributing to increased incidence of SCD
in alcoholics (Yokoyama et al. 1992; Johnson and Robinson
1998), apart from heart muscle disease (alcoholic cardiomy-
opathy) often seen with chronic alcohol abuse.

Therefore, patients with alcoholic etiology of cirrhosis, at
least from pathophysiological background, could be at in-
creased risk of SCD. Autonomic dysfunction induced both by
metabolic and homodynamic changes in cirrhosis and alcohol
ingestion itself, could contribute to increased risk of SCD.

This study was aimed to evaluate presence and level of
autonomic dysfunction in patients with alcoholic cirrhosis by
standard cardiovascular autonomic function tests and to analyze
risk predictors for sudden cardiac death related to autonomic
dysfunction (HRV, late potentials and QTc interval).

Materials and Methods

Study population

The study was carried out on 25 patients with alcoholic he-
patic cirrhosis and 17 healthy individuals similar in age and
sex. Twenty five consecutive patients with previously proven
liver cirrhosis and with the history of at least ten years of ethyl

Table 1. Group characteristics

Alcoholics n=25
Gender (M/F) 20/5
Age (years, range) 54 (46-62)
EF (%) 58 £ 13
ESV (ml) 47 + 11
EDV (ml) 117 + 37
Control group n=19
Gender (M/F) 15/4
Age (years, range) 52 (44-60)

EF, ejection fraction; ESV, end systolic volume; EDV, end diastolic
volume by 2D echocardiography.

consumption more than 80 g per day were enrolled in this
study. The diagnosis of cirrhosis was made histopathologically
or based on clinical examination, laboratory parameters, ultra-
sonographic findings, and the presence of esophageal varices.
Patients were admitted to Department of Gastroenterology of
Clinical and Hospital Center “Bezanijska Kosa” for the further
treatment (basic clinical data are shown in Table 1). Exclusion
criteria were: coronary disease, heart failure, diabetes, chronic
obstructive pulmonary disease and therapy with drug(s)
known to influence autonomic function. The controls were
healthy volunteers with no history of alcohol consumption
and normal clinical and biochemical parameters. The study
was approved by the Scientific Ethical Committee of Clinical
Hospital Center “Bezanijska Kosa” Written informed consent
was obtained from all subjects.

Study protocol

All individuals were tested in the Neurocardiology Labo-
ratory using the original protocol for the assessment of
autonomic nervous system function and cardiovascular risk
parameters related to cardiac death. Cardiovascular reflex
tests were done first, followed by short-term ECG recording
(10 min) with statistical, spectral and nonlinear (Poincare
plot) analysis of HRV as well as late potentials analysis.
Individuals were tested between 09:00 and 10:00 a.m., ap-
proximately 2 h after light breakfast, under ideal temperature
conditions (23°C), without any previous consumption of
alcohol, nicotine or coffee. In patients therapy was withdrawn
24 h before testing. After initial testing, at the same day 24-h
Holter ECG was started and day after 24-h ambulatory blood
pressure (BP) monitoring was done.

Cardiovascular reflex tests

We performed three parasympathetic tests (heart rate re-
sponse to Valsalva maneuver, heart rate response to deep
breathing and heart rate response to standing) and one test
of sympathetic function (BP response to standing).

Heart rate response to Valsalva maneuver

Valsalva maneuver was performed using modified sphyg-
momanometer with blowing and holding a pressure of 40
mmHg for 15 s, with ECG recording. The results, expressed
asa Valsalva ratio, measured the longest and the shortest RR
interval using ruler and ECG trace.

Deep breathing test

Six deep inspirations and expirations were performed over
one minute. The result is expressed as a difference between
the highest and the lowest heart rate.
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Heart rate response to standing test (30 : 15 ratio test)

Heart rate response after standing, expressed as a ratio be-
tween the longest RR interval corresponding with 30 beat
after starting and the shortest RR interval corresponding
with 15 beat.

BP response to standing

This test measured the subject’s BP with a sphygmoma-
nometer while he was lying quietly and one minute after he
was made to stand up. The postural fall in BP was taken as
the difference between the systolic pressure lying and the
systolic BP standing.

Results of all four tests were expressed as a normal,
borderline or abnormal, according to cut-off values given
by Ewing and Clarke 1982). The patients were categorized
as normal, if none of the tests was abnormal; with early
parasympathetic damage, if results of one of the three tests
of parasympathetic function was abnormal; with definite
parasympathetic damage, if two or more of the three tests
of parasympathetic function were abnormal; and with
combined damage, if test of the sympathetic function was
abnormal in addition to parasympathetic damage. For the
purpose of the above-mentioned classification the borderline
tests were interpreted as normal. A scoring system like the
one suggested by Bellavere et al. (1983) was also used to
assess the extent of autonomic nervous damage. For each
test “0” score was given for normal, “1” for borderline, and
“2” for an abnormal value. By adding the score of each of the
five standard tests of autonomic function, total autonomic
function score was determined for every subject.

Short-term ECG and short-term HRV analysis

Analysis of standard 12 leads ECG recording using com-
mercially available softer (Schiller model AT-10, Austria)
include ECG waves and interval analysis: duration of P wave,
PQ interval, QRS complex, QT and QTc interval.

QT parameters were measured automatically from the
12-lead ECG recording (Schiller model AT-10, Austria) at
a paper speed of 50 mm/s (gain, 10 mm/mV). The QT inter-
val was measured from the onset of QRS complex to the end
of T wave. Each QT interval was corrected for patient heart
rate according to Bazett’s formula: QTc = QT/ v (RRinterval),
where QT and RR interval are expressed in seconds.

