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INTRODUCTION
Liver cirrhosis is a progressive disorder that disrupts the normal 
structure and function of the liver. Up to 90% of the liver parenchyma 
experiences damage before clinical manifestations of liver failure 

1become apparent . In developing nations, cirrhosis is predominantly 
attributed to Hepatitis B and C, while in developed nations, Alcoholic 
Liver Disease (ALD) and Non-Alcoholic Steatohepatitis (NASH), 
alongside Hepatitis C, are recognized as the primary culprits for the 

1development of cirrhosis.

The assessment of liver cirrhosis severity can be conducted using both 
the Child-Pugh score and the Model for End-Stage Liver Disease 
(MELD) score. Notably, the Child-Pugh score exhibits a higher 
sensitivity compared to the MELD score. This scoring system relies on 
factors such as jaundice, ascites, encephalopathy, serum albumin 

2levels, and prothrombin time . Despite being a concern often 
overlooked, cardiac dysfunction in cirrhosis, situated on the 'blind side 
of the heart,' presents a signicant issue. Cirrhosis is associated with a 
spectrum of cardiovascular abnormalities, including hyperdynamic 
circulation, portal hypertension, hepato-pulmonary syndrome, and 
alterations in various vascular territories, such as the renal and cerebral 

3vasculature.

Figure 1; Child Pugh Scoring system

Liver cirrhosis is associated with a wide range of cardiovascular 
abnormalities. This was rst described by Kowalski and Abelmann 
who noted a higher resting cardiac output and decreased systemic 

1,2vascular resistance in patients with cirrhosis . However, despite the 
hyperdynamic circulation, impaired ventricular contractility in 

3response to stimuli was described in cirrhotic patients.  These 
abnormalities were initially thought to be a manifestation of latent 
alcoholic cardiomyopathy. But in the mid-1980s, studies in 

nonalcoholic patients and in experimental animal models showed a 
4similar pattern of blunted cardiac contractile responsiveness.

These cardiovascular changes are now termed 'cirrhotic 
6cardiomyopathy'.  The prevalence of cirrhotic cardiomyopathy 

remains unknown at present. Features include structural, histological, 
electrophysiological changes, systolic and diastolic dysfunction. 
Multiple factors are considered which includes impaired beta-
adrenergic receptor signal transduction, abnormal membrane 
biophysical characteristics, and increased activity of cardio-

7depressant systems mediated by cGMP.

Overt heart failure is not generally a feature of cirrhotic 
cardiomyopathy because the associated marked vasodilatation 
accompanying the hyperdynamic circulation signicantly reduces 
ventricular afterload. However, major stresses on the cardiovascular 
system such as liver transplantation, infections and insertion of  
transjugular intrahepatic portosystemic shunts (TIPS) can unmask the 
presence of cirrhotic cardiomyopathy and thereby convert latent to 

8overt heart failure.

Cirrhotic cardiomyopathy may also contribute to the pathogenesis of 
9hepatorenal syndrome and circulatory failure in liver cirrhosis.  This 

condition represents a multifactorial cardiac dysfunction characterized 
by alterations in both systolic and diastolic function. The exact 
mechanisms contributing to cirrhotic cardiomyopathy are complex 
and not entirely understood, involving a combination of 
hemodynamic, neurohormonal, chronic inammatory milieu and 
structural changes.

10-12Key features of cirrhotic cardiomyopathy include:
Systolic Dysfunction:
Ÿ Impaired contractility of the heart muscle, leading to reduced 

ejection fraction and/or a normal resting ejection fraction with 
blunted contractile responsiveness to stress,.

Ÿ Inotropic incompetence, chronotropic incompetence.

Diastolic Dysfunction:

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

General Medicine

Volume - 13 | Issue - 08 | August - 2024 | PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

ABSTRACT
Background: Liver cirrhosis is a chronic condition marked by scarring of liver tissue, leading to signicant functional impairment. Cardiovascular 
dysfunction, often referred to as cirrhotic cardiomyopathy, is a known complication in liver cirrhosis patients, characterized by altered cardiac 
structure and function. Our study aimed to elucidate the incidence and nature of cardiovascular abnormalities in this patient population.  To Aim:
study the incidence of cardiovascular dysfunction in patients with liver cirrhosis and its correlation with the severity of liver disease as classied by 
the Child-Pugh score.  An observational study was conducted at Mahatma Gandhi Medical College & Hospital, Jaipur, Material and Methods:
including 101 patients with liver cirrhosis, without any pre-existing cardiac ailments. Demographic data, liver disease severity (Child-Pugh 
classication), and various cardiac function parameters were recorded. Cardiac assessments included measurements of LV ejection fraction (EF), 
global longitudinal strain (GLS), septal e', E/e' ratio, TR velocity, systolic and diastolic function, QTc interval, and BNP levels.  · Age  and Results:
Gender:Patients ranged from 22 to over 50 years, with the majority (41.6%) over 50 years old. The cohort included 71 males (70.3%) and 30 
females (29.7%). Child-Pugh Class: 62.4% of patients were in Class A, 23.8% in Class B, and 13.9% in Class C. Cardiac Function: 28.7% had an 
LV EF <50%, and 24.8%  had  GLS <18%,  23.8% had septal e'<7cm/second,  30.7%  had  E/e' >15,  28.7%  had  TR velocity >280cm/second. 
Systolic dysfunction was present in 23.8%, and diastolic dysfunction in 22.8%. Elevated QTc intervals (>440 ms) were found in 45.5%, and 60.4% 
had elevated BNP levels (>100 pg/mL). Associations: Signicant associations were found between higher Child-Pugh classes and both systolic 
and diastolic dysfunction (p-value = 0.001). This study highlights a signicant incidence of cardiovascular dysfunction in liver  Conclusion:
cirrhosis patients, particularly among those with more severe liver disease (Child-Pugh Classes B and C). Comprehensive cardiovascular 
assessment is crucial in this population for early detection and management of cardiac complications, potentially improving overall patient 
outcomes.
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Ÿ Abnormalities in the relaxation phase of the cardiac cycle, 
affecting the heart's ability to ll with blood.

Ÿ Increased stiffness of the myocardium, contributing to impaired 
ventricular lling.

