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INTRODUCTION 

 

 “Liver cirrhosis  refers to a condition of progressive disease that 

damages the normal architecture of the liver and it is caused by a number 

of conditions. The altered liver architecture causes fibrosis and distorted 

vasculature resulting in portal hypertension and its complications.”  

Loss of functioning hepatocellular mass and portal hypertension 

may lead to varices and other liver cell failure signs like jaundice, edema, 

ascites, coagulopathy and a variety of metabolic abnormalities. 

         The involvement of cardiovascular system in cirrhosis is crucial due 

to its pathophysiological, clinical and therapeutic relationships with the 

liver.  

 ‘Cardiac cirrhosis’ refers to describe a constellation of features 

that indicate structural and functional abnormality of heart which are 

often secondary to liver cirrhosis. 

  Liver cirrhosis affects  cardiovascular system which results in 

systolic  and  diastolic dysfunction. There is an impaired stress response 

with structural changes which are detected by Echocardiogram and 

electrophysiological abnormalities such as prolongation of ventricular 

repolarization time (QT interval prolongation) by ECG   
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Cardiovascular alterations are more frequent in the late stages of 

cirrhosis. Majority of patients have a subclinical latent cardiomyopathy  

with hyperdynamic circulation. 

Cirrhotic patients frequently undergo treatment for complications 

of cirrhosis like ascites, variceal bleeding,  paracentesis, shunt surgeries 

and liver transplantation. During these procedures the latent form of 

cardiac dysfunction becomes overt heart failure increasing the mortality. 

So a stable cardiac status is necessary in all cirrhotic patients.  

Cardiac status may be assessed by varies modalities like  

electrophysiological studies, echo cardiogram and biochemical 

parameters.  

The biochemical parameters are  Atrial Natriuretic Peptide (ANP) 

and B-Type Natriuretic Peptide (BNP) and Cardiac Troponin I BNP is a 

cardiac neurohormone secreted from ventricles in response to end 

diastolic pressure and volume overload. Thickness of the left ventricular 

wall, diastolic dysfunction  and stress induced systolic dysfunction are 

indicative of cirrhotic cardiomyopathy.BNP increases in correlation with 

severity of cardiac dysfunction. 

“On ECHO the changes are resting ejection fraction <55 % (2) 

diastolic dysfunction manifested as the ratio of early to late (atrial) phases 

of ventricular filling or E/A ratio <1.0 (age-corrected), (3) prolonged 
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deceleration time (>200 ms), or prolonged isovolumetric relaxation time 

(>80ms)” 

On electrophysiological  studies the  increased ventricular 

repolarization  time is  reflected by prolonged QT interval. 

Among the various changes that occur in the ECG and ECHO  of 

cirrhosis patients,  prolonged corrected QT interval (QTc) is a well 

known marker associated with  cirrhotic cardiomyopathy. 

QTc prolongation found to be associated with an increased  risk of  

life-threatening complications like cardiac arrhythmias and sudden 

cardiac death. 

Many studies observed that increasing frequency of QTc 

prolongation and increasing levels of serum BNP levels with worsening 

Child Pugh score and it correlated with a decreased heart rate Variability 

and these two become independent prognostic factors.  
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AIMS AND OBJECTIVES OF THE STUDY 

 

 

1.   To  assess whether serum brain natriuretic peptide (BNP) will 

increase in liver cirrhosis 

2.   To study the association of serum BNP levels as a biochemical  

marker of severity of cirrhosis 

3. To correlate serum BNP levels with QT interval prolongation and 

left ventricular end diastolic dimension and use serum BNP levels 

as a screening tool to identify overt cardiac dysfunction in liver 

cirrhosis  
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                                  REVIEW OF LITERATURE 

 

CIRRHOSIS OF LIVER: 

“Cirrhosis is a condition that is defined histopathologically and has 

a variety of clinical manifestations and complications, some of which can 

be life-threatening. It is defined anatomically as a diffuse process with 

fibrosis and nodule formation. It is the end result of the fibrogenesis that 

occurs with chronic liver injury.” 

            “Regardless of the cause of cirrhosis, the pathologic features 

consist of the development of fibrosis to the point that there is 

architectural distortion with the formation of regenerative nodules. This 

results in a decrease in hepatocellular mass, and thus function, and an 

alteration of blood flow. The induction of fibrosis occurs with activation 

of hepatic stellate cells, resulting in the formation of increased amounts of 

collagen and other components of the extracellular matrix. 

Patients can be divided into broad groups with alcoholic cirrhosis, 

cirrhosis due to chronic viral hepatitis, biliary cirrhosis, and other, less 

common causes such as cardiac cirrhosis, cryptogenic cirrhosis, and other 

miscellaneous causes. 
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Causes of cirrhosis: 

1. Alcohol 

2. Viral 

3. Metabolic - hemochromatosis, wilson’s disease, alpha 1 antitrypsin 

deficiency 

4. Budd-chiari syndrome 

5. Toxins and drugs 

6. Prolonged cholestasis 

7. Cardiac failure. 

8. Cystic fibrosis. 

9. Indian childhood cirrhosis. 

    10.Cryptogenic. 

  

Morphological classification: 

 It can classified based on the nodular size.  

1. Micronodular or laennec’s cirrhosis( <3mm) 

2. Macronodular cirrhosis(>3mm) 

3. Mixed type 
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Alcoholic cirrhosis: 

Cirrhosis develops when the person consumes more than 160 

gm/day of ethanol for 10 to 20years. 

Initially there is hepatocyte degeneration and necrosis. Later the 

degenerated nodules undergo fibrosis followed by regeneration of some 

of the hepatocytes resulting in cirrhosis. 

The liver in alcoholic cirrhosis characteristically shows fine 

scarring with small regenerative nodules usually micronodular < 3mm. 

 

Clinical features: 

Patient presents with  

1. Anorexia, emaciation and easy fatigability 

2. Jaundice 

3. Signs of liver cell failure  

4. Contracted liver 

5. Variable degree of splenomegaly 

6. Later on complications develop. 

Investigations: 

1. Serum bilirubin- raised when the liver cells  fail to excrete the 

desired amount from the body. 

2. AST/ALT ratio: greater than 2  

It is because ALT is severely depressed in alcoholics 
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3.  Vit-K synthesis is drastically reduced, increasing   serum 

prothrombin time. 

4. Hypoalbuminemia 

        Due to decreased hepatic synthesis 

        Malnutrition 

5. Albumin : globulin ratio is reversed 

    6. Thrombocytopenia:  

It is important prognostic marker in cirrhosis. 

It is  due to decreased synthesis of thrombopoetin and its receptors. 

It is an important predictor in assessing the UGI bleeding. It is also 

caused due to hypersplenism 

6. Leucocytosis: 

      Seen in alcoholic hepatitis and hepatocellular carcinoma 

     7.Ultrasonography: 

   Coarse and heterogenous echo texture 

   Surface nodularity  

   Caudate lobe hypertrophy  

   Atrophy of posterior segments VI ,VII 

   Caudate lobe : right lobe width  > 0.65 
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Signs of portal hypertension 

    Enlarged portal vein > 13 mm 

    Slow venous portal flow  <15 cm/ sec 

    Reversible or To and Fro portal blood flow 

    Portal vein thrombosis and cavernous transformation 

    Enlarged splenic vein , superior mesenteric vein 

 9. Liver biopsy: Shows 

 Periportal and bridging fibrosis 

 Ballooning degeneration.      

 Mallory hyaline bodies  

      Prognosis:   It can be assessed by 

1. Discriminant function score: 

It is 4.6 * [ prolongation of prothrombin time (sec)] +serum 

bilirubin 

A score of more than 32 implies poor prognosis 

2. Model for end stage liver disease score (MELD): 

An estimate of  >21 implies poor prognosis 

     Treatment:   In initial stages it is purely symptomatic. 

1. Abstinence from alcohol 

2. Protein rich diet 

3. For alcoholic hepatitis 
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      Steroids reduce inflammation 

      TNF – α inhibitors 

4. For cirrhosis liver transplantation  

Cirrhosis due to viral hepatitis: 

            The main agents are  

1. Hepatitis C 

2. Hepatitis B with hepatitis D DNA 

          20% of patients exposed to hepatitis C virus progress to  

chronic liver disease. It is characterized by 

 Bridging fibrosis and portal fibrosis. 

 Nodularity culminating in cirrhosis. 

5% of patients exposed to chronic hepatitis B develop progressive 

liver disease. 

 

Diagnosis: 

1. HCV RNA and analysis of HCV serotype 

2. Hepatitis B serology 

3. Quantification of HBV DNA levels 

 

Treatment: 

       Drugs like lamivudine, telbivudine, tenofovir are available for 

hepatitis B 

Pegylated interferon and ribavirin for hepatitis C 
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Biliary cirrhosis: 

                    Caused due to both intra and extra hepatic biliary 

obstruction. The common causes of these cholestatic syndromes are 

1. Primary biliary cirrhosis 

2. Autoimmune cholangitis 

3. Primary sclerosing cholangitis 

4. Idiopathic adulthood ductopenia 

 

 Primary biliary cirrhosis: 

Commonly  seen in a female patient at around 50 years of age, 

which  is characterized by portal inflammation and cholangiocyte 

necrosis. Its etiology is unknown 

 

Pathogenesis: 

Characterized by chronic non-suppurative destructive cholangitis. 

The destructive process affects the portal tracts. 

Increased fibrosis ensues with expansion of periportal fibrosis to 

bridging fibrosis resulting in cirrhosis. 

