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I 

Summary: 

   Myocardial infarction (MI) is one of the most ischemic heart diseases that 

results damage to cardiac muscle. The present study was employed to 

investigate some hematological parameters and biomarkers in patients affected 

with MI of both sexes.To investigate the activity of fibrinolytic system and the 

incidence of disease.The study was carried out in different locations including 

Marjan Teaching Hospital (Ischemic heart disease unit), Imam Al-sadiq 

Hospital, some private laboratories and Babylon university/College of Sciences 

for Women. The duration of study ranged between November 2021 to April 

2022. A total number of subjects who had involved in the present study was 

eighty (80) individuals. Of those, twenty men and twenty women were affected 

with MI. The remaining individuals (40) were twenty men and twenty women 

whose health was normal and recruited as a control groups. 

   The ages of all individuals (patients and controls) were ranged between 40 to 

70 years old. The patients and their control patients had also been classified 

according to their ages into four groups as follow (40-49, 50-59, 60-69, and 70-

79 years old). 

   In briefly, the finding of this study showed that males affected with MI 

comprised 60% higher than females that constituted 40%. Moreover, the 

percentage ratios of patients with MI according to their ages were first group 

15%, second group 30%, third group 30%, and fourth group 25% respectively. 

 Concerning body mass index (BMI), the patients who had BMI 25-33kg/m
2
 

constituted about 70% higher than those had BMI 29-23 kg/m
2
 whose 

percentage ratio was 30%. 

     In regard hematological parameters, the results of red blood cells (RBCs), 

hemoglobin (Hb), total white blood cells (WBCs), granulocytes %, and 

lymphocytes % were significantly higher (p<0.05) in all patients (men and 

women) than of the control groups. However, values of Hb and RBCs record 

non-significant differences in all age groups of patients with MI in matching 

with healthy control. 



 

II 

According to correlation coefficients, the hematological parameters recorded the 

following data: the granulocytes were recorded significant negative correlation 

(r=-0.99, sig=0.0001) with lymphocytes. The Hb concentration pointed out a 

significant positive correlation (r=0.90, sig=0.0001) with RBCs of patients 

affected with MI. In contrast, Hb levels indicated a significant negative 

correlation (r=0.36, sig=0.021) with blood platelets of patients with MI. 

   Concerning biomarkers that involved in this study which included D-dimer, 

fibrinogen, Troponin, Tissue plasminogen activator -1(tPA-1), interleukin -6, 

and C-reactive protein (CRP), they showed a significant elevation (p<0.01) in all 

studied groups (men and women) of all ages. Furthermore, these parameters 

were significantly heightening (p<0.05) in patients who have BMI ranged 

between 25-33 kg/m
2 
higher than whose BMI 19-23 kg/m

2
. 

    The most studied biomarkers do not recorded significant correlations with 

other studied parameters except D-dimer, its results showed a significant 

negative correlation (r=-0.32, sig=0.042) with lymphocytes of MI patients. 

Inversely, there was a significant positive correlation (r=0.33, sig=0.035) with 

granulocytes of patients. 

   Values of troponin had a significant positive correlation (r=0.71, sig=0.0001) 

with Hb levels in MI patients, also its results having a significant positive 

correlation (r=0.63, sig=0.0001) with RBCs of patients subjects. But on the 

other hand, results of troponin exhibited a significant negative correlation 

(r=0.66, sig=0.0001) with blood platelets of tested MI patients. 

   Received operating characteristic curve (ROC) analyses were carried out on 

biomarkers to explain the sensitivity and specify of those biomarkers in MI 

disease, the results showed the following: D-dimer the arc under curve (AUC) 

was 0.740 and cutoff was 298.5, Troponin 0.700, and cutoff was 0.813, tPA-1 

was 0.724 and cutoff was 5.175, Fibrinogen AUC was 0.816 and cutoff was 

0.816, CRP AUC was 0.724 and cutoff was 6.150, and IL-6 AUC was 0.767 and 

cutoff was 8.950. 



