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INTRODUCTION 

Gamma-glutamyltransferase (GGT) is the enzyme responsible for 

the extracellular catabolism of glutathione, the major antioxidant in 

mammalian cell. GGT is present on the outer surface of plasma 

membrane of almost all cell types and in blood. In blood it form 

complexes with several plasma components such as particularly albumin 

and lipoproteins. The determination of serum GGT activity is a well-

established diagnostic test for hepatobiliary diseases and is used as a 

sensitive marker of alcohol consumption and abuse. Several studies have 

identified a predictive value of serum GGT for both all-cause and 

cardiovascular mortality. 

Coronary artery disease (CAD), also known as Ischemic Heart 

disease (IHD) is the single leading cause of death worldwide. Coronary 

artery disease continues to be the major cause of disease burden and death 

in developed as well as in developing countries. 

Atherosclerosis is the predominant cause of ACS and the majority 

cases are attributed to rupture of an atherosclerotic plaque in a coronary 

artery, resulting in the formation of a thrombus. The resulting thrombus 

causes coronary artery occlusion and restricts the flow of blood to the 

heart muscle. Various mechanisms are associated with the pathogenesis 
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of atherosclerosis in which oxidative stress and inflammation play 

significant roles. 

Serum Gamma-glutamyl transferase (GGT) also known as gamma 

glutamyl transpeptidase is a second-generation hepatic function test 

which has been widely used as a diagnostic index of liver dysfunction 

causes catabolism of glutathione. Glutathione catabolism in the 

extracellular membrane releases precursor amino acids which are the 

transported to intracellular compartment which again join to form 

glutathione.  

Meanwhile, the reactive thiol of cysteinylglycine moiety generated 

during this process by GGT in the cellular membrane causes the 

reduction of ferric (Fe3+) to ferrous (Fe2+) ion which in turn starts an 

iron dependent redox-cycling process resulting in the production of the 

reactive oxygen species particularly superoxide anion and hydrogen 

peroxide which activate pro-oxidant reactions and the cyclic process 

continues. 

These GGT mediated prooxidant reactions then catalyse the 

oxidation of LDL lipoproteins (lipid peroxidation). This lipid 

peroxidation contributes to the formation of inflammatory atheroma 

within the vascular endothelial wall. Thus the oxidative stress mediated 
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by GGT could play a central role in the pathogenesis of atherosclerotic 

plaque. 

The positive relation between cardiac events and GGT levels 

remained significant even after modification of cardiac risk factors and 

possible confounders including alcoholism. Therefore it has been put 

forward that GGT can be considered as a potent biochemical marker for 

preclinical development of atherosclerosis. 

 Thus GGT also plays important role in the pathogenesis of Stroke, 

metabolic syndrome, Type 2 diabetes mellitus. Identification of patients 

at risk for coronary artery disease before the onset of symptoms is 

difficult. But GGT estimation in patients at risk can identify the 

premature coronary artery disease.  

With specific intervention to reduce GGT, it can be called as a 

modifiable risk factor. Thus reducing the levels of GGT at risk patients 

can prevent myocardial infarction. This study will show us the 

association of Gamma glutamyl transferase to the development of 

atherosclerosis which in turn causes the myocardial infarction. 
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OBJECTIVE OF THE STUDY 
 

To evaluate the association of serum Gamma Glutamyl Transferase 

in Acute Myocardial Infarction patients admitted at GRH, Madurai and 

their outcomes. 
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REVIEW OF LITERATURE 

Myocardial ischemia 

Coronary artery disease is the single leading cause of death 

worldwide. Coronary artery disease continues to be the major cause of 

disease burden and death in developed as well as in developing countries. 

Atherosclerosis is a systemic disease involving the intima of large 

and medium-sized arteries, including the aorta and coronaries, that is 

characterized by intimal thickening which is caused by accumulation of 

cells and lipids. The early atherosclerotic lesions without compromising 

the lumen of the vessel can progress without any symptoms because of 

compensatory vascular enlargement. The culprit lesions leading to Acute 

Coronary syndrome are usually mildly stenotic and are barely detected by 

angiography. These high-risk, rupture-prone lesions usually have a large 

lipid core, a thin fibrous cap, and a high density of inflammatory cell. 

Atherosclerosis is the predominant cause of Acute coronary syndrome. 

Majority of cases are due to rupture of an atherosclerotic plaque in a 

coronary artery leading to the formation of a thrombus causing the 

coronary artery ischemia 

Myocardial ischemia occurs due to impaired coronary blood flow 

or imbalance in the myocardial oxygen demand. Acute coronary 



6 
 

syndrome is a manifestation of myocardial ischemia due to partial or 

complete occlusion of an epicardial coronary artery. Acute coronary 

syndrome include Unstable angina, Non-ST Elevation myocardial 

infarction (NSTEMI), or ST-Elevation myocardial infarction (STEMI). 

 Myocardial infarction (MI) occurs due to myocardial ischaemia 

and cause death of the cardiac myocytes.  

ATHEROSCLEROSIS 

 Atherosclerosis with thrombosis superimposed is the main cause of 

coronary artery disease, Peripheral artery disease, and stroke. 

Atherosclerosis is a chronic, inflammatory disease of the arterial wall 

leading to multifocal plaque development and lipid accumulation 

predominantly at sites which have low and oscillatory endothelial shear 

stress 

 Atherosclerotic Plaques are heterogeneous in size and composition. 

Most plaques remain asymptomatic (subclinical disease), some become 

obstructive (stable angina), and a few become vulnerable and lead to 

atherothrombotic events such as myocardial infarction or stroke. 
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Pathogenic process in atherosclerosis 

• Endothelial injury and dysfunction, which increases vascular 

permeability, leukocyte adhesion 

• Lipoprotein accumulation (mainly LDL and its oxidized forms) in the 

vessel wall  

• Monocyte adhesion to the endothelium and transformation into 

macrophages and foam cells  

• Platelet adhesion  

• Factor release from activated platelets, macrophages, and vascular wall 

cells, inducing smooth muscle cell recruitment 

• Smooth muscle cell proliferation, extracellular matrix production, and 

recruitment of T cells.  

• Lipid accumulation both extracellularly and within cells 

Endothelial injury and dysfunction 

 Endothelial injury plays a major role in the pathogenesis of 

atherosclerosclerosis. Recent studies show that Non denuding Endothelial 

dysfunction causes most human atherosclerosis. Endothelial dysfunction 

leads to increased permeability of the endothelium which leads to 

leukocycyte adhesion, migration, and transformation, thus initiating the 

process of atherosclerosis. 
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Lipoprotein accumulation 

 Dyslipoproteinemias result from mutations that lead to defects in 

apoproteins or lipoprotein receptors. These include   

1. Increased LDL cholesterol   

2. Decreased HDL cholesterol   

3. Increased levels of apolipoprotein (a) 

 Chronic hypercholesterolemia can directly cause endothelial 

dysfunction by causing membrane and mitochondrial damage and 

increasing the reactive oxygen species production. 
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 Chronic hyperlipidemia cause lipoprotein accumulation within the 

tunica intima which become oxidized by free radicals that leads to 

formation of modified LDL. 

 These modified LDL are scavenged by Macrophages through 

modified receptors. On chronic ingestion of these lipoproteins leads to the 

formation of Foam cells, Lipid laden macrophages. 

Inflammation  

 Chronic inflammation contributes to the progression of 

atherosclerosis. 

 Accumulated cholesterol and fatty acids in the macrophages trigger 

the process of inflammation via cytosolic innate immune receptors called 

as inflammasome. 

 Inflammasome leads to the production of inflammatory cytokines 

and recruitment of leucocytes which leads to formation of activated 

macrophages. 

 Macrophage activation causes further release of more cytokines 

and chemokines. In turn leads to more recruitment of leucocytes and 

further macrophage activation. 

 These in turn produces more reactive oxygen species that increases 

LDL oxidation. 
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 LDL oxidation stimulates the release of growth factors and 

cytokines thereby increasing the smooth cell proliferation and synthesis 

of extracellular matrix proteins. 

Smooth muscle proliferation 

 Smooth muscle cell proliferation and extracellular matrix 

deposition in the intima convert a fatty streak into a mature atheroma. 

This contribute to the progressive growth of atherosclerosis .  

Several growth factors involved in smooth muscle cell proliferation 

are platelet-derived growth factor (PDGF) which is released by locally 

adherent platelets, endothelial cells and macrophages. 

Atheromatous plaques 

 Atheromatous plaques are white-yellow and encroach on the lumen 

of the artery; superimposed thrombus over ulcerated plaques is red-

brown. Plaques vary in size but can coalesce to form larger masses. 

 Atherosclerotic lesions usually involve only a part of any arterial 

wall and are rarely circumferential. The lesions are usually eccentric. 

 Most commonly involved vessels are the lower abdominal aorta, 

the coronary arteries, Internal carotid arteries and vessels of the circle of 

Willis. 
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Atherosclerotic plaques have three principal components:  

(1) T cells, Smooth muscle cells, macrophages 

(2) Extracellular matrix, including elastic fibers, proteoglycans and 

collagen, 

(3) intracellular and extracellular lipid molecules 

 Superficial fibrous cap composed of smooth muscle cells and dense 

collagen. 

 The shoulder or the side of the cap is a more cellular area 

containing macrophages, T cells, and smooth muscle cells 

Within the fibrous cap is a necrotic core, which contain  

• Lipid (primarily cholesterol and cholesterol esters),  

• Debris from dead cells 

• Foam cells (lipidladen macrophages and smooth 

muscle cells), 

• Fibrin and  

• Other plasma proteins 

Periphery of the atherosclerotic lesions have neovascularization. 

Changes occur in atherosclerotic plaque 
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Plaque Rupture  

Rupture of the surface of atheromatous plaques exposes highly 

thrombogenic substances which leads to formation of thrombosis that can 

partially or completely occlude the lumen of the vessel. 

When the patient survives, the thrombus may become organized 

and incorporated into growing plaque. 

Hemorrhage into a plaque.  