Histological staging: 

Stage 1 - necrotizing inflammation of portal tract 

Stage 2 – ductile proliferation 

Stage 3 – expansion of periportal fibrosis 

Stage 4 – cirrhosis 
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Clinical features: 

1. Mostly  asymptomatic 

2. Easy fatigability 

3. Pruritis is the hallmark  

4. Jaundice 

5. Hyperpigmentation and xanthomas 

6. Osteoporosis 

 

Investigation:  

1. Cholangiography to rule out primary sclerosing cholangitis 

2. Elevated γ glutamyl transpeptidase and ALP 

3. Hypergammaglobulinemia { IgM} 

4. Anti mitochondrial antibodies 

 

Treatment:  

1. UDCA- improves both clinical and histological features 

2. Cholestyramine 

3. Frequent naps and antihistaminics 

4. Plasmapheresis 

5. Bisphosphonate for osteoporosis. 

COMPLICATIONS OF CIRRHOSIS: liver is the site for major 

metabolic functions and  many complications arises from liver cirrhosis. 

These are  
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1. Ascites: 

          “ Ascites is the collection of abnormal amounts of fluid 

inside the peritoneal cavity. Ascites can be an initial manifestation of 

decompensated stage of cirrhosis. It can also occur in early alcoholic liver 

disease at this stage it is reversible when abstained from alcohol.” 

 

Pathophysiology of ascites in cirrhosis: 

                   In patients with cirrhosis, portal hypertension develops. The 

exact mechanism for portal hypertension is not completely understood. In 

portal hypertension there is increased intrahepatic resistance and 

splanchnic vasodilatation. 

 

Increased intrahepatic resistance:  

                  The cause for increased intrahepatic resistance is due to 

mechanical factors that reduce the splanchnic vessel diameter. The 

regenerative nodules and fibrotic bands, that occur in cirrhosis causes 

capillarization of the space of Disse and swelling of hepatocytes and 

Kupffer cells. In addition to intrahepatic resistance hemodynamic 

changes also contribute to portal hypertension.  
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Splanchnic vasodilatation: 

                   It results due to 

1. Opening of porto-systemic collaterals/shunts contributes. 

2. Decreased clearance of endotoxins and other bacterial products 

occurs likely due to porto-systemic shunting and decreased 

reticuloendothelial cell activity. 

3. Endotoxemia causes increased synthesis of vasodilators. Most 

important is nitric oxide and prostaglandins. 

In cirrhosis there will be arterial vasodilatation due to increased 

nitric oxide which decreases the systemic arterial resistance, but prior to 

the development of ascites circulatory homeostasis is maintained by a 

hyperdynamic circulation with increased cardiac index and circulating 

plasma volume. However, as the disease progresses and portal pressures 

rise above 12 mmHg, splanchnic arterial vasodilation overcomes 

compensation by hyperdynamic circulation.  

This leads to activation of the vasoactive systems with stimulation 

of low pressure baroreceptors, increasing the sympathetic activity, renin-

angiotensin system activity, and ADH.  

Cirrhotic patients with ascites thus display urinary sodium 

retention with increased total body sodium but hyponatremia due to water 

retention. The increase in ADH secretion is roughly proportional to the 
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severity of cirrhosis and the severity of hyponatremia correlates with 

worsening survival. 

Ascites can also form due to leakage of fluid from splanchnic 

vessels due to increased permeability, decreased oncotic pressure and 

increased hydraulic pressure gradients in the splanchnic vessels.  

 

  Most complications are due to arterial vasodilatation and 

hyperdynamic circulation 

 



16 

 

2. Portal hypertension and variceal hemorrhage: 

Varices are dilated and tortous veins that develop commonly within 

the oesophagus and stomach of patients with cirrhosis.  Bleeding is the 

major complication of varices. 

Portal hypertension results due to increased intrahepatic resistance 

and increased portal blood flow. As there is increased hepatic resistance, 

hepatic compliance decreases. Increase in portal pressure causes small 

changes in blood flow. A normal liver can adapt to it. But it can have a 

prominent stimulatory effect on portal pressure in the cirrhotic liver.  

Due to hyperdynamic state there is an increase in portal venous 

inflow. The   Collateral vessels get dilated and new vessels sprouts. There 

is an increase in flow from high pressure portal veins to low pressure 

systemic veins. This process of angiogenesis and collateral vessel 

formation can cause esophageal varices. 

Sites of portal collaterals: 

1. Oesophageal and gastric varices 

2. Hemorrhoids. 

3. Caput medusae. 

4. Retroperitoneal sites. 

5. Peri splenic 

6. Bare area of liver 
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Risk of bleeding : 

 

 

 

 

 

 

 

Factors predicting the risk of bleeding: 

1. Severity of cirrhosis as per Child Pugh grading 

2. Hepatic venous wedge pressure 

3. Varices size 

4. Location of varices 
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5. Red flag signs 

The red flag signs include cherry red spot, diffuse erythema, white 

nipple sign.  

 

Diagnosis: 

   Portal hypertension is diagnosed by  

1. Presence of splenomegaly 

2. Ascites  

3. Dilated tortuous veins. 

4. Thrombocytopenia. 

5. Abdominal ultrasonography 

 

Management: 

        It depends on the clinical situation. It includes 

1. Drug therapy - non selective β blockers, nitrates 

   Non selective β blockers act in two ways 

 β 1 blockade in heart reduces cardiac output there reducing 

the splanchnic flow 

 β 2 blockade in splanchnic blood vessels causes unopposed α 

1 action leading to decreased blood flow 
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 Nitrates acts by  

 nitric oxide donor thereby increasing the concentration of it in 

hepatic sinusoids and reducing the portal pressure 

 peripheral venodilatation 

     2.Endoscopy – band ligation, sclerotherapy  

3.TIPSS 

4.Liver transplantation 

  

Management of acute variceal bleeding: 

1. Vasoconstrictive agents :  Octreotide – a somatostatin analogue 

2. Balloon tamponade with sengstaken-blakemore tube 

3. Variceal band ligation 

4. When bleeding continues with above measures do TIPS. 

 

Prevention of recurrent bleed: 

 Use of non selective beta blockade 

 TIPS 

 Liver transplantation 
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CARDIOMYOPATHY 

 

  There is no universal definition for cardiomyopathy. Most 

commonly myocardial disease secondary to atherosclerotic, coronary 

artery disease, valvular disease, congenital heart disease, and systemic 

hypertension  is thought to cause cardiomyopathy but  opinion differs as 

to whether the condition should be defined on the basis of morphology 

and whether molecular disturbances such as the channelopathies are to be 

included.  

 “American Heart Association definition describes 

cardiomyopathies as “a heterogeneous group of diseases of the 

myocardium associated with mechanical and/or electrical dysfunction 

that usually (but not invariably) exhibit inappropriate ventricular 

hypertrophy or dilation and are due to a variety of causes and frequently 

are genetic. Cardiomyopathies either are confined to the heart or are part 

of a generalized systemic disorder often leading to cardiovascular death 

or progressive heart failure–related disability.”  

There are multiple syndromes in which a cardiomyopathy develops 

in concert with multiorgan system involvement. Hypertrophic 

cardiomyopathy has  significant genetic overlap with dilated 

cardiomyopathy (DCM) and restrictive cardiomyopathy(RCM).  
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Myocardial dysfunction as a result of hypertension and ischemic heart 

disease should  be differentiated from the cardiomyopathies, the diseases 

often coexist and may aggravate an underlying primary cardiomyopathy. 

 

DILATED  CARDIOMYOPATHY: 

A dilated cardiomyopathy is characterized by a dilated left 

ventricle with systolic dysfunction that is not caused by ischemic or 

valvular heart disease. Many genetic causes of DCM should be 

considered before labeling the cardiomyopathy as “idiopathic,”   

A latent period of asymptomatic LV systolic dysfunction often 

occurs before the development of clinical symptoms in patients with 

DCM . Patients with DCM are also at risk for ventricular arrhythmias 

.Echocardiography reveals biventricular dilation, which can be mild to 

severe, as can LV systolic dysfunction LV wall thickness is usually 

within the normal range, but the LV mass is almost invariably increased. 

Commonly global LV hypokinesis is present, but septal dyskinesis can be 

seen in left bundle branch block. Disproportionate thinning of dyskinetic 

wall should raise the possibility of coronary artery disease rather than 

cardiomyopathy. Mitral and tricuspid regurgitation is frequently present 

and may be severe Other than impaired leaflet coaptation, the mitral and 

tricuspid valves appear to be structurally normal, and structural 

abnormalities suggest primary valvular disease rather than 
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cardiomyopathy. Diastolic function in DCM ranges from normal to 

restrictive. A restrictive pattern is most commonly seen in patients with 

volume overload in “decompensated” heart failure and often improves 

with initiation of diuretic or vasodilator therapy. 

 

Echo picture in end diastolic frame showing globular LV shape in severe 

DCM Stroke volume is preserved due to increase in left ventricular end 

diastolic volume. 
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ALCOHOLIC CARDIOMYOPATHY 

Excessive alcohol intake is cardiotoxic and may be manifested as DCM. 

Ethanol may cause myocardial damage via several mechanisms  

 ethanol and its metabolites acetaldehyde and acetate exert a direct 

toxic effect on the myocytes.  

 Deficiencies of certain vitamins (e.g., thiamine), minerals (e.g., 

selenium), or electrolytes (e.g., magnesium, phosphorus, or 

potassium), which sometimes occur in heavy ethanol consumers, 

may adversely affect myocardial function.  

 Third, certain substances that sometimes contaminate 

alcoholic beverages, such as lead (often found in “moonshine”alcohol) or 

cobalt, may damage the myocardium. 

