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Abstract: The liver and the heart are related to each other in many aspects. So liver diseases affect the heart, and heart disease affects
the liver. Hyperdynamic circulation, the inability of ventricular contractility, hypertrophy of the heart, and electrophysiological
alteration of the heart (prolongation QT interval) are some complications of cirrhosis. The most known complication of cirrhosis in
the heart is cirrhotic cardiomyopathy. The original definition of cirrhotic cardiomyopathy was stated at the World Congress of
Gastroenterology (2015). It is characterized by cardiac alteration (both in structure and function) in patients with cirrhosis without
previously known cardiac problems. The pathological mechanism of cirrhotic cardiomyopathy includes physiological and chemical
changes in cardiac muscle cells and increased inhibition of cardiomyocytes. Beta-adrenergic receptors defect and desensitization,
endogenous cannabinoids, and cardiomyocyte depressants (NO and inflammatory cytokines) decrease cardiac contractility. Forty to
fifty percent of the patients with cirrhosis had QT interval prolongation. QT interval prolongation is the most known electrophysio-
logical abnormality in cirrhotic cardiomyopathy. The main cause of QT interval prolongation is a receptor and ion channel defect and
a change in membrane fluidity.
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Introduction
There are cardiovascular changes like general cardiac dysfunction, hyperdynamic circulation, and cardiac electrophy-
siological abnormalities in cirrhosis patients. The final result of circulatory and humoral changes in the heart in cirrhosis
is called cirrhotic cardiomyopathy. Cirrhotic cardiomyopathy has a prevalence of 60%.'? In cirrhosis patients, the
impaired response by cardiomyocytes to physical, exercise, and medical or pharmacological stimuli is common. This
impaired response to any stimuli is not due to the direct effect of alcohol toxicity. It has been confirmed that nonalcoholic
cirrhosis patients have these manifestations.® >

Generally, cirrhosis can be caused by hepatitis B virus (HBV) and hepatitis C virus (HCV) infections, alcoholic liver
disease (ALD), nonalcoholic fatty liver disease (NAFLD), and hepatocellular carcinoma (HCC).”” The commonest
causes of cirrhosis are chronic infection with hepatitis B (HBV) or C (HCV), alcohol misuse, and non-alcoholic fatty
liver disease (NAFLD).”®

The definition of cirrhotic cardiomyopathy should include some important components or manifestations (decreased
cardiac contractility, electrophysiological abnormalities). These manifestations will happen without previously known
cardiac disease.®® Cirrhotic cardiomyopathy uses systolic and diastolic dysfunction and cardiac electrophysiological
abnormalities as diagnostic criteria.® To know whether the patients developed cirrhotic cardiomyopathy or not, they
should be exposed to any stress. As the disease is silent, the correct prevalence of the disease (cirrhotic cardiomyopathy)
is not well known, but it is estimated that it is 60%.

Cirrhotic patients can be classified as Child class A, B, and C by their CTP or MELD scores, which shows the stages
or severity of the disease. When the severity of cirrhosis is increased from Child—Pugh A to Child—Pugh C, cardiac
complications are increased. These include systolic and diastolic dysfunction and cardiac electrophysiological
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abnormalities. QT interval prolongation is the most common cardiac electrophysiological abnormality in cirrhosis. These

manifestations developed due to the development of cirrhotic cardiomyopathy in cirrhotic patients.” !

The Pathophysiological Mechanism of Cirrhotic Cardiomyopathy

Cirrhosis causes intrahepatic vascular resistance, which intern leads to portal hypertension. Portal hypertension leads to
peripheral vasodilation, especially splanchnic vasodilation due to released vasodilator mediators like nitric oxide and
carbon monoxide, endocannabinoids, tumor necrosis factor-alpha, and haem oxygenase.lz*14 These vasodilator mediators
dilate arteries to decrease systemic vascular resistance. But the vasodilators decrease central blood flow. Decreased
central blood flow deactivates baroreceptors to compensate for reduced blood flow in arteries. This intern increases
cardiac output and heart rate by activating the sympathetic nervous system causes adrenergic hyperactivity, activates
angiotensin II and aldosterone, causes myocyte hypertrophy, increases cardiomyocyte permeability, causes cardiac
fibrosis development, QTc prolongation, causing decreased arterial pressure and general vascular resistance. So hyper-
dynamic circulation is the initial response to vasodilation related to cirrhosis.'>"'® Cardiomyocytes are directly injured in
patients with cirrhotic cardiomyopathy. Pro-inflammatory cytokines, vasoactive peptides, and reduced response to
sympathetic stimulation cause cardiomyocyte injury.'’