Rupture of the fibrous cap or near the thin-walled vessels in the 

areas of neovascularization, can cause intraplaque hemorrhage;  
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Atheroembolism.  

 Rupture of the plaque can discharge atherosclerotic debris into the 

bloodstream, causing Microemboli.  

Aneurysm formation 

Pressure over the vessel wall due to atherosclerosis or ischemic 

atrophy of the tunica media, with loss of elastic tissue, causes weakness 

in the vessel wall causing rupture in the vessel wall producing Aneurysm. 

Determinants of vulnerable plaque  

 Size of the necrotic core and the thickness of the fibrous cap are the 

two major structural determinants of vulnerability of the plaque 

NECROTIC CORE  

Atherogenic lipoproteins within intima, accumulate deeply in the 

luminal part of intima. These lipids attract macrophages that secrete 

proteolytic enzymes which inturn engulf these lipid molecules until they 

die, leaving a soft and destabilizing lipid-rich cavity containing 

cholesterol crystals which are devoid of supporting collagen and cells, 

The Necrotic core.  

Such a plaque is called an atheroma or fibroatheroma. 

Later extravasation of erythrocytes into these necrotic core that 

cause hemorrhage into the plaque. 
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FIBROUS CAP  

Fibrous cap is located between the necrotic core and the lumen.  

It is the thinnest part in the atheromatous plaque which can easily 

rupture. 

Mean thickness of the fibrous cap by optical coherence 

tomography is only 49 μm. 

Thin fibrous caps are heavily inflamed in particular those that have 

ruptured. 

Apoptosis is more common at the site of fibrous cap rupture, which 

usually confined to macrophages. With the ability to synthesize 

extracellular matrix, Smooth muscle cell apoptosis is associated with 

impaired healing and repair, which increases the risk of plaque rupture. 
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PLAQUE SIZE AND EXPANSIVE REMODELING  

During atherogenesis, artery remodels in such a way that the 

obstruction of the vessel lumen caused by some plaques is  

• Attenuated (expansive remodeling) and by others  

• Accentuated (constrictive remodeling).  

Although vulnerable plaques are big, they appear as nonobstructive 

lesion in angiography because of the local expansive remodeling. 

 In contrast, plaques causing stable angina are usually smaller but 

they appear as more severe obstructive lesions in angiography because of 

the concomitant constrictive remodeling. 

Recent observations indicate that diabetes is associated with 

inadequate compensatory remodeling 

SPOTTY CALCIFICATION  

Focal calcifications in the atherosclerotic plaques are very 

common. 

The amount of coronary artery calcium (CAC) correlates strongly 

with plaque burden. 

 Healed ruptured plaques also get heavily calcified and 

microcalcification are seen in the fibrous cap. 
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Nonatherosclerotic calcifications of coronary arteries are rarely 

seen in chronic renal failure. 

Angiogenesis and inflammation often do coexist at the base of the 

advanced plaques. 

ISCHEMIC HEART DISEASE 

 Ischemic heart diseas is the single most common cause of adult 

mortality and accounts for almost 30% of all global deaths. 

 Ischemic heart disease is due to imbalance between myocardial 

oxygen supply and demand. 

 Ischemic heart disease occurs due to reduction in myocardial 

blood flow and decreased perfusion of the myocardium. 

Most common cause of myocardial ischemia is atherosclerosis of 

the coronary vessel. 

Obesity, Insulin resistance, Diabetes mellitus and 

systemichypertension are the risk factors for Ischemic heart disease. 

Atherosclerotic heart disease occurs mostly in the epicardial 

coronary arteries. 
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Risk factors for atherosclerosis  

• High levels of low-density lipoprotein,  

• Low plasma high-density lipoprotein,  

• Cigarette smoking, 

• Systemic hypertension, 

• Diabetes mellitus 

Segmental narrowing of epicardial coronary vessel is caused by the 

formation of an atheromatous plaque.  

These atheromatous plaques can which rupture and enter the 

bloodstream.  

When the ruptured plaque gets contact with the contents of the 

blood, two important processes takes place:  

(1) Platelet activation and aggregation  

(2) Activation of coagulation cascade 

which in turn lead to deposition of fibrin strands.  

A thrombus which consists of platelet aggregates and fibrin strands 

can trap red blood cells which in turn derease the coronary blood flow 

that leads to the clinical manifestations of myocardial ischemia. 
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ACUTE CORONARY STNDROME 

 Acute coronary syndrome refers to sudden decrease in coronary 

blood flow leading to myocardial ischemia and myocardial cell death. 

It is caused by partial or total occlusion of coronary artery due to 

rupture of an atheromatous plaque. 

 Acute coronary syndrome comprises three major categories.  

 

  

 

Atherosclerosis is the most common cause of Acute coronary 

syndrome.ACS occurs due to rupture of a previously nonsevere lesion. 

About half of the patient with acute coronary syndrome die before 

reaching the hospital. 

Mortality rate after 1year of survival after Acute myocardial 

infarction is almost 15 %. 

 

ACUTE CORONARY 
SYNDROME

STEMI NSTEMI UNSTABLE 
ANGINA
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Definition of Acute Myocardial Infarction 

 Acute myocardial infarction occurs when there is evidence of 

myocardial necrosis in a clinical phenomenon which is consistent with 

acute myocardial ischemia. 

Criteria  

• Rise and/or fall in cardiac biomarker values (preferably cTn) 

atleast one value above the 99th percentile Upper Range Limit and 

with at least one of the following:  

1. Ischemia symptoms 

2. New or presumed new significant ST-segment–T wave 

changes or new Left Bundle Branch Block 

3. Development of pathological Q waves in the ECG  

4. New regional wall motion abnormality or evidence of new 

loss of viable myocardium in the Imaging 

5. Intracoronary thrombus by angiography or autopsy  

• Cardiac death with symptoms suggestive of myocardial ischemia 

and  presumed new ischemic changes on the ECG or new LBBB, 

But death occurred before cardiac biomarkers were determined or 

before cardiac biomarker values would be increased.  

• PCI-related MI is arbitrarily defined by elevation of cTn values in 

patients with normal baseline values or a rise in cTn values >20% 
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if the baseline values are elevated and are stable or falling. In 

addition, either 

(1) Symptoms suggestive of myocardial ischemia,  

(2) New ischemic changes on the ECG,  

(3) Angiographic findings consistent with a procedural 

complication, or  

(4) Imaging demonstration of new loss of viable myocardium or 

new regional wall motion abnormality is required.  

• Stent thrombosis associated with MI detected by coronary angiography 

or autopsy in the setting of myocardial ischemia rise and/or fall in cardiac 

biomarker values and at least one value higher than the 99th percentile 

URL.  

• CABG related MI is arbitrarily defined by elevation of cardiac 

biomarker values in patients with normal baseline cTn values .In addition, 

either  

(1) New pathologic Q waves or new LBBB, 

(2) Angiographically documented new graft or new native coronary 

artery occlusion, or 

(3) Imaging evidence of new loss of viable myocardium or new 

regional wall motion abnormality is required. 
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Unstable angina 

 Patients with acute coronary syndrome without myocardial 

necrosis is known as unstable angina 

 Due to reduction in myocardial perfusion as a result of 

nonocclusive coronary thrombosis. 

 No biochemical evidence of myocardial necrosis and have close 

clinical resemblance. 

 Therefore unstable angina is diagnosed from the clinical history. 

clinical presentations of UA:  

(1) Angina at rest or angina with minimal exertion which 

lasting for at least 20 minutes 

(2) New-onset severe angina (Canadian Cardiovascular 

Society grade III or higher) 

(3) Crescendo angina which is defined as previously 

diagnosed angina which has become distinctly more frequent 

that is precipitated by lesser degrees of exertion. 

Eventhough there is a clear definition for Unstable Angina, the 

subjective nature of these criteria may impair the diagnostic accuracy, 

thus leading to misclassification.  
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In one study, approximtely 20% of patients diagnosed as unstable 

angina and referred for coronary angiography do not have any apparent 

obstructive lesion in epicardial Coronaries. 

Non ST Elevation MI 

 Patients with typical symptoms without persistent (>20 minutes 

continuously) ST-segment elevation in at least two contiguous 

electrocardiographic leads, but with elevation of myocardial biomarkers 

>99% percentile of normal, are classified as having NSTEMI 

Pathology 

 The pathogenesis of NSTEMI involves four processes.  

(1) Unstable atheromatous plaque disruption. 

(2) Constriction of Coronary artery 

(3) Gradual intraluminal narrowing of an epicardial coronary artery 

which is caused by progressive atherosclerosis or due to restenosis after 

stenting 

(4) Oxygen supply and mismatch. 

Risk stratification in Acute coronary syndrome: 
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Biomarkers of Myonecrosis  

Serum biomarkers which indicate the myocardial injury and/or 

myonecrosis are important in the diagnosis of a patient with presumed 

cardiac chest pain. 

Serum biomarkers are essential to differentiate between Unstable 

angina and Myocardial infarction. 

Ideal biomarkers sould be 

Specific to cardiac muscle 

Absent from other nonmyocardial tissue,  

Released into the peripheral blood quickly after the injury 

Reflect the magnitude of necrosis. 

Easy to use  

Quick to measure 

Inexpensive to calculate  

Stable in vitro. 
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Earlier Biomarkers which were used for Acute coronary syndrome are 

Myoglobin 

Creatine kinase 

CK-MB isoform 

These markers lack the cardiac specificity because these markers 

can also be released from skeletal muscle and other tissues, such as the 

tongue, small intestine, uterus, and prostate.  

But later used biomarkers in the early 1990s are : 

Troponin I [TnI]  

Troponin T [TnT])  

These are cardiac-specific biomarkers which are released from 

cardiac myocytes. 

TnI inhibits the actin-myosin interaction by binding to actin. 

TnT attaches the troponin complex to the thin filament by binding 

to tropomyosin complex.  

Troponin in the cytosol is released rapidly into the bloodstream 

during the early phases of myocyte necrosis whereas slow release occurs 

over several days. 
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Dallas Heart Study report the some clinical conditions 

independently associated with elevated levels of cardiac troponin which 

include 

Left ventricular hypertrophy 

Diabetes mellitus 

Chronic kidney disease 

Heart failure. 