Ethanol impairs excitation-contraction coupling, calcium 

handlingand sensitivity, mitochondrial oxidative phosphorylation, and 

cardiac contractility by affecting the function of the sarcolemmal 

membrane, sarcoplasmic reticulum, mitochondria, and contractile 

proteins. With sustained exposure to ethanol, myofibrillar degeneration 

and replacement fibrosis appear. In addition to the effects, acute or 

chronic consumption may adversely influence myofibrillar protein 

synthesis and apoptosis. 
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Microscopically, the hearts of chronic heavy consumers of ethanol 

manifest an increased accumulation of collagen in the extracellular 

matrix, as well as increased intermolecular cross-links. Chronic heavy 

ethanol ingestion may induce left ventricular diastolic and/or systolic 

dysfunction.  Diastolic dysfunction is due to interstitial fibrosis of the 

myocardium which is demonstrable in heavy consumers of ethanol even 

in the absence of symptoms or obvious signs.  By Doppler 

echocardiography  the left ventricular relaxation time is often prolonged, 

the peak early diastolic velocity is reduced, and the acceleration of early 

diastolic flow is slowed—all manifestations of left ventricular diastolic 

dysfunction. Even small amounts of alcohol are associated with an acute 

worsening of diastolic function, as assessed by early diastolic velocity 

(E′), its ratio to late diastolic velocity (E′/A′), and the ratio of mitral to 

myocardial early diastolic velocity (E/E′).Abnormal increases in left 

ventricular filling pressure during volume or pressure loading may be 

observed. 

  Ethanol may induce asymptomatic left ventricular systolic 

dysfunction even in healthy individuals in relatively small quantities. 

30% of asymptomatic chronic alcoholics have echocardiographic 

evidence of left ventricular systolic dysfunction. With continued heavy 

ethanol ingestion,symptoms and signs of heart failure  develop  as a result 

of dilated cardiomyopathy. 



25 

 

Arrhythmogenic Right Ventricular Cardiomyopathy 

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a 

genetically determined cardiomyopathy characterized by fibrofatty 

replacement of the myocardium. The right ventricular nomenclature is 

preserved to reflect the current medical literature, even though 

biventricular involvement occurs in up to 50% of cases.  

 

The disorder is conceptualized as having three stages: 

1. early subclinical phase - imaging studies are negative but  sudden 

cardiac death can still occur;  

2.  phase in which (usually) RV abnormalities are obvious without 

any clinical manifestation of RV dysfunction but with the 

development of asymptomatic ventricular arrhythmia;  

3.  progressive fibrofatty replacement and infiltration of the 

myocardium leading to severe RV dilation and aneurysm formation 

and associated right-sided heart failure.  LV dilation and failure 

may also arise at this stage or may occur later. 

In the early stage, slow conduction and electrical uncoupling may lead 

to a fatal arrhythmia. As the disease progresses, fibrofatty infiltration 

results in homogeneous activation and a further delay in conduction 

commonly involving  the triangle of dysplasia (the RV outflow tract, an 

area below the tricuspid valve, and the RV apex). The  mainstay of 



26 

 

therapy for ARVC is suppression and prevention of ventricular 

arrhythmias and the risk for sudden cardiac death, and prevention of 

disease progression. 

 

LEFT VENTRICULAR NON COMPACTION 

  LV noncompaction (LVNC) should be classified as a distinct 

cardiomyopathy  as LVNC is a morphologic trait that is shared by many 

cardiomyopathies as well as  channelopathies and congenital heart 

disease. Underlying this debate is the lack of adverse outcomes of the 

LVNC itself, so that published accounts of adverse events stem from an 

otherwise defined cardiomyopathy or arrhythmia phenotype. Whether 

LVNC is a marker of another genetically driven cardiovascular 

pathologic condition remains uncertain. When combined with the absence 

of any unique LVNC gene ontology, the question of phenotype versus 

cardiomyopathy remains unresolved, although mounting evidence has 

increased to favor the phenotype.  

LVNC does not have its own gene ontology but intersects with 

those of DCM, HCM, and ARVC . In support of its heritable basis, one 

recent systematic study of families of probands in whom LVNC was 

diagnosed showed familial disease in few. 
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The criteria used to define LVNC use ratios of compacted to 

noncompacted myocardium and LV size and function are not components 

of the diagnosis. 

Echocardiographic-based approaches differ as to whether 

measurements are obtained at end-systole or end-diastole, and the ratio of 

compacted to noncompacted myocardium varies. CMR approaches 

measure either the ratio of trabeculated to compact myocardium (T/M 

ratio of > 2.3 is considered LVNC) or the ratio of the mass of 

noncompacted to compacted myocardium (trabeculations >20% are 

considered LVNC) 

 

Tachycardia-Induced Cardiomyopathy: 

Tachycardia for a prolonged period can result in  both diastolic and 

systolic ventricular dysfunction, even in the absence of other cardiac 

diseases  known as tachycardia-induced cardiomyopathy.Its  diagnosis is  

made  retrospectively when correction of an arrhythmia is associated with 

improved ventricular function. 

However, it should be considered in any patient with tachycardia 

and LV systolic dysfunction who is not in sinus rhythm. The 

cardiomyopathy may be manifested either as an isolated condition or in 

association with preexisting cardiac disease. Thus a patient with mild 

DCM in whom atrial fibrillation develops may have a tendency for the 

development of decompensated heart failure, not only because of the loss 
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of atrial function but also because the rapid, irregular rate of atrial 

fibrillation leads to further systolic dysfunction. Hyperthyroidism should 

be ruled out because it may cause both tachycardiaand  independent 

DCM. The “purest” form of tachycardia-induced cardiomyopathy is 

probably that caused by incessant or extremely frequent atrial tachycardia 

or permanent reciprocating junctional tachycardia, often in a child or 

young patient with systolic dysfunction. However, almost any arrhythmia 

can cause tachycardia-induced cardiomyopathy, including very frequent 

premature ventricular contractions (PVCs) or recurrent non-sustained VT. 

Incessant atrial tachycardia causing tachycardia induced cardiomyopathy 

may be mistaken for sinus tachycardia. The duration of the arrhythmia, 

more than the heart rate, is probably a critical factor in tachycardia-

induced cardiomyopathy.  Decreased ejection fraction in the presence of 

atrial fibrillation may occasionally improve after the restoration of sinus 

rhythm. 

Most cases of tachycardia-induced cardiomyopathy improve within 

3 to 6 months after correction of the arrhythmia. Because the rapid, 

irregular ventricular response to atrial fibrillation is associated with 

marked beat-to-beat variation in the ejection fraction, the most accurate 

way to determine whether an improvement in systolic function  is to 

evaluate the ejection fraction early after restoration of sinus rhythm and 

then compare it with a reevaluation 3 to 6 months later.  
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PERIPARTUM CARDIOMYOPATHY 

Peripartum cardiomyopathy (PPCM) is a DCM that occurs in a 

temporal relationship to pregnancy. Older age and multiple-fetus 

pregnancies appear to be risk factors. A genetic basis for PPCM, has 

support from two studies, which show that in at least some proportion of 

cases, a rare variant genetic cause, similar to that of familial DCM  and 

rare variant mutations in known DCM genes (MYH7, SCN5A, PSEN2, 

MYH6, TNNT2, and MYBPC3) were present in 6 of 19 women who had 

sequence information available .In a second earlier study, among 90 

families with DCM, 6% were found to have at least one member with 

PPCM, and genetic screening of relatives of three patients with PPCM 

who failed to show complete recovery revealed undiagnosed DCM in all 

three families. From this study comes the recommendation that if DCM 

occurs during or following pregnancy, the same guidelines for idiopathic 

DCM presented earlier should be followed, namely, obtaining a 

comprehensive family history and performing clinical screening of first-

degree relatives, including echocardiography .With evidence of familial 

disease, clinical genetic testing is indicated as for idiopathic DCM. A  

recent study  provided more definitive evidence of the rare variant genetic 

basis of PPCM, where 172 women with PPCM underwent  sequencing 

for DCM genes, with TTN truncating variants (TTNtv’s) identified in 26 

of the 172 (15%), similar to prior studies of TTNtv’s in idiopathic DCM. 
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This genetic evidence, combined with that of the prior studies, provides 

substantial evidence pointing to a rare-variant genetic cause of PPCM 

similar to other forms of DCM. 

 

Clinical Features 

In  PPCM, symptoms and signs of heart failure develop during 

pregnancy or after delivery, similar to those of any patient with heart 

failure caused by LV systolic dysfunction. Most diagnoses are made in 

the 4 months following delivery, prepartum diagnoses are most 

commonly made in the last month of pregnancy. However, the disorder 

has also been described in early pregnancy (pregnancy associated 

cardiomyopathy). Because symptoms similar to those of heart failure 

(dyspnea, fatigue, and edema) may occur in normal pregnancy, it is 

possible that a proportion of cases have a delayed diagnosis. Furthermore, 

because spontaneous resolution of LV dysfunction is known to occur, 

mild cases in the peripartum period may be overlooked. Given the rarity 

of the disease, it is not possible to precisely determine the incidence of 

PPCM in subsequent pregnancies of patients who have had a previous 

episode. However, recurrence appears to be related to the degree of 

recovery from the initial episode; PPCM seems less likely to recur in 

women who enter a second pregnancy with a normal ejection fraction 

than in those with a persistent reduction in the ejection fraction. In 
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approximately 50% of patients with PPCM who are given standard 

medical therapy, the LV ejection fraction returns to normal, although the 

patients may still be at risk for recurrent PPCM. The remainder  are often 

stabilized with medical therapy; however, a proportion of patients may 

experience progressive heart failure. Following delivery, treatment of 

PPCM is the same as for other causes of systolic dysfunction. However, if 

heart failure occurs during pregnancy, ACE inhibitors or angiotensin-

receptor blockers are contraindicated because of the risk for fetotoxic 

effects. Diuretics should be used with caution, and metoprolol should be 

used rather than carvedilol. Eplerenone should be avoided, but 

spironolactone can be used cautiously later. 

 

TAKOTSUBO  CARDIOMYOPATHY: 

        Takotsubo cardiomyopathy (TC)  commonly referred to as stress-

induced cardiomyopathy, is an acute, reversible condition first recognized 

in the 1990s.LV contractile abnormalities , usually involve   the LV apex  

resulting in the synonym of “apical ballooning syndrome” in more than 

80% of patients, regional wall motion abnormalities may be limited to the 

midventricular wall or other LV walls. The wall motion abnormalities are 

characterized by their lack of a single coronary artery distribution, and 

coronary angiography revealing  no evidence of acute obstructive 

coronary disease. Compensatory hyperdynamic contraction of the basal 
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LV segments with associated apical dyskinesis  results in acute LV 

outflow tract obstruction because of systolic anterior motion of the mitral 

valve with an associated outflow tract gradient and hypotension. 