 

III 

Conclusion of this study was obtained from this study and mentioned above, the 

resining of hematological parameters especially white blood cells inflammatory 

and clotting components might return to systemic inflammation, ageing, 

increased BMI, and harmonic Fluctuations these abnormalities may be worse 

and progress the development of disease. 
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1.1. Introduction: 

Ischemic heart disease (IHD), also known as ischaemic cardiovascular 

disease (CVD), cerebrovascular disease, and peripheral arterial disease, is the 

most common cause of death in the world, CVD is a group of diseases that 

affect the heart and blood vessels and includes ischaemic heart disease (IHD) 

and cerebrovascular disease (Severino et al., 2018). Ischemic heart disease 

(IHD) is a clinical disorder that is characterized by myocardial ischemia, which 

causes an imbalance between myocardial blood supply and demand, resulting to 

morbidity and death across the body, this condition is known as ischemic heart 

disease (IHD) (Smani et al., 2020). 

Ischemic heart disease (IHD) is often attributed to coronary artery disease 

(CAD), which is a condition characterized by the presence of an atherosclerotic 

plaque that causes a vascular obstruction of more than 50 percent, however there 

are other potential causes, on the other hand, coronary microvascular 

dysfunction, which is a condition of impaired vasomotor tone due to several 

different mechanisms, is able to provoke ischemic heart disease even in the 

absence of an atherosclerotic plaque, this is because it causes the tone of the 

vasomotor system to be disrupted, in point of fact, clinical results, angiographic 

findings, and autopsy findings all point to a diverse pathophysiology of IHD, 

which should not be connected solely with CAD (Lanza and Crea, 2010). 

Angina pectoris is the most typical manifestation of myocardial ischemia 

(also called angina pectoris), pain in the chest that can also be described as 

discomfort in the chest, heaviness in the chest, tightness in the chest, pressure, 

aching, burning, numbness in the chest, fullness in the chest, or squeezing in the 

chest is angina, indigestion or heartburn-like symptoms are possible, but they 

don't last as long or are as severe as those associated with an acute myocardial 

infarction (Ferraro et al., 2020). 
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Myocardial infarction (MI), more frequently referred to as a heart attack, is 

a medical condition that causes irreparable damage to the heart muscles and can 

even result in death, it is essential to make a prompt and correct diagnosis of a 

heart attack in order to avoid mortality, diagnostic tools for acute myocardial 

infarction include blood tests and electrocardiogram (ECG) signals (Baloglu et 

al., 2019).  

Under normal conditions, a thrombus is restricted to the immediate location 

of injury and does not obstruct flow to essential places, however, if the blood 

vessel lumen is already decreased, as it is in atherosclerosis, a thrombus might 

spread into otherwise normal vessels under pathologic conditions, a thrombus 

that has grown in an unneeded location can impede blood flow in vital vessels; it 

can also demolish valves and other structures necessary for normal 

hemodynamic function, the most prevalent clinical syndromes include [acute 

myocardial infarction (AMI), deep vein thrombosis (DVT), pulmonary 

embolism (PE), acute ischemic stroke (AIS), acute peripheral arterial occlusion, 

and occlusion of indwelling catheters] (Rivera-Bou et al., 2021).  

It is possible that one's life could be in danger if they were to lose their 

blood, the human body cannot function without blood, hematopoiesis is 

responsible for the production of blood, which later serves as the transport 

medium for oxygen to the bodies various tissues and cells, the clotting system in 

the human body serves to prevent the loss of blood in the event of an injury, 

platelets, coagulation factors, prostaglandins, enzymes, and proteins are the 

contributors to the clotting mechanism that act together to form clots and stop a 

loss of blood, through vasoconstriction, adhesion, activation, and aggregation, 

the contributors form a transient plug to act as the cork to the leaking blood 

flow, clots are formed when the clotting mechanism acts together to form clots 

and stop a loss Shortly afterward, fibrin, which is the functional form of 

fibrinogen, helps to solidify this fragile platelet plug (Garmo et al., 2021). 
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Inflammation is caused by variables that increase the risk of cardiovascular 

disease and can hinder the function of blood vessels, the activation of vascular 

smooth muscle cells, also known as (VSMCs), that is caused by cardiovascular 

risk factors results in an increase in the synthesis of the extracellular matrix and 

enables the migration of VSMCs from the vascular media to the intima (Mozos 

et al., 2017). 