 Newby et al introduced a new model that delineate the possible 

scenarios in which levels of serum troponin might be elevated. 

 Thus not all elevated troponin levels indicate myocardial 

infarction and not all myonecrosis indicate Acute coronary syndrome. 

 So the diagnosis of Myocardial Infarction not only requires 

elevated cardiac troponin, but also there should be clinical symptoms and 

signs supporting an ischemia. The pathophysiology of elevations in serum 

troponin other than the Acute coronary syndrome remains unclear.  

Possible mechanisms include normal cellular turnover is 

accelerated by age, exercise and several other factors that causes increase 

in myocyte cellular permeability because of a transient episode of 

ischemia. 
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Clinical presentation 

 Severe chest discomfort which has at least one of three features:  

(1) Occurs at rest or with minimal exertion lasts for more than 10 

minutes  

(2) New onset pain (within the 2 weeks) 

(3) Crescendo pattern -- More severe, prolonged and frequent than 

previous episodes of chest pain. 

The diagnosis of NSTEMI without electrocardiograph changes is 

made by  

Abnormally elevated levels of biomarkers which reflect the 

evidence of myocardial necrosis 
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Chest discomfort is typically  

located in the Substernal region  

Radiating to the left arm, left shoulder or to the neck and jaw.  

Anginal equivalents such as  

Dyspnea 

Epigastric discomfort  

Nausea 

Weakness can occur. 

These are more frequent in women, elderly people and patients 

with type 2 diabetes mellitus.  

Physical signs include  

Diaphoresis 

Pale, cool skin 

Sinus tachycardia 

Presence of Third or fourth heart sound 

Basal crepitations and 

Hypotension. 

Electrocardiogram 

New ST-segment depression present in about one-third of patients 

with NSTEMI and may present for many days after NSTEMI. 
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T-wave change – New and deep T – wave inversions which are 

more than 0.3mv are more common but are less specific. 

GAMMA GLUTAMYL TRANFERASE 

Gamma glutamyl transferase or Gamma glutamyl transpeptidase 

(GGT) belongs to a group of enzymes “Peptidases”. It is a membrane 

bound enzyme whose active site faces the external side of cell. 

GGT acts only on peptides or peptide like compounds containing a 

terminal glutamate residue which joins to the remaining compound 

through the γ-carboxy terminal. Glycylgycine is five times more effective 

as an acceptor than is either (Glycine or the tripeptide). The rate of 

peptidase transfer reaction is considerably faster than that of simple 

hydrolysis reaction. 

LOCATION  

Usually located in the cell membrane, Some enzymes are present in 

cytosol also. 

Located in many tissues like  

 Kidney 

Hepatocyte - Canalicular portion 

Pancreas - Acinar cells. 
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Prostate 

Bile duct 

Highest tissue activity of this enzyme is found in kidney. 

FUNCTIONS 

 It is involved in the transfer of Amino acids across the cell 

Membrane. 

Resorption of Amino acids from glomerular filtrate and from the 

Intestinal Lumen. 

In glutathione metabolism by transferring the glutamyl moiety to a 

variety of acceptor molecule. 

Leukotriene Synthesis. 

Drug & Xenobiotic detoxification. 
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LEUKOTRIENE SYNTHESIS  

 Leukotrienes are the Conjugated trienes which are formed from 

the Eicosanoic acids that are present in leucocytes by the lipoxygenase 

pathway.  

They are produced in response to both immunologic and non-

inflammatory stimuli. 

Arachidonate + Hydroxy peroxy groups react to form arachidonic 

acid which on hydroxylation produce Hydroxy peroxy Eicosan 

tetraenoates (HPETE) which enter into series of hydroxylation and 

transpeptiodase reaction to form leukotrienes. 

GLUTATHIONE METABOLISM 

 

Glutathione is present in every cell in the body. It is produced 

naturally in every cells.  
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It is the most powerful Detoxifier and Master Anti-oxidant in our 

body. 

Gamma-glutamyl transferase (GGT) mediates intracellular intake 

of extracellular glutathione which then initiate anti-oxidant mechanism. 

When oxidative stress occurs, decreased intracellular glutathione 

levels induce the formation of GGT in an attempt to maintain the normal 

intracellular glutathione level. 

GGT causes extracellular catabolism of glutathione (GSH). This 

process helps for the precursor assimilation and recycling of amino acids 

which are necessary for the synthesis of intracellular glutathione. GGT-

mediated cleavage of glutathione on the cellular membrane or in the 

extracellular space results in release of the reactive thiol group from the 

cysteinylglyceine moiety. This reactive thiol group cause the reduction of 

ferric (Fe3+) to ferrous (Fe2+) ion, which inturn starts the iron dependent 

redox-cycling process. This process results in the production of the 

reactive oxygen species particularly superoxide anion and hydrogen 

peroxide, which are both capable of stimulating pro-oxidant reactions. 

These GGT mediated prooxidant reactions catalyse the LDL 

lipoproteins oxidation (lipid peroxidation), that leads to the formation of 
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inflammatory atheroma. Thus the prooxidant reactions mediated by GGT 

could play a major role in the pathogenesis of atherosclerotic plaque. 

Many clinical studies on coronary artery disease demonstrated that 

GGT activity was positively associated with oxidative and inflammatory 

reactions which in turn contributing to the formation of atheromatous 

plaque. This positive relation between coronary artery disease and GGT 

levels remained significant even after modification of cardiac risk factors 

and confounding factors like alcoholism. Therefore GGT can be included 

as a potent marker for preclinical development of atherosclerosis. The 

advantages of GGT over other cardiac markers is that it is costeffective 

and more sensitive. 
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RELEASE OF ENZYME IN TO CIRCULATION 

Effect of alcohol & other drugs on microsomal structure in liver 

cell. Cell damage ↑ the membrane permeability causing increase in 

cytosolic iso-enzymes which spill into the sinusoid and from these into 

peripheral blood.  

Bile acids acts as detergent, could solubilize and release GGT from 

plasma membrane. 

ESTIMATION OF GGT 

 Carboxy substrate method (Kinetic method) 

Sample - Serum free from hemolysis 

Principle 

L-γ-Glutamyl 3-carboxy 4-nitroanilide    L- γ-Glutamyl glycylglycine+                    

+ Glycylglycine     GGT  5-Amino-2-nitrobenzoate 

The rate of formation of 5-amino 2-Nitrobenzoate is measured as 

an increase in absorbance which is proportional to the GGT activity in the 

sample. 

PROCEDURE  

Pipette in to a clean dry test tube. Working reagent of about 1ml is 

first incubated at the assay minute temperature for 1minute and 0.1ml of 
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the test sample is added into the test tube. Mix well and read the initial 

absorbance A0 after 1 minute. 

Normal Values : Males - 10-50 U/L  

Females - 7-35 U/L. 

Elevated levels of GGT seen in : 

Liver disease  

Obstructive jaundice – Cholangitis, Cholecystitis, Biliary atresia 

Infectious hepatitis 

Myocardial Infarction. 

Alcoholism  

Drugs – Phenytoin, Phenobarbital 

Pancreatitis 

Primary & Secondary metastatic neoplasms of liver. 

Decreased levels of GGT in:  

Chronic renal failure  

Hypothyroidism  

Hypothalamic malfunctions. 

ACUTE MYOCARDIAL INFARCTION 

 Acute myocardial infarction (AMI) is the most common diagnosis 

in hospitalized patients in the developed and developing countries. About 
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half of the acute myocardial infarction related deaths occur before the 

patient reaches the hospital. The mortality rate for myocardial infarction 

has significantly reduced over the past years due to new mode of 

intervention and management. The risk factors for AMI are with 

increasing age, male gender, smoking, dyslipideamia, diabetes mellitus, 

hypertension, obesity, lack of physical activity, low daily fruit and 

vegetable consumption and psychosocial factors. 

PATHOLOGIC FINDINGS 

Almost all acute myocardial infarction results from coronary 

atherosclerosis. Acute Myocardial Infarction usually occurs when 

coronary blood flow decreases abruptly after a thrombotic occlusion of a 

coronary artery previously affected by atherosclerosis due to rupture or 

erosion of an atheromatous plaque, which causes transmural ischemia and 

STEMI. Before the advent of fibrinolysis, patients with myocardial 

infarction were categorized into: 

Those with Q wave on the ECG – referred as Transmural 

infarction. 

Those with non–Q wave MI on the ECG – referred as 

Subendocardial infarctions. 
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Q wave on the ECG depends on the size of the infarct rather than 

the depth of transmural involvement. 

Plaque Formation and Plaque disruption cause thrombi formation 

by  

Rupture of the Fibrous cap,  

Superficial erosion,  

Occasionally vasospasm or  

Disruption caused by a calcified nodule.  

 In a recent prospective study of patients with Acute coronary 

syndrome who had undergone coronary angiography and gray-scale 

radiofrequency intravascular ultrasonographic imaging after percutaneous 

intervention found that less than 5% of plaques with thin-capped 

fibroatheroma actually caused a clinical disease during follow-up for four 

years. The morphologic characteristics associated with rupture-prone 

plaque include  

Expansive remodeling – minimizes luminal obstruction 

Neovascularization – angiogenesis 

Plaque hemorrhage,  

Adventitial inflammation and  

Spotty calcification. 
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The normal heart function depends on myocardial blood flow, 

myocardial oxygen consumption and utilisation of fat and carbohydrates. 

Under normal aerobic conditions, the energy for the cardiac myocyte is 

derived from fatty acids, supplying approximately 60% to 90% of the 

energy for the synthesis of adenosine triphosphate (ATP). The remaining 

energy approximately 10%-40% is derived from the oxidation of 

pyruvate formed from glycolysis and oxidation of lactate. Thus the ATP 

which are formed almost comes from oxidative phosphorylation in the 

mitochondria and only a small amount of ATP approximately less than 

2% of ATP is synthesized by glycolysis. Two-thirds of the ATP 

synthesized by the heart is utilized by the contractile shortening and the 

remaining third is utilized by the sarcoplasmic reticulum Ca2+ ATPase 

and other ion pumps.  

