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INTRODUCTION:

Liver cirrhosis is associated with a wide range of cardiovascular
abnormalities including hyperdynamic circulation, cirrhotic
cardiomyopathy, and pulmonary vascular abnormalities [1]. In
patients with advanced cirrhosis, physical and/or pharmacological
stress may reveal a reduced cardiac performance with systolic and
diastolic dysfunction and electrophysical abnormalities termed
cirrhotic cardiomyopathy [2]. The risk of prevalence of cardiac disease
has been rekindled as orthotopic liver transplantation is being more
frequently done[3]. The recognition of clinical and subclinical cardiac
disease is of paramount importance to ensure that the perioperative
mortality is avoided. An ECG can be a useful tool to recognize cardiac
involvement in cirrhosis. It is a simple inexpensive routine
investigation. It is widely available and can be used as a tool for the
purpose of establishing cardiac involvement in cases of cirrhosis. The
objective of this research was to study the clinical profile of the patients
with chronic liver disease, to find out the incidence of
electrocardiographic changes in these patient, and also to look for
relation of the electrocardiographic changes in reference to the severity
of'the chronic liver disease.

Purpose/Aim:

To study ECG changes in cirrhosis. A study conducted over a period of
two years in patients of Index Medical College admitted to the
department of General Medicine with a diagnosis of cirrhosis/chronic
liver disease and to see ECGs and see their correlation with the disease
severity.

Methods:

A hundred patients with cirrhosis/chronic liver disease were
examined. The ECGs were examined for rhythm disturbances, PR
prolongation, voltage, ST-T changes. A correlation was made between
the severity of liver cirrhosis and ECG changes. The severity of
cirrhosis/chronic liver disease was determined by Child Pugh
Classification [4].

Inclusion Criteria

Patients Of Cirrhosis/Chronic Liver Disease

Patients of chronic liver disease diagnosed by

1. History jaundice for more than six month and signs of cirrhosis of
liver e.g. hematemesis or melena or ascites, or splenomegaly.

2. Altered LFT for more than six months

3. Ultrasound showing shrunken or nodular liver with features of
portal hypertension

4. Biopsy if available showing chronic liver disease or cirrhosis.

Exclusion Criteria

a. Patients with primary cardiac or pulmonary disease
b. Diagnosed hypertensive patients

c.Anemia (Hb less than 8 gm %)

d. Diabetes mellitus

e. Post-partum and pregnancy

f. Uremic cardiomyopathy

Following Investigation Were Included In The Study

a. Complete blood count with ESR.

b. Blood urea, serum creatinine, serum sodium., serum potassium and
serum calcium.

c. Liver function test

d. Lipid profile: Serum cholesterol, triglyceride, HDL, LDL, VLDL
e. Blood sugar fasting and postprandial

f.HBsAg

g. HCV

h.HIV

1. Urine routine/ microscopy

j- Slit-lamp examination for KF ring

k. Alphafeto protein (AFP)

1. US Abdomen

m. X-ray chest PA view

n.ECG

A twelve lead electrocardiogram was obtained. Electrocardiographic
analysis was made for all patients on admission. A calibrated
electrocardiographic device was used with a paper speed of 25 mm/
second and standard amplitude of 10 mm /mV. The ECG tracings were
separately assessed by the investigators by manual measurements and
calculations.

The following parameters were evaluated:

1.Rate

2.Rhythm

3.Pwave morphology

4. PRinterval

5. QRS amplitude in all limb (Lead I, Lead II, Lead III, aVL, aVF and
aVR) and precordial (V1-V6) leads was determined. Criteria for low-
voltage QRS was amplitude of less than 0.5 mV in one of the limb leads
and less than 1 mV in one of the precordial leads [27]. Mean values for
QRS voltage in the limb leads and QRS voltage in the precordial leads
were also calculated;

6. QT interval, measured in leads lead I and V6, from the beginning of
the QRS interval to the end of the T wave. The lead with the longest QT
interval was then considered, and the average QT interval from three
consecutive heartbeats was recorded. Corrected QT (QTc) was
calculated using Bazzet's formula: QTc= QTH RR.( all in seconds )
[26]. QT prolongation was defined as a corrected length interval of
over 440 ms in male patients and over 460 ms in female patients.

7. Tpe was calculated in all the leads using the tangent method, and a
mean value was recorded. The peak was measured at the highest
amplitude of the T wave relative to the isoelectric line. The T-end was
defined as the intersection of the downslope of the T wave with the
isoelectric line [28]. If there was a U wave present, the end of the T
wave was considered at the lowest point between the T and the U
waves. The normal Tpe was 50 to 90 ms.[30]
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Statistical Analysis

Data were evaluated using statistical software SPSS 18.0 (SPSS Inc.,
Chicago, IL, USA). The primary endpoints for the study were the
evaluation of electrocardiographic changes, estimation of QT
prolongation and Tpe shortening. Numerical variables were expressed
as mean +/— standard deviation, and ANOVA test was used to compare
between groups, with statistically significant p-values of less than
0.05.