Electrocardiographic Changes:
Ÿ Prolongation of the QT interval on electrocardiograms (ECGs).
Ÿ Altered repolarization and increased susceptibility to arrhythmias.

Autonomic Dysfunction: 
Ÿ Dysregulation of the autonomic nervous system, with increased 

sympathetic tone and decreased parasympathetic activity.
Ÿ Altered response to stress and exercise.

Hemodynamic Disturbances:
Ÿ Increased cardiac output at rest, known as hyperdynamic 

circulation.
Ÿ Reduced systemic vascular resistance.

Implications for Liver Transplantation:
Ÿ Cirrhotic cardiomyopathy may have signicant implications for 

patients undergoing liver transplantation, as alterations in cardiac 
function can affect perioperative outcomes.

The exact prevalence of cirrhotic cardiomyopathy remains eluded, and 
its diagnosis can be challenging due to the absence of specic 
diagnostic criteria. Furthermore, the clinical manifestations may not 
be apparent until the heart is subjected to stressors such as surgery, 

11infection, or volume overload.

Management of cirrhotic cardiomyopathy primarily involves 
addressing the underlying liver disease. Optimization of uid balance, 
cautious use of vasoactive medications, and close monitoring of 
cardiac function as essential components of care. Current guidelines 
for heart failure management may be considered, including the use of 
beta adrenergic receptor blockers, although their use is often 

12approached with caution.

Diastolic dysfunction is present in the vast majority of patients with 
cirrhotic cardiomyopathy, echocardiographic indices such as the E/A 
ratio may help detect diastolic dysfunction, even at rest. This may 
therefore represent the best available screening test to diagnose cardiac 

13dysfunction.

Due to the limited number of human studies, the management of 
cirrhotic cardiomyopathy remains largely empirical. Treatment of this 
condition is mainly supportive. Orthotropic liver transplantation 
appears to improve or normalize the condition, generally after a period 

14of several months.  If overt heart failure develops in these patients, the 
general treatment principles of non cirrhotic congestive heart failure 
may be applied, including salt restriction, diuretics, and careful 

.15preload and afterload reduction

The relationship between liver cirrhosis and cardiac dysfunction is 
complex, involving intricate interactions between hemodynamic 
changes, neurohormonal activation, and the presence of cirrhotic 
cardiomyopathy. Understanding the cardiac implications of liver 
cirrhosis is crucial, as it may have implications for both the 

16-17prognostication and management of patients with this condition.

The Child-Pugh score, a well-established clinical tool for assessing the 
severity of liver cirrhosis, incorporates objective measures of liver 
function, such as bilirubin, albumin, prothrombin time, ascites, and 
hepatic encephalopathy. While it has been extensively used for 
prognostication and treatment decisions in liver disease, its potential 
correlations with cardiac parameters in cirrhotic patients have not been 
fully elucidated.

Through our study, we endeavored to study the incidence of 
Cardiovascular Dysfunction in patients with Liver Cirrhosis. By 
employing comprehensive cardiac assessments alongside established 
clinical grading systems, this study aims to contribute valuable 
insights into the cardiovascular implications of liver cirrhosis and pave 
the way for improved risk stratication and management strategies for 
this complex patient population.

MATERIALS AND METHODS
We conducted a hospital based observational study, in Mahatma 

Gandhi Medical College & Hospital, Jaipur. For a duration of 18 
months, from September 2022 to March 2024. Assessing all clinically 
diagnosed cases of Liver Cirrhosis in this duration. With the aim of 
studying the incidence of Cardiovascular Dysfunction in patients with 
Liver Cirrhosis. The objectives of our study were, to help show 
incidence thus association of  Cardiovascular Dysfunction in patients 
with Liver Cirrhosis without pre-existing cardiovascular ailments; and 
to highlight the need for a rigorous cardiovascular risk assessment in 
patients with liver cirrhosis. Our inclusion criteria was; Patients giving 
consent for the study; Patients above the age of 18years; Patients 
diagnosed with Liver Cirrhosis. And exclusion criteria was;  Patients 
with pre existing cardiovascular ailments.

All the patients diagnosed with liver cirrhosis, meeting inclusion 
criteria were explained about the study; its components, the aim and 
relevance. They were also intimated that their non participation would 
not in any way alter or affect the quality of treatment they were 
receiving. Consent was then recorded of the ones willing and 
consenting to participate. 

Detailed clinical history was sought, history for co-morbidities, any 
pre-existing cardiovascular ailments was solicited, and if present, such 
patients were excluded from the study.

Thorough clinical examination was conducted, the necessary and 
relevant to the study obligatory investigations were carried out 
including; Total Serum Bilirubin, Serum Albumin, Prothrombin Time, 
Ul t r a sonography  Abdomen ,  E lec t roca rd iography,  2 -D 
Echocardiography, Speckle-Tracking Echocardiography, Tissue 
Doppler, Pulsed Wave Doppler, Continuous Doppler And Serum Brain 
Natriuretic Peptide.

Based on results of the investigations, patients were rst categorised 
into Child Pugh classes A,B and C; based on the parameters set forth by 
the Child Pugh scoring system.

Data was then recorded for each patient, in keeping with the 
parameters set forth by cirrhotic cardiomyopathy diagnostic criteria 
proposed by the Cirrhotic Cardiomyopathy Consortium, 2019.

All the collected data was entered in Microsoft Excel sheet and then 
transferred to SPSS software ver. 26 for analysis. Qualitative data was 
presented as frequency and percentages and analysed using chi-square 
test. P-value < 0.05 was taken as level of signicance.

RESULTS
Gender Distribution
The study population consists of 101 patients, with a gender 
distribution of 30 females (29.7%) and 71 males (70.3%).

Age group Distribution
Among the 101 patients, 14.9% are aged 22 to 30 years, 20.8% are aged 
31 to 40 years, 22.8% are aged 41 to 50 years, and the largest age group 
is those older than 50 years, comprising 41.6%.

Child Pugh Class
In terms of liver disease severity, 62.4% of the patients fall into Child-
Pugh Class A, 23.8% are in Class B, and 13.9% are in Class C, 
indicating that the majority have less severe liver disease.

LV EF %
For cardiac function, 28.7% of the patients have an LV ejection 
fraction (EF) less than 50%, while 71.3% have an LV EF greater than 
50%, indicating better systolic function in the majority.