QT interval prolongation in cirrhotic cardiomyopathy causes fatal arrhythmia such as polymorphic ventricular tachy-
cardia and torsades de Pointes which is the leading cause of sudden cardiac death. Fatal arrhythmias and sudden cardiac death
are major public health problems worldwide. The risk of developing torsades de pointes is three times higher in patients with
QT intervals greater than 500 ms. For every 10 ms increase in QT interval duration, there is an approximate 5—7% increase in
the risk of developing ventricular arrhythmias, which increases hospital stay and mortality.”” !

Generally, the cardiac electrophysiological abnormality is the manifestation of cirrhotic cardiomyopathy. The most
common cardiac electrophysiological abnormality is QT interval prolongation. Altered cardiac functioning in cirrhotic
cardiomyopathy involves many pathogenic mechanisms (change in cardiomyocyte receptors, membrane permeability, ion
channel and exchanger function, and vasodilator mediators).

The Role of Cardiomyocyte Receptors: A Beta-Adrenergic Receptor of Ventricles
Beta-adrenergic receptors become decreased both in function and density in cirrhotic cardiomyopathy. A decrease in
function and density of the receptor impairs response to any stimuli, which sometimes causes defective beta-adrenergic

receptor function.'®!?

Cardiomyocyte Plasma Membrane Change

Patients with cirrhotic cardiomyopathy will have decreased plasma membrane fluidity. This is because of different
molecular mechanisms. One of the reasons is that cirrhosis, which causes cirrhotic cardiomyopathy, causes high
cholesterol adulation than phospholipids. A decrease in membrane fluidity, because of increased cholesterol, will
decrease beta-adrenergic response which intern uncouples G-coupled stimulatory protein of the receptor, decrease cyclic
adenosine monophosphate (cAMP) production which deactivates cascades of reaction for cardiac muscle fiber contrac-

tion. Second, bile acid also decreases the plasma fluidity of cardiomyocytes.'* !

Muscarinic Receptors in the Ventricle

There are five types of muscarinic receptors from M1 through M5.?' Among these muscarinic receptors, only M2 and M3
are found in cardiomyocytes, especially on the T tubule of cardiac muscle fibers.?* Even if these receptors are distributed
in all parts of the heart, they are found more in the endocardium and atria than the ventricles and epicardium.?® They are
also found in non-contractile cells of the heart such as SA and AV nodes.”* Patients with cirrhotic cardiomyopathy will

have a decreased response of muscarinic receptor type 2, and then a defective response to cyclic AMP.2>2¢

Potassium lon Channel in Ventricles
The potassium channel controls the relaxation of cardiomyocytes by facilitating repolarization. Thus, activation of this
channel will cause early and total repolarization of cardiomyocytes. However, there are both activators and inhibitors of
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the channel. Calcitonin and adenosines are activators of the channel. Norepinephrine, 5-hydroxytryptamine, neuropep-
tide-Y, angiotensin II, endothelin-1. The activators cause hyperpolarization and then relaxation, whereas inhibitors cause
depolarization and then contraction. Patients with cirrhotic cardiomyopathy have less density potassium ion channels.
This causes prolonged contractility of the heart due to prolonged action potential generation in cardiomyocytes which
intern leads to QTc prolongation, a common electrophysiological abnormality in cirrhosis.'”