Although the long-term prognosis is good, in-hospital mortality rate is 

high , because of irreversible cardiogenic shock, LV rupture, or 

embolization of LV thrombi. Malignant ventricular arrhythmia, 

particularly torsades de pointes associated with Takotsubo-related QT 

prolongation may  occur and rarely complete heart block also occurs. The 

mechanism of myocardial dysfunction is due to  catecholamine surge 

results in regional micro-vascular dysfunction in susceptible patients, 

accompanied by cellular calcium overload. Recurrence of Takotsubo 

cardiomyopathy is uncommon and  may be associated with dyskinesis in 

an area of the heart that is different from the area affected in the initial 

manifestation. 

   Takotsubo cardiomyopathy is a self-limited disorder, usually with 

rapid resolution of the symptoms and LV dysfunction. The European task 

force position statement suggests classification into lower-risk and high 

risk. Higher-risk categories is  based on an LV ejection fraction of less 

than 45%, hypotension and an outflow tract gradient of greater than 40 

mm Hg, and/or the presence of an arrhythmia. Consideration of an ACE 

inhibitor and/or a beta blocker is recommended in the higher-risk groups. 

Because of the occasional association with acute QT prolongation, care 
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should be taken to avoid using QT-prolonging medications, such as 

macrolide antibiotics or certain antiarrhythmic agents. In patients with 

hypotension associated with Takotsubo cardiomyopathy, pressors should 

be used with caution because LV outflow tract obstruction may be 

precipitated. Occasionally, thrombus formation may occur in the 

dyskinetic segment and  visualized thrombus mandates anticoagulation. 

Although the occurrence of a catecholamine trigger might be a reason to 

use a beta blockade in all patients to prevent recurrence, the rarity of 

recurrence plus the description of de novo and recurrent Takotsubo 

cardiomyopathy in patients receiving beta blockers has reduced 

enthusiasm for this approach cardiac MRI image in systolic frame 

 

Cardiac MRI in Takotsubo cardiomyopathy showing apical ballooning of 

left ventricle. 
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RESTRICTIVE CARDIOMYOPATHY: 

“The restrictive cardiomyopathies (RCMs) are a heterogeneous 

group of diseases characterized by a nondilated left ventricle, often with a 

preserved ejection fraction.” The predominant manifestation is diastolic 

dysfunction as a result of myocardial disease,and  although severe 

hypertensive disease, aortic stenosis, and some cases of HCM may 

feature restrictive pathophysiology, these conditions are not classified as 

RCMs. Some infiltrative diseases such as amyloidosis produce an RCM, 

whereas others, such as sarcoidosis, have an infiltrative component but 

are predominantly manifested as DCMs.  DCM is a morphologic 

condition that encompasses several causes of cardiomyopathy, the terms 

restrictive cardiomyopathy and infiltrative cardiomyopathy are 

pathophysiologic and anatomic definitions of cardiomyopathies that have 

overlaps with several other  conditions.  The clinical genetic features of 

familial RCM are similar to those of DCM in that reduced penetrance and 

a variable age at onset are commonly observed. Genes with rare variants 

implicated in the cause of idiopathic and nonsyndromic RCM are in most 

cases ones that encode sarcomeric proteins 

Dyspnea is an initial complaint , edema occurs in approximately 

half, and palpitations, fatigue, and orthopnea are also  reported. 

Examination reveals   biventricular heart failure, with jugular venous 
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distention noted in most patients but ascites and significant edema occurs  

in advanced cases.  

Atrial fibrillation is common, and a third heart sound is heard in 

one in four patients. The ECG has normal voltage, with only a minority 

of patients showing intraventricular conduction delay. Echocardiography  

reveals a typical pattern of biatrial enlargement and nondilated ventricles 

with a normal LV ejection fraction and LV wall thickness .At cardiac 

catheterization, both RV and LV filling pressure is elevated. 

Endomyocardial biopsy demonstrates nonspecific findings such as 

myocyte hypertrophy, interstitial fibrosis, and  endocardial fibrosis. Most 

deaths are associated with cardiac causes, either suddenly or secondary to 

heart failure, although a third die of noncardiac causes related to 

progressive age. The differential diagnosis of idiopathic RCM includes 

the infiltrative cardiomyopathies, such as amyloidosis, or constrictive 

pericarditis. Unlike idiopathic RCM, amyloidosis is associated with 

increased LV wall thickness and subtle abnormalities in LV systolic 

function. 
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Echo in RCM showing severe biatrial enlargement with normal LV 

thickness 

 

Cardiovascular complications 

“More number of  liver cirrhosis patients are  presented with  

abdominal distention, volume overload and  hyperdynamic circulatory 

features with  normal  echocardiographic finding during rest but abnormal 

cardiac responses when exposed to stressful events.” 

 “Cardiac Cirrhosis is one of the complication  secondary to liver 

cirrhosis with an elevated baseline cardiac output and  suboptimal 

ventricular response to stress irrespective of etiology.” 

It is characterized by the reduced systolic response to physical 

agents, diastolic dysfunction, QT interval prolongation biochemical 

changes like increased serum BNP and ANP levels. 

The pathogenesis of  cardiovascular system involvement  in 

cirrhosis are impairment of  beta-adrenergic receptor signal transduction, 

cardiomyocyte cellular plasma membrane dysfunction and increased 

activity of cardio-depressant substances like cytokines, endogenous 
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cannabinoids, responsible for systolic dysfunction. The activation of 

cardiac renin-angiotensin system and salt retention play the role in the 

development of cardiac hypertrophy and impaired diastolic function.  

Although these cardiovascular manifestations are clinically silent, overt 

heart failure can be triggered by factors such as ‘transjugular intrahepatic 

portosystemic shunt  surgery’ and ‘liver transplantation’ . 

Increased serum BNP levels and  QT interval prolongation, was 

noted in half of cirrhotic patients, which is  due to derangement in 

membrane fluidity and ion channel defect. The increased recognition of 

this paraclinical parameter will prevent the complications of overt heart 

failure after procedures such as transjugular intrahepatic portosystemic 

shunt ‘(TIPSS)’ and liver transplantation.   

   These abnormalities were initially thought to be due to ‘direct toxic 

effect of alcohol; but subsequent studies showed  that nonalcoholic 

cirrhosis also shows the similar features of blunted myocardial action in 

response to stress and electrophysiological abnormality . 

Based on “impaired cardiac contractility” in response to stress and 

‘altered diastolic relaxation’ and electrophysiological abnormalities in 

cirrhotic patients without any  known cardiac diseases  the following 

manifestations will support the diagnosis of cirrhotic cardiomyopathy. 

‘Systolic dysfunction’ in the form of increase in cardiac output on 

exercise, volume challenge or pharmacological stimuli or resting ejection 
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fraction <55 % (2) ‘diastolic dysfunction’ manifested as the ratio of early 

to late (atrial) phases of ventricular filling or ‘E/A ratio’ <1.0 (age-

corrected), (3) prolonged deceleration time (>200 ms), or prolonged 

isovolumetric relaxation time (>80ms). 

Electrophysiological abnormalities like ‘abnormal chronotropic 

response’, electromechanical uncoupling, prolonged QTc interval,  left 

atrial enlargement, excess myocardial mass, rise in brain natriuretic 

peptide (BNP) and pro-BNP, or increased troponin I . 

Cirrhosis  patients remains silent with ‘near normal cardiac 

function’ unless they are exposed to stress. On Approximate estimation  

50 % of patients undergoing liver transplantation experienced signs of 

cardiac dysfunction and  7–21 % of patients died from heart failure in the 

post liver transplantation period. 

The majority of these patients are in Child-Pugh class B and C 

presented with at least one important  feature of cirrhotic cardiomyopathy 

like  increased serum BNP ,QTc prolongation and diastolic dysfunction.  

 

 

 

 

 

 



39 

 

PATHOPHYSIOLOGY  OF CIRRHOTIC CARDIOMYOPATHY 

 

 

Systolic dysfunction 

Systolic function is normal or increased at rest in most of the 

cirrhotic patients due to hyperdynamic circulation evidenced  by high 

cardiac output and tachycardia.Systolic dysfunction usually unmasked in 

these patients on Physical or pharmacological stress. 

Systolic dysfunction might contribute to the development of 

‘hepato-renal syndrome and Severe splanchnic vasodilatation  there is  

increase in cardiac output which is not enough to maintain circulatory 

hemostasis results in hypotension that leads to  stimulation of sympathetic 
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nervous system (SNS), ‘renin-angiotensin-aldosterone system’ (RAAS), 

salt and water retention causing ascites.  

One of the mechanism for systolic dysfunction is decreased cardiac 

responsiveness due to ‘defective β-adrenergic receptor signaling’. The 

impairment of β-adrenergic receptor signaling are due to sympathetic 

over-activity and prolonged exposure to noradrenaline .The main triggers 

are  low arterial blood pressure and reduced central blood volume. 

Sympathetic hyperactivity is known to cause direct myocyte 

damage and reduces β –adrenergic function. 

Recent researches study the effect of ‘endogenous cannabinoids’ 

(EC), like anandamide (AEA), on cardiac function. Anandamide is 

synthesized from membrane phospholipid and it exerts its effect through 

an orphan G protein-coupled receptor called Cannabinoid-1 or CB1 

receptor. A study by Gaskari et al. suggested that AEA caused cardiac 

hypo-responsiveness through CB1 receptor and that endocannabinoids 

system affected the cirrhotic heart through the locally increased AEA 

release but not the increased expression of CB1 receptor.  