Absolute GLS %
The absolute GLS values show that 24.8% of the patients have a GLS 
of less than 18%, and 75.2% have a GLS of more than 18%, suggesting 
better myocardial function in most patients.

Systolic Dysfunction
Regarding systolic dysfunction, 23.8% of the patients exhibit systolic 
dysfunction, while 76.2% do not, indicating that the majority of 
patients have preserved systolic function.

Septal e' cm/second
Septal e' velocity measurements reveal that 23.8% of the patients have 
a septal e' velocity of less than 7 cm/second, whereas 76.2% have a 
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velocity greater than 7 cm/second, indicating better diastolic function 
in the majority.

E/e' ratio
The E/e' ratio shows that 30.7% of the patients have a ratio greater than 
15, while 69.3% have a ratio less than 15, suggesting that the majority 
have better left ventricular lling pressures.

TR velocity cm/second
In terms of TR velocity, 28.7% of patients have a TR velocity greater 
than 280 cm/second, while 71.3% have a TR velocity less than 280 
cm/second, indicating lower pulmonary pressures in most patients.

Diastolic dysfunction
Regarding diastolic dysfunction, 22.8% of the patients exhibit 
diastolic dysfunction, while 77.2% do not, suggesting that the majority 
have normal diastolic function.

Qtc interval milisecond 
For the QTc interval, 45.5% of the patients have a QTc interval greater 
than 440 milliseconds, while 54.5% have a QTc interval less than 440 
milliseconds, indicating that the majority have normal QTc intervals.

BNP pg/mL
The BNP levels show that 60.4% of the patients have BNP levels 
greater than 100 pg/mL, indicating elevated cardiac stress in the 
majority, while 39.6% have BNP levels less than 100 pg/mL.

Table no 1 Systolic Dysfunction vs Child Pugh Class

Chi square test, P value- 0.001

There is a signicant association between systolic dysfunction and 
Child-Pugh class (p-value = 0.001). Among patients without systolic 
dysfunction, 77.9% fall into Class A, 22.1% into Class B, and none into 
Class C. Conversely, among patients with systolic dysfunction, only 
12.5% are in Class A, 29.2% in Class B, and a signicant 58.3% in 
Class C. Overall, 62.4% of the total patients are in Class A, 23.8% in 
Class B, and 13.9% in Class C. This indicates that higher Child-Pugh 
classes are more prevalent in patients with systolic dysfunction.

Table no 2 Diastolic Dysfunction vs Child Pugh Class

Chi square test, P value- 0.001

There is a signicant association between DD and Child-Pugh class (p-
value = 0.001). Among patients without DD, 79.5% fall into Class A, 
19.2% into Class B, and only 1.3% into Class C. In contrast, among 
patients with DD, 4.3% are in Class A, 39.1% in Class B, and 56.5% in 

Class C. Overall, 62.4% of the total patients are in Class A, 23.8% in 
Class B, and 13.9% in Class C. This indicates that higher Child-Pugh 
classes are more prevalent in patients with DD.

Table no 3 Both Dysfunction vs Child Pugh Class

Chi square test, P value- 0.001

There is a signicant association between the presence of both systolic 
dysfunction and diastolic dysfunction and the Child-Pugh class (p-
value = 0.001). Among patients without both conditions, 76.5% fall 
into Class A, 22.2% into Class B, and only 1.2% into Class C. 
Conversely, among patients with both conditions, 5.0% are in Class A, 
30.0% in Class B, and a signicant 65.0% in Class C. Overall, 62.4% of 
the total patients are in Class A, 23.8% in Class B, and 13.9% in Class 
C. This indicates that higher Child-Pugh classes are more prevalent in 
patients with both conditions. 

Total Cardiomyopathy Patients = (24+23) −20 = 27

DISCUSSION
Liver cirrhosis is a chronic, progressive disease marked by the 
replacement of healthy liver tissue with scar tissue, leading to impaired 
liver function. Patients with liver cirrhosis often experience a range of 
complications, including cardiovascular dysfunction. The 
cardiovascular system's involvement in liver cirrhosis is complex and 
multifaceted, encompassing alterations in cardiac structure and 
function. This condition, often referred to as cirrhotic cardiomyopathy, 
is characterized by blunted cardiac responses to stress, systolic and 
diastolic dysfunction, and electrophysiological abnormalities such as 
prolonged QTc intervals. These cardiovascular issues can signicantly 
impact patient prognosis and quality of life. The Child-Pugh 
classication system, which assesses the severity of liver disease, 
often correlates with the extent of cardiovascular dysfunction. 
Understanding the incidence and nature of cardiovascular 
abnormalities in liver cirrhosis patients is crucial for early diagnosis 
and intervention, potentially improving clinical outcomes and 
reducing morbidity and mortality in this vulnerable patient population.

The present study aimed to investigate the incidence of cardiovascular 
dysfunction in patients with liver cirrhosis.
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Systolic Dysfunction Total
No Yes

Child Pugh Class A Count 60 3 63
% 77.90% 12.50% 62.40%

B Count 17 7 24
% 22.10% 29.20% 23.80%

C Count 0 14 14
% 0.00% 58.30% 13.90%

Total Count 77 24 101
% 100.00% 100.00% 100.00%

DD Total
No Yes

Child Pugh A Count 62 1 63
% 79.50% 4.30% 62.40%

B Count 15 9 24
% 19.20% 39.10% 23.80%

C Count 1 13 14
% 1.30% 56.50% 13.90%

Total Count 78 23 101
% 100.00% 100.00% 100.00%

BOTH Total
no yes

Child Pugh Class A Count 62 1 63
% 76.50% 5.00% 62.40%

B Count 18 6 24
% 22.20% 30.00% 23.80%

C Count 1 13 14
% 1.20% 65.00% 13.90%

Total Count Count 20 101
% % 100.00% 100.00%

CCM Freque
ncy

Patients with systolic dysfunction 24
Patients with diastolic dysfunction 23
Patients with both dysfuncton 20
Total number of unique patients with cardiomyopathy 27
Total number of patients in the study 101
Incidence of Cirrhotic Cardiomyopathy 26.73%
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The study participants had a wide age distribution, with the largest age 
group being those older than 50 years, comprising 41.6% of the total 
population. The remaining participants were distributed across the 22-
30 years (14.9%), 31-40 years (20.8%), and 41-50 years (22.8%) age 
groups.