Short-term HRV analysis was done from 512 consecu-
tive RR intervals using commercial softer (Schiller model
AT-10, Austria) according to previously published guideline
(see in References: Task Force of the ESC 1996). Short-term
HRV analysis includes: time domain analysis, frequency
domain analysis and nonlinear HRV analysis (Poincare
space plot). The following time domain variables were

computed for each subject: average dRR interval, stand-
ard deviation of dRR intervals (SDRR), mean deviation of
dRR (MDRR), square root of the mean of squared differ-
ences of two consecutive RR intervals (RMSSD), percent
of beats with consecutive RR interval difference of more
than 50 ms (pNN50). The following short-term frequency
domain indices were determined using Hanning window
type signal limitation before Fourier transformation: very
low-frequency (VLE 0.016-0.05 Hz), low-frequency (LF,
0.05-0.15 Hz), high-frequency (HF, 0.15-0.35 Hz) power,
and LF/HF ratio. Late potential analysis was done based
on data obtained from 12 standard ECG leads. Criteria for
the presence of late potentials (frequency range of 40 to 250
Hz) were as follow: QRS duration >114 ms, LAHFd >38 ms,
RMS-40 ms <20. In the presence of at least two parameters,
late potential concerned as was positive. Nonlinear analysis
(Poincare space plot): results of nonlinear Poincare space
plot analysis were divided related to visual form (cigarette,
cluster, comet or spot).

Holter ECG: rhythm analysis and long-term HRV analysis

24-h ambulatory ECG recordings were acquired by 3 leads
ECG, sampling rate 1000 Hz per each lead (Biosensor, USA)
and analyzed by an experienced analyst. Cardiac rhythms
were screened for ventricular premature beats and supraven-
tricular premature beats. The recordings were reviewed, and
the beat classifications were manually checked, corrected,
and readied for further analysis. After all of the artifacts
and misclassified beats were corrected, time and frequency
domain HRV analysis were carried out using the software
package present in the system. The fast Fourier transforma-
tion and Hanning window were used for the analysis of the
frequency (spectral) domain parameters.

In rhythm analysis total number of ventricular premature
beats and supra ventricular premature beats for the whole period
of recording was determined and number of ventricular prema-
ture beats per hour calculated. Also, the degree of arrhythmias
was quantified according to Lown classification.

From time domain HRV analysis following time domain
variables were computed: mean RR interval for 24 h (mean
NN), standard deviation of normal RR intervals (SDNN),
standard deviation of all 5-min mean normal RR intervals
(SDANN), square root of the mean of the sum of the squares
of differences between adjacent RR intervals (RMSSD). From
frequency domain HRV analysis following 24-h frequency do-
main indices were determined: total power (TP, 0-0.4 Hz), HF
(0.15-0.4 Hz), LF (0.04-0.15 Hz), and the (LF/HF ratio). Heart
rate is measured in milliseconds; variance, which is referred to
as the power in a portion of the total spectrum of frequencies,
is measured in milliseconds squared. Triangular index was also
determined from 24-h HRV analysis according to guidelines
(Task Force of the ESC 1996 - see in References).
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24-h ambulatory BP monitoring

Evaluation of 24 h profile of BP was done using recorder and
commercial software for analysis (Mobil-O-graph). Monitor-
ing began at approximately 11 a.m. and BP measurements
were performed by oscillometric method every 15 min all day
long. From these data following variables were calculated for
each patient: average total (24 h), daytime (9 a.m.-9 p.m.) and
nighttime (0 a.m.—6 a.m.) systolic BP, diastolic BP and pulls
pressure; systolic and diastolic BP variability during day and
during night expressed as standard deviation of all systolic
and all diastolic BP measurements during daytime and during
night (automatically calculated using the same software).

Statistics

All data were analyzed using computer software package
SPSS 11.05 system for Windows. Beside the measures of the
central tendency, parametric data were analyzed using inde-
pendent ¢-test and Pearson chi-square (x?) test. Significance
level was defined as p < 0.05. Since all components of HRV
do not have normal distribution, In transformation was done
and parametric statistics applied afterward. Correlations
between variables were tested using Pearson’s coeflicient.

Valsalva maneuver: xz =3.965, p = ns
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Figure 1. Cardiovascular reflex tests.

Results

Cardiovascular reflex tests

Cardiovascular reflex tests were done in 16 out of 25 pa-
tients and in all controls. Parasympathetic dysfunction was
present in 14/16 (87%) patients with alcoholic cirrhosis:
seven patients (43%) have early and seven patients (43%)
definitive parasympathetic damage. The result of Valsalva
maneuver was abnormal in 5 patients, deep breathing test
was abnormal in 9 patients and heart rate response on
standing was abnormal also in 9 patients. Sympathetic
dysfunction, manifested as orthostatic hypotension, was
present in only 3 patients and only one of them did not
have parasympathetic damage while rest two have para-
sympathetic dysfunction. Combined damage, parasym-
pathetic and sympathetic dysfunction, was diagnosed in
2/16 (12.5%) patients. As expected, pathological results
of cardiovascular reflex test were more common among
patients with alcoholic liver diseases compared to control
(Fig. 1). Total autonomic function score was higher in pa-
tients compared to control (4.70 + 1.70 vs. 2.05 £ 1.50, p <
0.001) and nine out of sixteen patients (56%) have severe
autonomic dysfunction (score >7) (Table 2).

HR response to standing: Xz =11.908, p = 0.003
100%

80%

60%

40%

20%

0% T
Alcoholics

Control

Orthostatic hypotension: y*= 9.712, p = 0.008

80%

60%

40%

20%

0% T

Alcoholics Control

|:| Borderline . Abnormal




Neurocardiology: autonomic dysfunction in liver cirrhosis

255

Table 2.