Plasma inflammatory markers are thought to be potential tools for 

predicting cardiovascular risk (Libby et al.,2002 ; Vita et al.,2004). Since 

atherosclerosis is a syndrome that is caused due to the chronic inflammatory 

interactions of white blood cells (WBCs) in the wall of arteries, plasma 

inflammatory markers have been studied extensively in recent years (Drechsler 

et al., 2010). 

Endothelial function and the mechanical properties of the arteries are both 

negatively impacted when the inflammatory cascade is initiated, which is the 

case in acute and chronic inflammatory disorders as well as in systemic 

subclinical low-grade inflammation (Aznaouridis and Stefanadis, 2007). 

Endothelial cells, through a reduction in the bioavailability of nitric oxide (NO) 

and an increase in endothelin-1 due to inflammation, contribute to arterial 

stiffening, progressing arterial stiffening, in turn, further impairs endothelial 

function, thus causing a vicious cycle, endothelial cells contribute to arterial 

stiffening through a reduction in bioavailability of nitric oxide (NO) (McEniery 

et al., 2003; Shirwany and Zou , 2010 and Avolio et al., 2011). Reduced levels 

of NO also contribute to increased leukocyte adhesion (Vita et al., 2004). In 

addition, endothelial dysfunction is linked to the activation of endothelial cells 

(ECs), which results in these cells becoming pro-inflammatory, elevating the 

expression of adhesion molecules, producing monocyte chemoattractant protein-

1 (MCP-1), and involving cytokines in both leukocyte transmigration and 

activation (Vita et al., 2004 ; Lacolley et al., 2015). 
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In primary care, inflammatory markers such as C-reactive protein (CRP), 

erythrocyte sedimentation rate (ESR), and plasma viscosity (PV) are frequently 

used for the diagnosis and monitoring of inflammatory conditions such as 

infections, autoimmune conditions, cancers, and other inflammatory conditions 

include eosinophilic granulomatosis (Watson et al., 2019). 

The breakdown of fibrin by the body happens normally, it stops naturally 

occurring blood clots from becoming larger and causing more complications in 

the body, primary fibrinolysis describes the natural process through which clots 

are broken down, secondary fibrinolysis refers to the process by which blood 

clots are broken down as a result of a medical condition, a medication, or some 

other factor, the following are the two classifications that can be used to 

fibrinolytic drugs, which are also known as plasminogen activators in some 

circles: Agents that do not specifically target fibrin and fibrin-targeting agents 

(Brummel-Ziedins and Mann, 2018).  

 

1.2.Aims of the study: 

1. Highlight the relationship among age, gender, and BMI and incidence of 

MI. 

2. Investigate the relationship between fibrinolytic system and MI. 

3. Determine the relationship between MI and pro-inflammatory and 

inflammatory markers. 

To carry out these aims the following parameters were conducted:- 

1. Complete blood count. 

2. BMI, gender, and ages. 

3. Determination of some inflammatory mediators (CRP, IL-6, and 

fibrinolytic). 

4. Estimation the activity of fibrinolytic system activity through 

measurement of tissue plasminogen activator. 
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2. Literatures Review: 

2.1. Heart anatomy and physiology: 

     The heart is a hollow, four-chambered, muscular organ that consists of the 

upper right and left atria and the lower right and left ventricles, the atria are 

separated by a thin muscular wall called the interatrial septum; the ventricles are 

separated by a thick muscular wall called the interventricular septum, the heart 

actually functions as two separate pumps, the right atrium and ventricle act as 

one pump to propel unoxygenated blood to the lungs, at the same time, the left 

atrium and ventricle act as another pump to propel oxygenated blood throughout 

the systemic circulation, compared with the ventricles, the atria are small, thin-

walled chambers, as a rule, they contribute little to the propulsive pumping 

activity of the heart (Jardins, 2020). 