The age distribution observed in the present study is consistent with the 
epidemiology of liver cirrhosis, which typically affects individuals 
across a broad age spectrum, with an increasing prevalence in the older 
adult population.

The studies reviewed also included participants with similar age 
72distributions. For instance, the study by Karki et al . (2023) reported a 

mean age of 48.29 years, with 54.3% of the participants falling 
73between 40-60 years of age. Similarly, the study by Chandey et al . 

(2020) did not provide the mean age but included participants with 
cirrhosis of varying etiologies.

The preponderance of liver cirrhosis in the older age groups can be 
attributed to the cumulative effects of various risk factors, such as 
chronic viral hepatitis, alcohol consumption, and metabolic disorders, 
which typically accumulate over time. The consistent age distribution 
across these studies highlights the importance of considering the 
specic needs and management strategies for the older adult 
population in the context of liver cirrhosis and its associated 
cardiovascular complications.

The present study had a male predominance, with 70.3% of the 
participants being male and 29.7% being female. This gender 
distribution is in line with the higher prevalence of liver cirrhosis 
observed in the male population in various epidemiological studies.

The studies reviewed did not consistently report the gender 
distribution of the participants, as their primary focus was on the 
evaluation of cardiovascular dysfunction in the context of liver 
cirrhosis, rather than the specic gender-based epidemiology of the 
condition. The observed male predominance in liver cirrhosis may be 
attributed to several factors, including higher rates of alcohol 
consumption, occupational exposures, and genetic susceptibility 
among men compared to women. However, it is important to note that 
the gender distribution of liver cirrhosis can vary across different 
populations and geographic regions,  as environmental , 
socioeconomic, and cultural factors may inuence the epidemiology 
of this condition.

The present study categorized the participants based on the Child-
Pugh classication, which is a widely used system for assessing the 
severity of liver disease. The majority of the participants (62.4%) were 
in Child-Pugh Class A, indicating less severe liver disease, followed by 
Class B (23.8%) and Class C (13.9%).

The distribution of participants across the Child-Pugh classes in the 
present study is consistent with the ndings reported in some of the 

75reviewed studies. For instance, the study by �ieranu et al.  (2018) 
found that 10% of their participants were in Class A, 46.67% in Class 
B, and 43.33% in Class C.

The predominance of participants with less severe liver disease (Class 
A) in the present study may be related to the fact that patients with 
advanced liver cirrhosis (Class C) often have a poorer prognosis and 
may not have been included in the study due to various clinical factors 
or higher mortality rates.

The stratication of participants based on the Child-Pugh 
classication allows for a more comprehensive understanding of the 
relationship between the severity of liver disease and the development 
of cardiovascular dysfunction, which is a key objective of this 
investigation.  

The present study evaluated various parameters of cardiac function in 
the participants, including left ventricular ejection fraction (LVEF), 
global longitudinal strain (GLS), systolic dysfunction, diastolic 
function, and pulmonary pressures.

The study found that 28.7% of the participants had an LVEF less than 
50%, indicating the presence of systolic dysfunction, while 71.3% had 
an LVEF greater than 50%, suggesting better systolic function.

The study assessed the absolute GLS values and found that 24.8% of 
the participants had a GLS of less than 18%, indicating impaired 
myocardial function, while 75.2% had a GLS of more than 18%, 
suggesting better myocardial function. The use of GLS as a measure of 
myocardial function in the setting of liver cirrhosis is less commonly 
reported in the reviewed studies, as this parameter is a relatively newer 
echocardiographic technique for the evaluation of cardiac 
dysfunction.

The study found that 23.8% of the participants exhibited systolic 
dysfunction, while 76.2% did not, indicating that the majority of the 
participants had preserved systolic function.

The study evaluated diastolic function using parameters such as septal 
e' velocity and E/e' ratio. It found that 23.8% of the participants had a 
septal e' velocity of less than 7 cm/second, indicating impaired 
diastolic function, and 30.7% had an E/e' ratio greater than 15, 
suggesting elevated left ventricular lling pressures.

The assessment of diastolic function in the setting of liver cirrhosis is a 
common theme in the reviewed studies. For instance, the study by Patil 
et al. (2016) reported that diastolic dysfunction, as assessed by the E/A 
ratio, correlated with the severity of liver cirrhosis.

The study examined the tricuspid regurgitation (TR) velocity and 
found that 28.7% of the participants had a TR velocity greater than 280 
cm/second, suggesting elevated pulmonary pressures, while 71.3% 
had a TR velocity less than 280 cm/second, indicating lower 
pulmonary pressures.

QT Interval and BNP The present study also evaluated the QTc interval 
and brain natriuretic peptide (BNP) levels in the participants. The 
study found that 45.5% of the participants had a QTc interval greater 
than 440 milliseconds, indicating a prolonged QTc, while 54.5% had a 
QTc interval less than 440 milliseconds, suggesting a normal Qtc.

The ndings on QTc interval prolongation in the present study are 
consistent with the observations reported in the reviewed literature. 

72 73Several studies, such as Karki et al . (2023), Chandey et al . (2020), 
74 80Dhoat et al . (2019), and Bhatti et al . (2014), have also demonstrated 

a correlation between the severity of liver cirrhosis, as assessed by the 
Child-Pugh classication, and the prolongation of the QTc interval.

The study found that 60.4% of the participants had BNP levels greater 
than 100 pg/mL, indicating elevated cardiac stress, while 39.6% had 
BNP levels less than 100 pg/mL.

The evaluation of BNP levels in the context of liver cirrhosis and its 
association with cardiovascular dysfunction is less frequently reported 
in the reviewed studies, as the primary focus was often on the 
assessment of QT interval and other echocardiographic parameters.

The ndings on QTc interval prolongation and elevated BNP levels in 
the present study are relevant, as they suggest the presence of 
subclinical cardiac dysfunction in a signicant proportion of the 
participants with liver cirrhosis. These parameters can serve as 
valuable markers for the early detection and monitoring of 
cardiovascular complications in this patient population. One of the key 
ndings of the present study was the observed association between the 
severity of cardiovascular dysfunction and the severity of liver disease, 
as assessed by the Child-Pugh classication.