A. Distribution of autonomic dysfunction among alcoholics and control

Parasympathetic damage Sympathetic | Combined
Without Early Definitive damage damage
Alcoholics (n = 16) 2 7 7 3 2
Control (n = 19) 9 9 1 0 0
For parasympathetic damage: x> = 9.014, p = 0.011.
B. Extent of autonomic nervous damage based on total autonomic function score
Autonomic nervous damage
(autonomic neuropathy)
Without Mild Moderate Severe
(0-1) (2-3) (4-6) (7-10)
Alcoholics (n = 16) 0 1 6 9
Control (n =19) 4 6 9 0
x> =17.039, p = 0.001.
C. Distribution of autonomic dysfunction among alcoholics (n = 16)
Parasympathetic damage
Total
Without Early Definitive
Sympathetic Without 1 6 6 13
damage With 1 1 1 3
Total 2 7 7 16

QT interval

The analysis of the QTc interval showed that it was signifi-
cantly longer in patients with alcoholic liver disease, com-
pared to healthy individuals (454.06 + 25.33 vs. 419.72 +
19.432 ms, p < 0.001). No significant difference was found
between groups concerning duration of non-corrected QT
interval, PQ interval, QRS complex and P wave. Prolonged
QT (QTc > 440 ms) was present in 13/25 patients (52%) that
is significantly more frequent compared to control group
where only 3/19 individuals (6%) have prolonged QTc (x2 =
5.46, p = 0.026).

Short-term HRV analysis

All spectral and time domain parameters were considerably
lower in alcoholics. Values of RMSSD and HF reflecting
vagal activity were significantly depressed in patients with
alcoholic liver disease. LF spectral parameter reflecting
sympathetic and vagal function was also lower in patients
with the liver cirrhosis. LF/HF ratio, reflecting sympatho-
vagal balance, was higher in alcoholics compared to con-
trol suggesting, however without statistical significance
(Table 3).

Table 3. Short-term heart rate variability analysis

Alcoholics Control group p

Average dRR (ms) 8.50 + 8.78 2522 £16.69 | 0.001
SDRR (ms) 8.56 + 8.83 22.22 +12.54 | 0.001
MDRR (ms) 5.43 + 5.36 16.33 + 10.31 0.001
PNN50 (%) 1.43 +3.36 8.16 + 9.90 0.014
RMSSD (ms) 12.37 £ 12.26 32.88 + 21.36 0.002
In(VLF) 3.60 + 1.49 493 +1.13 0.007
In(LF) 3.28 +£1.40 4.81 +1.05 0.001
In(HF) 2.26 +1.45 3.89 +1.26 0.002
LF/HF 5.02+3.73 3.78 + 3.64 n.s.

SDRR, standard deviation of dRR intervals; MDRR, mean deviation
of dRR; RMSSD, square root of the mean of squared differences
of two consecutive RR intervals; pNN50, percent of beats with
consecutive RR interval difference of more than 50 ms; VLE very
low-frequency interval (0.016-0.05 Hz); LE, low-frequency interval
(0.05-0.15 Hz); HE high-frequency interval (0.15-0.35 Hz); n.s.,
non-significant.

Late potentials

Late potentials were positive only in one patient with alco-
holic cirrhosis.
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Nonlinear HRV analysis

Poincare plot in the shape of dot, indicating severe au-
tonomic dysfunction, was present in 9/25 patients, 5/25
patients have Poincare plot in comet form and 11/25 in
cigarette form. None of patients have Poincare plot in
cluster form. In control group Poincare plot in dot for was
not registered, 8/19 individuals have Poincare plot in clus-
ter form, 10/19 in comet form and only 1/19 in cigarette
form (for comparison between patients vs. control: x* =
24.8, p < 0.001).

Long-term HRV and arrhythmia analysis from 24 h

Analysis of time domain parameters indicated statistical
significance for three important arrhythmia risk predictors.
The SDNN, SDANN and triangular index had considerably
lower values in alcoholics when compared to the control
group. Power spectral analysis of long-term HRV revealed
lower both In(LF) and In(HF). Supraventricular and ven-
tricular premature beats were more common in alcoholics
(Table 4).

Arrhythmia analysis from 24-h ECG monitoring revealed
significantly different distribution according to Lown class
between patients with alcoholic cirrhosis vs. control (p =
0.011). Among patients serious ventricular rhythm ab-
normalities (Lown class >2) were present in 10/25 (39%)
patients, 12/25 (46%) patients were in Lown class 1 and
3/25 (15%) in Lown class 0. In control group 15/19 (76%)

Table 4. 24 h Holter ECG: long-term HRV analysis

Alcoholics Control group p
VPB 758.3 + 502.2 23.5+20.3 0.04
SVPB 85.2+38.1 44+19 0.05
Mean RR (ms) | 712.21 £157.00 | 782.76 + 77.84 n.s.
SDNN (ms) 93.42 + 42.69 463.15+111.83 | 0.014
SDANN (ms) 71.80 +43.38 187.53 + 85.74 0.000
RMSSD (ms) 53.00 + 36.32 70.38 + 30.78 n.s.
TRI INDEX 33.71 +17.17 50.61 +9.70 0.005
LF/HF 3.40 £2.11 3.55+1.13 n.s.
In(LF/HF) 0.99 +0.75 1.22 +£0.30 n.s.
In(LF) 6.85+0.94 8.19 £ 0.98 0.002
In(HF) 5.81 +1.17 7.00 +0.99 0.009

VPB, total number of ventricular premature beats during ECG
monitoring; SPB, total number of supraventricular premature beats
during ECG monitoring; SDNN, standard deviation of all the RR
intervals; SDANN, standard deviation of all 5-min mean normal RR
intervals; RMSSD, square root of the mean of squared differences of
two consecutive RR intervals; TRI INDEX, triangular index; VLE,
very low-frequency interval (0.016-0.05 Hz); LE, low-frequency
interval (0.05-0.15 Hz); HE high frequency interval (0.15-0.35
Hz); n.s., non-significant.

individuals have Lown class 0, 3/19 (16%) Lown class 1 and
1/19 (8%) person has Lown class >2.