 ‘Nitric oxide and carbon monoxide’ are cardio depressant 

substances. NO exerts its negative ionotropic effect through the 

stimulation of cyclic guanosine monophosphate (cGMP) and CO acts on 

cardiac myocyte through cGMP.  
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 ‘Na+/Ca2+ exchanger  system’ also plays an important role in the 

pathogenesis of  cardiovascular manifestation of liver cirrhosis. The 

abnormal  Na+/Ca2+ exchanger in cirrhotic patients result in the excess 

Ca2+ influx leading to cardiomyocyte apoptosis. 

    

 

ECG abnormalities: 

The most significant ECG abnormality in liver cirrhosis is 

prolonged QT interval. It is due to autonomic dysfunction and defect in 

sympathetic system.the prevalence of QTc prolongation is increased from 

child-pugh class A to B irrespective of etiology of cirrhosis. 

        The prevalence of QTc interval prolongation is 40–50 %. The 

alteration in ‘plasma membrane fluidity’ and changes in membrane 

receptor ion channel function are main contributors of 
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electrophysiological abnormalities particularly QTc prolongation in 

cirrhotic cardiomyopathy.  Decreases in ‘K+ current’ (both Ca2+-

independent transient outward K+ current and delayed rectifying K+ 

current) also contributes. 

Sympathetic over-activity leads to prolonged repolarization. A 

study by showed a positive correlation of prolonged QTwith 

noradrenaline in cirrhosis. This ion channel alteration and sympathetic 

activity on QT interval are different from normal individuals. 

This concept was supported by the increased cardiac arrhythmias 

with elevated sympathetic activity in patients with type 1 and 5 long QT 

syndromes, who possessed mutant genes coding for delayed rectified 

potassium channels in the heart. 

When cirrhotic patients presented with hematemesis, a ‘sudden rise 

in sympathetic tone’ transiently prolong QTc interval. Trevisani et al. 

showed that QTc interval could predict bleeding-related mortality at 6 

weeks. It was inferred that the acute surge in sympathetic tone at the time 

of bleeding and the release of cardio suppressants during stress might 

contribute to the prolongation of QT interval. 
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QT c interval calculation: 

The QT interval includes the QRS complex, ST segment, and T 

wave corresponding to phases 0 to 3 of the action potential. It is measured 

from the beginning of the QRS complex to the end of the T wave. Note 

that the presence of U wave is not included in the measurement. In 

assessing the duration of the QT interval, multiple leads should be 

selected and the QT interval is the longest QT that can be measured in the 

whole 12-lead ECG recording. 

 

QTc:  

The QT interval is affected by heart rate. It becomes longer when 

the heart rate is slower and shorterwhen the heart rate is faster. The QT 

interval therefore should always be corrected for heart rate. The corrected 

QT interval is the QTc. 
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The simplest and most commonly used formula for correcting the 

QT interval for heart rate is the Bazett formula. The normal QTc should 

not exceed 0.42 seconds in men and 0.44 seconds in women. The QTc is 

prolonged when it measures >0.44 seconds in men and >0.46 seconds in 

women and children.An easy rule to remember in calculating the QTc 

when the heart rate is >70 bpm is that the QTc is normal (<0.46seconds) 

if  the QT interval is equal to or less than half the R-R interval . 

 

 

Calculating the QTc:  

The short technique of visually inspecting the QT interval can be 

used because the heart rate is >70 bpm. The QT interval (10 small blocks) 

is more than half the preceding R-R interval (14 small blocks). Thus, the 

QTc may not be normal and needs to be calculated. 
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First: Measure the QT interval: The QT interval measures 10 small 

blocks. This is equivalent to 0.40 seconds column 1, QT interval in small 

block).Second: Measure the R-R interval: The R-R interval measures 14 

small blocks, which is equivalent to 0.56 seconds. The square root of 0.56 

seconds is 0.75 seconds. 

Finally: Calculate the QTc: Using the Bazett formula as shown 

below:  

QTc = 0.40 ÷ 4 0.75 = 0.53 seconds. 

A prolonged QTc interval can be acquired or inherited. It 

predisposes to the occurrence of a ventricular arrhythmia called torsades 

de pointes. A prolonged QTc, either acquired or inherited, should always 

be identified because this subtle abnormality can be lethal. The difference 

between the longest and shortest QT interval, when the QT intervals are 

measured in all leads in a 12- lead ECG, is called QT dispersion. Wide 

QT dispersion of >100 milliseconds predicts a patient who is prone to 

ventricular arrhythmias. 

The duration of the QTc parallels the risk of developing torsades de  

pointes and sudden death. A long QTc of ≥0.50 seconds in patients with 

congenitally prolonged QT syndrome is a marker of increased 

cardiovascular risk. Because the QT duration exhibits marked variability, 

the longest QTc measured at any time during follow-up of a patient with 

congenital long QT syndrome provides important prognostic information. 
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Acquired prolongation of the QTc:  

  In normal individuals, QTc prolongation can occur during acute 

myocardial ischemia, electrolyte abnormalities (hypokalemia, 

hypocalcemia, and hypomagnesemia), use of antiarrhythmic agents 

(Class IA and Class III), antihistaminics, antifungals, antimicrobials, 

tricyclic antidepressants, and nutritional causes resulting from alcohol, 

liquid protein diet, anorexia, and starvation. 

 

The long QT syndrome:  

The QT interval is prolonged when the QTc measures >0.44 

seconds (or >440 milliseconds) in men and >0.46 seconds (or >460 

milliseconds) in women. A long QT interval predisposes to torsades de 

pointes, which is a special type of polymorphic VT. The following is a 

simplified review of the ionic changes that occur in the ventricular 

myocyte that can result in prolongation of the QT interval  

 

Mechanism of the prolongation of the QT interval: 

During depolarization or phase 0 of the action potential, the fast 

sodium channels open briefly allowing sodium ions to enter the cell. The 

entry of positive ions into the cell causes the polarity of the cell to change 

abruptly from -90 to +10 to +20 mV. Depolarization is immediately 

followed by repolarization consisting of phases 1 through 3 of the action 

potential. This corresponds to the J point extending to the end of the T 
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wave in the surface ECG. During phase 2, which corresponds to the 

plateau phase of the action potential, the polarity of the cell is maintained 

at approximately 0 mV for a sustained duration. This is due to entry of 

calcium into the cell because of activation of the slow or “L-type” 

calcium channels during depolarization. This slow but sustained flow of 

positive ions into the cell is counterbalanced by the flow of potassium out 

of the cell because the cell membrane is more permeable to potassium 

than other ions. This loss of potassium makes the inside of the cell more 

negative as positive ions are lost. Thus, the entry of calcium into the cell 

(entry of positive ions) combined with flow of potassium out of the cell 

(loss of positive ions) results in an equilibrium that is sustained for a 

prolonged duration corresponding to the plateau or phase 2 of the action 

potential. When the calcium channels are inactivated, the entry of calcium 

into the cell is suddenly prevented although the outward flow of 

potassium continues. This inequity in calcium entry and potassium 

outflow advances the action potential to phase 3. Phase 3 or rapid 

repolarization is due to continuous efflux of potassium from the cell 

causing the cell to become more negative until the resting potential of -90 

mV is reached. This marks the end of phase 3 of the action potential, 

which corresponds to the end of the T wave in the surface ECG. 

          As long as the potential of the ventricular myocyte is prevented 

from reaching -90 mV, which is the normal resting potential, the cell is 
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not fully repolarized. Thus, any mechanism that will prolong or increase 

the entry of sodium or calcium into the cell will make the inside of the 

cell more positive and will delay or prolong the duration of the action 

potential. Similarly, any mechanism that will inhibit or delay the exit of 

potassium out of the cell will make the cell less negative. This will also 

prolong the duration of the action potential. 

Phases 0 through 3 of the transmembrane action potential 

correspond to the duration of the action potential of individual myocardial 

cells. This is equivalent to the QT interval in the surface ECG. 

Prolongation of phases 1 through 3 will result in prolongation of the QT 

interval. 

 

Causes of prolonged QT interval:  

Prolongation of the QT interval may be acquired or it may be 

congenital. 

 

Acquired long QT:  

In normal individuals with normal QTc, several pharmacologic 

agents can prolong the QT interval. These include type IA antiarrhythmic 

agents (quinidine, disopyramide, and procainamide), type III 

antiarrhythmic drugs (dofetilide, ibutilide, sotalol, and amiodarone), 

antipsychotic agents (chlorpromazine,thioridazine, and haloperidol), 

macrolide antibiotics (erythromycin, clarithromycin), antifungal agents 
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(ketonazole and itraconazole), electrolyte disturbances notably 

hypomagnesemia and hypokalemia, and other agents such aspentamidine 

and methadone. Although the use of a single pharmacologic agent 

(quinidine or ibutilide) maycause QT prolongation and torsades de 

pointes almost immediately, occasionally, a combination of two 

agentsmay be needed to prolong the QT interval such as the concurrent 

use of erythromycin and ketonazole. 

Erythromycin, a macrolide antibiotic, and ketonazole, an antifungal 

agent, are both metabolized by the liver through the cytochrome P-450 

3A4 (CYP 3A4) metabolic pathway. Either agent can potentially prolong 

the QT interval although prolongation of the QT interval is more 

significant when both agents are taken concurrently because they 

compete for the same metabolic pathway resulting in increased plasma 

concentration of both agents. Similarly, an agent that does not prolong the 

QT interval but depends on the CYP 3A4 metabolic pathway for 

clearance such as a calcium channel blocker (verapamil) when combined 

with a drug that prolongs the QT interval such aserythromycin can result 

in further prolongation of the QT interval since verapamil also depends 

on the same pathway as that of erythromycin for clearance. The effect on 

QT prolongation and potential for torsades de pointes may be more 

delayed, however. 
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Congenital long QT:  

Congenital or inherited prolongation of the QT interval affects 

young individuals especially the first 2 decades of life and is a common 

cause of sudden death in this age group. Two types of long QT syndrome 

have been clinically described. 

