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Background: Although many electrocardiographic abnormalities have been
reported previously, prolonged QTC interval represented as the most important
ECG finding in patients with liver cirrhosis. Echocardiography can detect
structural cardiac abnormalities in cirrhotic patients.

Objectives: The present study aimed to determine the correlation between QTC
prolongation and echocardiographic findings in end stage liver cirrhosis.
Methods: The present study was conducted on 100 patients selected through convenient
sampling. We recruited 80 cirrhotic patients with CHILD score > B or MELD score
> 15 from the transplantation ward of Nemazee educational hospital. A complete
echocardiographic study, including chamber quantification, a complete flow Doppler,
and tissue Doppler analysis, was performed for each patient using a GE vivid 3 system
equipped with Tissue Doppler Imaging (TDI). Then, twelve-lead ECG was carried
out and QTc interval was calculated in all patients. The data were analyzed using the
SPSS statistical software (v. 13) and Pearson’s correlation coefficient. P value < 0.05 was
considered statistically significant.

Results: The patients’ age ranged from 20 to 60 years old and 62.5% of them were
male. According to the results, the only parameter which was significantly associated
with prolonged QTc interval was Left Ventricular End Diastolic Dimension (LVEDD).
Additionally, a linear direct relationship was found between corrected QT interval and
LVEDD (r = 0.41, P < 0.001).

Conclusions: The current study showed a positive correlation between QTC prolongation
as an electerocardiographic finding and LVEDD in echocardiography of the cirrhotic
patients. This may indicate a direct relationship between the electrophysiological
problems and the severity of volume overload in cirrhotic patients.

» Implication for health policy/ practice/ research/ medical education:
This study aims to determine the relationship between the severity of volume overload and QT prolongation in the patients with chronic liver failure

waiting for liver transplantation.

1. Background

Despite the frequent abnormalities in cardiac structure
and function in the patients with end-stage liver disease,
decreased afterload because of vasodilatation makes
the diagnosis of myocardial dysfunction difficult. The
patients with cirrhosis have a large spectrum of circulatory
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disturbances, including increased Cardiac Output (CO),
reduced systemic vascular resistance, and increased
vascular compliance (1, 2). In the normal condition, these
complications are obscure, but when the cirrhotic patients
are challenged by pharmacological or physiological stress,
ventricular hypo responsiveness occurs. Although the
clinical manifestations of cirrhotic cardiomyopathy may
be obscure among the patients, some pathophysiological
features, such as increased baseline CO, attenuated systolic
contraction and diastolic relaxation, electrophysiological
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abnormalities, and reduced cardiac response to direct
B- adrenergic receptor stimulation, usually develop in
these patients (3). These pathophysiological features can
be easily diagnosed by using paraclinical assessments.
Electrophysiological abnormalities in these patients occur
in the absence of any known cardiac disease (4). Many
electrocardiographic abnormalities have been reported
previously; nevertheless, prolonged QT interval represents
the most important electerocardiographic finding in
the patients with liver cirrhosis (5, 6). Furthermore,
Echocardiography can precisely detect CO changes, systolic
contraction, and diastolic relaxation abnormalities. Thus,
there might be some relationships between these paraclinical
methods which can help to detect cirrhotic cardiomyopathy.

2. Objectives

The present study aims to evaluate the correlation between
echocardiographic and electrophysiological abnormalities
in cirrhotic patients.

3. Patients and Methods
3.1. Study Population

All the subjects were selected from the transplantation
ward of Nemazee educational hospital, a referral center for
liver transplantation in the Middle East. This study was
approved by the Review Board and Ethics Committee of
Shiraz University of Medical Sciences, and written informed
consents were obtained from all the participants. At first, 100
patients were selected through convenient sampling and after
considering the exclusion criteria, 80 patients (30 females
and 50 males) with liver cirrhosis of various etiologies were
entered into the study. Liver cirrhosis was determined on
the basis of liver biopsy, presence of various laboratory
data, or image studies including ultrasonography, Computed
Tomography (CT) scan, and endoscopic findings which had
been performed several months prior to the final enrollment.