The study found a signicant association between the presence of 
systolic dysfunction and higher Child-Pugh classes. Among patients 
without systolic dysfunction, 77.9% were in Class A, 22.1% in Class 
B, and none in Class C. In contrast, among patients with systolic 
dysfunction, only 12.5% were in Class A, 29.2% in Class B, and 58.3% 
in Class C.

Similarly, the study observed a signicant association between the 
presence of diastolic dysfunction and higher Child-Pugh classes. 
Among patients without diastolic dysfunction, 79.5% were in Class A, 
19.2% in Class B, and only 1.3% in Class C. Conversely, among 
patients with diastolic dysfunction, only 4.3% were in Class A, 39.1% 
in Class B, and 56.5% in Class C.

The study also found a signicant association between the presence of 
both systolic and diastolic dysfunction and higher Child-Pugh classes. 
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Among patients without both conditions, 76.5% were in Class A, 
22.2% in Class B, and only 1.2% in Class C. In contrast, among 
patients with both conditions, only 5.0% were in Class A, 30.0% in 
Class B, and a signicant 65.0% in Class C. 

These ndings suggest that as the severity of liver disease, as assessed 
by the Child-Pugh classication, increases, the prevalence of 
cardiovascular dysfunction, including both systolic and diastolic 
abnormalities, also increases.

The reviewed studies provide supporting evidence for this association. 
73For instance, the study by Chandey et al . (2020) reported a linear 

increase in the QTc interval with the severity of liver cirrhosis, as 
74classied by the Child-Pugh score. Similarly, the study by Dhoat et al .  

(2019) found a statistically signicant prolongation of the QTc interval 
in patients with Child-Pugh Class B and C compared to Class A.

78The study by Patil et al . (2016) also observed a correlation between 
diastolic dysfunction, as assessed by the E/A ratio, and the severity of 
liver cirrhosis, as evidenced by proportional changes in left ventricular 
dimensions and wall thickness.

The underlying mechanisms that contribute to the development of 
cardiovascular dysfunction in the setting of liver cirrhosis are 
multifactorial and may involve factors such as hemodynamic changes, 
neurohumoral alterations, oxidative stress, and the direct effects of 
cirrhosis on myocardial structure and function.

The strong association between the severity of liver disease and the 
prevalence of cardiovascular dysfunction observed in the present 
study highlights the importance of a comprehensive assessment and 
close monitoring of cardiac function in patients with advancing liver 
cirrhosis. This information can guide the development of appropriate 
management strategies and assist in the identication of high-risk 
individuals who may benet from more targeted interventions or 
specialized care.

72The study by Karki et al . (2023) focused on the correlation between 
the QT interval and the severity of liver dysfunction, as assessed by the 
Child-Pugh and MELD scores. Their ndings were consistent with the 
present study, demonstrating a higher prevalence of prolonged QTc 
intervals in patients with more advanced liver disease.

7 3The study by Chandey et al . (2020) also evaluated the 
electrocardiographic and echocardiographic signs of cardiovascular 
dysfunction in patients with liver cirrhosis and found a linear increase 
in the QTc interval with the severity of cirrhosis, as classied by the 
Child-Pugh score. This observation aligns with the present study's 
ndings on the association between the severity of liver disease and the 
prevalence of cardiovascular dysfunction.

74 80The studies by Dhoat et al . (2019) and Bhatti et al . (2014) further 
corroborated the association between the prolongation of the QTc 
interval and the severity of liver cirrhosis, as categorized by the Child-
Pugh classication.

75The study by �ieranu et al . (2018) reported that despite variations in 
Child-Pugh classes, the mean QT interval values did not signicantly 
differ among their study participants. This nding contrasts with the 
observations in the present study, where a clear association was found 
between the severity of liver disease and the presence of 
cardiovascular dysfunction.

76The study by Tsiompanidis et al . (2018) focused on the impact of liver 
cirrhosis on the QT interval and cardiac autonomic neuropathy (CAN), 
nding signicant associations between QT interval prolongation and 
factors such as diabetes mellitus and diuretic treatment, but not the 
Child-Pugh score.

77 79The studies by Sukhwani et al . (2016) and Naik et al . (2014) 
emphasized the presence of diastolic dysfunction in patients with liver 
cirrhosis, with the latter study also reporting various clinical and 
laboratory parameters associated with the condition.

78The study by Patil et al . (2016) demonstrated a correlation between 
diastolic dysfunction, as assessed by the E/A ratio, and the severity of 
liver cirrhosis, which is in line with the ndings of the present study.

The observed differences in the strength of the association between the 
severity of liver disease and the prevalence of cardiovascular 
dysfunction across the reviewed studies may be attributed to factors 
such as variations in study populations, differences in the assessment 
methods employed, and the potential inuence of comorbidities and 
other confounding factors.

CONCLUSION
The present study provides valuable insights into the incidence of 
cardiovascular dysfunction in patients with liver cirrhosis. A 
signicant proportion of the participants exhibited impairments in 
cardiac function, including systolic dysfunction (23.8%), diastolic 
dysfunction (22.8%), and elevated pulmonary pressures (28.7%). 
Prolongation of the QTc interval, a marker of cardiac electrical 
instability, was observed in 45.5% of the participants, suggesting the 
presence of subclinical cardiac abnormalities. There was a strong 
association between the severity of liver disease, as classied by the 
Child-Pugh score, and the prevalence of cardiovascular dysfunction. 
Patients with more advanced liver cirrhosis (Child-Pugh Class B and 
C) had a higher incidence of systolic dysfunction, diastolic 
dysfunction, and the presence of both conditions compared to those 
wi th  l e ss  severe  l ive r  d i sease  (Chi ld -Pugh  Class  A) .  
These ndings highlight the importance of comprehensive 
cardiovascular assessment and monitoring in patients with liver 
cirrhosis, as the severity of the liver disease appears to be a signicant 
contributor to the development of cardiac abnormalities. Early 
identication and management of these cardiac complications may 
have important implications for the overall care and prognosis of 
individuals with liver cirrhosis.

Strengths of the Study:
1. Comprehensive evaluation of various parameters of cardiac 

function, including systolic and diastolic indices, as well as the 
assessment of pulmonary pressures, in a well-characterized cohort 
of liver cirrhosis patients.

