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ABSTRACT
Background: Chronic liver disease (CLD) has a number of systemic manifestations, one of which is cardiac
autonomic dysfunction (CAD), and the latter can cause poor outcomes, including arrhythmia, cardiac failure,
and sudden cardiac death. An important factor that contributes to these complications is the autonomic
imbalance experienced between the sympathetic and the parasympathetic nerve systems. This research was
determined to study the rates of CAD among CLD patients and determine the extent of CAD, as well as the
association of CAD with the severity of liver disease.
Methods: This is a cross-sectional research study that incorporates 196 CLD patients at Sri Aurobindo
Medical College and PG Institute, Indore, India, performed between June 2023 and November 2024. The
cardiac autonomic function has been measured through Ewing battery of tests which assessed parasympathetic
and sympathetic activities. Child-Pugh classification was used to analyze the severity of liver disease. Raw
data were processed with the use of descriptive and statistical methods with the aim to analyze the
interconnections between CAD and liver functioning.
Results: The results of the study reported that 72.4 percent of the patients had some amount of CAD whereby
27.6 percent of the patients had normal autonomic moderate, 31.6 percent had early CAD, and 24.5 percent
portrayed definite CAD, there was also 16.3 percent of the patients who had severe CAD. They found a strong
correlation between the degree of CAD and the Child-Pugh classification (p < 0.0001) such that there was a
gradual rise in the magnitude of autonomic dysfunction with the progression of liver disease. There was a
decrease in Valsalva ratio with increasing severity of the liver disease (p < 0.0001).
Conclusion: The presence of cardiac autonomic dysfunction in the CLD patients is common and with the
advances of consumption of liver disease, the condition deteriorates. The tests conducted by Ewing were very
useful in establishing autonomic dysfunction that can be used in early diagnosis and stratification of risks of
cardiac complications in patients of CLD.

Keywords: Chronic Liver Disease, Cardiac Autonomic Disorder, Child-Pugh Score, Autonomic Nervous
System, Ewing Battery of Tests

INTRODUCTION

Chronic liver disease (CLD), and the terminal part of the illness, which is liver cirrhosis, is a worldwide health
issue that is linked to severe morbidity and mortality. Although hepatic dysfunction is the pathologic
paradigm of CLD, mounting data support the notion that systemic manifestations are widespread, particularly
of the cardiovascular system and the autonomic nervous system. Cardiac autonomic dysfunction (CAD) has
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been recently identified as a significant extrahepatic attribute of chronic liver disease that predisposes to poor
outcomes comprising arrhythmia, cardiac failure, and sudden cardiac death[1-3].

The ANS consists of sympathetic and parasympathetic nodes and ensures the functioning of the vital
physiological processes which cannot be controlled by individuals, such as cardiac rhythm, blood pressure,
and vascular tone. When it comes to health, a very precise equation between these two branches makes sure
the cardiovascular responses to the environmental and physiographical challenges increase accordingly.
Chronic liver disease is associated with this balance between the parasympathetic and sympathetic activities
often being disrupted, resulting in sympathetic hyper-drive and a drop in the activity of the parasympathetic
nervous system[2][4]. The resulting maladies of this imbalance include an aberrance of heart rate variability
(HRV), baroreceptor sensitivity and cardiac electrophysiology, such as QT interval prolongation- parameters
which have been linked to more severe disease and worse prognosis[5,6].

The pathophysiology of CAD in CLD is multi-factorial. Hepatic impairment causes a build-up of vasoactive
agents, a change in vital regulation of vasoconstrictors and vasodilators, and a stimulation of renin-
angiotensin-aldosterone system also straining the autonomies control mechanisms[1,6]. Portal hypertension of
cirrhosis further contributes to this load in causing systemic vasodilation and hyper-dynamic circulation
necessitating an increase in heart rate via the autonomic pathways[2]. In addition to this, metabolic, nutritional
and immunological imbalances, like alcohol toxicity and vitamin deficiencies can also directly damage
autonomic nerve fibers[2,7].