  

2.2. Blood Supply of the Heart : 

2.2.1. Arterial Supply: 

   The right coronary artery (RCA) and the left main coronary artery (LMCA) 

extend from the aortic root to supply different regions of the heart. The RCA 

gives rise to the sinoatrial nodal branch of the right coronary artery, posterior 

descending artery branch of the RCA, and the marginal branch, the LMCA 

branches into the circumflex and The left anterior descending artery (LAD), the 

circumflex artery gives rise to the left marginal artery and posterior descending 

artery (in a left-dominant heart), the left anterior descending artery gives off the 

diagonal branches, the RCA supplies blood to the right side of the heart, the 

sinoatrial nodal branch of the RCA provides blood to the SA node, and the 

atrioventricular nodal artery delivers blood to the AV node, the marginal branch 

of the right coronary artery provides blood supply to the lateral portion of the 

right ventricle. The posterior descending artery branch supplies blood to the 

inferior aspect of the heart, the LMCA supplies blood to the left side of the 
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heart, the LAD provides blood to the anterior ventricular septum and the greater 

portion of the anterior portion of the left ventricle, the left circumflex (LCx) 

supplies blood to the lateral wall of the left ventricle and sometimes to the 

posterior inferior aspect of the heart when there is left heart dominance (Huang 

et al., 2017).  

 

2.2.2. Venous Drainage: 

   The primary physiological function of the coronary veins is to carry 

deoxygenated blood from the myocardium and empty them into the chambers of 

the heart, coronary veins can be organized into two groups: the greater and 

smaller cardiac venous system (Miao and Makaryus, 2021). Greater cardiac 

venous system the greater cardiac venous system returns three-quarters of the 

deoxygenated blood from the myocardium to the cardiac chambers, the main 

venous vasculature of this system includes the coronary sinus and its tributaries, 

marginal veins, anterior cardiac veins, ventricular veins, and atrial veins (Loukas 

et al., 2009 ; Sirajuddin et al., 2020). Coronary sinus is the largest cardiac vein 

with multiple smaller vessels converging into it, located along the left posterior 

atrioventricular groove, the coronary sinus empties directly into the right atrium 

through the coronary sinus orifice, the venous tributaries that merge into the 

coronary sinus include the great cardiac vein, middle cardiac vein, small cardiac 

vein, left posterior ventricular, and oblique cardiac vein (Ortale et al., 2001; 

Loukas et al., 2009). 

  

   Great cardiac vein is starting from the apex of the heart and running parallel 

with the anterior interventricular artery, the great cardiac vein travels up along 

the anterior interventricular sulcus towards the base of the left atrium‘s auricle 

(Loukas et al., 2009). Once the vein reaches the left margin of the heart, it 

circumvents to the posterior side and eventually converges with the oblique vein 
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of the left atrium into the coronary sinus, the great cardiac vein empties the 

blood from both ventricles and the left atrium into the right atrium (Ortale et al., 

2001; Spencer et al., 2013). Middle cardiac vein is originates from the apex of 

the heart but on the posterior side, the middle cardiac vein travels alongside the 

posterior interventricular artery in the posterior interventricular sulcus, and 

empties deoxygenated blood into the coronary sinus (Ortale et al., 2001). Small 

cardiac vein is located in the coronary sulcus between the right atrium and right 

ventricle, it eventually coalesces with the coronary sinus on the posterior side of 

the heart and drains to the right atrium (Ortale et al., 2001). The small cardiac 

vein also runs parallel to the right marginal branch of the right coronary artery 

on the anterior surface of the heart and collects deoxygenated blood from the 

posterior side of the right chambers (Von-Lüdinghausen, 2003). 

   Right marginal vein is located on the very inferior margin of the anterior 

surface of the heart and serves to empty the anterior and diaphragmatic walls of 

the right ventricle (Ortale et al., 2001). This small vein is also known for 

merging with the small cardiac vein in the coronary sulcus (Von-Lüdinghausen, 

2003). Anterior cardiac veins return blood from the anterior right ventricle and 

drain them directly into the anterior right atrium, the anterior cardiac veins are 

more superior to the right marginal vein (Spencer et al., 2013). 

