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Abstract

Introduction: Chronic liver disease is a major health problem and important causes of mortality and morbidity. Cirrhosis is associated with cardiovascular
abnormalities. QT interval prolongation is one of the electrophysiological indicators of cirrhotic cardiomyopathy. So in this study we evaluated the QTc interval
prolongation and cirrhosis severity in non-alcoholic patients admitted in Razi hospital in Rasht during 2011-2012.

Material & methods: This survey was conducted as a cross-sectional descriptive study. A 12-lead surface ECG and echocardiographic study was obtained from
all subjects. A 12-lead electrocardiogram recorded at 50 mm/second to measure the QT interval. The mean QT interval in every 12 leads was documented for each
patient. The QT corrected for RR (QT¢c) was calculated. The quantitative and qualitative data were analyzed by Chi-square, ANOVA, Linear regression test and
Fisher’s exact tests.

Results: The mean of age was 52.78+15.2. Sixty-three persons were male, and others were female. The most common cause of cirrhosis in our study population
was Hepatitis C virus. Prolonged QTc interval was seen in 48% of subjects. There was no significant correlation between age and mean of laboratory data and QTc
prolongation (P>0.05). There was no significant correlation between causes of cirrhosis and QTc prolongation (P>0.05). There was significant correlation between

severity of cirrhosis and QTc (P=0.020).

Conclusion: Majority of patients with cirrhosis showed QTc interval prolongation, which related significantly with worsening the severity of the disease, regardless

of the etiology of cirrhosis.

Introduction

Chronic liver disease is a major health problem and causes of
mortality and morbidity. Almost 30,000 patients each are reported to
develop cirrhosis in United States [1]. Cirrhosis is a hepatic disease
that presents individuals aged 50-60 age group, typically [2,3]. A
hyperdynamic circulation, which is manifested as high cardiac
output, decreased systemic vascular resistance and widespread arterial
vasodilatation at first in the cirrhosis [4,5]. Based on previous many
studies traditionally, cirrhosis is associated with cardiovascular
abnormalities [6,7].

Cirrhotic cardiomyopathy is the term used to describe a collection
of characters expressive of abnormal heart structure and function in
patients with cirrhosis [8,9]. The term "cirrhotic cardiomyopathy" is
generally defined by the following clinical criteria: 1) baseline increased
cardiac output but blunted ventricular response to stimuli, 2) systolic
and/or diastolic dysfunction, 3) absence of overt left ventricular failure
at rest, 4) electrophysiological abnormalities including prolonged QT
interval on electrocardiography and chronotropic incompetence [10-
12].

The QT interval in the electrocardiography reflects ventricular
repolarization and its prolongation provides substrate for ventricular
arrhythmias. QT interval prolongation is one of the electrophysiological
indicators of cirrhotic cardiomyopathy [13,14]. It is assumed that
this abnormality occurs due to cardiotoxins reaching the heart due
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to portosystemic shunting. QT interval is affected by heart rate.
Few studies have shown prolonged QT interval to be associated
with severity of liver disease [15]. In this setting, the QT interval is
further prolonged by transjugular intrahepatic porto-systemic shunt
and is shortened or normalized by acute beta-blockade6 and liver
transplantation. However, the true clinical meaning of the QT interval
remains unsettled [16-19].

Therefore, in this study we evaluated the QTc interval prolongation
and cirrhosis severity in non-alcoholic patients admitted in Razi
hospital in Rasht during 2011-2012.

Material & methods

This is a cross sectional descriptive study. Sampling was performed
as census in all cirrhotic patients referred and admitted in the
educational Razi hospital in Rasht since 2011-2012. We published
previously a part of this project.
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Patients selection

In this study, one hundred patients with definitive diagnosis
of cirrhosis referred to our unit over the 2 years were enrolled
consecutively. The diagnosis of cirrhosis was based on histology and/or
clinical, biochemical and imaging features. Exclusion criteria were the
patients with consumption of alcohol (>90 cc/day). None of the patients
were receiving drugs affecting ventricular repolarization and if beta-
blockers were given for portal hypertension, the drug was withdrawn
for a week before calculating measurements.

For all patients clinical evaluation, and the Child-Pugh score was
calculated. The study protocol was approved by the ethics committee
of Guilan University of medical sciences by the Helsinki declaration
guidelines. Informed consent in writing was obtained by each subject.

Electrocardiography

A 12-lead electrocardiogram was recorded at 50 mm/second to
measure the QT interval. The QT intervals of three consecutive sinus
beats were manually measured by means of a caliper in each of the 12
leads where the end of the T wave could be reliably identified, and a
mean QT interval per lead was calculated.

Mean QT interval in every 12 leads was documented for each
patient in maximum. Measurements were made by an observer not
aware of the patients’ characteristics. The QT corrected for RR (QTc)
was calculated by the applied correction formulas [20].

