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Background: Liver disease affects the electrophysiology of the heart. ECG abnormalities, especially QT interval prolongation are
common in CLD. Heart rate affects QT interval, so QT interval is reported as corrected QT interval (QTc). The mechanism of QTc
interval prolongation in patients with CLD is related to dysfunction of the autonomic nervous system.
Objective: To assess QT interval prolongation among patients with chronic liver disease.
Methods: The semi-structured questionnaire, ECG machine, automatic serum analyzer, and centrifuge were data collection instru-
ments. Serum HDL, total proteins, albumin, bilirubin, electrolytes, triglycerides, total cholesterol, and fasting glucose were measured
during data collection. LDL cholesterol was calculated. Prothrombin time was measured and INR was calculated. The severity of liver
diseases was determined by the child Pugh classification (CTP score), so patients were classified by CTP score (class A, class B, or
class C).
Results: Twenty-seven (32.5%) were males and 56 (67.5%) were females. Thirty-nine (47%) patients were in child class B and 44
(53%) patients were in child class C. However, no patients were in child class A. Among all male CLD patients, 14 (35.9%) were in
child class B and 13 (29.5%) were in child class C. Among all female patients, 25 (64.1%) were in child class B and 31 (70.5%) were
in child class C. 52 (94.5%) of the patients had QT prolongation, 49 (89.1%) of the patients had QTc prolongation. Among QT
prolongation, 24 (61.5%) was in Child B, 28 (63.6%) was in Child C, and among QTc prolongation, 6 (15.4%) was in Child B, 43
(97.7%) was in Child C. The independent factors significantly associated with QT interval prolongation in this study were systolic
hypotension (p = 0.003) and overweight (p = 0.018).
Conclusion: QT and QTc prolongation was observed. The prolongation also was increased especially when the disease is more
advanced like in child C.
Keywords: CLD, Q-T interval, child-Pugh classification

Introduction
Chronic liver disease (CLD) is disordered liver function lasting for at least six months.1 The heart and the liver are
related intimately. Thus, patients with heart failure cause liver disease. Contrarily, CLD affects the electrophysiology of
the heart. ECG abnormalities, especially QT interval prolongation are common in CLD.2 Heart rate affects QT interval,
so QT interval is reported as corrected QT interval (QTc).3

QT interval shows the time interval between depolarization and repolarization of ventricular cardiomyocytes.
Increased action potential duration of ventricular myocardial cells causes QT interval prolongation. QT interval
prolongation is primarily based on ion channel current reduction in plasma membranes of cardiomyocytes which in
turn causes long period repolarization.4 The mechanism of QTc interval prolongation in patients with liver disease is
related to dysfunction of the autonomic nervous system,5 and sometimes cytokines, endotoxins, and bile salts, due to
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Porto-systemic shunts.6 Decreased function of potassium channels in ventricular myocytes also causes QT interval
prolongation.4 But it is assumed as follows. Patients with liver cirrhosis cause autonomic cardiovascular dysfunction.7–10

The electrical stability of the heart is determined by the baroreceptor reflex.11–15 Patients with liver cirrhosis exhibit
intense systemic activity and hyperdynamic circulation. This intern brings about a high cardiovascular output (CO) and
decreased vascular resistance. These cause myocardial redesigning and left ventricular hypertrophy (LVH), which causes
systolic and diastolic dysfunction and cirrhotic cardiomyopathy.12–14 Cirrhotic cardiomyopathy is a cardiac dysfunction
characterized by the loss of stress-related contractile reaction accompanied by electrophysiological changes in the
absence of known cardiac diseases.15 Patients with advanced cirrhosis (child class B, child class C) usually have rhythm
disturbances (tachycardia, bradycardia). Inability to maintain increased heart rate may later contribute to reduced cardiac
output, insufficient to meet the needs of systemic circulation.16,17