The patients were 20 to 60 years old with documented
cirrhosis and CHILD class > B or Model for End-stage Liver
Disease score (MELD score) > 15.

On the other hand, the patients with coronary artery
disease, significant vavular heart disease (moderate to
severe), any history of arrhythmia or taking antiarrhythmic
drugs, electrolyte imbalances, and history of taking any
medication that could prolong QTc interval were excluded
from the study.

3.2. Surveillance

Surveillance consisted of a clinical examination performed
by an experienced physician, imaging studies, and biopsy
performed within one month of surveillance of all enrolled
patient by an experienced radiologist or gastroenterologist.
In addition, all the necessary lab data including a full
panel of blood biochemistry, including blood count, liver
function, kidney function, and coagulation, were collected.
The imaging studies consisted of Ultrasonography and CT
scan which were performed by a professional radiologist.
Besides, endoscopic procedures and liver biopsy were
carried out by an experienced gastroenterologist. Then, the
biopsy specimens were observed and diagnosed by a skilled
pathologist. Afterwards, another expert pathologist reviewed
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all the biopsy specimens that formed the basis for diagnosis
of cirrhosis. Whenever possible, all the investigations were
performed within the same month by the same specialist.
All the investigations were documented and scored.

A complete echocardiographic study, including chamber
quantification, a complete flow Doppler, and tissue Doppler
analysis, was performed using a vivid 3 system (General
electric, made in Norway) equipped with Tissue Doppler
Imaging (TDI). The frequency of the transducer was 2.5 MHz.

In lateral decubitus, Para sternal M-mode images were
used to measure Left Ventricular (LV) and Left Atrial (LA)
size. In the 4 chamber view, mitral inflow velocity was
measured by positioning the sample volume on the tip of the
mitral valve and peak early diastolic velocity (E), peak late
diastolic velocity (A wave), and E / A ratio were measured.

In the apical 4-chamber view, the TDI cursor was placed
near the septal border of the mitral annulus, where the
mitral annulus moved along the sample volume and early
diastolic velocity (E”), late diastolic velocity (A’), systolic
velocity, Isovolumic Contraction Time (IVCT), Isovolumuc
Relaxation Times (IVRT), and E / E” were measured by
pulse wave Doppler. Ejection Fraction (EF), Tricuspid
Annular Plane Systolic Excursion (TAPSE), and peak
tricuspid regurgitation velocity were also measured at the
apical 4 chamber view. Besides, TR velocity was used to
calculate the Pulmonary Artery Pressure (PAP) using the
simplified Bernouii equation. Diastolic dysfunction was
defined by E’ < 8 m / sec, while systolic dysfunction was
defined by EF < 55 or IVCT > 65 msec. Recording and
calculation of different cardiac chambers dimensions were
performed according to the recommendation of American
Society of Echocardiography guidelines.

Twelve-lead ECG was carried out in all the patients with
paper speed of 25 mm / s by electrocardiography (Kenz-
Cardico 1201, Japan). The QT interval duration was
manually calculated from the beginning of the q wave to
the end of the T wave in all 12 leads. Moreover, the maximal
QT interval duration was measured among these 12 leads.
QT intervals were corrected in accordance with the rate
using the BAZET formula: QTC=QT/ VRR. Accordingly,
the adjusted QT of 460 milliseconds or more in women
and 440 milliseconds or more in men was considered as
prolonged QT interval.

3.3. Statistical Analysis

All the statistical analyses were performed using the
SPSS statistical software (v. 13). Pearson’s correlation
coefficient test was employed to determine the strength
of linear relationships between the variables. The data
were presented as mean + SD. Besides, P value < 0.05 was
considered as statistically significant.