Sudden occlusion of a coronary artery shifts the aerobic 

metabolism of the heart to anaerobic glycolysis within seconds of 

decreased arterial blood flow. Myocardial ischemia primarily affects 

mitochondrial metabolism, which results in decrease in the synthesis of 

ATP by shutting off oxidative phosphorylation. Decreased ATP synthesis 

stimulates anaerobic glycolysis which results in increase in myocardial 

glucose uptake and glycogen breakdown. Also decreased ATP inhibits 

Na+/K+-ATPase pump thereby increasing the intracellular concentration 
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of Na+ and Cl, leading to cellular swelling. These changes induce 

changes in the sarcolemma and sarcoplasmic reticulum which in turn 

results in increase in cytosolic Ca2+. The increased calcium induces 

activation of proteases that causes alterations in contractile proteins. The 

resulting product from the glycoilysis, Pyruvate, is not oxidized in the 

mitochondria, which enter into the production of lactate. The increased 

lactate production results in decrease in intracellular pH, and reduction in 

contractile function. The decrease in pH also increases the ATP 

requirement to maintain the calcium homeostasis within the cytoplasm.  

Properties of reversibly injured myocytes  

 Myocytes are edematous and swollen due to osmotic overload.  

 Increased cell size with decrease in glycogen content. 

 The myocyte fibrils are relaxed and thinned;  

 Prominent I bands due to noncontracting ischemic myocytes.  

 The nuclei show mild condensation of chromatin at the 

nucleoplasm.  

 Intact cell membrane 

 Swollen mitochondria with loss of normal dense mitochondrial 

granules but without amorphous or granular flocculent densities 
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Properties of Irreversibly injured myocytes  

 Shrunken nuclei with marked chromatin margination. 

 Break in the cell membrane with bleb formation. 

 Small osmiophilic amorphous densities in the mitochondria. These 

densities are composed of lipid, denatured proteins, and calcium. 

Increased cytosolic calcium and mitochondrial impairment in 

irreversible myocyte injury causes phospholipase activation and release 

of lysophospholipids and free fatty acids which damage the cell by lipid 

peroxidation from free radicals and reactive oxygen species. Disruption 

of cytoskeletal proteins results in increase in cell membrane permeability 

that results in cell death. 

Necrosis of the myocardium starts as early as within 15 to 20 

minutes of occlusion of a coronary vessel and it gets completed within 6 

to 9 hours unless recanalisation occurs or collateral circulation develops. 

This is the reason that first 6 hours after myocardial infarction are most 

risky, so that any recanalisation procedures has to be done within this 

period in order to prevent the complete necrosis of the myocardium.  

The central area of myocardial necrosis is surrounded by area of 

myocardial injury which is surrounded by area of myocardial ischaemia. 

At first, the inflammatory cells produced due to the ischemia reach the 

area of myocardial necrosis and cause erosion of endocardium. These 
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inflammatory changes progresses over a period of 2 to 6 weeks that 

results in myocardial scarring. These myocardial scars causes remodeling 

changes which occurs over months in the form of dilatation of infarcted 

segment. Later the non-infarcted segment around the scar region also 

dilates in case the size of infarct is large. 

Extent of myocardial damage by coronary occlusion depends on the 

 Territory supplied by the occluded vessel,  

 Duration of coronary occlusion,  

 Amount of blood supplied by collateral vessels to the affected 

tissue, 

 Oxygen demand of the myocardium in which blood supply has 

been suddenly limited,  

 Native factors that can cause early spontaneous lysis of the 

thrombus, 

 Adequacy of myocardial perfusion in the infarct zone after the 

restoration of flow in the occluded vessel. 

Majority of thin cap fibroatheromas lesions occur predominantly in 

the proximal portion of the three major coronary arteries. About 50% of 

the lesions arise from the midportion of these arteries. Proximal portion 

of the left anterior descending (LAD) coronary artery is the most 
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common location for plaque rupture and occlusion followed by the 

proximal right coronary and left circumflex contrary arteries.  

Macroscopic changes in myocardial infarction 

The earliest change that occurs in the acute myocardial infarction is 

the pallor of the myocardium which occurs 12 hours or later after the 

onset of irreversible ischemia. The necrotic myocardium can be detected 

within 2 to 3 hours after infarct by immersion of the fresh heart slices in a 

solution of Nitroblue tetrazolium salts. After 24 hours of the onset of 

irreversible ischemia, the pallor of the myocardium is enhanced.  

If the reperfusion is not attempted, the infarct area will become as a 

central area of yellow discoloration surrounded by a thin rim of highly 

vascularized hyperemia which is seen after 2 to 3 days.  

After 5 to 7 days, the infarct regions will become as a central soft 

area and a depressed hyperemic border.  

After 1 to 2 weeks, healing begins with infiltration of tissue with 

macrophages and early fibroblasts at the tissue margins. Later 

organization takes place and there will be a white hue at the borders. 

Healing can complete as early as 4 to 6 weeks in case of small infarct 

area or can take as long as 2 to 3 months when there is large infarct area. 
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MICROSCOPIC CHANGES IN MYOCARDIAL INFARCTION 

 The earliest morphological changes in MI can be observed between 

12 and 24 hours after onset of chest pain is the hypereosinophilic 

myocyte. Other changes that are seen are some chromatin condensation in 

the nucleus and interstitial edema. After 24 hours there is neutrophil 

infiltration is at the border of the infarct areas. Between 24 and 48 hours, 

coagulation necrosis starts with various degrees of nuclear pyknosis, early 

karyorrhexis, and karyolysis. After 3 to 5 days, there is loss of nuclei and 

striations in the myocyte located at the central area of the infarct. In case 

of small infarcts, there is more neutrophils invading within the infarct and 

fragment which results in more severe karyorrhexis.  

Inflammatory cell infiltration induces a cascade of chemokines, 

which result in the formation of scar tissue by recruitment of 

macrophages and fibroblasts in the border areas. After one week, 

neutrophills tend to decline which is replaced by granulation tissue with 

infiltration of lymphocytes and plasma cells and angiogenesis. After the 

second week, fibroblasts appears prominent and there is continued 

removal of the necrotic myocytes by the macrophages. The fibroblasts 

enhances collagen deposition and angiogenesis which starts the process 

of healing. The healing process continues until it gets completed after 4- 

8 weeks or longer. The healing process does not occur in the central area 
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of infarction which remain unhealed and shows mummified myocytes for 

longer periods even after the infarct borders are completely healed. So the 

age of the infarct is determined by examining the border areas of the 

infarct adjoining the noninfarcted muscle. 

 

MYOCARDIAL REMODELING AFTER INFARCTION  

Changes that takes place in size, shape, and function of the heart 

after myocardial infarction occurs secondary to many molecular, cellular, 

and interstitial events within the myocardium. Remodeling of the left 

ventricle starts early within the first few hours after myocardial infarction 

and continues to progress. Myocardial remodeling depends on both the 

severity of the infarct and the recurrence of infarction. The inflammatory 

response due to myocardial infarction activates the complement cascade 

system which in turn produces many cytokines such as transforming 
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growth factor-β, and chemokines and generation of free radicals. After 

reperfusion, neutrophils, monocytes, and lymphocytes infiltrate the 

myocardium within first 24 hours and release the preformed mediators 

that starts the cytokine cascade. The activated myocytes in the ischemic 

border zone expresses many adhesion molecule on its surface such as 

intercellular adhesion molecule-1 which lead to neutrophil-mediated 

injury. During the healing phase, these infiltrating monocytes transform 

into macrophages. These activated macrophages along with mast cells 

within the healing scar stimulates the fibroblast proliferation.  

Activated macrophages are the first line of defense that later are 

responsible for the healing process. The prolonged presence of initial 

macrophages within the infarct area extends the proinflammatory 

environment which inturn causes expansion of the infarcted area. Delayed 

transition to the mature activated macrophages hampers the formation of 

scar tissue that is responsible for the development of heart failure because 

of the expansion of the injured ventricular wall which is called as 

Negative remodeling of the ventricle. The resolution of inflammation and 

improved infarct healing is mainly attained by the maturation of activated 

macrophages. These differentiation of macrophage is regulated by T 

regulatory cells and cytokine stimulator. Polarization of the initial 

macrophages occurs in the presence of interferon regulator factor-5, 
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collapsing response mediators-2, and stimulator of cytokine signaling-3. 

When polarization of the mature macrophages is enhanced, cause early 

resolution of inflammation and early infarct healing resulting in the 

prevention of negative remodeling. Monocytes are recruited from the 

spleen and further differentiate at the injury site. 

OUTCOMES AFTER MYOCARDIAL INFARCTION 
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COLLATERAL CIRCULATION 

Coronary collateral circulation develops after occlusive myocardial 

ischemia. Collateral circulation occurs most commonly in the vessels 

with reduced luminal cross-sectional area by more than 75%. The amount 

of collateral flow is a principal determinant of infarct size. Even the 

totally occluded coronary arteries can present without evidence of 

infarction in the distribution of that artery because of the abundant 

collaterals. So the viability of the myocardium distal to the coronary 

occlusions depends mainly on the collateral blood flow. If there is high-

grade stenosis in the coronary vessels with intermittent total occlusion of 

the vessel, formation of collateral vessels only remain as a mechanism for 

myocardial viability. Patients with increased collateral formation in 

coronary angiogram have improved clinical outcomes after myocardial 

infarction. 

CLINICAL FEATURES  

Predisposing factors 

Unusually heavy exercise 

Emotional stress 

Acute illness  

Noncardiac surgical procedures  
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Respiratory infections 

Hypoxemia from any cause 

Pulmonary embolism  

Hypoglycemia 

Administration of ergot preparations  

Cocaine use, Sympathomimetics 

Serum sickness  

Allergy and rarely wasp stings. 

 Acute STEMI has a pronounced circadian periodicity with the 

predominantly occur in the early morning. The activity of Plasma 

catecholamines and cortisol and platelet aggregability increases more in 

the early-morning hours. Patients with beta-blocking agent or aspirin do 

not exhibit this characteristic circadian peak. 