Correlations between autonomic function, repolarization
abnormalities and arrhythmias in patients with alcoholic
cirrhosis

In patients with alcoholic cirrhosis QTc significantly inversely
correlated with spectral components from short-term HRV
analysis: In(LF) (r = -0.53, p = 0.03) and In(HF) (r = -0.47,
p = 0.04). We did not find significant correlation between
HRV parameters from long-term HRV analysis and Lown
class. In 16 patients in whom standard cardiovascular reflex
tests were done Lown class significantly correlated with total
autonomic function score (r = 0.64, p = 0.04).

Ambulatory BP monitoring

Detailed ambulatory BP analysis during 24 h including
mean systolic and mean diastolic BP during 24 h, daytime,
night-time, early in the morning, as well as systolic and
diastolic BP variability, did not reveal statistically signifi-
cant differences between patients with alcoholic cirrhosis
and control.

Discussion

Autonomic dysfunction assessed by standard autonomic
function tests in alcoholic cirrhosis

This study confirms that high percent of patients with
alcoholic cirrhosis has abnormal autonomic function. In
the current study in 16 out of 25 consecutive patients with
alcoholic liver cirrhosis admitted to the hospital for further
medical treatment, standard autonomic function tests were
performed with satisfied patient’s compliance and in more
than 80% of these patients at least one or more parasympa-
thetic function test was abnormal. Damage in sympathetic
function was detected in lower percent. According to total
autonomic function score 56% of evaluated patients in the
current study have severe autonomic damage, comparable
to findings of Fleckenstein et al. (1996).

Incidence of autonomic neuropathy based on traditional
autonomic function test widely varies in chronic liver disease:
from as low as 35% (Hendrickse and Triger 1990) to 45%
(Hendrickse et al. 1992), 60% (Dillon et al. 1994) or even
80% (Bajaj et al. 2003). Higher frequency of neuropathy
was found in studies involved higher proportion of patients
with severe form of hepatic failure (80%) (Bajaj et al. 2003),
compared to studies recruited patients with mild hepatic
impairment (45%) (Hendrickse et al.1992). Cardiovascular
autonomic dysfunction is significantly more frequent in
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advanced liver disease compared with early liver disease
(Hendrickse et al. 1992).

Using standard cardiovascular tests we, as others, found
predominately vagal impairment in chronic alcoholic liver
disease. Importance of vagal impairment for sodium and
fluid retention has been shown in cirrhosis (Hendrickse
and Triger 1994; Dillon et al. 1997; Trevisani et al. 1999).
Neuromodulation with angiotensin II is proposed as one of
the mechanism inducing parasympathetic dysfunction in cir-
rhosis and partly correction of vagal dysfunction in cirrhotic
patients was achieved by captopril (Dillon et al. 1997).

In our study heart rate response to standing was the most
frequently abnormal test. Barter and Tanner (1987) in their
study also reported heart rate response to standing as the
most sensitive test with high specificity, as well as Bajaj et al.
(2003). Impaired cardiac and circulatory (BP) responses to
orthostasis in cirrhosis are probably due to blunted baroreflex
function (Laffi et al. 1997; La Villa et al. 2002; Newton et al.
2006). Impaired baroreflex function in cirrhosis can be re-
lated to activated renin angiotensin aldosterone system, since
administration of canrenone, an aldosteron antagonist, in
compensated cirrhotic patients normalizes cardiac response
to postural changes (La Villa et al. 2002).

Clinical significance of vagal neuropathy detected by
standard tests in liver cirrhosis is important. A strong corre-
lation between the number of abnormal test and Child-Pugh
score was demonstrated implying that with disease progres-
sion cardiovascular autonomic impairment also progress. In
multiple regression analysis presence of vagal neuropathy in
liver cirrhosis detected by standard autonomic tests is inde-
pendent predictor of mortality (Hendrickse et al. 1992).

HRYV in alcoholic cirrhosis

Cardiovascular reflex tests are relatively simple and useful to
classify patients for the presence of autonomic neuropathy
and its severity, but HRV potentially offers better accuracy
(Malpas et al. 1991; Dillon et al. 1994) and is less dependent
of patient compliance. Alcoholics without manifest cardiac
disease have considerably lower HRV compared to control,
even in cases with normal standard autonomic tests (Malpas
et al. 1991). Malpas show that in chronic alcoholics SDSD
index from statistical analysis of 24-h HRV (corresponding
to HF from spectral analysis) can detect small changes in au-
tonomic function, which may not be detectable by standard
autonomic function test (Malpas et al. 1991).

In our study we could perform autonomic test in 16
out of 25 patients, because in the rest 9 patients adequate
compliance was not achieved. However, HRV analysis was
done in all, independently of patient condition, suggesting
that in clinical practice HRV analysis is more feasible and
applicable for autonomic function assessment than standard
reflex tests.

In the present study we performed both short- and long-
term HRV analysis, both time and frequency domain. By
short-term HRV analysis in rest, we confirmed that patients
with alcohol cirrhosis compared to control have decreased
all time domain parameters (average dRR, SDRR, MDRR,
RMSSD and pNN50). We also found that patients have all
spectral components detected by short-term spectral analysis
(VLE LF and HF) significantly reduced compared to control,
with trend towards increased LF/HF ratio. These results
demonstrate impaired autonomic function in alcoholic cir-
rhosis with trend towards the sympathetic predominance.
Fleisher et al. (2000) in patients awaiting liver transplantation
found by short-term HRV analysis depressed SDNN, pNN50
(marker of parasympathetic activity) and ApEn (approximate
entropy, a measure of regularity). During follow up ApEn was
significantly lower in no survivors than in survivors. Iga et al.
(2003) using spectral analysis of HRV shown that autonomic
abnormalities appear early in the course of liver cirrhosis and
that with progression of hepatic impairment LF/HF ratio
increases, as well as blood level of norepinephrine, whereas
HF power decreased.