RESULTS

A total number of 100 patients chronic liver disease and with cirrhosis
were studied. Seventyone of the hundred patients were male (71%) and
the remaining 29 were female (29%). The most commonly affected age
group was 50 to 59 years in both male and female patients. This age
group accounted for 57 % of total patients. Table 1. Overall the most
common cause of cirrhosis was alcoholic cirrhosis (47% ) followed
by hepatitis B, (40% ) and hepatitis C (4%). In the remaining patients,
the etiology was unknown ( 9% ).Table -2. However no case of
alcoholic cirrhosis was found in female patients. Table -3
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The 100 -patier-lts were divided into 3 groups according to their
Child-Pugh classification: 14 patients (14%) in Class A, 38 patients
(38%) in Class B and 48 patients (48%) in Class C (Table -4).

Various physical findings as compared between patients in the three
Child Pugh classes were also compared (Table 6). The heart rate,
which increased with progression of Child class severity. As seen in
Table 6 the mean heartrate rose in more severe stages of disease. Class
A: 82;Class B: 85.5; Class C: 90.04 beats/min, p insignificant ). The
mean arterial pressure was found to be decreased in a significant
manner according to the severity of chronic liver disease .

| Table 4 - Child-Pugh classification |
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Table 5 - Sex distnibution of severity of
cirrhosis according to Child- Pugh
classification.

Child-Pugh class

ion and etiology of
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In this study it was observed there was statistically significant
hypovoltage in all electrocardiographic leads exceptaVF, V3 and V5.

Table-7-
Table 6 - Comparison of physical findings in cirrhotic patients based on Child-Pugh classification.

Class A Class B Class €
 t=id | 0 NeW . . Pualue | sSig.
| Mean:50 Mean = 5D Mean = 50
Heart Rate 81074109 85.554 13.88 90.04411.18 061 NS
| Blood Pressure (MAP) | 77.29 ¢ 6.64 70.95 ¢ 6.97 70.08 £ 6.34 0.002 S
Class A Class 8 Class C
N=14 N=38 N=48
Ancities (mild) 10(714%) | 18(47.3%]) 0%
Ascites (moderate) 0% | 200526%) | 16(33.3%)
Aacites (severs) 0% 0% 32 (667 %)
No ascites 4(28.6%) 0% 0%
Encephalopathy 0% 6(158%) | 44(91.7%)
Table 7 - Comp of diograpl findings in cirrhotic patients based on
Child-Pugh clas N 9
Class A Class B Class € | »
Variable | Ne=14 | =38 | Neas | - Sig
| MeantSD | Mean t SD Mean t SO 1 A—— |
1 7.43 £ 0.65 511 ¢ 0.80 498:07% | o | g
" " 779:097 | 50520093 402 2 0.54 o : Sig
1] | 7857+065 | So08:067 458+058 | o | Sig
avR | 886+278 | &34:1.60 452:058 | o | Sig
avL | 7o0s078 | 453:0.60 4252048 | 0 | Sig
avF | 457+085 | 4262050 423+047 | 0119 | NS
v [ @142137 | Be1:088 B60D+054 | 0022 | Sig
vz | 8792097 | 8372055 8272082 | oos | NS
va | 9272792 | Bi82077 B65:0.89 | 0001 | Sig
V4 | 672134 863+ 094 8442137 | 018 NS
V5 | 952729 | B8a2:068 8271084 | o | Sig
V6 | 1027 +7137 | @612075 763+100 | o Sig

QTc-interval increased in proportion to severity of C Child class. Child
class demonstrated a prolonged QTc-interval (35.7 % in Child class A,
50% in Child class B and 52% in Child class C, (P 0.003 ). In this
study QTc increases with severity odds ease and in Class 3 The QTc is
most prevalent in the class 3 patients .

Tpe was found to be below 50 in 14 % patients in class A45% patients
inclass B and in Class C in 58 % patients the Tpe was found to be below
50. It was clear that percentage of patients with low Tpe increased with
severity of disease. Table-8.