Materials and Methods
Ethical clearance was obtained from the IRB of Jimma University Health Institute. Then, a recommendation letter was
written to Jimma Medical Center gastroenterology clinic head office from the department of biomedical sciences.
Informed consent was obtained from study participants. To preserve confidentiality, the recorded data was not being
accessed by a third person except the principal investigator. Generally, confidentiality was kept. All adult patients with
liver disease attending Jimma Medical Center gastroenterology clinic were the source population. However, selected
chronic liver patients who were on follow-up, patients who were above 18 years old, generally patients fullfilling the
inclusion criteria were the study population. But Liver disease patients with a duration lower than 6 months, patients
having incomplete medical records during data collection, patients taking medications that affect ECG, patients with
previous cardiac-related diseases (ischemic heart disease, infection of cardiomyocytes, coronary revascularization, CHF),
patients with an implanted cardiac pacemaker, patients with (CKD), pulmonary-related disease, thyroid disease, pregnant
women and patients taking warfarin were excluded in the study. After checking inclusion and exclusion criteria, 83 CLD
patients above 18 years old and those diagnosed and confirmed by a laboratory, physical examination, and ultrasound
were included in the study. The presence of CLD was confirmed by physical, clinical, biochemical, and ultrasound
examination. Child-Pugh classification (child class A, child class B, child class C) was used to classify disease severity.
Data about sociodemographic and anthropometric measurements were collected.

Data Collection Equipment
A semi-structured questionnaire about the patient’s socio-demography, ECG machine, blood centrifuge, sterile syringe,
BP cuff, stadiometer, antiseptics, surgical blade, digital balance, and Human Star Model 80 analyzer was used for data
collection.

Data Collection Procedure
Eighty-three Chronic liver patients confirmed by physical examination, biochemical, and ultrasound were selected among
all GIT patients. Two BSc nurses trained in ECG measuring and sample collection, laboratory technicians for serum
analysis, and cardiologists for blind ECG interpretation were included to conduct the study. Personal protective
equipment (glove, gown, and eye goggle) was given to data collectors to protect cross-contamination during taking
a blood sample and measuring ECG. Leads were cleaned with antiseptic (povidone-iodine) for every round of ECG
measurement. Communication with the patient was held and permission was received from patients to conduct the
procedure. The patient’s hairy chest on which leads are applied was shaved by per individual surgical bled. The patient’s
chest was cleaned with antiseptics especially by povidone-iodine. Gel and leads were applied, and ECG was measured,
and the findings were printed. The etiologies of CLD (alcohol abuse, hepatitis virus infection, autoimmune disease,
medication, NAFLD) and complications of CLD (ascites and hepatic encephalopathy) were recorded from the assessment
sheet of the patients. Serum HDL, total proteins, albumin, bilirubin, electrolytes, triglycerides, total cholesterol, and
fasting glucose were measured during data collection. LDL cholesterol was calculated as LDL-chol = total chol – HDL-
chol- TG/5, where TG/5 is an estimate of VLDL cholesterol, and all values were expressed in mg/dl. Prothrombin time
was measured and INR was calculated.
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It was calculated as INR = (PT patient/MNPT)ISI

where INR is an international normalized ratio,
MNPT is mean normal prothrombin time,
ISI is the international sensitivity index.
Blood pressure was measured. The severity of liver diseases was determined by the child Pugh classification (CTP

score), so patients were classified by CTP score (class A, class B, and class C).18

Blood Pressure Measurements
Blood pressure was measured using an aneroid sphygmomanometer. The measurement protocol is as follows. After
a supine rest of five minutes, two measurements in the sitting position at 5 minutes interval on the left and right hand
were done. The mean of both the two measurements was used as the systolic and diastolic blood pressures.

Blood Sample Collection and Analysis
Five mL of venous blood was drawn from each CLD patient using a disposable plastic sterile syringe. The blood was
poured into a serum separator tube (SST) before clot formation and then centrifuge. Because serum was kept for a longer
period (>4 weeks), it was maintained at negative 80°C in the refrigerator till biochemical analysis was carried out. serum
HDL, total protein, albumin, bilirubin, triglyceride, electrolytes (K, Na, Cl, ionized, and total Ca ions), glucose, PH, and
total cholesterol were measured with a spectrophotometer using a human star model 80 analyzer during the study. All
laboratory results within the reference range were used.