Statistical methods

SPSS for Windows, version 16 was used for data entry.
Kolmogorov-Smirnov test was performed for data distribution.
The quantitative and qualitative data were analyzed by Chi-square,
ANOVA, Linear regression test and Fisher’s exact test. Continuous
variables are presented as mean * standard deviation (SD); categorical
variables are presented as percentages. P | < 0.05 was considered as
significant.

Results

Mean age of the patients was 52.78+15.2 years old. 63 subjects were
male (63%) and 37 of them were female (37%). The most common
cause of cirrhosis in our study population was Hepatitis C virus. The
mean of duration of disease in all cases is 2.83+4.02 years.

In Table 1 severity of cirrhosis has been shown based upon Child-
Pugh classification. Most of patients were in severe type of cirrhosis
(40%).

Table 2 shows the range and means values of some laboratory
results of studied patients.

There was no significant correlation between age and mean of
laboratory data and QTc prolongation (P>0.05). QTc prolongation was
more in male patients significantly (P=0.29).

The mean of QTc values was 461.69+39.40 ms. Frequency of
normal or prolongation QTc has been shown in Table 3 in age groups.
There was no significant correlation between causes of cirrhosis and
QTc prolongation (P>0.05).

Prolonged QTc interval was seen in 48% of subjects. The age
group of 40-60 years had the most frequency of QTc prolongation (24,
48%). There was a significant correlation between QTc prolongation
and gender (P=0.035) and it was more common in male. There was
no meaningful correlation between existence of QTc prolongation
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and duration of disease (P=0.178) and age (P=0.948). There was
significant relation between the mean of QTc and Child-Pugh grade
(P=0.020).

Table 4 shows frequency of QTc prolongation in different class of
cirrhosis severity. There was no significant correlation between severity
of cirrhosis and QTc prolongation (P=0.679) (Figure 1).

Gender (P=0.005), duration of disease (P=0.001) and PAP
(pulmonary artery pressure) (P=0.021) can significantly predict the QT
prolongation in our population.

Child-Pugh classification

Child A Mild 22 (22%)
Child B Moderate 38 (38%)
Child C Severe 40 (40%)

Table 2. Range and mean values of some laboratory results in the hospitalized patients

Mean Standard Deviation
Serum Cr 1.03 0.66
Table 1. SS.@EHWW cirrhosis 1.39 5.24
Serum K 427 0.54
Serum Ca 8.17 0.65

Table 3. Distribution of QTc prolongation in various age groups

QTec interval

Age Group Total
Normal Long
<40 12 10 22
40-60 24 24 48
>60 16 14 30
Total 52 48 100

Table 4. Severity of cirrhosis and QTc Interval

QTc Interval

Child-Pugh Total
Normal Long
Mild 13 9 22
Moderate 20 18 38
Severe 19 21 40
Total 52 48 100

Childpugh

Emild
Emodrate
Bsever

Count

normal Long

QTe

Figure 1. Qtc prolongation and cirrhosis severity
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Discussion

Previous studies showed the prolongation of the QT interval in
cirrhosis patients [17,21-23]. Cardiomyopathy due to cirrhosis is a well-
known problem and QT interval prolongation is an indicator of cardiac
dysfunction. In about 50% of cirrhotic patients, long QT interval is
appeared that can affect cardiac morbidity and mortality [24]. The
pathogenesis of cirrhotic cardiomyopathy includes diminished beta-
adrenergic receptor signal transduction; cardiomyocyte cellular plasma
membrane dysfunction; and increased activity or levels of cardio-
depressant substances such as cytokines, endogenous cannabinoids,
and nitric oxide. Although cirrhotic cardiomyopathy is usually clinically
silent, or not very severe, overt heart failure can be triggered by factors
such as liver transplantation or transjugular intrahepatic portosystemic
shunt insertion in these patients [25]. A frequent occurrence of QTc
interval prolongation has been found in patients with alcoholic liver
disease and candidates for liver transplantation because of advanced
cirrhosis [19,25]. This abnormality is not related to the etiology of
cirrhosis. In this study, we evaluated the prevalence of QTc interval in
cirrhosis patients and its relationship with severity of cirrhosis in non-
alcoholic cirrhotic patients.

The most common group affected by cirrhosis in our study was 40-
60 years old group (48%). Similarly to our study Bhatti et al. [21] and
Genovesi et al. showed in their study that most of the patients were
>45 years of age (86.1%), with the majority being in the 45 - 60 year
age group (51.2%), indicating an increased prevalence of cirrhosis
in higher age groups, which is understandable considering the long
natural history of cirrhosis; it may take up to 30 years from the onset
of infection to development of cirrhosis [26]. However, the patient age
two other studies, Zuberi et al. reported a much lower mean age of 34.4
years in their study population [27].