Epidemiology studies indicate that greater than 50 percent of patients with cirrhosis present with a level of
cardiac autonomic neuropathy, usually in relation to the associated development of the disease and the level of
severity using Child-Pugh or MELD scores[7,8]. The level of cardiac autonomic dysfunction during the onset
phase is mostly subclinical but can be clinically manifested as the liver disease progression increases. Clinical
features are poor response of the heart rate to body stress, orthostatic hypotension, and an increased
probability of malignant arrhythmia [2,9]. 24-hour Holter monitoring which carried out HRV analysis has
game up as a sensitive index of early autonomic dysfunction in these patients [2].

The importance of measuring and assessing CAD in CLD goes beyond prognostication. In cirrhotic patients,
low HRV and cardiac autonomic neuropathy are linked to high risk of mortality in addition to other
conventional indicators of hepatic dysfunction[2,7]. Effective detection of these changes earlier would help
increase surveillance of patients who are at higher risk and thus increase cardiac diagnosis and treatment.
Also, autonomic dysfunction screening can be used to guide risk stratification in transplant candidates with a
high chance of perioperative cardiac adverse events [2].

By examining the autonomic nervous system of the heart in people with chronic liver disease, the research
should not only offer additional information about the mechanisms, commonness, and clinical consequences
of autonomic deficit in chronic liver disease but also explore the reasons behind this abnormality. Early
identification and intervention measures can be generated through a greater comprehension of this
extrahepatic complication and, in the long run, it can benefit the patients.

MATERIALS AND METHODS

Study Design:

The study is cross-sectional and shall take place at the Department of General Medicine, Sri Aurobindo
Medical College and Post Graduate Institute in Indore, India, at a period of study between June 2023 to
November 2024.

Study Population:

All patients of 18 years and above admitted to the hospital in the outpatient (OPD) or inpatient (IPD)
departments with Chronic Liver Disease (CLD) during the study period will be a part of the study. The
referents of patients will be chosen relying on the inclusion and exclusion criteria described below.

Inclusion Criteria:
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e Patients above 18 years of age, with a proven history of chronic liver disease (any cause) visiting the Sri
Aurobindo Medical College and PG Institute, Indore.
e Patients who will be able to offer an informed written consent to participating in the study.

Exclusion Criteria:

e A history of autonomic disorder (e.g. leprosy, HIV infections HIV infections, or auto-immune diseases
(e.g. Systemic Lupus Erythematosus, Sj cfg-gren syndrome, Rheumatoid Arthritis).

e Patients under medication that brings about autonomic disturbances. Individuals that are diagnosed with
diabetes mellitus.

e Patients who refuse to give a written consent.

Sample size Calculation:

The study will cover 196 patients. The formula used in the calculation of the value of sample size is the

proportion estimate:

N=12Z 2P 1P D 2N =\frac{{Z"2 \cdot P \cdot (1 - P)}}{{D"2}}

Where:

e Z=-196Z =-1.96 (at 5 percent the level of significance)

P=0.15 P = 0.15 (proportion of subcombined casualty and sympathetic system casualty)

e D =0.05D =0.05 (relative error)

Therefore, 196 patients will take part in the study.

Data Collection:

Biochemical Tests and Clinical Examination:

1) The history and clinical examination will be conducted on all the participants in details.

Biochemical tests including liver function tests (SGOT, SGPT, serum bilirubin, serum albumin, prothrombin
time, INR), Kidney function tests (urea, creatinine) and any other associative investigations shall be
conducted.

An ultrasound of abdomen will be done to permit a measurement of liver size and potential ascites.