4. Results

All the patients were between 20 and 60 years old with the
mean age of 41.01 + 14 years. Besides, the mean QTc interval
was 490.02 £ 51 msec. All patients had a normal resting
or high normal Left Ventricular (LV) Ejection Fraction
(EF). In addition, Pulmonary Acceleration Time (PAT) was
greater than 100 msec in all the patients that showed normal
pulmonary arterial pressure. Moreover, systolic myocardial
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velocities at the septal angle of mitral annulus were greater
than 0.0 6 m / s in all the patients with the mean value of
0.08 £ 0.01 m/s. Yet, nineteen patients had E> <8 cm / s
that showed diastolic dysfunction. Also, the mean [VCT
was 63.63 £ 7.82 msec and 67% of the patients had IVCT
> 65 msec that showed subclinical systolic dysfunction.
The mean IVRT was 74.95 + 9 msec. Moreover, 50% of
the patients had E / E’ > 8 that showed increased LV end
diastolic pressure at rest. Tricuspid Annular Plane Systolic
Excursion (TAPSE) was greater than 20 mm and systolic
myocardial velocity at the lateral side of tricuspid annulus
was greater than 11 cm / s in all the patients indicating
normal RV Function at rest. QTC was prolonged in 65%
of the females and 96% of the males. Bivariate analysis
showed that the only echocardiographic variable which
had a significant relationship with prolonged QTc was LV
End Diastolic Dimension (LVEDD) (r = 0.41, P < 0.001).
Additionally, a direct linear relationship was found between
QTc interval and LVEDD as a marker of volume overload;
such a way that the QTc intervals were more prolonged
in larger ventricles (Figure 1). In contrast, the parameters
associated with systolic and diastolic cardiac function, such
asEF,E/A,E/E’ IVCT, IVRT, TAPSE, and PAT, were not
associated with prolonged QTC interval. The mean + SD of
all the echocardiographic components has been documented
in Table 1. Table 2 shows the correlations between the
echocardiographic parameters and QTC interval in details.

5. Discussion

Despite the increased basal CO, systemic vascular
resistance, arterial pressure, and cardiac response to
physiologic or pharmacologic stimuli are decreased
in cirrhotic patients. Existence of these components
together is the basis of a phenomenon called Cirrhotic
Cardiomyopathy (CCM) (7-9). CCM does not show overt
heart failure at rest due to decreased afterload because of
reduced peripheral vascular resistance (10-12). Although
CCM is clinically not so problematic in a resting state,

stress conditions, including exercise, infection, drugs,
and hemorrhage, and any procedure, such as insertion
of Transjugular Intrahepatic Porto-systemic Stent-shunts
(TIPS) or liver transplantation, can convert the latent form
of CCM to overt heart failure (13, 14). CCM-related heart
failure is claimed to be the third leading cause of death after
rejection and infection in the transplanted patients (11).
Thus, development of a more accurate screening test and
assessment criteria for CCM severity estimation seems to
be necessary in management of cirrhosis. To achieve this
goal, paraclinical assessments, such as electerocardiogram
and echocardiography, particularly in combination, can be
helpful due to the latent course of CCM (2, 15).

Electrophysiological abnormalities, including prolonged
repolarization time and impaired excitation-contraction
coupling, have been found in cirrhotic patients (16, 17).
Prolongation of QTC interval can be associated with
increased risk of certain ventricular arrhythmias (18,
19). The exact mechanism of these electrophysiological
abnormalities is still unclear (20). Several hypotheses
related to liver dysfunction, alcohol intake, portal
hypertension, systemic circulatory disturbances, autonomic
dysfunction, porto-systemic shunt, and functional alteration
in ion channels have been suggested in clinical studies (21,
22). Other studies have confirmed the reversibility of these
electrical phenomena following liver transplantation (23-
27). Moreover, some studies have claimed that severity of
cirrhosis has some relations with QTC prolongation (28).
Although the mechanism of QTC prolongation in cirrhotic
patients is not clear yet, there seems to be a strong correlation
between QTC prolongation and cirrhosis suggesting QTC
interval as the best ECG finding in CCM. Furthermore,
some reports have suggested that CCM could be diagnosed
with simple echocardiographic diastolic dysfunction
indices, such as E / A ratio, even at rest (25). Considering
these previously reported findings, the combination of these
two paraclinical methods can be beneficial for assessment
of CCM in cirrhotic patients.
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Figure 1. The Correlation between LVEDD and QTc Interval
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Table 1. Distribution of Echocardiographic Variables