Calcium lon Channel in Ventricles

Calcium ion both from the extracellular fluid and sarcoplasmic reticulum is the determinant ion for the contraction of
cardiomyocytes. Depolarization of cardiomyocytes opens L-type voltage-gated calcium ion channels. Action potential
propagates to the sarcoplasmic reticulum of cardiomyocytes through ryanodine receptors.”’” As a result, additional
calcium ion is released from the sarcoplasmic reticulum. Calcium ions enter the interior of the cell from extracellular
fluid, and calcium released from the sarcoplasmic reticulum causes contraction of cardiac muscle fibers. Cardiac muscle
fibers become relaxed by the reuptake of calcium in the sarcoplasmic reticulum and expulsion of calcium from the
cytosol into the extracellular space by adenosine triphosphate-driven calcium pumps and ion gradient-dependent Na/Ca
exchangers.”® Calcium entry from the extracellular fluid to the interior of the cell and calcium release from the
sarcoplasmic reticulum to the cytosol is decreased in cirrhotic cardiomyopathy.*’

Sodium—Potassium Counter Transporter

This is called a sodium—potassium exchanger. It is found on the extracellular part of cardiomyocytes, which transports
three sodium ions to the interior of the cells and one calcium ion to the exterior of the cells to maintain calcium ion
balance between the intra and extracellular fluids.® Na‘/Ca** exchanger abnormality is common in patients with
cirrhotic cardiomyopathy. The exchanger abnormalities may lead to more flow of calcium ions to the interior of the
cell (cardiomyocytes). This intern causes repeated contraction of the heart which finally causes the development of
cirrhotic cardiomyopathy.®’

Causes of Cirrhotic Cardiomyopathy
Carbon Monoxide

The production of carbon monoxide is carried out by sympathetic stimulation, norepinephrine secretion, or increased
cytokine in patients with cirrhosis by introducing bacteria and endotoxin through the portal vein. Carbon monoxide has to
do two things to decrease the contractility of ventricular cardiac muscle fibers in cirrhosis: 1) it increases cGMP and 2) it
decreases calcium influx. The whole purpose of this is to bring about splanchnic arterial vasodilation by carbon
monoxide.*

Endogenous cannabinoids

The molecule cannabinoids have their own receptors on different cells of the body. There are different types of
cannabinoid receptors. Type one cannabinoid receptor is found in the heart. The binding of cannabinoids on this receptor
causes splanchnic arterial vasodilation and decreases ventricular contractility. The adrenergic receptor of the heart
became deactivated by endogenous cannabinoids. This decreases the response of cardiomyocytes to any stimuli, and
this is called cirrhotic cardiomyopathy.>*** Generally, increased release of cannabinoids and increased activation of its
receptor (CB1) impairs cardiac muscle contractility. Cannabinoids inhibit L-calcium channels and also reduce the
function of cAMP to impair cardiac muscle contractility.>

Nitric Oxide

Cardiomyocytes, as well as endothelial cells of the vasculature, produce nitric oxide. Its production is facilitated by the
enzyme nitric oxide synthase. It converts L-arginine to L-citrulline. Endothelial nitric oxide synthase initiates cardiac
tissue perfusion and inhibits apoptosis of cardiomyocytes. So endothelial NOS has a cardioprotective effect. Whereas
inducible nitric oxide synthase (iNOS) impairs cardiac muscle contractility and induces apoptosis.® In patients with
cirrhosis, there is overproduction of NO which leads to hyperdynamic circulation and splanchnic arterial
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vasodilation.*”*® In cirrhotic patients, tumor necrosis factor-alpha and interleukin-1 beta are high inducers of iNOS
which intern increases NO production. Overproduction of NO stimulates the production of soluble guanylyl cyclase
which intern increases cGMP. Overproduction of NO also impairs RyR2 function. This process impairs 1) calcium influx
into cardiomyocytes through calcium channels and 2) impairs calcium release from the sarcoplasmic reticulum which
intern decreases contractility of the heart. When NO reacts with superoxide, reactive oxygen species will result. Reactive
oxygen species inhibit cardiac function by the process called nitration of cardiac contractile proteins like actin. This is

another mechanism of how NO causes the development of cirrhotic cardiomyopathy.®”**

QT Interval Prolongation

Different types of cardiac electrophysiological abnormalities are diagnosed among cirrhotic patients. Cirrhotic cardio-
myopathy is common in cirrhosis. Cardiac electrophysiological abnormality is related to cirrhotic cardiomyopathy.
Alteration of cardiac electrical activity is related to autonomic dysfunction.'®!!