Poincare plot offers exploration of non-linear phenomena
involved in the genesis of HRV (Carrasco and Gaitan 2001;
Piskorski and Guzik 2007). It is used for cardiac autonomic
assessment and risk stratification in heart failure (Voss et al.
2007) and myocardial infarction (Milovanovi¢ et al. 2007).
To the best of our knowledge there are no published data,
related to the form of Poincare plot in alcoholics or in patients
with alcoholic cirrhosis. In the present study we used visual
analysis of the spatial form of Poincare plot and in 36% of
patients found the dot shape. Dot shape of Poincare plot
was previously shown to correspond with severe autonomic
dysfunction and poor prognosis after myocardial infarction
(Milovanovié et al. 2007).

In the present study long-term time domain HRV analysis
revealed in patients with alcoholic cirrhosis significantly
reduced SDNN and SDANN parameters compared to the
control. Ates et al. (2006) shown that severity of cirrhosis
expressed using Child-Pugh classification scores is associated
with reduced timed domain HRV measurements from 24-h
ECG and that HRV was significantly lower in nonsurvivors
than in survivors, suggesting prognostic significance of
long-term time domain HRV analysis. Cooelho et al. (2001)
found interesting positive correlations between SDNN and
protrombin activity as well as with serum albumin but not
with total bilirubin, indicating that autonomic dysfunction
in liver cirrhosis is more closely related to hepatocellular
dysfunction than cholestasis.

Triangular index is HRV parameter from geometric
method and express overall HRV measured over 24 h. It was
shown to be important prognostic marker for risk stratifica-
tion after myocardial infarction (Kleiger et al. 1987), but has
not been evaluated in liver cirrhosis. In the present study
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we for the first time found in cirrhotic patients reduced
triangular index. Prognostic value of HRV triangular index
in cirrhosis remains to be determined.

The spectral analysis of long-term HRV assessment in the
present study revealed significantly reduced both LF and HF
component in cirrhotic patients compared to control, how-
ever, without significant difference in LF/HF ratio. Coelho et
al. (2001) also reported in patients with cirrhosis decreased
average total power with reduction of all components (VLE,
LE HF) in the absence of significant difference in LF/HF
ratio. This spectral profile is characteristic for conditions
with increased sympathetic activity and vagal impairment.
Increased sympathetic activity in cirrhosis is demonstrated
also by increased burst frequency and increased circulating
cathecholamines and is in direct relation to the severity of
the disease (Henriksen et al. 1998). The major triggers of the
sympathetic overactivity seems to be baroreceptor- mediated
stimulation, owing to the low arterial BP and hepatic dys-
function and a volume receptor mediated stimulation, owing
to reduced central and arterial blood volume. Consequences
of increased sympathetic activity in cirrhosis are important.
Enhanced sympathetic tone with increased cellular exposure
to noradrenalin for longer periods cause myocardial injury
and impaired B adrenergic function (Opie 1998) with down
regulation of p adrenergic receptor in cardiomyocytes and
receptor desensitization with post receptor defects (Ma and
Lee 1996), leading to cardiac dysfunction in liver cirrhosis
(Moller and Henriksen 2002).

Arrhythmias in alcoholic liver cirrhosis and its correlation
with autonomic disturbances

There is little data in literature regarding rhythm distur-
bances in patients with cirrhosis. The vast data are from
case reports regarding ventricular arrhythmias, frequently
torsade de points, occurs during or after liver transplantation
(Lustik et al. 1998; Zaballos et al. 2005). The development
of atrial fibrillation as well as episodes of supraventricular
and ventricular tachycardia and even bradicardia associated
with liver transplantation has also been described. There
are several risk factors for arrhythmia and altered cardiac
conduction in this specific situation: severe haemodynamic
alterations, ion imbalance (hypokalemia, hypomagnesae-
mia), acid-base imbalance and hypothermia that accompany
the reperfusion of a new organ.

In the present study in patients with severe, chronic alco-
holic cirrhosis we found increased ectopic cardiac activity.
Serious ventricular arrhythmias (Lown class >2) were present
in 39% of patients and Lown class significantly correlated
with total autonomic function score.

Several lines of evidence suggest that heavy drinking in-
crease the risk of SCD with fatal arrhythmia as the most likely
mechanism (Hémery et al. 2000; Spies et al. 2001; Newton

etal. 2006). Although heart muscle disease induced by alco-
hol cardiotoxicity, i.e. alcoholic cardiomyopathy (clinically
manifest or occult) is important arrhythmogenic substrate
in chronic alcoholics, alcoholic autonomic neuropathy is
at least contributing factor. In cirrhosis, independent of its
etiology, fluidity of the plasma membrane and the function
of membrane ion channels are impaired (Liu and Lee 1999).
Electrophysiological abnormalities in cardiac excitation due
to alteration in K* and Ca®* channels were suggested that
could potentially lead to serious ventricular arrhythmias
(Moreau et al. 1994; Moreau and Lebrec 1995). However,
link between cirrhotic autonomic neuropathy and cardiac
rhythm disturbances was not evaluated.

In current study we found significant positive correla-
tion between Lown class and total autonomic function
score, robust index of global autonomic function, indicate
potential association between ventricular arrhythmias and
autonomic neuropathy. It should be noted that many other
factors such as ion imbalance, and acid-base imbalance fre-
quently present in advanced cirrhosis could be also potential
proarrhythmogenic factors. Also, increased level of circulat-
ing cathecholamines could act as proarrhythmogenic agent.
However, in the recent experimental study in cirrhotic rats
reduced susceptibility to epinephrine-induced arrhythmias
was shown and linked to potential protective effects of long-
term NO overproduction (Tavakoli et al. 2007).