SYMPTOMS 

Chest Pain 

Severe, Intolerable, Prolonged pain — lasts for more than 30 

minutes to several hours  

TYPE – constricting, crushing, oppressing, or compressing, 

squeezing, sensation of a heavy weight over the chest. It can also be 

characterized as a stabbing, knifelike, boring, or burning discomfort.  
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LOCATION – Usually localizes retrosternally and spreads to both sides 

of the anterior part of the chest, with a preference to the left side. 

RADIATION  

 Ulnar aspect of the left arm and produces a tingling sensation in 

the left wrist, hand, and fingers 

 Epigastrium 

 Both shoulders, Upper extremities, 

 Neck, Jaw and 

 Interscapular region, again usually the left side. 

 

MECHANISM 

Chest pain likely arise from nerve endings supplying the ischemic 

or injured myocardium. Stimulation of nerve fibers in the myocardial 

ischemic zone surrounding the necrotic area gives rise to the pain. The 

pain usually disappears immediately following reperfusion of the 

occluded vessel. If there is recurrent pain after initial reperfusion, then 

immediate evaluation for acute re-occlusion of the lesion should be 

evaluated.  

The chest pain implies only ischemia of the myocardium and not 

infarction, so immediate targeted therapy can save the viability of the 

myocardium. This indicates the importance of chest pain in early 
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intervention in myocardial infarction. STEMI can present without chest 

discomfort in special circumstances as symptoms of acute LV failure, 

syncope, diaphoresis. 

Other symptoms 

 Nausea and vomiting – Activation of the vagal reflex or 

stimulation of LV receptors as part of the BezoldJarisch reflex. 

Mostly seen in patients with inferior STEMI than with anterior 

STEMI. Other symptoms include feelings of  

 Weakness, Dizziness,  

 Palpitations 

 Cold perspiration and a sense of impending doom.  

 
Physical Signs 

General Appearance – Anxious, Restless, often massage or clutch 

their chest. 

Cold perspiration and skin pallor – associated with LV failure and 

sympathetic stimulation 

Cough - frothy, pink sputum can occur if pulmonary edema is 

present.  
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Cardiogenic shock - cool and clammy skin, bluish or mottled color 

over the extremities, and facial pallor with severe cyanosis of the lips and 

nailbeds.  

Heart Rate  

Bradycardia – mostly seen in inferior STEMI 

Regular or Irregular Tachycardia - Higher risk for fatal 

complications of MI. 

Blood Pressure  

Most patients with STEMI are normotensive. A breif hypertensive 

response is seen during the first few hours because of adrenergic response 

to pain, anxiety, and agitation.  

In patients with massive infarction, arterial pressure falls acutely 

because of LV dysfunction. Cardiogenic shock is defined as systolic 

pressure below 90 mm Hg with evidence of end-organ dysfunction.  

In patients with inferior wall myocardial infarction, hypotension 

occurs which is due to the activation of the Bezold-Jarisch reflex and not 

due to cardiogenic shock.  

Inferior STEMI – Increased parasympathetic stimulation with 

hypotension, bradycardia, 
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Anterior STEMI – Increased sympathetic stimulation with 

hypertension, tachycardia. 

Jugular Venous Pulse  

Jugular venous pulse is usually normal in STEMI which involves 

the left ventricle. But when patient develop pulmonary hypertension 

because of Left Ventricular failure, there will be elevated jugular venous 

pressure with prominent a wave may be seen. But in case of Right 

Ventricle infarction, because of ischemia of Right Ventricle papillary 

muscle there will be marked elevation of jugular venous pressure with tall 

c-v waves of tricuspid regurgitation. 

PHYSICAL EXAMINATION 

HEART SOUNDS 

First heart sound – muffled and occasionally inaudible. A soft first 

heart sound may also indicate prolongation of the PR interval.  

Second heart sound – Paradoxical splitting of the second heart seen 

in patients with severe left ventricular dysfunction and/or left bundle 

branch block (LBBB). 
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Fourth heart sound – Usually audible in patients with chronic 

ischemic heart disease. Best heard at the apex and in right ventricular 

infarction along the left sternal border. 

Third heart sound – Indicates severe Left ventricular dysfunction 

with elevated ventricular filling pressure. It indicates decreased 

transmitral blood flow during protodiastolic filling of the left ventricle. 

Best heard at the apex when the patient in the left lateral recumbent 

position. Third heart sound can also present when patient develops mitral 

regurgitation or ventricular septal rupture. 

MURMURS 

Systolic murmurs 

Mitral regurgitation – Papillary muscle dysfunction of the mitral 

valve apparatus and LV dilation. 

Rupture of head of papillary muscle - new,holosystolic murmur 

accompanied by a thrill at the apex. 

 Rupture of the interventricular septum – new holosystolic murmur 

with thrill but heard along the left sternal border.  

Tricuspid regurgitation murmur – due to Right ventricular failure, 

Pulmonary hypertension, Right Ventricular infarction, infarction of an 
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Right Ventricular papillary muscle. Systolic murmur is heard along the 

left sternal border which gets intensified by inspiration and is associated 

with prominent c-v wave in the jugular venous pulse and fourth heart 

sound.  

FRICTION RUBS 

Pericardial friction rubs can be heard early within 24 hours or as 

long as 2 weeks after infarction. Most commonly heard on the second or 

third day and most of the patients with pericardial rub can have 

pericardial effusion on echocardiogram. Delayed onset of the rub and the 

associated pericarditis is defined as post-MI (Dressler) syndrome.  

Best heard along the left sternal border or just inside the apical 

impulse. Loud rubs can also be heard all over the precordium and over 

the back. Sometimes only the systolic portion of the rub can be heard, 

which needs to be distinguished from the systolic murmur arising from 

the mitral regurgitation. 

DIAGNOSIS 

Ischemia to the myocardium causes necrosis of the myocardium 

which disrupts the integrity of the sarcolemmal membrane thereby 

releasing the intracellular macromolecules into the cardiac interstitium 

and then into the microvasculature and lymphatics in the region of the 



54 
 

infarct. The release of these molecules in the circulation depends on 

several factors which includes intracellular location, molecular weight, 

local blood and lymphatic flow, and the rate of elimination from blood. 

Cardiac-Specific Troponins  

The most specific biomarker to detect myocardial injury is cardiac 

troponin. Troponin consists of three subunitsinclude  

 Troponin C – Binds Calcium 

 Troponin I (TnI) – Binds to Actin and inhibits actin-myosin 

interactions 

 Troponin T (TnT) – Binds to Tropomyosin, which attach the 

troponin complex to the thin filament. 
 

 

Following myocyte injury, the initial release of cardiac-specific 

TnT and TnI is from the cytosolic pool, followed subsequently by release 

of the myofilament bound protein. Cardiac troponin levels start to rise 3 

to 12 hours after the onset of ischemia, then peak at 12 to 24 hours and 

remain elevated for 8 to 21 days (troponin T) or 7 to 14 days (troponin I). 

Increased troponin levels correlate with myocardial necrosis and indicate 

poor prognosis in myocardial infarction. 
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ELECTROCARDIOGRAM 

Electrocardiogram(ECG) remains the most important diagnostic 

test in myocardial infarction. Patients with chest pain and ECG changes 

consistent with STEMI must be considered for immediate reperfusion. 

The extent of ST deviation on the ECG depends on locat on of the 

infarction . The degree of resolution of the ST-segment also provides 

noninvasive information about the success of reperfusion for STEMI. 

 

Isolated occlusion of a dominant left circumflex coronary artery 

causes an abnormal R wave in V1 and Q waves in inferior leads. These 

patients have very low Ejection Fraction and have higher complication 

rate than those with inferior infarction caused by isolated occlusion of the 

right coronary artery. ST-segment elevations in aVR denotes either 
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occlusion of left main coronary artery or multivessel disease and have 

worse outcomes. Factors limiting the usefulness of the ECG in 

diagnosing Myocardial infarction are the extent of myocardial injury, age 

of the infarct, location of the infarct, Conduction defects, acute 

pericarditis, and changes in electrolyte concentrations. Conditions that 

may mimic as Myocardial Infarction with regard to ECG change by 

producing a pattern of “pseudoinfarction” include ventricular 

hypertrophy, conduction disturbances, preexcitation, primary myocardial 

disease, pneumothorax, pulmonary embolism, amyloid heart disease, 

hypertrophic cardiomyopathy, primary and metastatic tumors of the heart, 

traumatic heart disease, intracranial hemorrhage, hyperkalemia, 

pericarditis, early repolarization, forms of muscular dystrophy, and 

cardiac sarcoidosis.  

Approach to patient with Acute STEMI 

Reperfusion therapy should be administered to all patients with 

STEMI within the previous 12 hours after the onset of symptoms. 

Primary PCI is the recommended method of reperfusion when available 

within time. The transport of the patient directly to a PCI-capable hospital 

for primary PCI is the recommended strategy for patients with STEMI, 

with an ideal FMC to devcice time of 90 minutes or less. When FMC-to-

device time at a PCI-capable hospital exceeds 120 minutes, fibrinolytic 
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therapy should be administered to patients with STEMI at non–PCI-

capable hospitals if there is no contraindications.  

When fibrinolytic therapy is indicated or chosen as the primary 

reperfusion strategy, it should be administered within 30 minutes of 

hospital arrival. The factors which are to be considered befor starting 

reperfusion include time of the onset of symptoms, risk of complications, 

risk for bleeding, presence of heart failure or shock, and time required for 

the administration of fibrinolytics versus the time needed for transfer to a 

PCI-capable hospital.  

The factors which recommend which recommend for early transfer 

to PCI-capable hospitals include are congestive heart failure, shock, high 

bleeding risk, longer than 3 to 4 hours after onset of symptoms, and short 

transfer times to PCI-capable hospitals. The factors which are best suited 

for initial fibrinolytic therapy include patients with low bleeding risk, 

very early after the onset of symptoms, and longer duration to reach to 

PCI capable hospital. 
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MATERIALS AND METHODS 

STUDY POPULATION 

SOURCE OF DATA 

The study will be conducted on 50 patients with clinical features 

suggestive of Acute Myocardial infarction patients admitted to 

Government Rajaji Hospital & Madurai Medical College during the study 

period from May 2019 to October 2019. 