2. Exploration of the association between the severity of liver 
disease, as classied by the Child-Pugh score, and the prevalence 
of cardiovascular dysfunction.

3. Inclusion of both electrocardiographic (QTc interval) and 
biomarker (BNP) assessments to provide a more holistic 
evaluation of cardiac status.

Limitations of the Study:
1. Cross-sectional design, which limits the ability to establish causal 

relationships and determine the temporal sequence of events 
between the development of liver cirrhosis and the onset of 
cardiovascular dysfunction.

2. Lack of long-term follow-up to assess the progression of 
cardiovascular dysfunction and its impact on clinical outcomes in 
the study population

Recommendations for Future Research:
1. Conduct prospective, longitudinal studies with extended follow-

up periods to better understand the causal relationships and the 
long-term impact of liver cirrhosis on the development and 
progression of cardiovascular dysfunction.

2. Incorporate advanced cardiac imaging techniques, such as cardiac 
magnet ic  resonance  imaging  and  speckle - t rack ing 
echocardiography, to provide a more comprehensive assessment 
of myocardial structure and function in patients with liver 
cirrhosis.

3. Explore the inuence of specic etiologies and complications of 
liver cirrhosis on the development of cardiovascular dysfunction, 
to identify high-risk subgroups and tailor management strategies 
accordingly.

REFERENCES
1. Kowalski HJ, Abelmann WH. The cardiac output at rest in Laennec's cirrhosis. J Clin 

Invest. 1953;32:1025-33. 
2. Abelmann WH, Kowalski HJ, McNeely WF. The hemodynamic response to exercise in 

patients with Laennec's cirrhosis. J Clin Invest. 1955;34:690-5. 
3. Bayley TJ, Segel N, Bishop JM. The circulatory changes in patients with cirrhosis of the 

liver at rest and during exercise. Clin Sci. 1964;26:227-35. 
4. Claypool JG. Hemodynamic studies in patients with Laennec's cirrhosis. Am J Med Sci. 

1957;234:48-55. 
5. Murray JG, Dawson AM, Sherlock S. Circulatory changes in chronic liver disease. Am J 

Med. 1958;24:358-67. 
6. Gould L, Shariff M, Zahir M, Lieto MD. Cardiac hemodynamics in alcoholic patients 

with chronic liver disease and a presystolic gallop. J Clin Invest. 1969;58:860-8. 
7. Limas CJ, Guiha NH, Lekagui O, Cohn JN. Impaired left ventricular function in 

alcoholic cirrhosis with ascites. Circulation. 1974;49:755-60. 
8. Caramelo C, Fernandez-Munoz D, Santos JC, Blanchart A, Rodriguez-Puyol D, Lopez-

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 13 | Issue - 08 | August - 2024

88 International Journal of Scientific Research



Novoa JM, Hernando L. Effect of volume expansion on hemodynamics, capillary 
permeability and renal function in conscious, cirrhotic rats. Hepatology. 1986;6:129-34. 

9. Kim MY, Baik SK. Cirrhotic cardiomyopathy. Korean J Hepatol. 2007;13(1):20-6. 
10. Lee SS, Marty J, Mantz J, Samain E, Braillon A, Lebrec D. Desensitization of 

myocardial β-adrenergic receptors in cirrhotic rats. Hepatology. 1990;12:481-5. 
11. Ingles AC, Hernandez I, Garcia-Estan J, Quesada T, Carbonell LF. Limited cardiac 

preload reserve in conscious cirrhotic rats. Am J Physiol. 1991;260:H1912-17. 
12. Lee SS. Cardiac abnormalities in liver cirrhosis. West J Med. 1989;151:530-5. 
13. Ma Z, Lee SS. Cirrhotic cardiomyopathy: getting to the heart of the matter. Hepatology. 

1996;24:451-9. 
14. Liu H, Lee SS. Cardiopulmonary dysfunction in cirrhosis. J Gastroenterol Hepatol. 

1999;14:600-8. 
15. Myers RP, Lee SS. Cirrhotic cardiomyopathy and liver transplantation. Liver Transpl. 

2000;6(suppl 1):s44-52.
16. Soon Koo Baik And Samuel S Lee. Cirrhotic cardiomyopathy: causes and  

consequences. Journal of Gastroenterology and Hepatology(2004) 19,  S185–S190.
17. Alqahtani SA, Fouad TR, Lee SS. Cirrhotic cardiomyopathy. Semin Liver Dis.  2008 

Feb;28(1):59-69
18. Mondal D, Das K, Chowdhury A. Epidemiology of Liver Diseases in India. Clin Liver 

Dis (Hoboken). 2022 Jan 28;19(3):114-117. 
19. Mokdad AA, Lopez AD, Shahraz S, et al. Liver cirrhosis mortality in 187 countries 

between 1980 and 2010: a systematic analysis. BMC Med 2014;18:145. 
20. World Health Organization . Global Health Estimates: Life expectancy and leading 

causes of death and disability. Available at: http://www.who.int/healthinfo/ 
global_burden_disease/estimates_country/en/. Accessed February 24, 2024.

21. India State-Level Disease Burden Initiative Collaborators . Nations within a nation: 
variations in epidemiological transition across the states of India, 1990-2016 in the 
Global Burden of Disease Study. Lancet 2017;390:2437-2460. 

22. Sarin SK, Kumar M, Eslam M, et al. Liver diseases in the Asia-Pacic region: a Lancet 
Gastroenterology & Hepatology Commission. Lancet Gastroenterol Hepatol 
2020;5:167-228. 

23. Wong RJ, Aguilar M, Cheung R, et al. Nonalcoholic steatohepatitis is the second leading 
etiology of liver disease among adults awaiting liver transplantation in the United States. 
Gastroenterology. 2015;148(3):547-555.

24. Ge PS, Runyon BA. Treatment of patients with cirrhosis. N Engl J Med. 
2016;375(8):767-777.

25. Wiegand J, Berg T. The etiology, diagnosis and prevention of liver cirrhosis: part 1 of a 
series on liver cirrhosis. Dtsch Arztebl Int. 2013;110(6):85-91.