Prolonged QT interval in alcoholic cirrhosis and its relation
with autonomic disturbances

In the present study QTc interval was much longer in cir-
rhotic patients compared to control and QTc > 440 ms was
present in 52% of patients. A prolonged QTc interval has
been previously described in 30-60% of patients with liver
disease (Ishizaki et al. 1995; Mohamed et al.1996; Bal and
Thuluvath 2003). Etiology of prolonged QTc in liver diseases
is still unsettled. Ward et al. (1997) have shown decrease K*
currents in ventricular cardiomyocytes from cirrhotic rats,
which prolong the repolarization time and consequently QT
interval (Day et al. 1993). The prolonged QTc interval could
trigger sever ventricular arrhythmias, especially torsade de
point and sudden cardiac death, but evidences from clinical
studies are sparse. In cirrhotic patients the prolonged QT
interval is significantly related to the severity of the liver
disease, portal hypertension, portosystemic shunts, elevated
BNP and proBNP, elevated plasma noradrenaline and re-
duced survival (Moller et al. 2002). The prolongation of QT
interval is partly reversible after liver transplantation (Ward
et al. 1997) and B-blocker treatment (Meller et al. 2002).
We as well as Puthumana and co-workers could not find
significant association between autonomic cardiovascular
reflexes and QTc (Puthumana et al. 2001). However, we did
found significant inverse correlation between duration of
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QTc interval with LF and HF power spectral component.
Since HRV is in some aspects more sensitive than standard
autonomic cardiovascular tests, association between spectral
components of HRV and QTc interval duration could suggest
that autonomic dysfunction in alcoholic cirrhosis has some
potential influence on delayed repolarization process in the
myocardium. Also, in several studies QTc correlated with
blood noradrenaline level confirming further association
between autonomic function and QTc duration, as well as
observation that QT is normalized with chronic -blocker
treatment in patients with prolonged baseline values (Zam-
bruni et al. 2008). The importance of prolonged QTc interval
in liver disease as independent prognostic parameter is still
uncertain (Mohamed et al. 1996). Recently, QT dispersion
and corrected QT dispersion parameters are suggested in
to be better mortality indicators than QT intervals (Kosar
et al. 2007).

Ambulatory BP recordings in cirrhotic patients

BP depends on cardiac output and the systemic vascular
resistance.

Although total blood volume is increased in cirrhosis,
as well as cardiac output, significant low systemic vascular
resistance (arteriolar vasodilatation) with increased total vas-
cular and arterial compliance maintain BP in low normal or
even hypotensive range. There is a growing body of evidence
that systemic nitric oxide over production in cirrhosis play
a major role in the arteriolar and splanchnic vasodilatation
and vascular hyporeactivity. However, in the present study
using 24-h ambulatory BP monitoring we did not found
significant difference in 24-h BP profile in cirrhotic patients
compared to healthy individuals. Moller et al. (1995) report
that arterial BP is reduced during the day, whereas at night
the values are normal, indicating an abnormal BP regulation
in cirrhosis.

It should be noted that new entity “cirrhotic cardiomy-
opathy”has been introduced recently (Meller and Henriksen
2008). According to this concept, patients with liver cirrhosis
due to complex modifications of circulation, neurohormo-
nal and metabolic changes have altered cardiac function.
Cirrhotic cardiomyopathy is chronic cardiac dysfunction
in cirrhotic patients characterized by blunted contractile
responsiveness to stress, and/or altered diastolic relaxation,
with electrophysiological abnormalities in the absence of
other known cardiac disease (Moller et al. 2008). Heart
rhythm and conduction disturbances as well as altered car-
diovascular autonomic function in liver cirrhosis are consid-
ered to be a part of this complex entity. In the present study
exclusion and inclusion criteria were not defined to include
or exclude patients with cirrhotic cardiomyopathy, according
to suggested diagnostic criteria. We did not include patents
with over heart failure and patients with depressed ejection

fraction by echocardiography. However, presence of some
aspects of cirrhotic cardiomyopathy cannot be rolled out in
the current study population.

Study limitation

The current study was performed on relatively small number
of patients and in some of them classic cardiovascular auto-
nomic function tests could not be performed with satisfied
patient compliance, predominately due to patient’s poor
general condition. This could represent potential selection
bias regarding analysis of autonomic function based on clas-
sical function tests, but at the same time represent limited
feasibility of standard test when they are applied on severely
ill patients. However, in the present study even on smaller
number of relatively clinically better-preserved patients, we
found severe form of autonomic dysfunction in high percent
of patients.

In the present study we did not investigate links and asso-
ciations between autonomic dysfunction and liver functional
status, because it was not the aim of the current study.

Conclusion

Patients with alcoholic liver cirrhosis, according to the
present study, have a severe form of autonomic dysfunction,
manifested as more pronounced damage of vagal function
and sympathetic predominance. Analysis of cardiovascular
risk for the onset of sudden cardiac death revealed pres-
ence of several potentially important risk predictors, such
as decreased SDNN value, Poincare plot in shape as dot,
lower triangular index, serious arrhythmias, and prolonged
QTc interval. Lown class and QTc interval are shown to
be associated with the level of autonomic dysfunction.
However, prognostic values of these risk predictors and
their links to autonomic neuropathy in patients with liver
cirrhosis are still to be firmly evaluated in longitudinal and
larger studies.

References

Ates E, Topal E., Kosar F, Karincaoglu M., Yildirim B., Aksoy Y.,
Aladag M., Harputluoglu M. M., Demirel U., Alan H.,
Hilmioglu E (2006): The relationship of heart rate vari-
ability with severity and prognosis of cirrhosis. Dig. Dis.
Sci. 51, 1614-1618

Bajaj B. K., Agarwal M. P, Ram B. K. (2003): Autonomic neuropa-
thy in patients with hepatic cirrhosis. Postgrad. Med. J.
79, 408-411

BalJ. S., Thuluvath P. J. (2003): Prolongation of QTc interval: rela-
tionship with etiology and severity of liver disease, mor-
tality and liver transplantation. Liver Int. 23, 243-248



260

Milovanovic et al.