Inclusion Criteria 

• Patients presenting with acute coronary syndrome

• Adult patients aged 30 to 80 years of either sex.

Exclusion Criteria 

• Alcohol consumption

• Hepatitis B or C infection

• Other known hepatobiliary diseases or kidney disease

• Use of hepatotoxic drugs

• Pregnancy

• Documented malignancies
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ANTICIPATED OUTCOME 

Serum Gamma Glutamyl Transferase levels will be elevated in 

patients presenting with Acute Myocardial Infarction. 

DATA COLLECTION 

Informed consent will be obtained from all patients to be enrolled 

for the study. In all the patients relevant information will be collected in a 

predesigned proforma. The patients are selected based on clinical 

examinations and biochemical tests. 

Adult patients of age between 30 and 80 years admitted in 

Department of Medicine of Government Rajaji Hospital, Madurai with 

clinical features suggestive of Acute Myocardial Infarction were taken 

into study. 

LABORATORY INVESTIGATIONS 

BIOCHEMISTRY 

Liver function Test 

Renal function Test 

Serum Gamma Glutamyl Transferase 

HbsAg 
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Anti-HCV 

Electrocardiogram 

Coronary Angiogram 

DESIGN OF STUDY 

Prospective study. 

PERIOD OF STUDY 

6 MONTHS (May 2019 to October 2019) 

COLLABORATING DEPARTMENTS: 

DEPARTMENT OF BIOCHEMISTRY 

DEPARTMENT OF CARDIOLOGY 

ETHICAL CLEARANCE: Obtained 

CONSENT: Individual written and informed consent. 

ANALYSIS: Statistical analysis will be performed using appropriate tests 

as required according to data. 
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CONFLICT OF INTEREST: NIL 

FINANCIAL SUPPORT: SELF 

PARTICIPANTS 

 50 patients of age between 30 and 80 years admitted in Department 

of Medicine of Government Rajaji Hospital, Madurai with clinical 

features suggestive of Acute Myocardial Infarction were taken into study 
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SUMMARY OF PRIOR PUBLICATIONS 

Title 
Year and 
journal 

Published 
Author Conclusion 

Evaluation of gamma 
glutamyl transferase as 
a marker of 
cardiovascular risk, in 
200 angiographically 
proven CAD patients 

 
Indian Heart 
Journal, 
March 2017 

 
Vani 
Bharania, 
V. Ramesh 

Study showed significantly 
higher GGT levels in patients 
with significant coronary 
artery stenosis vs those 
without 

 
Gamma glutamyl 
transferase as an 
atherogenic predictive 
marker in acute 
coronary syndrome 

International 
Journal of 
Research in 
Medical 
Sciences, 
March 2017 

Sujesh Kumar 
,N.Sajitha 
Krishnan 

Significantly higher GGT 
levels found in ACS patients 
implies that GGT estimation 
can be used as an adjuvant 
biomarker that may help in 
identifying patients who are 
potentially at risk of coronary 
atherosclerosis. 

Association of serum 
gamma-
glutamyltransferase 
and premature 
coronary artery 
disease. 

 
Neth Heart J 
Feb,2017 

M. Sheikh, 
M. Tajdini, 
A. Shafiee, 
M. Sotoudeh 
Anvari 

 
GGT levels in patients with 
typical chest pain or positive 
non-invasive tests could 
predict the presence of 
premature CAD in young 
patients 

 
Association of Raised 
Gamma Glutamyl 
Transferase (GGT) 
Levels in Patients with 
Acute Coronary 
Syndrome and Their in 
Hospital Outcome 

 
PJMHS 
JAN – MAR 
2012 

 
Asma kamal, 
Amna riaz, 
Asifa kamal, 
Fareeha 
sheikh. 

Raised serum GGT activity 
was found to be a strong 
predictor of the development 
of MACE in the patients with 
ACS during CCU. And 
significant association of 
GGT with diabetes mellitus 
and obesity may account, at 
least in part, for the 
prognostic role of GGT 

 



 

 

 

 

 

 

Results and Interpretation 
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RESULTS AND INTERPRETATION 

 

STATISTICAL ANALYSIS 

     All analysis were done using SPSS version 16(SPSS Inc., Chicago, 

IL). The results are presented as mean, Standard deviation, Median and 

inter quartile rangr (IQR) for continuous data and as percentages for 

categorical data. Data were tested for normality using Shapiro wilks 

normality test. Since the data levels were in skewed distributed, Mann–

Whitney U-test was used for inter comparision of two variables and 

Kruskal wallis test for more than two variables.  

     The value of each predictor variable in relation to coronary 

atherosclerosis was evaluated by Spearman rank correlation coefficient 

for every patient. Bivariate Logistic regression analysis was used to 

assess predictability of coronary atherosclerosis by different markers. In 

which all variables that had a significant p < 0.10 bivariate relation with 

the outcome in the univariate analysis were evaluated for inclusion in the 

model; 

       Receiver Operating Characteristic Curve was used to find out cut-off 

point of different markes in predicting coronary atherosclerosis. The 

results were considered significant with p value less than 0.05. 
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The mean age group participated in the study was 49.72 years. The 

mean value of Gamma glutamyl transferase obtained in the study was 

65.48 U/L having standard deviation of about 21.93 and the mean value 

of CK-MB in the study was 70.5 IU/L with standard deviation of about 

20.42 as shown in table 1. 

Table 1. Distribution of variables among study population 

 
Mean Std.deviation Minimum Maximum Median IQR 

AGE 49.72 10.81 28 75 49 18 

GGT 65.48 21.93 22 139 61.85 18.2 

CK-MB 71.34 20.42 34 132 70.5 27.2 

 

The age distribution was shown in the table 2. Below 40 years 

there were 13 subjects (26%). Between 41 – 60 years, there were 29 

subjects (58%). Above 60 years age group, there were 8 subjects (16%). 

The mean GGT value in the age below 40 years was 58.15 U/L and the 

mean CK-MB value in the age below 40 years was 63.31U/L. The mean 

GGT and CK-MB value in the age group between 41-60 years was 68.65 

U/L and 74.69 U/L respectively. Similarly the mean GGT and CK-MB 

value in the age group above 60 years are 65.89 U/L and 72.25 U/L 

respectively. 
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 < 40 yrs (N= 13) 41-60 yrs (N=29) > 60 yrs (N=8)  

 Mean Std. 
Deviation Median Mean Std. 

Deviation Median Mean Std. 
Deviation Median p 

value 

GGT 58.15 29.704 51.3 68.65 16.871 68.3 65.89 23.978 68.8 0.112

CK-
MB 63.31 20.467 63 74.69 18.546 72 72.25 25.689 69 0.242

 

 The age distribution of the values of GGT and CK-MB were 

plotted and the bar diagram are shown in figure 1. The p value of the 

value GGT and CK-MB according to age distribution were 0.112 and 

0.242 according to Kruskal Wallis test. These values represent that there 

is no significant association of GGT and CK-MB value according to age 

distribution in the study population. 
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Figure 1. Association of GGT and CK-MB based on age distribution  
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Association of GGT and CK-MB based on gender 

 Out of 50 population in our study, the number of males were 

35(70%) and the number of females were 15 (30%) as shown in table 3. 

The p value of the GGT and CK-MB value according to the gender were 

0.735 and 0.478 for males and females respectively according to Mann 

Whitney U test. Thus gender has no significant association against the 

values of GGT and CK-MB. The gender wise distribution is shown in 

figure 2. 

Table 3. Association of GGT and CK-MB levels based on gender 
distribution 

VARIABLES Male (N=35) Female (N=15)  

 Mean Std. 
Deviation Median Mean Std. 

Deviation Median p 
value

 
GGT 64.15 19.224 64.7 68.57 27.78 59 0.735

 
CK-MB 69.54 18.581 68 75.53 24.395 72 0.478
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Figure 2. Gender distribution of GGT and CK-MB. 
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ASSOCIATION OF GGT & CK-MB BASED ON NUMBER OF 

VESSEL LESION IN CORONARY ANGIOGRAPHY 

Among 50 patients, the number of patients with single vessel 

disease in the coronary angiography lesion were 22 (44%). The number 

of patients with double vessel disease in the coronary angiography lesion 

were 7 (14%) and the number of patients triple vessel disease were 10 

(20%). The number of patients with Minimal disease lesion in the 

coronary angiography lesion were 11 (22%) which is shown in figure 3. 

 

Figure 3. Frequency of Number of vessel disease 
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 The mean value of GGT and CK-MB in patients with Single vessel 

disease lesion in the coronary angiography were 67.96 U/L and 73.14 

U/L. The mean value of GGT and CK-MB in patients with double vessel 

disease lesion in the coronary angiography lesion were 66.79 U/L and 

69.71 U/L. Similarly the mean value of GGT and CK-MB in patients with 

triple vessel disease lesion in the angiography lesion were 69.27 U/L and 

77.8 U/L. In patients with minimal disease lesion in the coronary 

angiography lesion, the mean value of GGT and CK-MB were 56.23 U/L 

and 62.91 U/L respectively as shown in the table 4. 

Table 4. Association of GGT and CK-MB based on Vessel lesion in 
Coronary Angiography. 

 Number Mean Std dev Median P value 

GGT   
MINIMAL 
DISEASE 11 56.23 31.21 51.3  
SVD 22 67.96 19.003 68.75 

DVD 7 66.79 20.84 68.3 0.15 

TVD 10 69.27 16.371 69 

CK-MB   
MINIMAL 
DISEASE 11 62.91 20.142 65  
SVD 22 73.14 20.469 70 0.541 

DVD 7 69.71 17.895 72 

TVD 10 77.8 22.065 73 
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Among the 50 patients treated for acute myocardial infarction, 5 

patients were taken for primary coronary intervention, 40 patients were 

thrombolysed with fibrinolytics and 5 patients presented as delayed 

presentation with Evolved myocardial infarction. These were taken for 

percutaneous coronary intervention later after treating with 

anticoagulants. 