   Left Marginal Vein: also known as the obtuse marginal vein, the left marginal 

vein drains the myocardium of the left ventricle (Loukas et al., 2009). This vein 

travels along the left oblique marginal surface of the heart (Miao and Makaryus, 

2021). Left and right ventricular veins vary from person to person, but generally, 

they function to drain the external walls of the ventricles (Whitmore, 1999). Left 

and right atrial veins consist of the septal veins, posterolateral veins, and 

posterosuperior veins that all carry the deoxygenated blood from the left atrium 

into the right atrium,the right atrial veins drain the right atrial walls (Von-

Lüdinghausen et al., 1995). 
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   Inferior vein of the left ventricle also known as the posterior vein of the left 

ventricle, it returns the deoxygenated blood from the inferior and lateral walls of 

the left ventricle into the coronary sinus, this vein travels between the middle 

and great cardiac veins (Von-Lüdinghausen, 2003). Oblique vein of the left 

atrium is a relatively small-sized vein that rounds obliquely and inferiorly 

towards the posterior left atrium, the vein is also observed to unite with the great 

cardiac vein to merge with the distal coronary sinus (Spencer et al., 2013). 

    Smaller cardiac venous system returns one-quarter of the deoxygenated blood 

from the inner layers of the myocardium to the cardiac chambers, this system is 

mainly composed of Thebesian veins draining deoxygenated blood from all 

sections of the myocardium chambers, thebesian veins also drain the right side 

of the heart more than the left side (Boeder et al., 2017).  

2. 3. Heart Action: 

   The heart is a muscular pump that normally beats 70 to 90 times per minute in 

the resting adult and 130 to 150 times per minute in the newborn child, the 

cardiac cycle is one complete heartbeat composed of two phases: (1) systole 

(ventricular contraction) and (2) diastole (ventricular relaxation), each phase 

consists of a series of characteristic changes within the heart as it fins with blood 

and empties, the atrioventricular valves are closed during ventricular systole 

(contraction), and the blood is temporarily accommodated in the large veins and 

atria, the atrioventricular valves open once ventricular diastole (relaxation) 

occurs, and blood passively nows from the atria to the ventricles, atrial systole 

occurs when the ventricles are nearly full and forces the remainder of the blood 

in the atria into the ventricles (Wineski and Snell, 2019). 

   Each cycle begins with the generation of an action potential in the sinoatrial 

node, this node is located in the upper lateral wall of the right atrium near the 

opening of the cava superior vena and the effort flows from here at a speed of 

0.3 m/s through both atria and then to the atrioventricular bundle and then into 
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the ventricles, because of these special arrangements of the transmitter system 

from the atria to the ventricles, there is a delay of 1.0 second during the passage 

of the heartbeat from the atria to the ventricles, this allows the atria to contract 

before the ventricles contract, thus pumping blood into the ventricles before the 

forceful contraction of the ventricles begins, the atria act as the primary pump 

for the ventricles, and in turn, the ventricles prepare the main source of energy to 

move blood through the vascular system of the body (Ganong, 2010). 

2.4. Coronary Artery Disease:  

   Coronary heart disease develops when major blood vessels supplying the heart 

with blood, oxygen and nutrients become damaged or blocked due to plaque 

build-up that limits blood flow (Centers for disease control and prevention, 

2019). Coronary artery disease (CAD) is the most common cause of angina and 

acute coronary syndrome and the most common cause of death worldwide, the 

world health organisation (WHO) has estimated that 3.8 million men and 3.4 

million women die from cardiovascular disease (CVD) each year, and since 

1990, more people have died from CVD than any other cause, it also has a 

devastating effect on quality of life, disability-adjusted life years, and a measure 

of healthy years of life lost (Colledge et al., 2018). Coronary heart disease 

(CHD) can over time lead to debilitating heart disease, which includes angina 

pectoris, myocardial infarction, and heart failure (Forbes and Jackson, 2003)  

2.5. Atherosclerosis: 

   Atherosclerosis is a complex inflammatory disease involving aberrant immune 

and tissue healing responses, which begins with endothelial dysfunction and 

ends with plaque development, instability and rupture (Hong, et al., 2014). 

   The complex process of atherosclerosis begins when the endothelium of a 

normal vessel wall accumulates subendothelial lipid components, eventually 

forming fatty streaks, the lipid components in plasma, mainly low-density 

lipoprotein (LDL), are modified by oxygen radicals and enzymes, initiating an 
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inflammatory cascade within the subendothelial space causing damage and 

dysfunction, once activated, the endothelium secretes chemokines (e.g., CCL2) 

and expresses adhesion molecules (e.g., E-selectin and VCAM-1) to promote the 

adhesion of leukocytes and activated platelets to the endothelial layer, the first 

types of cells present in the lesions are monocytes, T cells and dendritic cells, 

monocytes become macrophages in the intima and ingest modified lipids to 

become foam cells (Hansson, 2005). 