Blood glucose analysis was done to measure the amount of glucose in the blood. In this study, fasting blood sugar was
determined using a human star 80-analyzer machine from serum.19

Electrocardiogram Measurements
The standard 12 lead ECG tracing was recorded using the paper speed of 25 mm/s at 10 mv amplitude for each patient.
The cardiologist interpreted all 12 lead ECG tracings blindly. The cardiologist was blind to the medical history of the
patients. Maximum QRS voltage in the standard 12-lead electrocardiograph as well P, PR, QRS, R-R, and QT interval
was measured. Other ECG parameter abnormalities like arrhythmias, ventricular hypertrophy, atrial enlargement, axis
deviation, and conduction blocks were assessed. In leads, the QT interval is always measured from the beginning of the
QRS complex to the endpoint of the T wave. To record the average of ECG parameters, 3 consecutive heart beats in
the lead are needed. T wave is terminated when it is returned to the isoelectric line. QT interval was corrected using the
standard correction Bazett’s formula: QT/√RR/S) since it is affected by heart rate. Since modern electrocardiograph
record QTc interval automatically, calculated QTc was compared with an automatic record of QTc by an electrocardio-
graph. When QTc is greater than 440ms for males and 460ms for females, it is said QT is prolonged. ECG is said to be
abnormal if one of the parameters is abnormal according to Minnesota code classification. ECG Minnesota code was
used to classify ECG parameter abnormalities.

Electrocardiograph model no YSIPL-155 was used. Either the power cord was connected to the wall outlet during
data collection or charged before to make it ready. Patients were prepared according to the clinical protocol. Limb Sensor
was placed on the smooth fleshy area of upper arms and lower legs.

Six Chest leads were placed on the study subjects as follows:
V1: on fourth intercostal space at the right border of the sternum.
V2: on fourth intercostal space at the left border of the sternum.
V3: on the midway between position V2 and position V4.
V4: at the left mid-clavicular line in the fifth intercostal space.
V5: at the anterior axillary line on the same horizontal level as v4.
V6: at the mid-axillary line on the same horizontal level as v4 and v5.20
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Statistical Analysis
Data were cleaned and edited before analysis. Data were entered into Epi data version 3.1 and were exported to SPSS
version 21 for analysis. Continuous variables were reported as the mean and standard deviation. Categorical variables
were reported as frequencies and percentages. Categorical variables were compared between groups with a chi-square
test. Pearson’s correlation coefficient was used to show the association. Binary logistic regression was used to assess the
correlation between variables.

Results
Eighty-three CLD patients were included in the study. The response rate was 100%. Twenty-seven (32.5%) were males
and 56 (67.5%) were females. The mean age of the patients was 42.4 ± 13. Fourteen (16.9%) took alcohol. Four (4.8%)
were smokers. Thirty-three (39.8%) were khat chewers. Thirty-nine (47%) patients were in child class B and 44 (53%)
patients were in child class C. But no patients were in child class A. Among all male CLD patients, 14 (35.9%) were in
child class B and 13 (29.5%) were in child class C. Among all female patients, 25 (64.1%) were in child class B and 31
(70.5%) were in child class C (Table 1). The etiologies of liver disease were hepatitis B virus 34 (41%), hepatitis C virus

Table 1 Sociodemographic Characteristics of Chronic Liver Patients

Variables Mean and Standard Deviation (Frequency)

Age (year) 42.4 ± 13

Sex (men/women) (n) 27 (32.5%)/56 (67.5%)

Alcohol intake 14 (16.9%)

Smoking 4 (4.8%)

Khat chewing 33 (39.8%)

Child-Pugh score

Child class A(n) 0

Child class B(n) 39 (47%)