The first familial long QT syndrome described by Jervell and 

Lange-Nielsen is associated with sensorineural deafness. This type of 

long QT syndrome is inherited as autosomal recessive. The second 

familial long QT syndrome is the Romano-Ward syndrome and is 

inherited as autosomal dominant but is not associated with congenital 

deafness. 

 

BIOCHEMICAL ABNORMALITIES IN CIRRHOSIS : 

Due to hyperdynamic circulation and both systolic and diastolic 

dysfunction there is ventricular wall stress leading to increase in secretion 

of ANP and BNP (Brain natriuretic peptide levels) Brain natriuretic 

peptide (BNP) is a peptide hormone that is released in response to volume 

expansion and the increased wall stress of cardiac myocytes. BNP helps 

to promote diuresis, natriuresis, vasodilation of the systemic and 

pulmonary vasculature, and reduction of circulating levels of endothelin 

and aldosterone. As a result, both congestive heart failure due to left 

ventricular (LV) failure and corpulmonale due to noncardiac pulmonary 

hypertension can lead to elevations in plasma BNP. 
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Conditions associated with elevated BNP other than CHF are as follows:   

1. Acute renal failure and chronic renal failure 

2. Hypertension (HTN) 

3. Pulmonary diseases such as pulmonary hypertension, 

severe chronic obstructive pulmonary disease (COPD), 

pneumonia, pulmonary embolism, adult respiratory distress 

syndrome (ARDS) 

4. Cardiac causes -Myocardial infarction, atrial fibrillation, acute 

coronary syndrome, cardioversion, valvular heart disease, 

myocarditis 

5. Older age 

6. Female 

The normal actions of the natriuretic peptides are to aid the heart in 

dealing with the state of volume overload and stretch. The BNP is a 

biologically active molecule and causes natriuresis, vasodilation, and 

diuresis, all of which leads to improved myocardial relaxation. These 

peptides also counteract the actions of the renin-angiotensin aldosterone 

system. Compared to BNP, NT-proBNP is biologically inactive.BNP has 

a half life of 20-22 minutes and is usually <100pg/ml and contains 32 

amino acids. BNP levels varies in regard to age, it increases with 

increasing age. 

  

http://emedicine.medscape.com/article/243492-overview
http://emedicine.medscape.com/article/241381-overview
http://emedicine.medscape.com/article/297664-overview
http://emedicine.medscape.com/article/300901-overview
http://emedicine.medscape.com/article/165139-overview
http://emedicine.medscape.com/article/165139-overview
http://emedicine.medscape.com/article/155919-overview
http://emedicine.medscape.com/article/151066-overview
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ASSESSMENT OF  SEVERITY OF CIRRHOSIS : 

Severity of liver cirrhosis is assessed by child Pugh classification 

which includes several biochemical and clinical parameters. 

Score 5-6 is class A, score 7-9 is class B and score ≥ 10 is class C 
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MATERIALS AND METHODS  

Study population: 

                      This study was conducted among 100 patients diagnosed 

with liver cirrhosis who got admitted in general medicine wards and 

medical gastroenterology ward at Government Rajaji  Hospital, Madurai.  

Institutional ethical committee approval was obtained.  Informed and 

written consent was obtained from each patient before including them in 

the study. 

 

  Place of study Department of Medicine, 

Government Rajaji hospital and 

Madurai Medical college, Madurai. 

Type of study  Prospective observational study 

Institutional ethical committee Approval obtained 

Collaborating departments Department of Radiology, 

Cardiology, Biochemistry, Medical 

gastroenterology 

 Period of study January 2019– August 2019 

Financial support self 

Conflict of interest Nil 
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Inclusion criteria : 

 patients diagnosed as cirrhosis of liver by  

Ultrasonography       

 age 20 to 60 years 

 gender: both male and female 

 

Exclusion criteria: 

 patients with h/o heart disease (valvular and ischaemic) 

 Hypertensives and diabetics 

 Thyroid disorders and pregnancy 

 Patients with electrolyte abnormalities 

 H/O arrhythmias and taking anti arrhythmic drugs. 

 On medications causing QT prolongation  

 Sepsis 

 Patients on chemotherapy 

 OCP intake 
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Data collection 

A previously designed proforma will be used to collect the 

demographic and clinical details of the patients. Detailed history 

pertaining to present illness as well as a thorough history regarding other 

disease conditions were obtained. Each patient was enquired about 

previous drug intake for Diabetes, hypertension, contraception, thyroid 

disorders and cardiac illness. 

  A thorough clinical examination and essential biochemical 

investigation was done to categorize the patients into child Pugh score  A, 

B and C.  An ECG was recorded in all patients and all of them were 

submitted for transthoracic echocardiography. 

 

Laboratory investigations: 

 Hemoglobin, Total count,  Differential count, ESR 

 Sugar, urea, creatinine, Serum electrolytes 

 Liver function test 

 Serum total bilirubin 

 Serum albumin 

 Prothrombin time 

 Serum brain natriuretic peptide levels 
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Electrocardiography: 12 lead ECG was done to all patients. QT 

interval was calculated first. The interval was taken from start of Q wave 

to End of T wave.  Corrected QT interval (QTc) was calculated by using 

‘Bazet`s formula’ 

                                      QTc = QT/  

Echo cardiogram: 

Transthoracic ECHO was taken for all patients. Left ventricular 

end diastolic dimension (LVEDD) was measured in all patients. 

 

Ultra sonogram of abdomen 

Cirrhosis of liver diagnosed by 

  Shrunken liver size. 

 Altered echo – coarse and heterogeneous echotexture 

 Surface nodularity 

 Caudate lobe width : right lobe width 

 Signs of portal hypertension 

 Presents of ascites 

 Portal vein diameter, flow and Doppler. 

 Hepatic encephalopathy features 

Altered sleep pattern, constructional apraxia, flapping tremor, 

number connection test 
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RESULTS AND OBSERVATIONS 

 

Statistical analysis: 

         Statistical analysis were done using SPSS version 16(SPSS Inc., 

Chicago, IL). The results were presented as mean, Standard deviation, 

Median and interquartile range for continuous data and as percentages for 

categorical data. Distribution of the computed data was analysed using 

shapirowilks test. Hence the data was in skewed distribution, 

comparisons of the continuous data between the groups were performed 

by Kruskal wallis test with post mann whitney U test to ascertain where 

the difference was found. The clinical, laboratory and cardiac 

performance variables were compared among Class A, Class B and  Class  

C of Child-pugh classification.  Qualitative differences between the 

groups were analyzed by the Chi-square test or Fisher’s exact test.  The 

pearson’s  correlation test was used to assess linear relation of BNP levels 

with QTc interval and LVEDD.  p-values < 0.05 were considered to 

indicate statistical significance. 
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Distribution of variables among study population 

Variables Mean 
Std. 

Deviation 
Minimum Maximum Median IQR 

BNP 

level(˂29.4pg/ml) 

50.3 35.72 11 160 32 50.5 

PT prolonged 4.02 1.163 3 6 5 2 

QTc interval 

(˂440msecs) 

430.2 24.40 360 462 440 28 

LVEDD(5.5±0.3cm) 5.75 0.35 5 6.4 5.8 0.4 
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Comparison of cardiac performance and BNP levels related to their 

Child-Pugh classification 

variables 
Child-Pugh 

classification 
 N Mean 

Std. 

Deviation 
Median IQR p value 

BNP level Class A  22 20.16364 7.24763 18 12.3 

0.001**  Class B  37 30.76486 6.882999 30 8 

 Class C  41 84.13415 32.60032 86.4 22 

QTc 

interval 

Class A  

22 401.9091 21.25113 400 25 

0.001** 

 Class B  37 426.973 19.36561 430 21 

 Class C  41 448.3415 10.57263 448 16 

LVEDD Class A  22 5.427273 0.271121 5.4 0.3 

0.001**  Class B  37 5.632432 0.285826 5.6 0.4 

 Class C  41 6.034146 0.208098 6 0.2 

Kruskal wallis test ; shows * (p<0.05) 

A pairwise post hoc mannwhitney U test for all possible 

combination of child classes with BNP, QTc interval and LVEDD in 

kruskal wallis table shows significant difference(p<0.001*). 
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Comparison of biochemical parameters and BNP levels related to 

their Child-Pugh classification 

variables 
Child-Pugh 

classification 
Mean Std. Dev P value 

Age Class A 
39 9.211794 

0.103  Class B 
43.97297 11.61294 

 Class C 39.63415 9.38551 

T.Bilirubin Class A 1.786364 0.525806 

0.001**  Class B 3.002703 0.930498 

 Class C 5.870732 3.068651 

S.Albumin Class A 3.904545 0.259078 

0.001**  Class B 3.391892 0.345911 

 Class C 2.856098 0.463707 

Kruskal wallis test ; shows * (p<0.05) 

         A pairwise post hoc mannwhitney U test for all possible 

combination of child classes with seum albumin and total bilirubin in 

kruskal wallis table shows significant difference(p<0.001*) 
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Majority of patients in our study belonged to child pugh class B 

 

There is increased prevalence of male sex in all classes of child pugh in 

our study. 
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In our study among the etiology of cirrhosis, alcoholic liver 

cirrhosis was the predominant cause among all classes of Child Pugh 

classification. 
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There was a statistically significant association of child class C 

with poorly controlled ascities patients (43.9%) and  with advanced  

hepatic encephalopathy (17.1%) compared to other classes (p=0.001*). 
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There was a statistically significant association of child class C 

with advanced  hepatic encephalopathy (17.1%) compared to other 

classes (p=0.001*). 
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Majority of patients in our study belonged to class C of child pugh 

classification 
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BNP levels was high in chilg pugh class C group when compared 

to B and A. There was linear correlation of increasing levels of serum 

BNP with increasing class of child pugh classification.  
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Picture depicts as the child pugh class increases the QTc increased 

showing a linear correlation. 
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Picture depicts as the child pugh class increases from A to B the 

left ventricular end diastolic dimension also increased showing a linear 

correlation of both. 
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Picture showing distribution of total bilirubin and serum albumin 

with respect to child Pugh score. 
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Correlation of BNP levels with LVEDD and QTc interval 

 BNP level  

 variable r value P value 

QTc interval 

(˂440msecs) 

0.573 0.001** 

LVEDD(5.5±0.3cm) 0.582 0.001** 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

This picture shows there is a positive correlation of serum BNP 

with prolonged QTc interval 
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This picture shows a linear correlation of increasing  serum BNP 

levels with left ventricular end diastolis dimension (LVEDD) 
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DISCUSSION 

 

The end point of liver disease ,so called liver cirrhosis affects many 

organ systems in the body. cardiovascular complications can occur in 

liver cirrhosis without any underlying cardiac disease which includes 

blunted ventricular response to stimuli,systolic and diastolic dysfunction 

and absence of overt heart failure at rest . 