Echocardiographic Variables Min Max Mean + SD
LAD (mm) 26.00 46.00 35.66 + 5.24
LVESD (mm) 20.00 57.00 30.59 +£5.55
LVEDD (mm) 35.00 63.00 49.01 +6.03
SEPTAL S (m/s) 0.05 0.14 0.0863 +.018
IVCT (ms) 50.00 85.00 63.63 +7.82
SEPTALE’ (m/s) 0.03 0.10 0.085 + 0.04
E/A 0.6 2.80 1.25+0.39
18/18" 1.00 16.00 8.59 +2.64
IVRT (ms) 54.00 100.00 74.95 +9.00
TAPSE (mm) 16.00 39.00 24.57 +5.03
PAT 100.00 190.00 130.92 + 20

Table 2. The Correlation between the Echocardiographic Parameters and QTc Interval

Echocardiographic Parameters Pearson Correlation P value
LAD 0.088 0.447
LVESD 0.134 0.120
LVEDD 0.414 0.001
SEPTAL S 0.228 0.054
IVCT -0.109 0.341
SEPTALE’ 0.237 0.038
E/A 0.082 0.480
E/E’ 0.054 0.644
IVRT 0.186 0.100
TAPSE 0.127 0.279
PAT -0.107 0.380

The present study aimed to determine any relationship
between echocardiographic findings and QTC prolongation.
The mean QTc interval was 490.02 + 51 msec. Besides, QTc
interval was prolonged in 65% of females and 96% of males,
supporting the previous studies (29). Although we found
many abnormal echocardiographic components in our
population, the only echo index that showed intermediate
correlation with QTC interval was LVEDD (r = 0.41, P <
0.001). LVEDD is a parameter which suggests overloaded
heart due to increased CO and venous return. Overall,
the patients become more overloaded by progression of
cirrhosis because of water and salt retention. Additionally,
QTc is more prolonged by progress of cirrhosis. Therefore,
we can conclude that there is a relationship between
overloaded heart and prolonged QTc. Also, overloaded
heart may lead to prolongation of the repolarization time
by stretching the myofibers. Accordingly, we suggest that
volume overload in cirrhotic patients may be a reason for
prolongation of QTc.

Left Ventricular Ejection Fraction (LVEF) was normal or
supernormal in all the patients in the resting state, which
indicates normal or high CO. PAT was also normal in all
the patients (PAT > 100 msec), showing normal pulmonary
arterial pressure. Besides, TAPSE was greater than 20
mm and systolic myocardial velocity at the lateral side of
tricuspid annulus was greater than 0.11 m / s in all the
patients. These items showed normal RV systolic function
in the resting state. The normal CO in the presence of many
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cardiac problems may be due to the decreased peripheral
vascular resistance (1). In contrast, 19 patients had E’ <
8 that showed diastolic dysfunction. Additionally, the
mean [VCT was 63.63 = 7.82 msec and 67% of the patients
had IVCT > 65 msec that showed subclinical systolic
dysfunction. Moreover, the mean [IVRT was 74.95 + 9 msec.
In 50% of the patients, E / E’ ratio was more than 8 that can
suggest increased LV end diastolic pressure at rest. These
findings revealed that the study patients had systolic and
diastolic myocardial dysfunction, which is consistent with
the findings of the previous studies (11).

Considering the relationship between QTc prolongation
and overloaded heart, based on the findings of our study,
tight volume control in the cirrhotic patients with prolonged
QTc is strongly recommended due to the possibility of
decompensation after each procedure.

In conclusion, our study showed a positive correlation
between QTc prolongation, as an EKG finding, and LVEDD
in echocardiography of cirrhotic patients. This may indicate
a relationship between the electrophysiological problems
and overloaded heart in these patients.
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