Weight(kg) 58.6 ± 9

Hip circumference (cm) 96.7 ± 88.8

West circumference(cm) 9.75±2.94

Systolic blood pressure (mm Hg) 120.02 ± 16.5

Diastolic blood pressure (mm Hg) 78.5 ± 12.2

BMI(K/M2) 21.94 ±3.7

Waist to hip ratio 0.94±0.32

Glucose (mg/dl) 89.8 ± 25.5

HDL cholesterol (mg/dl) 62.04 ± 24.34

LDL cholesterol 76.8±48.07

Triglyceride (mg/dl) 188.07 ± 84.45

Total cholesterol (mg/dl) 210.5 ± 57.10

Total protein(g/dl) 8.8 ± 1.3

(Continued)
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31 (39.8%), hepatitis steatosis 1 (1.2%), autoimmune hepatitis 1 (1.2%) and alcoholic liver disease 12 (16.9%), adult bile
dectopenea 3(3.6%), medications 1 (1.2%) (Table 2). The complications of liver disease were ascites 72 (86.7%), hepatic
encephalopathy 2(2.4%), muscle crump 6(7.2%), and visceral hemorrhage 9 (10.8%) (Table 3). Table 4 shows abnorm-
alities of ECG components with their relation to the disease severity. Twenty-eight (50.9%) of cirrhotic patients had sinus
tachycardia, 1(1.8%) of the patients had sinus bradycardia, 8(14.5%) of the patients had left bundle branch block, left
axis deviation was 22 (40%), left ventricular hypertrophy was 16(29.1%), P wave abnormality was 46(83.6%), wider
QRs was 26(47.3%), QT prolongation was 52 (94.5%), QTc prolongation was 49 (89.1%), bradycardia was 5(9.1%),
Prolonged T duration was 54 (98.2%), Prolonged PR interval was 15 (27.3%) (Table 4, Figure 1). Among the patients
with prolonged QT interval, 24 (61.5%) were in child class B and 28 (63.6%) were in child class C (Figure 2). Among
the patients with prolonged QTc interval, 6(15.4%) were child class B and 43 (97.7%) were in child class C (Table 5).

Discussion
Even if some have common alterations at the molecular level, the underlying mechanism of electrophysiological
abnormalities in CLD patients is not known.17 Sympathetic nervous activity influences the heart rate and electromecha-
nical coupling by several mechanisms. Several receptors and post-receptor defects have been described in cirrhosis with

Table 1 (Continued).

Variables Mean and Standard Deviation (Frequency)

Albumin(g/dl) 4.2 ± 1.01

Bilirubin(mg/dl) 0.7± 0.6

Hgb(g/dl) 9.75±2.94

Serum k (mmol/l) 3.8± 0.07

Serum Na (mmol/l) 140± 1.6

Serum cl (mmol/l) 105± 0.3

Serum iCa (mmol/l) 1.2± 0.3

Serum TCA (mmol/l) 2.13± 0.3

PH 7.8± 0.11

Prothrombin time (second) 2.08± 0.8

INR 2.08± 0.8

Table 2 Etiologies of CLD Patients with Severity of the Disease

Etiologies of CLD Total Numbers The Severity of the Disease

Child Class B(39) Child Class C(44)

HVB 34 (41%) 16 (41%) 18 (40.9%)

HVC 31 (39.8%) 13 (33.3%) 18 (40.9%)
Hepatic steatosis 1 (1.2%) 0 1 (2.3%)

Autoimmune hepatitis 1 (1.2%) 0 1 (2.3%)

Alcoholic liver disease 12 (16.9%) 9 (23.1%) 3 (6.8%)
Adult bile dectopenea 3 (3.6%) 1 (2.6%) 2 (4.5%)

Medications 1 (1.2%) 0 1 (2.3%)
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reduced B-receptor density and sensitivity, altered G protein, and calcium channel dysfunctions. All these mechanisms
are responsible for electrophysiological abnormalities.21