    When such patients are put into stress like variceal bleed and its 

treatments,developing complications of cirrhosis and liver transplant 

overt heart failure becomes manifested resulting in sudden deterioration 

of clinical status of the patient. 

Serum brain natriuretic peptide levels and prolonged QTc interval 

is an important finding in cirrhosis. serum BNP levels had linear 

correlation  with QTc prolongation and Left ventricular end diastolic 

dimension (LVEDD).serum BNP levels progressively increased from 

child pugh class A to C. 

  Many studies demonstrated the correlation of serum BNP levels 

with cardiac dysfunction in cirrhosis in the form of linear correlation with 

left ventricular end diastolic dimension , prolonged QTc and significant 

decrease in BNP levels after dopamine stress test. 
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The present study showed a linear correlation of increasing serum 

BNP levels with prolonged QTc  with a  correlation coefficient of 0.573. 

Serum BNP also had linear correlation with left ventricular end diastolic 

dimension (LVEDD) with a correlation coefficient of 0.582.It was found 

that  serum BNP levels increased with worsening of child Pugh score 

indicating that it rises with the severity of cirrhosis. 

In our study about 60 percent had alcoholism as etiology of 

cirrhosis ,remaining were viral and other etiologies. The incidence of 

cardiovascular complications in cirrhosis was not significant with respect 

to etiology of cirrhosis.   
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CONCLUSION 

 

The frequency of high serum BNP levels was statistically 

significant with worsening child Pugh score. It indicates an association 

between serum BNP levels with severity of cirrhosis. 

     Serum BNP levels was linearly correlating with prolonged QTc 

interval and left ventricular end diastolic dimension (LVEDD). This 

indicates a relationship between biochemical and electrophysiological 

problems in overloaded heart with cirrhotic cardiomyopathy.   

    There was no significant correlation with gender and different 

etiology with serum BNP levels. Thus serum BNP can be considered for 

its use in detecting overt heart failure in cirrhotic patients. 
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                             LIMITATIONS OF THE STUDY 

 

1. Serum BNP levels also increases with other high output 

states and varies with increasing age. 

2. Obese patients have  low BNP levels  

3. Beta blockers used for prophylaxis of variceal bleed is found 

to reduce QT interval 
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SUMMARY 

 

A prospective  observational study done  among 100 liver cirrhosis 

patients of Government Rajaji Hospital. Majority of patients were males 

and above 40 years of age. The frequency of increasing serum BNP levels 

was positively associated with worsening of child Pugh score. Serum 

BNP levels linearly correlated with prolonged QTc and left ventricular 

end diastolic dimension (LVEDD). So these parameters can be used to 

assess the cardiac status in advanced stage cirrhosis patients before they 

are undergoing for interventional procedures. 

   Strict volume control in high risk patients can prevent development 

of later complications. High risk patients are identified and they must be 

given special attention by avoiding QT prolonging drugs, proper 

correction of electrolyte imbalances. Serum BNP, ECG and 

echocardiography  should be done for all cirrhosis patients as an initial 

investigation and it must be repeated during follow up and whenever 

needed to monitor cardiac status. 
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PROFORMA 

           Name :                        

           Age/Sex: 

           Patient number:   

           Occupation: 

          Address: 

          Presenting complaints: 

                          H/o jaundice 

                          H/o abdominal distention 

                          H/o pedal edema 

                          H/o altered sleep pattern 

          Past history: 

                          H/o alcoholism, previous hepatitis, valvular heart disease, 

          ischemic heart disease, diabetes, hypertension 

          Treatment history: 

                     H/o any drug intake 

 



          Clinical examination: 

          General examination: 

                    Consciousness, nutrition, pallor, jaundice, pedal edema 

           Vitals:          PR,  BP, Temp, RR, SpO2, 

                               Daily weight chart, abdominal girth chart 

           Systemic examination:   

                     CVS:    

                     RS:   

                     Abd:    

                     CNS: 

          Laboratory investigations: 

                     Blood count 

                     Liver function test  

                                    Serum Bilirubin 

                                    Serum Albumin 

                                    Prothrombin time 

 



                     Renal function test 

                     Serum electrolytes 

                     Serum brain natriuretic peptide (BNP) levels 

           Electrocardiography 

          Echocardiography 

          Ultrasonography of abdomen 

           Features of hepatic encephalopathy 

                      Constructional apraxia, number connection test, 

                      flapping tremor and   Child Pugh Score  

 

 

 

 

 

 

 

 



LIST OF ABBREVIATIONS 

 

          DRI             Dietary Reference Intake  

         ATPase        Adenosine Triphosphatase  

         AVP            Arginine Vasopressin  

         ADH            Antidiuretic Hormone  

         SAH            Subarachnoid Hemorrhage  

         SSRI            Selective Serotonin Reuptake Inhibitor  

         AST            Aspartate aminotransferase  

         ALT             Alanine aminotranferase  

         UGI             Upper Gastrointestinal  

         MELD          Model for End stage Liver Disease score  

         TNF            Tumour Necrosis Factor  

         DNA            Deoxyribose Nucleic Acid  

         RNA            Ribose Nucleic Acid  

         HCV            Hepatitis C Virus  

         HBV            Hepatitis B Virus  

         ALP            Alkaline Phosphatase  

         UDCA         Ursodeoxy Choleic Acid  

         TIPSS            Transjugular Intrahepatic Portosytemic Shunt Surgery  

         HE               Hepatic Encephalopathy  

         IL                Interleukin  

         EEG            Electroencephalography  



         SNS             Sympathetic Nervous System 

          GFR              Glomerular Filtration Rate  

          NO                Nitric Oxide  

          eNOS            endothelial Nitric Oxide Synthetase  

          RAAS           Renin Angiotensin Aldosterone System  

          CT                Computed Tomography  

         BNP             brain natriuretic peptide 

         CO               Carbon monoxide  

          ECG             Electro cardiography 

          ECHO          Echocardiography 

          EC                Endogenous cannabinoids 

          AEA             Anandamide 

          PCWP          Pulmonary capillary wedge pressure 

          MAPK          Mitogen activated protein kinases 

          NOS             Nitric oxide synthetase 

          LVEDD        Left ventricular end diastolic dimension 

 

 

 

 

 

 

 



S.NO AGE SEX ETIOLOGY TOT.BILIRUBIN ALBUMIN PT‐PROLONG(13 control) ASCITES ENCEPHALOPATHY CHILD‐PUGH BNP LEVEL(˂29.4pg/ml) QTc INTERVAL (˂440msecs) LVEDD(5.5±0.3cm)
1 39 M ALCOHOL 14.5 2 6 POORLY CONTROLLED ( PC) ADVANCED C 96.9 446 5.9
2 42 M ALCOHOL 1.5 2.5 3 EASILY CONTROLLED(EC) NONE B 30.6 420 5.8
3 47 M ALCOHOL 4 2.8 5 EASILY CONTROLLED(EC) MINIMAL C 108 442 5.9
4 20 F OTHERS 10.2 2.2 6 POORLY CONTROLLED ( PC) ADVANCED C 127 448 6
5 36 F VIRAL 3.8 3 3 NONE NONE B 28 430 5.6
6 38 M ALCOHOL 6 2.8 3 EASILY CONTROLLED(EC) NONE C 92 442 5.9
7 48 F OTHERS 2 3.2 3 NONE NONE B 42 400 5.6
8 52 F OTHERS 1.2 3.4 3 NONE NONE A 26.4 380 5.4
9 58 F OTHERS 2.2 3.8 5 EASILY CONTROLLED(EC) NONE B 30.2 420 5.9