2) Child-Pugh Score; Evaluation of Liver Disease severity:

The severity of liver disease shall be measured in terms of Child-Pugh Score which requires determination of
parameters including; serum bilirubin, serum albumin, prothrombin time, ascites, and hepatic encephalopathy.
3) Cardiac Autonomic Dysfunction Test:

Ewing sets will be used to measure the cardiac autonomic function. Tests to measure the parasympathetic and
sympathetic damages will be conducted accordingly:

A. Tests of Parasympathetic Dysfunction:

o The response of the heart rate to Valsalva Maneuver:

The patient will be subjected to a Valsalva maneuver in which the subject will inflate a rubber tube and
sustain pressure of 40 mmHg within a period of 15 seconds by use of a mercury sphygmomanometer. Before
and after the maneuver, continuous recording of ECG will be done. The outcome will be quoted as Valsalva
ratio that is taken as the maximum R-R interval (poststrain)/ the minimum R-R interval (strain).

o Deep Breathing Test:

The patient will be encouraged to take normal deep breaths through means of six breaths in one minute (five
seconds in and five seconds out) of making continuous ECG. Maximum and minimum R-R interval of every
breath will be calculated. The distribution that will be obtained as the result is the average of highest-lowest
heart rate changes during six breathing cycles.
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B. Test of Sympathetic Dysfunction:

e Response of heart rate after standing (30:15 test):

The patient will be requested to lie calmly on a bed and the heart pulse will be sagaciously monitored with the
help of ECG. Then the patient will stand independently, and the heart rate will be determined after the 15 th
beating. To compute the heart rate response, the R-R interval of the 15 th beat will be utilized.

Testing Cardiac Autonomic Neuropathy (CAN): 244
Classification of severity of Cardiac Autonomic Neuropathy (CAN) will be made using the Ewing criteria:

- Normal CAN: all tests normal / or one test borderline.

o Early CAN: one of the three heart rate tests pathological or two borderline.

e Absolutely CAN: Two unbalanced tests of heart rate.

e Severe CAN: Two aberrated heart rates, or one of two examinations of blood pressure are amiss.
Statistical Analysis:

1. Data entry and processing:

0 The data will be done using a structured proforma and was to be entered in MS Excel 2010.

Analysis of data will be conducted analogically with the R software (4.0 or above).

Quantitative variables will be computed by descriptive statistics (mean and standard deviation).

When the variables are categorical, frequency distributions and percentages will be applied.

To determine the association between two categorical variables, the chi-square test will be used and whether
there is a relationship between two continuous variables, the Pearson correlation or the Spearman correlation
coefficient of ranks will be utilized.

A p-value below 0.05 will be taken as significant and otherwise p-value above 0.05 will result in being
insignificant.

Ethical Considerations:

This study will receive ethical clearance by the Institutional Ethics Committee Sri Aurobindo Medical College
and Post Graduate Institute.

All the participants will be given a written informed consent before participating in the study.

RESULTS
Table 1: Demographic and Clinical Characteristics of Patients (n = 196)
Variable Value (Mean + SD) / n (%)
Age (years) 52.6+10.4
Male 134 (68.4%)
Female 62 (31.6%)
Duration of CLD (years) 52+31
Etiology of CLD:
- Alcoholic 102 (52.0%)
- Viral (HBV/HCV) 58 (29.6%)
-NAFLD 24 (12.2%)
- Others 12 (6.1%)

Table 1 summarizes the demographic and clinical profile of the 196 patients enrolled in the study. The mean
age of the cohort was 52.6 + 10.4 years, with a male predominance (68.4%). The average duration of chronic
liver disease (CLD) among participants was 5.2 + 3.1 years. Regarding the etiology of liver disease, alcoholic
liver disease was the most common cause (52%), followed by viral hepatitis (HBV or HCV) in 29.6% of
cases, non-alcoholic fatty liver disease (NAFLD) in 12.2%, and other causes in 6.1% of patients.
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Table 2: Distribution of Patients Based on Modified Child-Pugh Classification

Child-Pugh Class No. of Patients (n) Percentage (%)

A 58 29.6%

B 82 41.8%

C 56 28.6%

Total 196 100% 245

Table 2 presents the distribution of patients according to the Modified Child-Pugh classification, which
stratifies liver disease severity. Among the 196 patients, 58 (29.6%) were classified as Child-Pugh class A,
indicating compensated cirrhosis. Class B, representing moderate liver dysfunction, included the largest group
with 82 patients (41.8%). Class C, indicative of decompensated liver disease, comprised 56 patients (28.6%).
This distribution highlights a significant proportion of the cohort falling into the moderate to severe spectrum
of liver disease.