 

Coronary angiography lesion of these 50 patients were associated 

with GGT and Ck-MB values. The p value of these variables with the 

lesions of the coronary angiography were 0.15 and 0.541 respectively by 

Kruskal Wallis test. These test vales indicate that there is no significant 

association between the number of vascular lesions with the GGT and 

CK-MB values. The distribution of vessel diseases with the GGT and 

CK-MB were plotted as shown in the figure 4. 
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Figure 4. Association of GGT and CK-MB with number of vessel 
disease 
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ASSOCIATION OF GGT & CK-MB WITH CAG LESION 

 The coronary angiography lesions of the 50 patients were 

compared with GGT and CK-MB levels. The percentage of obstructive 

lesion in the coronary angiography varies widely ranging from 30 % to 95 

% lesion. These lesions were categorized into those who have stenotic 

lesion in the coronary angiogram with less than 50 % as one group and 

those with stenotic lesion of more than 50 % is categorized as another 

group. The GGT, CK-MB and the age distribution of these two groups 

were compared with the respective stenotic lesion in the coronary 

angiography. These results are shown in the table 5. 

Table 5. Association of GGT and CK-MB levels based on Coronary 
angiogram lesion (%) 

 
Coronary angiogram lesion (< 50%) Coronary angiogram lesion (≥ 50%) 

 

 
Mean 

Std. 

Deviation 

Std. 

Error
Median Mean

Std. 

Deviation

Std. 

Error 
Median P value

Age 
in 
yrs 

37.86 9.155 3.46 35 51.65 9.863 1.504 50 0.001* 

GGT 47.56 18.757 7.089 49.4 68.4 21.185 3.231 68.3 0.019* 

CK-
MB 

56.71 17.96 6.788 65 73.72 19.983 3.047 72 0.073 
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 The mean value of GGT, CK-MB and the age distribution of 

patients with less than 50% stenotic lesion in the coronary angiography 

lesion were 47.56 U/L, 56.71 U/L and 37.86 years respectively. Similarly 

the mean value of GGT,CK-MB and age distribution of patients with 

stenotic lesion of more than 50 % of lesions in the coronary angiography 

lesion were 68.4 U/L, 73.72 U/L and 51.65 years respectively. Many 

patients have triple and double vessel disease lesions in their coronary 

angiogram. The Maximum percentage of lesion in a single vessel of the 

other vessels is taken here to compare with the variables. 

 

Figure 5. Distribution of GGT, CK-MB and Age based on Coronary 
Angiography lesion(CAL). 
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The p value of association between coronary angiography lesion 

and GGT, CK-MB and age distribution were calculated using Mann 

Whitney U test were 0.019 ,0.073 and 0.001 respectively shown in table 

5. These p value of GGT 0.019(<0.05) has significant association with the 

percentage or severity of stenotic atherosclerotic lesion in the coronary 

angiogram. Similarly the p value of age distribution which is 

0.001(<0.05) also have significant association with the percentage of 

stenotic atherosclerotic lesion in the coronary angiogram. The distribution 

of GGT, CK-MB based on coronary angiographic lesion were plotted and 

shown in figure 5. 

Table 6. Correlation of Coronary Angiography lesion with markers 

 
Coronary angiogram lesion 

[CAL] (%) 
 

 r value p value  

AGE in yrs 0.436 0.002**  

GGT 0.443** 0.001**  

CK- MB 0.350* 0.013*  

Ejection fraction -0.241 0.092  

GGT and CK- MB 0.810 0.001**  

Spearman rank correlation *(p<0.05) 



77 
 

 These variables were compared with coronary angiography lesion 

with spearman correlation coefficiuent. The results were tabulated and 

shown in the table 6. There is a significant relation between the variables 

GGT, CK-MB and Age with the coronary angiography lesion. 

 

 

Figure 6. Correlation of GGT with Coronary Angiography lesion 

 Spearman correlation of variable GGT compared with coronary 

angiography lesion is shown in figure 6. The GGT values were taken as Y 
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Coronary angiography lesion of X axis were plotten in the graph for all 

50 patients. The results of the correlation were shown in the figure 6. 

The r value and p value obtained when comparing GGT with 

coronary angiography lesion were 0.443 and 0.001. The positive r value 

of 0.443 with linear correlation shown in figure 6 for the variable GGT 

indicates that there is a positive linear correlation with coronary 

atheromatous lesions in the coronary angiography. Hence GGT increases 

with the formation of atheromatous lesions in the coronary vessels. 

 Increase in GGT level in patients after excluding the confounding 

factors can indirectly indicate the patient has high risk for atherosclerotic 

coronary vascular disease in the future. Thus preventive measures to 

decrease the risk of further progression of atheromatous plaque formation 

can be initiated before any complications develop in the patient. 
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Figure 7. Correlation of CK-MB with Coronary Angiography Lesion. 

 

CK-MB value are plotted in Y-axis and coronary angiography 

lesion percentages are plotted in X-axis. The values plotted show that 

there is a linear positive correlation between CK-MB and coronary 

angiogram lesion shown in figure 7. The r value and p value of CK-MB 

variable are 0.350 and 0.013 as shown in table 6. Thus there is significant 

positive relation between CK-MB and coronary angiography lesion. 
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Figure 8. Correlation of Age and Coronary Angiography Lesion. 

 Age of the patient is plotted in Y-axis and coronary angiography 

percentage lesion is plotted in X-axis. The percentage of Coronary lesion 

for the corresponding age is plotted and the result formed is shown in 

figure 8. The r value and p value of the spearman correlation coefficient 

for the variable of age are 0.436 and 0.002 as shown in table 6. This 

figure indicates that there is a significant linear positive correlation 

between the age of the patient and the coronary angiography 

atheromatous lesion. 
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Table 7. Univariate logistic regression for CK MB and GGT values 
taking Coronary Angiographic lesion as dependent variable. 

variables 
Beta 

coefficient S.E. Wald Sig. Odds 
ratio 

95.0% C.I. for 
Odds ratio 

 Lower Upper

AGE in 
yrs 

 
0.137 0.067 4.228 0.04* 1.147 1.006 1.308 

GGT 0.051 0.059 0.733 0.392 1.052 0.937 1.182 

CK- MB -0.013 0.058 0.051 0.822 0.987 0.882 1.105 

Constant -6.397 2.868 4.977 0.026 0.002   

   

The variables that had a significant p < 0.10 bivariate relation with 

the outcome in the univariate analysis were evaluated for inclusion in the 

model; *(p,0.05) 

Table 7 shows the results of bivariate logistic regression analyses 

comparing patients for predictor factor in coronary atherosclerosis. The 

overall logistic regression model was statistically significant (x2 = 14.01, 

p = 0.03*), indicating that the predictor variables included in the model 

together differentiate between subjects in a reliable manner regarding 

mortality. 
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 In our study, out of 50 patients 4 patients died due to 

complications. One patient died of cardiogenic shock, two patients died 

of arrhythmia and one patient died of left ventricular failure. 46 patients 

discharged from hospital without major complications. GGT value does 

not correlate with the outcome of the patient. Patient died due to 

cardiogenic shock died on day 3 of admission. Patients died due to 

arrhythmia died on day 2 and day 3 of admission. Patient died with left 

ventricular failure died on day 5.  

Table 8. AUC for initial prediction of markers for atherosclerosis 

Area Under the Curve 

Variables 
Area 
under 
curve 

Std. 
Error 

P value 

95% Confidence Interval 
for AUC 

Lower 
Bound 

Upper Bound 

GGT .772 .099 .022* .578 .967 

CK-MB .713 .103 .074 .510 .915 

(* significant at p< 0.05) 

 

 

 



83 
 

 

 

 

Figure 9. ROC Curve of GGT and CK-MB 
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Table 9. ROC curve for initial prediction of markers for 
atherosclerosis 

Atherosclerosis 
Markers Cut-off value Sensitivity (%) Specificity (%) 

GGT ≥52.50* 72 71.4 

CK-MB ≥ 65.5 58.1 57.1 

Serum GGT levels equal to or greater than 52.5 U/L was 

considered as a predictor factor for coronary atherosclerosis (P<0.022) 

with sensitivity of 72 and specificity of 71.4, and area under the ROC 

curve (AUC) of 0.772. 



 

 

 

 

 

 

Discussion 
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DISCUSSION 

Acute myocardial infarction is a clinical syndrome that results due 

to occlusion of a coronary artery resulting in death of the myocardium 

which progresses to fatal cardiogenic shock and death. The most common 

cause for occlusion of a coronary artery is the rupture of an atheromatous 

plaque. Thus atherosclerosis is the most important risk factor in causing 

acute myocardial infarction. Thus prevention of atherosclerosis and 

preventing the progression of atherosclerotic plaque is the most important 

part in preventing acute myocardial infarction. 

Atherosclerosis is a multifocal, multifactorial smouldering 

inflammatory disease that mostly affects the intima of the medium and 

large sized arteries. Atherosclerosis is initiated by lipid deposition in the 

arterial intima layer followed by recruitment of inflammatory cells and 

proliferation of arterial smooth muscle cells to form an atheroma. 

Almost all coronary lesions are eccentric and do not uniformly alter 

the inner circumference of the artery. Epicardial coronary lesions causing 

less than 40% luminal narrowing generally do not significantly impair 

coronary flow. Moderate angiographic lesions (40-70% obstruction) may 

interfere with flow and are routinely underestimated on coronary 

angiograms given the eccentricity of Coronary artery disease. 



86 

GGT is a widely available biochemical test as a serum marker of 

alcohol related liver disease. It is an enzyme found in cell membranes of 

many tissue that catalyses the transfer of gamma glutamyl functional 

group. During this process many oxidative and inflammatory mechanisms 

occurs which results in the formation of atherosclerosis. So it can be used 

as an atherosclerotic marker in the prevention of myocardial infarction. 

So people with high serum GGT levels in the absence of liver disease and 

alcohol use, can have high mortality due to atherosclerosis. 