Table-8 Comparison of other electrocardiographic criteria
Child |Child |[Child [P -value|Significa
Pugh Pugh Pugh nce
Class A |Class B [Class C
85+ 14 |83+£12 (84+17 [0.901 |Non

QRS duration in

milliseconds Significa
nt.
QTc in 435.10 +[459.70 +£(460.01S1|0.044  |Significa
milliseconds 26.63  [38.60 |gnificant nt.
5
Criteria for 5(35.7 |19 24 (52 |NA NA

prolonged QT %) (50%) |%)
Mean Tpe 7222+ |71.88+ [60.01 + |0.044

Significa

30.78 |23.74  [20.87 nt.
Criteria for 2 (14 %) (17 (45 [28(58 |NA NA
shortened Tpe %) %)

DISCUSSION:

Cirrhosis is a condition marked by the diffuse transformation of the
entire liver into regenerative parenchymal nodules surrounded by
fibrous bands and variable degrees of vascular (often portosystemic)
shunting [5]. Cardiac dysfunction in cirrhotic patients, which was once
believed to be the result of alcoholic toxicity, is now considered
because of the disease process related to the liver. [6,7,8]. Interactions
between the functioning of the heart and the liver have been described,
with heart diseases affecting the liver, liver diseases affecting the heart,
and conditions that simultaneously affect both[19].

Prolongation of QT-interval is a common electrocardiographic (ECG)
finding in cirrhotic patients that is an indication of extended
repolarization phase prolongation in cardiac muscle [9]. The QT
interval varies from daytime to night time due to the diurnal variations
in autonomic tone, circulatory status and oxygen demands[10]. The
minimum value of the corrected QT (QTc), rather than the maximum
value, shows a significant diurnal variation[11]. Patients with liver
cirrhosis exhibit intense system activity and hyperdynamic circulation
which brings a high cardiovascular output and decreased vascular
resistance. These progressions may actuate myocardial redesigning
which may lead to changes in systolic function, diastolic dysfunction
and cardiomyopathy. [12, 13,14]. Several electrophysiological
mechanisms have been suggested for cardiac contractility conduction
abnormalities, including low beta-adrenoceptor density, post-receptor
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signal defects, abnormal excitation-contraction coupling, and
molecular abnormalities [15,16]. Density and sensitivity of beta-
adrenoreceptors are reduced in patients with cirrhosis, and calcium
channel transport function is also affected [17,18]. Abnormalities of
ventricular repolarization seen more in more advanced stages of
chronic liver disease. The Tpe corresponds to the transmural
dispersion of repolarization, and is a predictor of ventricular
arrhythmias and sudden cardiac death. Liver cirrhosis affects
ventricular repolarization via electrolyte imbalances, impaired
autonomic function, subclinical cardiomyopathy, reduced -
adrenergic receptor function, post-receptor pathway defects, altered
physical properties of myocyte plasma membranes, elevated levels of
cardiotoxins, ion channel remodeling, portosystemic shunting, and
systemic circulatory disturbances[19]. Tpe is a useful parameter in
evaluating the transmural dispersion of repolarization [29] and a
marker for ventricular arrhythmogenesis. The Tpe/QT ratio is also
used as an index of ventricular arrhythmogenesis[9]. Several
published investigations demonstrated that a longer T-peak to T-end
interval (Tpe) implies increased risk for ventricular tachyarrhythmia
(VT/VF) and mortality. [ 28 . JA prolonged Tpe interval and Tpe/QT
interval ratio have been reported in patients with chronic hepatitis B
infection, indicating an increased ventricular repolarization
heterogeneity[20]. Liver cirrhosis affects ventricular repolarization
via electrolyte imbalances, impaired autonomic function, subclinical
cardiomyopathy, reduced B-adrenergic receptor function, post-
receptor pathway defects, altered physical properties of myocyte
plasma membranes, elevated levels of cardiotoxins, ion channel
remodeling, portosystemic shunting, and systemic circulatory
disturbances[10,21,22,23,24,25].

In patients with cirrhosis there is a statistically significant incidence in
the ECG of prolonged QTc, hypovoltage and shortened Tpe. [32].
Studies suggest that QT prolongation can be found in more than 50% of
patients with cirrhosis [31]. In our study the QT prolongation was
found in 52% patients having class C Child Pugh disease and it was
50% inand 37.5 % in class B and A Child Pugh disease respectively. A
direct association between minimum Tpe and negative outcome of the
patients suggests that this is an important prognostic marker in CCM
[32]. In this study we found the that Tpe decreased more in advanced
deompensation of liver disease.

CONCLUSIONS:

Subclinical cirrhotic cardiomyopathy may exist silently for many
years[32]. cirrhotic cardiomyopathy may have a huge impact on the
prognosis of patients with cirrhosis.

As the ECG changes appear early in the evolution of cirrhotic
cardiomyopathy a regular follow-up monitoring of ECGs along with
standard monitoring of laboratory parameters of liver cirrhosis may
identify patients with higher risks. In the ECG the parameters such as
QTec, QRS voltage and Tpe appear to be well correlated to the severity
of the liver disease. Therefore the ECG may be used as diagnostic
markers in the initial cardiologic evaluation of cirrhotic patients to
detect the cases of cirrhotic cardiomyopathy early.
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