26. Asrani SK, Kamath PS. Natural history of cirrhosis. Curr Gastroenterol Rep. 
2013;15(2):308.

27. D'Amico G, Garcia-Tsao G, Pagliaro L. Natural history and prognostic indicators of 
survival in cirrhosis: a systematic review of 118 studies. J Hepatol. 2006;44(1):217-231.

28. Reuben A. The liver has a body—a Cook's tour. Hepatology. 2005;41(2):408-415.
29. Udell JA, Wang CS, Tinmouth J, et al. Does this patient with liver disease have 

cirrhosis?. JAMA. 2012;307(8):832-842. 
30. Oh RC, Hustead TR, Ali SM, et al. Mildly elevated liver transaminase levels: causes and 

evaluation. Am Fam Physician. 2017;96(11):709-715. Accessed August 28, 2019. 
https://www.aafp.org/afp/2017/1201/p709.html

31. Newsome PN, Cramb R, Davison SM, et al. Guidelines on the management of abnormal 
liver blood tests. Gut. 2018;67(1):6-19.

32. O'Shea RS, Dasarathy S, McCullough AJ Practice Guideline Committee of the 
American Association for the Study of Liver Diseases; Practice Parameters Committee 
of the American College of Gastroenterology. Alcoholic liver disease. Hepatology. 
2010;51(1):307-328.

33. Bacon BR, Adams PC, Kowdley KV, et al.; American Association for the Study of Liver 
Diseases. Diagnosis and management of hemochromatosis: 2011 practice guideline by 
the American Association for the Study of Liver Diseases. Hepatology. 2011;54(1):328-
343.

34. Stanford Medicine. Liver disease, head to foot. Accessed January 4, 2019. 
http://stanfordmedicine25.stanford.edu/the25/liverdisease.html

35. Herrera JL, Rodríguez R. Medical care of the patient with compensated cirrhosis. 
Gastroenterol Hepatol (N Y). 2006;2(2):124-133.

36. Garcia-Tsao G, Abraldes JG, Berzigotti A, et al. Portal hypertensive bleeding in 
cirrhosis: risk stratication, diagnosis, and management: 2016 practice guidance by the 
American Association for the Study of Liver Diseases [published correction appears in 
Hepatology. 2017;66(1):304]. Hepatology. 2017;65(1):310-335.

37. Lurie Y, Webb M, Cytter-Kuint R, et al. Non-invasive diagnosis of liver brosis and 
cirrhosis. World J Gastroenterol. 2015;21(41):11567-11583.

38. Lin ZH, Xin YN, Dong QJ, et al. Performance of the aspartate aminotransferase-to-
platelet ratio index for the staging of hepatitis C-related brosis: an updated meta-
analysis. Hepatology. 2011;53(3):726-736.

39. Gülcicegi DE, Goeser T, Kasper P. Prognostic assessment of liver cirrhosis and its 
complications: current concepts and future perspectives. Front Med (Lausanne). 2023 
Sep 14;10:1268102. 

40. Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau TM, Kosberg CL, et al.. 
A model to predict survival in patients with end-stage liver disease. Hepatology. (2001) 
33:464–70.

41. Hori T, Ogura Y, Onishi Y, Kamei H, Kurata N, Kainuma M et al. Systemic 
hemodynamics in advanced cirrhosis: Concerns during perioperative period of liver 
transplantation. World J Hepatol. 2016 Sep 8;8(25):1047-60. 

42. Licata A, Mazzola A, Ingrassia D, Calvaruso V, Cammà C, Craxì A. Clinical 
implications of the hyperdynamic syndrome in cirrhosis. Eur J Intern Med. 
2014;25:795–802.

43. Vorobioff J, Bredfeldt JE, Groszmann RJ. Increased blood ow through the portal 
system in cirrhotic rats. Gastroenterology. 1984;87:1120–1126. 

44. Hori T, Iida T, Yagi S, Taniguchi K, Yamamoto C, Mizuno S, Yamagiwa K, Isaji S, 
Uemoto S. K(ICG) value, a reliable real-time estimator of graft function, accurately 
predicts outcomes in adult living-donor liver transplantation. Liver Transpl. 
2006;12:605–613. 

45. Chezmar JL, Redvanly RD, Nelson RC, Henderson JM. Persistence of portosystemic 
collaterals and splenomegaly on CT after orthotopic liver transplantation. AJR Am J 
Roentgenol. 1992;159:317–320.

46. Zardi EM, Abbate A, Zardi DM, Dobrina A, Margiotta D, Van Tassel BW, Afeltra A, 
Sanyal AJ. Cirrhotic cardiomyopathy. Journal of the American College of Cardiology. 
2010 Aug 10;56(7):539-49.

47. Liu H, Naser JA, Lin G, Lee SS. Cardiomyopathy in cirrhosis: From pathophysiology to 
clinical care. JHEP Reports. 2023 Sep 23:100911.

48. Yoon KT, Liu H, Lee SS. Cirrhotic cardiomyopathy. Current gastroenterology reports. 
2020 Sep;22:1-9.

49. Longley K, Tran T, Ho V. Cirrhotic cardiomyopathy. Gastroenterology Insights. 2021 
Feb 25;12(1):76-88.

50. Desai MS. Mechanistic insights into the pathophysiology of cirrhotic cardiomyopathy. 
Analytical Biochemistry. 2022 Jan 1;636:114388.

51. Møller S, Henriksen JH. Cirrhotic cardiomyopathy: a pathophysiological review of 

circulatory dysfunction in liver disease. Heart. 2002 Jan 1;87(1):9-15.
52. Vasavan T, Ferraro E, Ibrahim E, Dixon P, Gorelik J, Williamson C. Heart and bile 

acids–clinical consequences of altered bile acid metabolism. Biochimica et Biophysica 
Acta (BBA)-Molecular Basis of Disease. 2018 Apr 1;1864(4):1345-55.

53. Engelmann C, Clària J, Szabo G, Bosch J, Bernardi M. Pathophysiology of 
decompensated cirrhosis: Portal hypertension, circulatory dysfunction, inammation, 
metabolism and mitochondrial dysfunction. Journal of hepatology. 2021 Jul 1;75:S49-
66.

54. Fede G, Privitera G, Tomaselli T, Spadaro L, Purrello F. Cardiovascular dysfunction in 
patients with liver cirrhosis. Annals of Gastroenterology: Quarterly Publication of the 
Hellenic Society of Gastroenterology. 2015 Jan;28(1):31.