   Macrophages in the atherosclerotic plaque can release multiple 

proinflammatory cytokines (IL-1β, IL-6, IL-12, IL-15, IL-18, TNF family 

members [such as TNF-α] and MIF), as well as anti-inflammatory cytokines, 

such as IL-10 and TGF-β family members (TGF-β1, BMPs, GDFs) ( Shirai et 

al.,2015). Exposure of macrophages to cholesterol crystals and other irritants 

can trigger the inflammasome, which in turn aggravates local damage and repair 

pathways that eventually results in the development of vulnerable and unstable 

plaque ( Wong et al., 2012). Unstable plaques typically accumulate T cells and 

dendritic cells, (Niessner and Weyand, 2010 ; Ait-Oufella et al., 2014), building 

a microenvironment prone to powerful immune activation events. Stimulated by 

antigen-presenting dendritic cells, T cells will recruit and activate immune 

effector cells that interact with vessel wall endothelial cells, smooth muscle cells 

and myofibroblasts to further promote atherogenesis (Legein et al., 2013). 

    They cause the intimal smooth muscle cells overlying the plaque to become 

senescent and the collagen cross-links within the plaque to degrade, this results 

in thinning of the protective fibrous cap, making the lesion vulnerable to 

mechanical stress that ultimately causes erosion, fissuring or rupture of the 

plaque surface, any breach in the integrity of the plaque will expose its contents 

to blood and will trigger platelet aggregation and thrombosis that extend into the 

atheromatous plaque and the arterial lumen, this may cause partial or complete 

obstruction at the site of the lesion or distal embolisation, resulting in infarction 

or ischaemia of the affected organ. This common mechanism underlies: (1) 
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Stable angina Ischemia due to fixed atheromatous stenosis of one or more 

coronary arteries; (2) Unstable angina Ischemia caused by dynamic obstruction 

of a coronary artery due to plaque rupture or erosion with superimposed 

thrombosis; (3) Myocardial infarction: Myocardial necrosis caused by acute 

occlusion of a coronary artery due to plaque rupture or erosion with 

superimposed thrombosis; (4)Heart failure: Myocardial dysfunction due to 

infarction or ischemia; (5) Arrhythmia: Altered conduction due to ischaemia or 

infarction; (6) Sudden death: Ventricular arrhythmia, asystole or massive 

myocardial infarction; and (7) as well as other manifestations of atherosclerotic 

disease such as lower limb ischemia and stroke (Hong, et al., 2015). 

2.6. Atherosclerosis Risk Factors:  

    The exact causes and risk factors of atherosclerosis are unknown; however, 

certain conditions, traits, or habits may raise the chance of developing 

atherosclerosis, most risk factors including high cholesterol and LDL, low level 

of high density lipoprotein (HDL) in the blood, hypertension, tobacco smoke, 

diabetes mellitus, obesity, inactive lifestyle, or age can be controlled and 

atherosclerosis can be delayed or prevented (Weber and Noels, 2011 and Owen 

et al.,2011).  

1-Unhealthy blood cholesterol and lipoproteins levels: Broadly, the ideal levels 

for cholesterol and various lipoproteins are as follows: Total cholesterol 

<5mmol/L, Cholesterol: HDL ratio <4, LDL cholesterol <3mmol/L ,HDL 

cholesterol 2lmmol/L 2; 

 2-High blood pressure Blood pressure is considered high if it stays at or above 

140/90 mmHg over time, if you have diabetes or chronic kidney disease, high 

blood pressure is defined as 130/80 mmHg or higher;  

3-Overweight and obesity refer to body weight that is greater than what is 

considered healthy for a certain height; 
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 4-Lack of physical activity: A lack of physical activity can worsen other risk 

factors for atherosclerosis, such as unhealthy blood cholesterol levels, high 

blood pressure, diabetes and overweight and obesity; 

 5-Unhealthy diet: Foods that are high in saturated and Tran‘s fats, cholesterol, 

sodium and sugar can worsen other atherosclerosis risk factors; 