Majority of our patients were in B (38%) and C (40%) Child-Pugh
grade. This was not unexpected because the samples were taken mostly
from the inpatient department, and Child Pugh Grade A patients are
admitted less frequently than grade B or C patients. Zuberi et al. and
Bhatti et al. also described a similarly distribution of patients with most
of them being in Child Pugh Grade B and C [21,27].

Our results showed that the mean of QTc values was 461.69+39.40
ms. It was similar to other studies and was comparable with them.
Bernardi et al. also conducted a similar investigation and reported a
mean QTc of 440 + 3.2 ms [17]. Li et al. demonstrated a mean QTc of
421 + 38 ms in their study [28]. A study by Zuberi et al. demonstrated a
mean QTc of 438 ms + 15 ms [27].

The most common cause of cirrhosis was HCV virus in our study
which is adopted with Zambruni’s study results [20] and Bernardi et al.
study [17]. But in Zamirian et al. HBV was the most cause of cirrhosis
[29].

Our study showed that prolonged QTc was seen in 48% of patients.
Our result was closed to the results of Bernardi et al. study in which
they showed the frequency of QTc prolongation to be 46.2% [17].
Also it was similar to Li et al. which was 46.93% [28]; Bal et al. which
was 56% [16]; Kosar et al. that was 32% [30] and Nasr et al. that was
45% [31]. But it was differ from Zuberi et al. study with 19.2% [27];
Bhatti et al. [21] study with 24.7% and Lossnitzer et al. [32] with 25%.
These differences may be related to other confounding factors such as
electrolyte disturbances, concomitant cardiac problems, or use of QTc
prolonging drugs in different studies.
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In our study QTc prolongation was more in male patients
significantly (P=0.29). It was in contrast with other studies [16,28,30].
however, this finding is similar to Bernardi’s et al. study [17] and it can
confirmed the hypothesis that suggested such an androgen deficiency
may potentially account for QTc prolongation in male patients with
cirrhosis [33] which is need to evaluated more in our population.

There was no meaningful correlation between age and QTc interval
and age which is adopted with Genovesi et al. study that reported
ECG parameters had no relation with age [34]. The pathogenesis of
prolonged QTc in liver disease remains unexplained. QT interval is the
time between the earliest activation of ventricular myocardium to the
end of latest ventricular repolarization. Therefore, the QT interval can
be prolonged either because the activation is slowed or the complex
process of repolarization is prolonged [22].

In our study with increase of severity of cirrhosis frequency of
long QTc was elevated. Although there was no significant relationship
between presence of prolonged QT interval and severity of liver disease
(P>0.05), but it was significant relationship between the mean of QTc
with the worsening of the Child Pugh Score (P=0.020). Our results were
similar to Bernardi et al., Li et al. and Bhatti et al. studies [17,21,28].
Genovesi et al. also showed significant correlation between QTc and
Child Pugh in his study [35]. Also in the study of Puthumana et al.
this correlation was seen [22]. However, Nasr et al. showed the reverse
results [31]. It is necessary to say that majority of patients in our study
consumed beta blocker drugs for preventing esophageal varice bleeding
that can shorten QT interval but is not affected QTc interval. On the
other hand, port systemic shunt due to portal hypertension resulted in
entering cardio-active agents to systemic circle that can affect cardiac
repolarization. These results indicated a direct relationship between the
stage of cirrhosis and the development of cirrhotic cardiomyopathy. In
other words, the more advanced the cirrhosis, the greater the chances
of developing cirrhotic cardiomyopathy and the associated symptoms.

There was no significant correlation between cirrhosis etiologies
and QTc prolongation (P>0.05). This finding is similar to other studies
[17,19. QTc is affected by a number of factors other than cirrhosis
itself, such as electrolyte disturbances and certain drugs and it is
recommended that the changes in cardiac function happened regardless
of the etiology of cirrhosis.

Conclusion

Cardiac dysfunction is a common complication of advanced
cirrhosis that can make variety of disturbance, specially QT interval
prolongation and diastolic dysfunction. In conclusion, we showed that
more than half of the patients with cirrhosis showed prolongation in
QTc interval, which is paralleled the severity of the disease, regardless of
the etiology of cirrhosis. Patients with cirrhosis with QTc prolongation
have a worse prognosis, as compared to patients with normal. QTc
duration. Finally because of prevalence of QTc interval disturbance it
is recommended that routine ECG be done for cirrhotic patients. Also
doing comprehensive study for evaluating more laboratory data and
following variables in cirrhotic patients to achieving best predicting
factors in this region are recommended. Also we showed that Gender,
duration of disease and PAP in echocardiography can significantly
predict the QT prolongation in cirrhotic population.
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