55. Bodys-Pełka A, Kusztal M, Raszeja-Wyszomirska J, Główczyńska R, Grabowski M. 
What's New in Cirrhotic Cardiomyopathy?. Journal of Personalized Medicine. 2021 
Dec 3;11(12):1285.

56. Batkai S, Jarai Z, Wagner JA, Goparaju SK, Varga K, Liu J et al. Endocannabinoids 
acting at vascular CB1 receptors mediate the vasodilated state in advanced liver 
cirrhosis. Nat Med 2001; 7: 827-832

57. Van de Casteele M, Omasta A, Janssens S, Roskams T, Desmet V, Nevens F, Fevery J. In 
vivo gene transfer of endothelial nitric oxide synthase decreases portal pressure in 
anaesthetised carbon tetrachloride cirrhotic rats. Gut 2002; 51: 440-445

58. Garcia-Estan J, Ortiz MC, Lee SS. Nitric oxide and renal and cardiacdysfunction in 
cirrhosis. Clin Sci (Lond) 2002; 102: 213-222

59.  33. Niederberger M, Martin PY, Gines P, Morris K, Tsai P, Xu DL, McMurtry I, Schrier 
RW. Normalization of nitric oxide production corrects arterial vasodilation and 
hyperdynamic circulation in cirrhotic rats. Gastroenterology 1995; 109: 1624-1630 

60. 34. Claria J, Jimenez W, Ros J, Rigol M, Angeli P, Arroyo V, Rivera F, Rodes J. Increased 
nitric oxide-dependent vasorelaxation in aortic rings of cirrhotic rats with ascites. 
Hepatology 1994; 20: 1615-1621 

61. Nagano T, Yamamoto K, Matsumoto S, Okamoto R, Tagashira M, Ibuki N, Matsumura 
S, Yabushita K, Okano N, Tsuji T. Cytokine prole in the liver of primary biliary 
cirrhosis. J Clin Immunol 1999; 19: 422-427

62. Odeh M, Sabo E, Srugo I, Oliven A. Serum levels of tumor necrosis factor-alpha 
correlate with severity of hepatic encephalopathy due to chronic liver failure. Liver Int 
2004; 24: 110-116 

63. Lopez-Talavera JC, Merrill WW, Groszmann RJ. Tumor necrosis factor alpha: a major 
contributor to the hyperdynamic circulation in prehepatic portal-hypertensive rats. 
Gastroenterology 1995; 108: 761- 767 

64. Somani PO, Contractor Q, Chaurasia AS, Rathi PM. Diastolic dysfunction characterizes 
cirrhotic cardiomyopathy. Indian Heart J. 2014 Nov-Dec;66(6):649-55. 

65. Chiang JYL, Ferrell JM. Bile Acid Metabolism in Liver Pathobiology. Gene Expr. 2018 
May 18;18(2):71-87.

66. Chiang JY. Bile acids: Regulation of synthesis. J Lipid Res. 2009;50:1955–66.
67. Lionetti V, Stanley WC, Recchia FA. Modulating fatty acid oxidation in heart failure. 

Cardiovasc Res. 2011 May 1;90(2):202-9.
68. Limas CJ, Guiha NH, Lekagul O, Cohn JN. Impaired left ventricular function in 

alcoholic cirrhosis with ascites. Ineffectiveness of ouabain. Circulation. 
1974;49:754–760.

69. Pozzi M, Grassi G, Ratti L, Favini G, Dell'Oro R, Redaelli E, et al. Cardiac, 
neuroadrenergic, and portal hemodynamic effects of prolonged aldosterone blockade in 
postviral child A cirrhosis. Am J Gastroenterol. 2005;100:1110–1116

70. Sampathkumar P, Lerman A, Kim BY, Narr BJ, Poterucha JJ, Torsher LC, et al. Post-
liver transplantation myocardial dysfunction. Liver Transplant Surg. 1998;4:399–403. 

71. Torregrosa M, Aguade S, Dos L, Segura R, Gonzalez A, Evan-gelista A, et al. Cardiac 
alterations in cirrhosis: reversibility after liver transplantation. J Hepatol. 
2005;42:68–74.

72. Karki N, K.C S, Thapa P, Sah M, Hamal AB. QT Interval Prolongation in Patients with 
Liver Cirrhosis. Adv Res Gastroentero Hepatol, 2023; 19(5): 556021.

73. Chandey M, Mohan G, Kaur J, Vaid A. Cardiovascular dysfunction in patients of 
cirrhosis of liver. Int J Adv Med 2020;7:39-45.

74. Dhoat PS, Arshdeep, Chandey M, Nivenjit. To Study the Prevalence of QTc Interval 
Prolongation in Cirrhosis of Liver And Its Relationship with the Severity of Disease. Int 
J Med Res Prof. 2019;5(3):92-101.

75. �ieranu E, Donoiu I, Istrătoaie O, et al. Q-T Interval Prolongation in Patients with Liver 
Cirrhosis. Curr Health Sci J. 2018;44(3):274-279.

76. Tsiompanidis E, Siakavellas SI, Tentolouris A, et al. Liver cirrhosis-effect on QT 
interval and cardiac autonomic nervous system activity. World J Gastrointest 
Pathophysiol. 2018;9(1):28-36.

77. Sukhwani N, Nayak OP, Kumbhkar T. Cardiac changes in patients with chronic liver 
disease: A prospective descriptive study. Int J Med Res Rev. 2016;4(4):569-74.

78. Patil S, Lal B, Pandey M, Haldia SS, Rishi JP. A clinical study of cardiovascular 
dysfunction in patients of cirrhosis of liver. Ann Int Med Den Res. 2016;2:212-5.

79. Naik K, Gagiya A, Parmar A, Kothari P, Kheni P. Evaluation of cardiac function in 
patients with liver cirrhosis: A hospital based cross-sectional study. Natl J Med Res 
2014;4(3):208-11.

80. Bhatti AB, Ali F, Satti SA. Prolonged QTc interval is an electrophysiological hallmark of 
cirrhotic cardiomyopathy. Open J Int Med. 2014 Mar 7;4(01):33-9.

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 13 | Issue - 08 | August - 2024

International Journal of Scientific Research 89