Table 3: Ewing’s Battery of Tests — Abnormal Findings

Ewing Test No. of Abnormal Cases Percentage (%)
HR response to deep breathing (HRDB) 104 53.1%
Valsalva ratio 96 49.0%
30:15 ratio (Immediate HR on standing) 112 57.1%
BP response to standing 78 39.8%
BP response to handgrip 85 43.4%

Table 3 outlines the frequency of abnormal findings based on Ewing’s battery of autonomic function tests.
Abnormal heart rate response to deep breathing was observed in 53.1% of the patients, while 49% had an
abnormal Valsalva ratio. The 30:15 ratio, which evaluates immediate heart rate response to standing, was
abnormal in 57.1% of patients—the highest among the five tests. Abnormal blood pressure response to
standing and sustained handgrip were found in 39.8% and 43.4% of patients, respectively. These findings
suggest a high prevalence of parasympathetic and sympathetic dysfunction among CLD patients.

Table 4: Classification of Cardiac Autonomic Dysfunction Based on Ewing’s Criteria

CAD Category No. of Patients Percentage (%0)
Normal 54 27.6%
Early CAD 62 31.6%
Definite CAD 48 24.5%
Severe CAD 32 16.3%
Total 196 100%

Table 4 categorizes the severity of cardiac autonomic dysfunction (CAD) according to the criteria derived
from Ewing’s tests. Of the 196 patients, 54 (27.6%) had normal autonomic function, while early signs of
dysfunction were noted in 62 patients (31.6%). Definite CAD was observed in 48 patients (24.5%), and 32
patients (16.3%) exhibited severe autonomic dysfunction. This indicates that approximately three-fourths of
the study population had some degree of autonomic involvement, underscoring the clinical importance of
autonomic assessment in CLD.
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Table 5: Correlation between CAD Severity and Child-Pugh Class

Child-Pugh Class Normal | Early CAD Definite CAD Severe CAD | Total ‘ p-value
A 28 20 8 2 58

B 20 30 20 12 82

C 6 12 20 18 56 0.0001
Total 54 62 48 32 196

Table 5 explores the relationship between the severity of cardiac autonomic dysfunction and the Child-Pugh
class. Among patients in Child-Pugh class A, most (48.3%) had normal or early CAD, while only 2 patients
(3.4%) exhibited severe dysfunction. In contrast, patients in class B showed a broader distribution, with 14.6%
demonstrating severe CAD. Notably, in class C, 67.9% of patients had either definite or severe CAD, with
32.1% falling into the most severe category. A chi-square test revealed a statistically significant association (p
< 0.0001) between worsening liver function and increased severity of CAD. This suggests that the degree of
hepatic dysfunction may directly influence the extent of autonomic impairment.

Table 6: Correlation Mean Valsalva Ratio across Child-Pugh Classes

Child-Pugh Class Mean Valsalva Ratio Standard Deviation (SD) n | p-value
A 1.42 0.15 58

B 1.28 0.18 82

C 1.14 0.20 56 | 0.0001

Table 6 illustrates the comparison of mean Valsalva ratios among patients classified under different Child-
Pugh categories. The Valsalva ratio, a marker of parasympathetic autonomic function, showed a progressive
decline with worsening liver disease severity. Patients in Child-Pugh class A had the highest mean Valsalva
ratio (1.42 + 0.15), indicating relatively preserved autonomic function. In contrast, class B and class C patients
demonstrated significantly lower values, with mean ratios of 1.28 £ 0.18 and 1.14 + 0.20, respectively. The
observed trend was statistically significant, with a p-value of 0.0001 (One-way ANOVA), suggesting that
autonomic dysfunction increases in severity as liver disease advances.