QT Prolongation
Fifty-two (62.7%) of the patients had QT interval prolongation. This finding is in line with the previous studies.35–37

Associated Factors of QT Interval Prolongation
The independent factors significantly associated with QT interval prolongation, by logistic regression, in this study were
systolic hypotension (p = 0.003) and overweight (p = 0.018). This study is not in line with the previous studies.7,35,36 In
this study, there was a significant association (p = 0.003) between systolic hypotension and QT interval prolongation. The
possible explanation will be in liver diseases the circulation is hyperkinetic with increased cardiac output and plasma
volume and decreased systemic vascular resistance and arterial blood pressure.22 According to the “peripheral artery
vasodilation hypothesis”, systemic vasodilation leads to arterial underfilling and activation of compensatory vasoactive
and homeostatic mechanisms.23 Thus, the sympathetic nervous system (SNS), renin-angiotensin-aldosterone system

Table 3 Complications of CLD Patients with Severity of the Disease

A Complication of Liver Diseases Total Numbers The Severity of Liver Disease

Child Class B(39) Child Class C(44)

Visceral hemorrhage 9 (10.8%) 4 (10.3%) 5 (11.4%)

Ascites 72 (86.7%) 35 (89.7%) 37 (84.1%)
Hepatic encephalopathy 2 (2.4%) 0 2 (4.5%)

Muscle cramp 6 (7.2%) 1 (2.6%) 5 (11.4%)

Table 4 ECG Abnormalities with Their Correlation to the Severity of Liver Diseases

S.NO ECG Abnormalities The Severity of the Disease

Child Class
B (39)

Child Class
C (44)

Total (83) P Chi-
Square

ECG Abnormality (at Least One of the
Following)

29 (74.4%) 26 (59.1%) 55 (66.3%) 0.142 2.156

1. Sinus tachycardia 14 (35.9%) 14 (31.8%) 28 (33.7%) 0.45 2.796

2. Sinus bradycardia 1 (2.6%) 0% 1 (0.12%) 0.45 2.796

3. Left bundle branch block 2 (5.1%) 6 (13.6%) 8 (9.6%) 0.45 2.796

4. Left axis deviation 13 (33.3%) 9 (20.5%) 22 (26.5%) 0.185 1.76

5. Left ventricular hypertrophy 11 (28.2%) 5 (11.4%) 16 (19.28%) 0.052 3.768

6. P wave abnormality 9 (23.1%) 37 (84.1%) 46 (55.4%) 0.69 0.159

7. Wider QRs duration 9 (23.1%) 17 (38.6%) 26 (31.3%) 0.127 2.327

8. QT prolongation 24 (61.5%) 28 (63.6%) 52 (62.7%) 0.844 1.718

9. QTc prolongation 6 (15.4%) 43 (97.7%) 49 (59.03%) 0.023 0.039

10. Bradycardia 4 (10.3%) 1 (2.3%) 5 (6.02%) 0.182 2.328

11. Prolonged T duration 11 (28.2%) 43 (97.7%) 54 (65.06%) 1.00 0.897

12. PR interval prolongation 10 (25.6%) 5 (11.4%) 15 (18.07%) 0.092 2.846
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(RAAS), neuro pituitary release of vasopressin, and endothelin system (ETS) are activated.24–26 Beta-adrenergic receptor
signaling is impaired because of sympathetic over-activity and prolonged exposure to noradrenaline.2 Low arterial blood
pressure and reduced central blood volume are the main triggers of SNS via baroreceptor and volume-mediated receptor,
respectively.27 Sympathetic hyperactivity causes direct myocyte damage and reduced β -adrenergic function.
Desensitization of β-adrenergic receptor leads to decreased cAMP production in myocytes which intern decrease
activation of phosphorylating enzyme protein kinase which intern causes QT interval prolongation.28

This study also shows a significant association (p = 0.018) between Overweight and QT interval prolongation. Being
overweight affects the cardiac conduction system. There is also a significant increase in the incidence of arrhythmias in

Figure 1 Particular types of ECG abnormality.