Barter F, Tanner A. R. (1987): Autonomic neuropathy in alcoholic
population. Postgrad. Med. J. 63, 1033-1036

Bellavere E., Bosello G., Fedele D., Cardone C., Ferri M. (1983):
Diagnosis and management of diabetic autonomic neu-
ropathy. Br. Med. J. 287, 61

Carrasco S., Gaitan M. J. (2001): Correlation among Poincare plot
indexes and time and frequency domain measures of heart
rate variability. J. Med. Eng. Technol. 25, 240-248

Coelho L., Saraiva S., Guimarées H., Freitas D., Providéncia L. A.
(2001): Autonomic function in chronic liver disease as-
sessed by heart rate variability study. Rev. Port. Cardiol.
20, 25-36

Day C. P, James O. E, Butler T. J., Campbell R. W. (1993): QT
prolongation and sudden cardiac death in patients with
alcoholic liver disease. Lancet 341, 1423-1428

Dillon]. E, Plevris J. N., Nolan J., Ewing D. J., Neilson J. M., Bouchier
I. A., Hayes P. C. (1994): Autonomic function in cirrhosis
assessed by cardiovascular reflex tests and 24-hour heart
rate variability. Am. J. Gastroenterol. 89, 1544-15447

Dillon J. E, Nolan J., Thomas H., Williams B. C., Neilson J. M.,
Bouchier I. A., Hayes P. C. (1997): The correction of au-
tonomic dysfunction in cirrhosis by captopril. J. Hepatol.
26, 331-335

Duncan G., Johnson R. H., Lambie D. G., Whiteside E. A. (1980):
Evidence of vagal neuropathy in chronic alcoholics.
Lancet 2, 1053-1057

Ewing D. J.,, Clarke B. F. (1982): Diagnosis and management of
diabetic autonomic neuropathy. BMJ 285, 916-919

Fleckenstein J. E, Frank S., Thuluvath P.J. (1996): Presence of
autonomic neuropathy is a poor prognostic indicator
in patients with advanced liver disease. Hepatology 23,
471-475

Fleisher L. A., Fleckenstein J. F,, Frank S. M., Thuluvath P. J. (2000):
Heart rate variability as a predictor of autonomic dysfunc-
tion in patients awaiting liver transplantation. Dig. Dis.
Sci. 45, 340-344

Gonzalez-Reimers E., Alonso-Socas M., Santolaria-Fernandez E,
Hernandez-Pefia J., Conde-Martel A., Rodriguez-Moreno
F. (1991): Autonomic and peripheral neuropathy in
chronic alcoholic liver disease. Drug Alcohol. Depend.
27,219-222

Hémery Y., Broustet H., Guiraudet O., Schiano P., Godreuil C.,
Plotton C., Ollivier J. P. (2000): Alcohol and rhythm
disorders. Ann. Cardiol. Angeiol. (Paris) 49, 473-479
(in French)

Hendrickse M. T., Thuluvath P. J., Triger D. R. (1992): Natural his-
tory of autonomic neuropathy in chronic liver disease.
Lancet 339, 1462-1464

Hendrickse M. T., Triger D. R. (1990): Autonomic dysfunction
and hepatic function in chronic liver disease. Gut 31,
All164

Hendrickse M. T., Triger D. R. (1992): Peripheral and cardiovas-
cular autonomic impairment in chronic liver disease:
prevalence and relation to hepatic function. J. Hepatol.
16, 177-183

Hendrickse M. T., Triger D. R. (1994): Vagal dysfunction and im-
paired urinary sodium and water excretion in cirrhosis.
Am. J. Gastroenterol. 89, 750-757

Henriksen J. H., Moller S., Ring-Larsen H., Christensen N. J.
(1998): The sympathetic nervous system in liver disease.
J. Hepatol. 29, 328-341

Iga A., Nomura M., Sawada Y., Ito S., Nakaya Y. (2003): Autonomic
nervous dysfunction in patients with liver cirrhosis using
123I-metaiodobenzylguanidine myocardial scintigraphy
and spectrum analysis of heart-rate variability. J. Gastro-
enterol. Hepatol. 18, 651-659

Ishizaki F, Harada T., Yamaguchi S., Mimori Y., Nakayama T.,
Yamamura Y., Murakami I., Nakamura S. (1995): Rela-
tionship between impaired blood pressure control and
multiple system involvement in chronic alcoholics. No
To Shinkei 47, 139-145 (in Japanese)

Johnson R. H., Robinson B. J. (1988): Mortality in alcoholics with
autonomic neuropathy. J. Neurol. Neurosurg. Psychiatry
51, 476-480

Kleiger R. E., Miller J. P, Bigger J. T., Moss A. J. (1987): Decreased
heart rate variability and its association with increased
mortality after acute myocardial infarction. Am. J. Car-
diol. 59, 256-262

Kosar E, Ates E, Sahin I, Karincaoglu M., Yildirim B. (2007): QT
interval analysis in patients with chronic liver disease:
a prospective study. Angiology 58, 218-224

La Villa G,, Barletta G., Romanelli R. G., Laffi G., Del Bene R.,
Vizzutti E, Pantaleo P., Mazzocchi V., Gentilini P. (2002):
Cardiovascular effects of canrenone in patients with
preascitic cirrhosis. Hepatology 35, 1441-1448

Laffi G, Barletta G., La Villa G., Del Bene R., Riccardi D., Ticali P,
Malani L., Fantini E, Gentilini P. (1997): Altered cardio-
vascular responsiveness to active tilting in nonalcoholic
cirrhosis. Gastroenterology 113, 891-898

LiuH., LeeS. S. (1999): Cardiopulmonary dysfunction in cirrhosis.
J. Gastroenterol. Hepatol. 14, 600-608