In a study conducted by E.Mason et al, Gamma glutamyl 

transferase acts as an unique biomarker in the setting of cardiovascular 

diseases. 

The mean age group participated in our study was 49.72 ±10.81 

years. Among these 70% were males and 30 % were females. Mean 

Gamma glutamyl transferase value was 65.48 ±21.93 U/L. 

In our study, the changes in Gamma glutamyl transferase and CK-

MB levels were compared the percentage of atherosclerotic lesion in the 

coronary angiography done in patients admitted for acute myocardial 

infarction. The coronary angiographic lesion has a linear positive 

correlation with GGT in our study. 
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The change in the GGT value correlates well with the percentage 

of atherosclerotic lesion in the coronary arteries. Thus GGT which is 

already a marker for alcoholic liver disease, it can also be used as a 

marker for oxidative stress thus used as a marker for atherosclerosis and 

its elevation predicts a risk factor for atherosclerotic diseases like acute 

myocardial infarction. 

A study conducted in Italy by Lazzeri C et al, the prognostic role of 

GGT activity in 337 non-diabetics with ST-elevation myocardial 

infarction GGT values are independent predictor for early mortality. This 

study supports our study as GGT value increases coronary artery 

atherosclerotic lesion. 

Thus the oxidative stress induced by Gamma glutamyl transferase 

resulting in the formation of atheroscleromatic plaque, is an important 

predictive marker for myocardial infarction. This study result indicate 

that if GGT can be modified with drugs , it can lower the incidence of 

atherosclerotic diseases such as myocardial infarction, thereby preventing 

the major morbidity and mortality producing diseases in the community. 



Limitation 
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LIMITATIONS OF THE STUDY 

1. This study did not include any intervention.

2. This study had a small group of patients admitted in a single

hospital.

3. This study did not include other forms of acute coronary syndrome.

4. This study did not address all other risk factors for myocardial

infarction.

5. GGT levels were not compared with population at risk.

6. Study of GGT in other atherosclerotic diseases such as Stroke,

Metabolic Syndrome.



 

 

 

 

 

 

Conclusion 
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CONCLUSION 

Gamma glutamyl transferase is a simple, quick, easy, and effective 

tool as a marker of atherosclerosis. It reflects the burden of 

atherosclerosis in patients with myocardial infarction. Though coronary 

angiography is the gold standard investigation in myocardial infarction, 

GGT can be used as indirectly a screening marker of atherosclerotic 

burden in myocardial infarction patients as it is most cost-effective and 

readily available in all centres. 

Thus GGT can be used as an adjuvant marker in predicting 

atherosclerosis in patients at risk. It can be used as a marker for detecting 

premature coronary artery disease. 

In our study, Serum GGT levels equal to or greater than 52.5 U/L 

was considered as a predictor factor for coronary atherosclerosis with                

p value of <0.022 with sensitivity of 72 % and specificity of 71.4 %. 

Further studies including large group of population in multicentre 

hospitals are needed. 
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PROFORMA 

Name: 

Age / Sex: 

Occupation: 

Presenting complaints: 

 

Past History: 

H/o DM, HT, CKD, CVD, DRUG INTAKE, Thyroid disorders, Alcohol 

intake 

Clinical Examination: 

 

General Examination: 

Consciousness 

Orientation  

Pallor   

Clubbing  

Lymphadenopathy  

Hydration status 

Febrile 

Signs of External Markers of Tuberculosis 

  



Vitals: 

PR 

BP 

RR 

SpO2 

Temperature  

Systemic examination: 

CVS: 

RS: 

ABDOMEN: 

CNS:  

Laboratory investigations: 

Liver function Test 

Renal function Test 

Serum Gamma Glutamyl Transferase 

HbsAg 

Anti-HCV 

Electrocardiogram 

Coronary Angiogram 



ஆராய்ச்சி ஒப் தல் ப வம் 

 

ெபயர்:      ேததி:  

வய :       ேநாயாளி எண்:  

                     ஆராய்ச்சி ேசர்க்ைக எண்:  

  

இந்த ஆராய்ச்சியின் விவரங்க ம் அதன் ேநாக்கங்க ம் 

ைமயாக எனக்கு விளக்கபட்ட .  

எனக்கு விளக்கபட்ட விஷயங்கைள நான் ாிந்  ெகாண்  என  

மன டன் சம்மதிக்கிேறன். 

இந்த ஆராய்ச்சியில் பிறாின் நிர்பந்தமின்றி என் ெசாந்த 

வி ப்பத்தின் ேபாில்தான் பங்குெப கிேறன் மற் ம் நான் இந்த 

ஆராய்ச்சியில் இ ந்  எந்த ேநர ம் பின்வாங்கலாம் என் ம் அதனால் 

எந்தபாதிப் ம் எனக்கு ஏற்படா  என்பைத ம் ாிந்  ெகாண்ேடன்.  

நான் என் ைடய சுயநிைன டன் மற் ம்  சுதந்திரத் டன் 

இந்த ம த் வ ஆராய்ச்சியில்  பங்குெகாள்ள சம்மதிக்கிேறன். 

 

  



MASTER CHART 

S.     
NO. NAME AGE 

(YRS) 
SE
X 

GGT 
(U/L) 

CK-
MB 

(U/L) 

EJECTION 
FRACTION 

(%) 
THROMB
OLYSIS 

CORONARY 
ANGIOGRAM LESION 

VESSEL 
DISEASE 

INTERVEN
TION 

1 BOOMINATHAN 49 M 58 65 35 NO 90% TVD PRIMARY 
PCI 

2 SENTHIL 36 M 22 34 52 YES 30% MINIMAL 
DISEASE OMT 

3 ESWARAN 38 M 48.3 49 40 YES 70% SVD PCI 

4 PANDIYRAJAN 35 M 52 74 38 YES 40% MINIMAL 
DISEASE OMT 

5 BALAMURUGAN 45 M 68.3 63 54 YES 95% SVD PCI 

6 BOOMINATHAN 38 M 57 72 36 YES 80% TVD PCI 

7 MURUGESAN 55 M 83 66 45 YES 90% DVD PCI 

8 JESUTHANGAM 62 F 68.5 84 48 NO 90% TVD PCI 

9 RAGHUNATHAN 50 M 53 54 39 YES 90% SVD PCI 

10 BALAMURUGAN 49 M 87.1 82 51 YES 70% DVD PCI 

11 THILAGAVATHY 58 F 74.7 94 45 YES 80% SVD PCI 

12 AMSAVALLI 37 F 139 104 46 NO 50% MINIMAL 
DISEASE OMT 

13 PANCHAVARNAM 61 F 42 52 55 YES 80% DVD PCI 

14 CHANDRAN 43 M 68.3 93 40 NO 80% DVD PRIMARY 
PCI 

15 SASIKUMAR 34 M 69.2 75 60 YES 30% MINIMAL 
DISEASE OMT 

16 GOPAL 58 M 73 82 34 YES 90% TVD CABG 

17 NAVANITHAM 54 F 91 88 33 YES 70% DVD PCI 
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18 MURUGAN 38 M 51.3 63 42 YES 50% MINIMAL 
DISEASE OMT 

19 PUSHPAM 52 F 59 59 40 NO 50% SVD OMT 

20 SELVAMANI 48 F 52 72 39 NO 80% SVD PCI 

21 NOOR BATCHA 64 M 103.4 123 50 YES 90% SVD PCI 

22 PANJU 30 F 41.3 55 52 YES 50% MINIMAL 
DISEASE OMT 

23 SUMATHI 46 F 53.7 48 55 YES 80% TVD CABG 

24 BALAKRISHNAN 57 M 75 86 48 YES 90% SVD PCI 

25 GANESAN 63 M 69.2 59 40 YES 50% SVD PCI 

26 MALAIRAJ 55 M 49.4 65 42 YES 40% MINIMAL 
DISEASE OMT 

27 PALANISAMY 54 M 77 92 35 YES 80% SVD PCI 

28 MEENA 48 F 54 73 45 YES 50% MINIMAL 
DISEASE OMT 

29 ANNADURAI 75 M 92 79 35 YES 80% TVD CABG 

30 MURUGESAN 65 M 44.5 58 51 YES 80% DVD PCI 

31 MAHALINGAM 65 M 71 82 72 YES 80% SVD PCI 

32 SELVI 32 F 32 42 60 YES 30% MINIMAL 
DISEASE OMT 

33 RAJA 55 M 51.6 49 50 YES 80% DVD PCI 

34 VISUVASAM 57 M 94.8 87 34 YES 90% SVD PCI 

35 MUTHULAKSHMI 44 F 51 62 51 NO 60% SVD PRIMARY 
PCI 
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36 MOKKARAJ 54 M 64.7 79 42 YES 70% SVD PCI 

37 PALANIVEL 40 M 49.5 58 44 YES 80% SVD PCI 

38 NOOR MOHAMMED 60 M 53 82 56 YES 80% TVD CABG 

39 SIVAMUTHURAMA
LINGAM 40 M 84 91 44 YES 90% SVD PCI 

40 PONNUTHAI 60 F 93 132 43 NO 90% TVD PRIMARY 
PCI 

41 VELUSAMY 48 M 49.4 49 40 YES 70% SVD PCI 

42 AASAN 48 M 104.3 92 55 YES 50% SVD PCI 

43 PREMKUMAR 28 M 36.3 38 61 YES 40% MINIMAL 
DISEASE OMT 

44 VASAGAM 47 F 88.3 72 49 YES 95% TVD CABG 

45 LOGANATHAN 46 M 47 53 58 YES 80% SVD PCI 

46 PALANIYANDI 70 M 36.5 41 44 YES 50% SVD PCI 

47 ARUMUGAM 40 M 74 68 44 NO 90% SVD PRIMARY 
PCI 

48 AMULANANTHAM 60 M 56.2 62 48 YES 80% TVD CABG 

49 SUNDARAM 50 F 89.1 96 49 NO 90% SVD PCI 

50 PITCHAI 45 M 72 69 50 YES 40% MINIMAL 
DISEASE OMT 
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