Figure 2 QT prolongation in each child classes.
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obese persons. Being overweight is linked to the cardiac autonomic nervous system. An increased plasma catechola-
mine level in obesity elevates free fatty acid (FFA) levels, which affects cardiac repolarization.29 High glucose
concentrations in obesity decrease nitric oxide (NO) availability.30 The anatomical cardiac changes in obesity result
in physiological alterations in cardiac myocytes.31 There is a higher risk of developing new-onset atrial fibrillation (AF)
independent of other CVD risk factors with each unit increase in BMI.32,33 Changes in the sinus node, atrioventricular
node, and right bundle branch may also lead to cardiac conduction abnormalities. These changes occur when
cardiomyocytes slowly accumulate fat between cardiac muscle fibers. Abnormalities in cardiac conduction and
arrhythmias increase the risk of developing HF.29 AF, for instance, may result in HF by causing tachycardia-induced
cardiomyopathy through multiple mechanisms, such as uncontrolled heart rate, loss of atrioventricular synchrony,
irregularity in the ventricular rhythm, valvular regurgitation, and neurohormonal effects. These mechanisms generally
will cause QT interval prolongation.34

Association of QT Interval with the Severity of Liver Disease
The most frequently studied ECG abnormality in liver diseases is QT interval prolongation. Most studies show that QT
interval prolongation is associated with the severity of liver disease. This study shows that there was an association (p =
0.023) between QTc interval prolongation and the severity of liver disease. This finding is in line with the previous
studies.7,35–37 But this study was not in line with the study conducted at the medical university of Warsaw, Poland.38

Limitations of the Study
The study design of this study was cross-sectional. So that it will be difficult to see the exact effects of independent
variables on an outcome. The other limitation was less sample size of the study since it was 83.

Conclusion
The total number of patients with QT prolongation was 52 (62.7%). In this study, it has been concluded that QT and
corrected QT interval prolongation were increased when the severity of the disease is more advanced like in child class
C. QTc interval prolongation is correlated with the severity of the diseases. Moreover, this study showed that the risk
factors (systolic hypotension and overweight) in logistic regression were significantly associated with QT interval
prolongation.

Abbreviations
AF, atrial fibrillation; ALD, alcoholic liver disease; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST,
aspartate amino transferase; BMI, body mass index; BP, blood pressure; cAMP, cyclic adenosine monophosphate; CHF,
congestive heart failure; CKD, chronic kidney disease; CLD, Chronic liver diseases; CO, cardiac output; CTP, child-
turcotte-pugh; CVD, cardiovascular disease; ECG, electrocardiogram; ETS, endothelin system; FFA, free fatty acids;
HBV, hepatitis B virus; HCV, hepatitis C virus; HDL, high-density lipoprotein; HF, heart failure; HGB, hemoglobin; Ica,
ionized calcium; INR, International normalized ratio; IRB, institutional review board; ISI, an international sensitivity
index; LBBB, left bundle branchblock; LDL, low-density lipoprotein; LV, left ventricles; MNPT, mean normal pro-
thrombin time; NAFLD, nonalcoholic fatty liver disease; NO, nitric oxide; QTc, correctedQT; RAAS, renin angiotensin
aldosterone system; SNS, sympathetic nervous system; TCA, total calcium; TG, triglyceride; VLDL, very-low-density
lipoprotein; WHO, World Health Organization.

Table 5 QT and QTc Interval Prolongation with Their Correlation to the Severity of the Disease

S. No QT Prolongation The Severity of the Disease

Child Class B (39) Child Class C (44) Total(83) P Chi-Square

1. QT prolongation 24 (61.5%) 28 (63.6%) 52 (62.7%) 0.844 1.718

2. QTc prolongation 6 (15.4%) 43 (97.7%) 49 (59.03%) 0.023 0.039
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