QT interval prolongation is the most common and well-known electrophysiological abnormality among others, and it
is the most important indicator or sign to diagnose cirrhotic patients who are at risk of cirrhotic cardiomyopathy.** QT
interval is said to be prolonged when it is greater than 0.44 s (>0.45 for men and >0.47 for women).'"*® QT interval
prolongation is caused by prolonged repolarization of the heart muscle fibers. Delayed repolarization is caused by
potassium ion channel alterations and sympatho-adrenergic over activation.**

As aforementioned earlier, a decrease in the fluidity of the plasma membrane as well as the receptor and ion channel
abnormalities are the main causes of cardiac electrophysiological abnormalities in cirrhotic cardiomyopathy. Beta-
adrenoreceptor density and CAMP production are suppressed by the above causes and sometimes by bile acid
itself.>**! When the plasma membrane fluidity is changed because of different causes, this change in plasma membrane
disturbs ion channels which intern causes action potential prolongation and so is QT interval. The prolonged repolariza-
tion phase is caused by reduced potassium ion flow to the exterior of the cells. This causes a prolonged action potential of
cardiac muscle fibers. This intern causes QT interval prolongation in cirrhotic cardiomyopathy.** In another way,
a reduced influx of calcium to the intracellular fluid and the reduced release of calcium from the sarcoplasmic reticulum
into cytosol causes prolonged cardiac contraction and impaired relaxation in cirrhotic cardiomyopathy.*’**

Sympathetic over-activation causes QT prolongation.'® Sympathetic over-activation is caused by baroreceptor-
mediators, hypotension, and hypovolemia related to cirrhosis.** ' Repeated and enhanced activation of the sympathetic
nerve causes cardiomyocyte injury and reduced density and desensitization of the beta-adrenergic receptor and post-
receptor (cardiac G protein) of the heart.”>>* Troponin I secretion is increased in cirrhosis. This causes injury to
cardiomyocytes.”> The response of cardiomyocytes to any stimuli is decreased. This is because of the defective beta-
adrenergic function and reduced function and expression of the cardiac G coupled proteins. Beta-adrenergic signal
transduction is impaired, which intern decreases cardiac excitation-contraction coupling. This will bring about prolonged
QT.>® QT should be calculated in cirrhotic patients because it is affected by the rate.*> QT interval increases when the
severity of cirrhosis advances.*®

Conclusion

It has been known for a long period that the heart and liver are interrelated. So liver disease affects the heart and heart
disease affects the liver. One of the complications of liver disease is cirrhotic cardiomyopathy. In cirrhotic cardiomyo-
pathy, contractility of the heart is decreased, and cardiac electrophysiology is disturbed. The most common electro-
physiological abnormality in cirrhotic cardiomyopathy is QT interval prolongation. QT interval prolongation is caused by
cardiomyocyte injury, defects in beta-adrenergic receptors of the heart and defects in the second messenger system (G
coupled protein-adrenergic cyclase cascades of reaction), and reduced cardiac excitation-contraction coupling.

Abbreviations

AMP, adenosine monophosphate; AV, atrioventricular; Ca", calcium ion; cCAMP, cyclic adenosine monophosphate; CB1,
type 1 cannabinoid receptor; cGMP, cyclic guanosine monophosphate; CTP; iNOS, inducible nitric oxide synthase; M1,
type 1 muscarinic receptor; M2, type 2 muscarinic receptor; M3, type 3 muscarinic receptor; M4, type 4 muscarinic
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receptor; M5, type 15 muscarinic receptor; Na', sodium ion; No, nitric oxide; NOS, nitric oxide synthase; QTc, corrected
QT; SA, sinoatrial.
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