DISCUSSION

The current research revealed a high level of cardiac autonomic dysfunctions (CAD) among the people with
chronic liver disease (CLD), as more than 72.4 percent of a sample group presents some level of dysfunction,
based on the Ewing battery test of the autonomic functions measures. This finding is greatly compatible with
the foregoing studies, where autonomic dysfunction was established in 73.3 % of cirrhotics and most of the
abnormalities were registered in the parasympathetic side of the tests, mainly in patients with advanced liver
disease[10]. A prevalence of cardiovascular autonomic dysfunction in cirrhotic or CLD patients has been
reported between 64-94 per cent and over 80 per cent and early and more frequent deficiencies on
parasympathetic tests such as heart rate variability (HRV) and deep breathing responses[11-13].

One of the main findings of the present study is that worsening of the Child-Pugh scores was statistically
significant and associated with the worsening of the CAD outcomes. To be more specific, the rate of definite
or severe CAD was also notably higher in patients with progressive liver disease (Child-Pugh class C) than in
patients with a milder form (Child-Pugh class A). The relationship had been consistently shown by studies,
indicating that the rate of autonomic dysfunction and its severity are much higher in patients with advanced
liver disease (Child-Pugh classes B and C) than in patients with mild cases (class A), regardless of etiology of
the disease[12,14,15]. Indicatively, in one of the studies, the prevalence of cardiovascular autonomic
dysfunction was reported as 71.8 in Child B or C compared to 39.7 in Child A, as evidence of the close
relationship between hepatic dysfunction and autonomic impairment[12].
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Test-wise patterns and Ewings Battery

In the current study, the most frequent abnormality was in the 30:15 ratio (57.1%), then the HR in reaction to
deep breathing (53.1%) and Valsalva ratio (49%). These data are in line with the previous research, in which
the same tendencies were observed, and heart rate changes during standing and Valsalva maneuver was often
mentioned as a sensitive indicator of autonomic dysfunction in CLD[16,17]. As an example, abnormal
Valsalva ratio rates have been proclaimed in various CLD groups of 46 61 percentage, but their occurrence is
more frequent in patients who are Child B or C[15,18].

Mean Valsalva ratio in this study showed a progressive downward trend with deterioration in Child-Pugh
class (1.42 in class A, 1.28 in class B, 1.14 in class C) thus demonstrating that in condition of more severe
liver disease, more impairment of parasympathetic autonomic functioning occurs. This phenomenon is also in
line with the trend in previous works, since there was a significant decrease in Valsalva ratio when the
progression of liver disease was more advanced, and the values decreased in correlation with the growing
Child-Pugh score[15,18]. This kind of results highlight the usefulness of Valsalva ratio and Ewing tests to
measure the degree of autonomic damage in cirrhotic patients.

This finding is an accruing body of evidence, which indicates that early autonomic measures in CLD are
important. Not only is AD abundant in liver illness but it aggravates with deteriorating hepatic function as
well as being a predictor of cardiac events and fatalities[11,13,14]. Use of Ewing test battery and HRV in
early assessment of CLD patients must become part and parcel when assessing patients with CLD, more so
those under consideration of transplant and those with evidence of developed disease.

CONCLUSION

This study provides valuable insights into the significant prevalence and severity of cardiac autonomic
dysfunction (CAD) in patients with chronic liver disease (CLD). Our findings confirm that CAD is prevalent
in more than 70% of patients with CLD, with a progressive worsening of dysfunction correlating with the
severity of liver disease as classified by the Child-Pugh score. The relationship between impaired autonomic
function and liver disease severity underscores the importance of early detection and continuous monitoring of
cardiac autonomic function in CLD patients. The use of Ewing’s battery of tests proved effective in assessing
parasympathetic and sympathetic dysfunction, with notable associations between altered heart rate responses
and liver disease progression. This study emphasizes the need for proactive cardiac risk stratification and
intervention to mitigate the potential for arrhythmias and other adverse cardiovascular events in CLD patients,
particularly those with advanced disease.
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