10 54 M VIRAL 1.8 4 3 NONE NONE A 18 360 5.6
11 60 F OTHERS 2.6 3.2 5 EASILY CONTROLLED(EC) NONE B 32 442 6
12 38 M ALCOHOL 3.6 2.8 6 POORLY CONTROLLED ( PC) MINIMAL C 122 460 6.2
13 46 F OTHERS 2.2 3.9 3 NONE NONE A 30 410 5.2
14 29 M ALCOHOL 6.2 3 5 EASILY CONTROLLED(EC) NONE C 160 460 6
15 32 M ALCOHOL 1.2 4 3 NONE NONE A 30 400 5.8
16 38 M ALCOHOL 2.8 3.8 5 NONE NONE B 32 420 5.8
17 46 M ALCOHOL 4.2 2.3 6 POORLY CONTROLLED ( PC) MINIMAL C 86 442 6
18 33 M ALCOHOL 3.2 3 5 EASILY CONTROLLED(EC) NONE C 112 446 6.4
19 47 F OTHERS 2.2 2.8 6 POORLY CONTROLLED ( PC) MINIMAL C 90 420 5.8
20 29 M VIRAL 1.6 3.6 3 NONE NONE A 11 360 5.6
21 36 M ALCOHOL 3.6 3.2 5 EASILY CONTROLLED(EC) NONE C 68 460 5.9
22 56 F OTHERS 1.8 3 3 EASILY CONTROLLED(EC) NONE B 28 420 5.6
23 52 M ALCOHOL 10.8 2.2 6 POORLY CONTROLLED ( PC) MINIMAL C 96 442 6.4
24 40 M ALCOHOL 5.6 2.8 6 POORLY CONTROLLED ( PC) MINIMAL C 102 452 6.2
25 56 M ALCOHOL 3.2 3.9 3 EASILY CONTROLLED(EC) NONE B 42 448 6
26 54 M VIRAL 2.6 3.6 5 EASILY CONTROLLED(EC) NONE B 30 430 5.8
27 44 M ALCOHOL 3.9 3 5 EASILY CONTROLLED(EC) MINIMAL C 46 420 5.9
28 30 M ALCOHOL 6 2.2 5 EASILY CONTROLLED(EC) NONE C 52 440 6.4
29 52 F OTHERS 1.2 4.2 3 NONE NONE A 16 380 5.2
30 58 M ALCOHOL 2.3 3.2 3 EASILY CONTROLLED(EC) NONE B 26 400 5.6
31 36 M ALCOHOL 3.2 3.2 3 EASILY CONTROLLED(EC) MINIMAL C 86 442 6.2
32 41 M ALCOHOL 1.2 3.6 3 NONE NONE A 26 400 5
33 48 M ALCOHOL 2.6 3 3 NONE NONE B 32 430 5.6
34 26 F VIRAL 2.6 3.5 3 EASILY CONTROLLED(EC) NONE B 38 448 5.8
35 25 F VIRAL 2.4 3.5 3 EASILY CONTROLLED(EC) NONE B 46 440 5.2
36 44 M ALCOHOL 1.6 3.8 3 NONE NONE A 28 400 5.2
37 36 M ALCOHOL 1.2 4 3 NONE NONE A 29 420 5.4
38 36 M ALCOHOL 2.6 4 3 NONE NONE A 30 442 5.6
39 38 M ALCOHOL 3.8 2.8 5 EASILY CONTROLLED(EC) NONE C 56 446 6.4
40 38 M ALCOHOL 3.8 2.6 5 POORLY CONTROLLED ( PC) MINIMAL C 120.8 460 6
41 46 M ALCOHOL 6.8 2.2 6 POORLY CONTROLLED ( PC) ADVANCED C 142 462 5.8



42 52 F VIRAL 2.6 3.5 3 EASILY CONTROLLED(EC) NONE B 32 440 5.6
43 56 M ALCOHOL 4.2 3 5 EASILY CONTROLLED(EC) MINIMAL C 98.2 448 6
44 58 M VIRAL 3.2 3.2 3 EASILY CONTROLLED(EC) NONE B 26.9 432 5.8
45 40 M ALCOHOL 1.6 3.8 3 NONE NONE A 18.4 410 5.4
46 30 M ALCOHOL 2.2 3.5 3 EASILY CONTROLLED(EC) NONE B 26 420 5.8
47 24 F VIRAL 11 3 6 EASILY CONTROLLED(EC) ADVANCED C 64 446 6
48 26 F OTHERS 2.2 4.6 3 NONE NONE A 28 400 5.8
49 35 M ALCOHOL 2.8 3.8 3 NONE NONE A 26 400 5.4
50 38 F VIRAL 5.8 3 3 EASILY CONTROLLED(EC) NONE B 48 442 5
51 46 F VIRAL 6.2 2.6 5 POORLY CONTROLLED ( PC) MINIMAL C 36 440 5.8
52 30 M ALCOHOL 1.6 4.2 3 EASILY CONTROLLED(EC) NONE A 17.4 400 5.2
53 38 M ALCOHOL 4.4 3 5 EASILY CONTROLLED(EC) MINIMAL C 46.4 458 6
54 56 M ALCOHOL 2.2 3.2 3 EASILY CONTROLLED(EC) NONE B 38 420 5.8
55 55 M ALCOHOL 4.5 2.8 5 EASILY CONTROLLED(EC) MINIMAL C 60 460 5.9
56 32 M VIRAL 2.2 4 3 NONE NONE A 11.4 380 5
57 29 F OTHERS 2.6 3.5 3 EASILY CONTROLLED(EC) NONE B 28 420 5.8
58 22 F OTHERS 3.8 3 5 EASILY CONTROLLED(EC) MINIMAL C 122 460 6.2
59 34 M ALCOHOL 2.6 3.8 3 EASILY CONTROLLED(EC) NONE B 26 440 5.4
60 46 M ALCOHOL 3.8 3.6 5 EASILY CONTROLLED(EC) NONE B 26 442 5.2
61 42 M ALCOHOL 12 2.9 6 POORLY CONTROLLED ( PC) ADVANCED C 48 458 5.8
62 38 M VIRAL 4.4 3.5 5 EASILY CONTROLLED(EC) NONE C 56 450 6
63 56 M OTHERS 3.6 3 3 EASILY CONTROLLED(EC) MINIMAL C 112 460 6.4
64 54 M ALCOHOL 3.2 4 5 EASILY CONTROLLED(EC) NONE B 36 420 5.4
65 42 F VIRAL 1.6 4.2 3 NONE NONE A 12.4 400 5
66 26 F OTHERS 3.3 3.8 5 POORLY CONTROLLED ( PC) MINIMAL C 116 452 6
67 38 M ALCOHOL 4.5 3 5 EASILY CONTROLLED(EC) NONE C 82 442 5.8
68 32 M ALCOHOL 6.2 2.4 5 POORLY CONTROLLED ( PC) MINIMAL C 96 448 5.9
69 46 M ALCOHOL 10.8 2.8 5 POORLY CONTROLLED ( PC) NONE C 108 452 6
70 54 M VIRAL 1.6 4 3 NONE NONE A 18 420 5.8
71 60 M OTHERS 2.8 3.8 5 NONE NONE B 24 420 5.8
72 48 M ALCOHOL 2.6 3 3 EASILY CONTROLLED(EC) NONE B 28 400 5.2
73 36 M VIRAL 3.3 3.6 3 NONE NONE B 32 380 5.8
74 26 F VIRAL 2.9 3.2 3 NONE NONE B 30 360 5.6
75 58 M ALCOHOL 3.2 3 3 EASILY CONTROLLED(EC) NONE B 36 440 5.5
76 44 M ALCOHOL 2.6 3.6 3 EASILY CONTROLLED(EC) NONE B 16 448 5.8
77 48 M ALCOHOL 10.2 2.2 5 POORLY CONTROLLED ( PC) MINIMAL C 26 450 6
78 32 M VIRAL 1.6 3.8 3 NONE NONE A 16.2 420 5.6
79 28 F ALCOHOL 2.2 3.8 3 NONE NONE A 11 400 5.2
80 24 F VIRAL 4.8 3.6 5 NONE MINIMAL B 26 442 5
81 56 M ALCOHOL 3.6 3 3 EASILY CONTROLLED(EC) NONE B 38 440 5.9
82 46 M ALCOHOL 2.8 3.8 3 NONE NONE A 12.8 420 5.6
83 36 M ALCOHOL 5.8 3 5 EASILY CONTROLLED(EC) MINIMAL C 42.4 460 5.5
84 39 M VIRAL 2.2 3.6 3 EASILY CONTROLLED(EC) NONE B 26 442 6.2
85 24 F OTHERS 5.6 3 5 POORLY CONTROLLED ( PC) ADVANCED C 78 450 6
86 26 F OTHERS 3.8 3.2 3 EASILY CONTROLLED(EC) NONE B 32 440 5.9
87 38 M ALCOHOL 4.4 3 3 EASILY CONTROLLED(EC) NONE B 24.6 442 5.9
88 46 M ALCOHOL 12.6 3 6 POORLY CONTROLLED ( PC) MINIMAL C 110 420 6.2
89 52 M OTHERS 2 3.6 3 EASILY CONTROLLED(EC) NONE B 24 440 5.4
90 40 M ALCOHOL 4.3 3.2 3 EASILY CONTROLLED(EC) NONE B 18 420 5.5
91 30 M ALCOHOL 6.8 2.8 5 EASILY CONTROLLED(EC) MINIMAL C 12.6 448 6
92 26 M VIRAL 1.2 3.6 3 NONE NONE A 11.4 440 5.8
93 36 F VIRAL 4.8 3.8 3 EASILY CONTROLLED(EC) NONE B 28 440 5.6
94 42 M ALCOHOL 3.2 3.8 3 NONE NONE B 32 420 5.2
95 45 M ALCOHOL 2.1 3.8 3 NONE NONE A 16.2 400 5.6
96 54 M VIRAL 3.4 2.8 6 EASILY CONTROLLED(EC) MINIMAL C 58 450 6.2
97 39 M ALCOHOL 4 2.2 4 EASILY CONTROLLED(EC) MINIMAL C 92 448 5.9
98 44 M ALCOHOL 4.2 3.6 5 POORLY CONTROLLED ( PC) ADVANCED C 86.4 458 5.9
99 37 M ALCOHOL 3.9 4.1 5 EASILY CONTROLLED(EC) MINIMAL C 72 442 6.4

100 51 F VIRAL 3.7 3.7 4 EASILY CONTROLLED(EC) MINIMAL C 64.8 452 6.2
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      ஆராய்ச்சி தசர்க்கை எண்:  

  

இந்த ஆராய்ச்சியின் விவரங்ைளும் அதன் த ாக்ைங்ைளும் முழுகையாை 
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இந்த ஆராய்ச்சியில் பிோின்  ிர்பந்தைின்ேி என் பசாந்த 

விருப்பத்தின்தபாில் தான் பங்கு பபறுைிதேன் ைற்றும்  ான் இந்த ஆராய்ச்சியில் 

இருந்து எந்த த ரமும் பின்வாங்ைலாம் என்றும் அதனால் எந்த பாதிப்பும் எனக்கு 

ஏற்படாது என்பகதயும் புாிந்துபைாண்தடன்.  

 ான் என்னுகடய சுய ிகனவுடன் ைற்றும் முழுசுதந்திரத்துடன் இந்த 

ைருத்துவ ஆராய்ச்சியில் பங்கு பைாள்ள சம்ைதிக்ைிதேன் 
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