Lustik S.J., Eichelberger J. P, Chhibber A. K., Bronsther O. (1998):
Torsade de pointes during orthotopic liver transplanta-
tion. Anesth. Analg. 87, 300-303

Ma Z., Lee S. S. (1996): Cirrhotic cardiomyopathy: getting to the
heart of the matter. Hepatology 24, 451-459

Malpas S. C., Whiteside E. A., Maling T. J. (1991): Heart rate
variability and cardiac autonomic function in men with
chronic alcohol dependence. Br. Heart J. 65, 84-88

Matikainen E., Juntunen J., Salmi T. (1986): Autonomic dysfunc-
tion in long-standing alcoholism. Alcohol Alcohol. 21,
69-73

Milovanovi¢ B., Krotin M., Biseni¢ V., Vukovi¢ D., Nikoli¢ S.,
Mirjani¢ T. (2007): Prognostic value of Poincare plot as
nonlinear parameter of chaos theory in patients with
myocardial infarction. Srp. Arh. Celok. Lek. 135, 15-20
(in Serbian)

Mohamed R., Forsey P. R., Davies M. K., Neuberger J. M. (1996):
Effect of liver transplantation on QT interval prolongation
and autonomic dysfunction in end-stage liver disease.
Hepatology 23, 1128-1134

Moller S., Henriksen J. H. (2002): Cirrhotic cardiomyopathy:
a pathophysiological review of circulatory dysfunction
in liver disease. Heart 87, 9-15

Moller S., Henriksen J. H. (2008): Cardiovascular complications of
cirrhosis. Gut 57, 268-278



Neurocardiology: autonomic dysfunction in liver cirrhosis

261

Moller S., Wiinberg N., Hernriksen J. H. (1995): Noninvasive 24-
hour ambulatory arterial blood pressure monitoring in
cirrhosis. Hepatology 22, 88-95

Moreau R., Komeichi H., Kirstetter P., Ohsuga M., Cailmail
S, Lebrec D. (1994): Altered control of vascular tone
by adenosine triphosphate-sensitive potassium chan-
nels in rats with cirrhosis. Gastroenterology 106,
1016-1023

Moreau R., Lebrec D. (1995): Endogenous factors involved in
the control of arterial tone in cirrhosis. J. Hepatol. 22,
370-376

Moushmoush B., Mansour P. A. (1991): Alcohol and the heart.
Arch. Intern. Med. 151, 36-40

NewtonJ. L., AllenJ., KerrS., Jones D. E. (2006): Reduced heart rate
variability and baroreflex sensitivity in primary biliary
cirrhosis. Liver Int. 26, 197-202

Opie L. H. (1998): The Heart: Physiology, from Cell to Circulation.
Lippincott, Philadelphia

Piskorski J., Guzik P. (2007): Geometry of the Poincare plot of RR
intervals and its asymmetry in healthy adults. Physiol.
Meas. 28, 287-300

Puthumana L., Chaudhry V., Thuluvath P.]. (2001): Prolonged
QTc interval and its relationship to autonomic cardio-
vascular reflexes in patients with cirrhosis. J. Hepatol.
35,733-738

Spies C. D., Sander M., Stangl K., Fernandez-Sola J., Preedy V.,
Rubin E., Andreasson S., Hanna E. Z., Kox W. J. (2001):
Effects of alcohol on the heart. Curr. Opin. Crit. Care 7,
337-343

Szalay E, Marton A., Keresztes K., Hermanyi Z. S., Kempler P.
(1998): Neuropathy as an extrahepatic manifestation
of chronic liver diseases. Scand. J. Gastroenterol. Suppl.
228, 130-132

Task Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology (1996):
Heart rate variability: standards of measurement, physi-

ological interpretation and clinical use. Circulation 93,
1043-1065

Tavakoli S., Hajrasouliha A. R., Jabehdar-Maralani P., Ebrahimi
E, Solhpour A., Sadeghipour H., Ghasemi M., Dehpour
A. (2007): Reduced susceptibility to epinephrine-in-
duced arrhythmias in cirrhotic rats: the roles of nitric
oxide and endogenous opioid peptides. J. Hepatol. 46,
432-439

Trevisani F, Sica G., Mainqua P, Santese G. De Notaris S., Caraceni
P, Domenicali M., Zaca E, Grazi G. L., Mazziotti A.,
Cavallari A., Bernardi M. (1999): Autonomic dysfunction
and hyperdynamic circulation in cirrhosis with ascites.
Hepatology 30, 1387-1392

Voss A., Schroeder R., Truebner S., Goernig M., Figulla H. R,,
Schirdewan A. (2007): Comparison of nonlinear methods
symbolic dynamics, detrended fluctuation, and Poincare
plot analysis in risk stratification in patients with dilated
cardiomyopathy. Chaos 17, 151-120

Ward C. A.,MaZ., LeeS.S., Giles W. R. (1997): Potassium currents
in atrial and ventricular myocytes from a rat model of
cirrhosis. Am. J. Physiol. 273, G537-544

Yokoyama A., Ishii H., Takagi T., Hori S., Matsushita S., Onishi S.,
Katsukawa F, Takei I., Kato S., Maruyama K., Tsuchiya
M. (1992): Prolonged QT interval in alcoholic auto-
nomic nervous dysfunction. Alcohol. Clin. Exp. Res. 16,
1090-1092

Zaballos M., Jimeno C., Jiménez C., Fraile J. R. (2005): Dual
atrioventricular nodal conduction and arrhythmia with
severe hemodynamic alterations during liver retrans-
plantation. Rev. Esp. Anestesiol. Reanim. 52, 355-358
(in Spanish)

Zambruni A., Trevisani F, Di Micoli A., Savelli E, Berzigotti A.,
Bracci E., Caraceni P, Domenicali M., Felline P,, Zoli M.,
Bernardi M. (2008): Effect of chronic beta-blockade on
QT interval in patients with liver cirrhosis. J. Hepatol.
48, 415-421