 6-Older age: Genetic or lifestyle factors cause plaque to build up in the arteries 

as with age, in men, the risk increases after the age of 45 and in women, the risk 

increases after the age of 55;  

7-Family history of early heart disease: The one's risk for atherosclerosis 

increases if his father or a brother was diagnosed with heart disease before 55 

years of age, or if your mother or a sister was diagnosed with heart disease 

before 65 years of age; 

 8-Inflammation is the body's response to injury or infection, damage to the 

arteries inner walls seems to trigger inflammation and help plaque grow;  

9- High levels of triglycerides in the blood also may raise the risk for 

atherosclerosis, especially in women; 

 10- Untreated sleep apnea can raise the risk for high blood diabetes, pressure 

and even a heart attack or stroke; 

 11-Stress: The most commonly reported "trigger" for a heart attack is an 

emotionally upsetting event, especially the one involving anger; and 12-Alcohol: 

Heavy drinking can damage the heart muscle and worsen other risk factors for 

atherosclerosis (Rafieian-Kopaei et al.,2014).  

2.7. Angina: 

  The term angina pectoris, proposed >2 centuries ago, is commonly considered 

to be synonymous with obstructive atherosclerotic epicardial coronary artery 

disease (CAD), the frequently reported association among angina pectoris 

(central chest pain), myocardial ischemia, and coronary atherosclerosis has 
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reinforced the concept that anginal pain and myocardial ischemia are almost 

exclusively caused by obstructive CAD (Ohman, 2016). The primary cause of 

angina is an imbalance between oxygen supply and oxygen demand in the heart, 

The most usual cause is coronary artery disease in which atherosclerotic plaque 

has narrowed the lumen of the vessel that supplies oxygen and nutrients to 

cardiomyocytes, when there is an increase in oxygen demand, as occurs with 

exertion, there is an oxygen supply–demand mismatch, such that the oxygen 

demand is greater than the supply through the narrowed vessel, even vessels that 

are in an earlier phases of atherosclerosis, before a severely flow-limiting lesion 

is present, can contribute to ischemia if the plaque is vulnerable and ruptures, 

some patients experience angina due to a reduced oxygen supply when the 

coronary arteries undergo vasospasm, Although coronary artery disease is 

usually thought of as disease of the large epicardial coronary arteries that course 

along the surface of the heart, there is now evidence that small intramural 

coronary arteries or microvessels can be diseased and contribute to myocardial 

ischemia, other causes of angina include hypertrophic cardiomyopathy, valve 

disease, and especially aortic stenosis; in these cases, again there is a mismatch 

between supply of oxygen and demand for oxygen by the heart (Kloner and 

Chaitman, 2017).  

2.8. Acute Coronary Syndrome:  

    Acute coronary syndrome (ACS) refers to a group of conditions that include 

ST-elevation myocardial infarction (STEMI), non-ST elevation myocardial 

infarction (NSTEMI), and unstable angina, it is a type of coronary heart disease 

(CHD), which is responsible for one-third of total deaths in people older than 

35, some forms of CHD can be asymptomatic, but ACS is always symptomatic 

(Alomari et al., 2019; Kerneis et al., 2019 and Zègre-Hemsey et al., 2019). ACS 

should be distinguished from stable angina, which develops during physical 

activity or stress and resolves at rest. In contrast with stable angina, unstable 

angina occurs suddenly, often at rest or with minimal exertion, or at lesser 
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degrees of exertion than the individual's previous angina ("crescendo angina"), 

New-onset angina is also considered unstable angina, since it suggests a new 

problem in a coronary artery (Kar-mun and Schneider, 2009). ACS is a 

manifestation of CHD (coronary heart disease) and usually a result of plaque 

disruption in coronary arteries (atherosclerosis), The common risk factors for the 

disease are smoking, hypertension, diabetes, hyperlipidemia, male sex, physical 

inactivity, family obesity, and poor nutritional practices, Cocaine abuse can also 

lead to vasospasm (Voudris and Kavinsky, 2019; Pop et al., 2019 and Bracey 

and Meyers, 2021).  

   A family history of early myocardial infarction (55 years of age) is also a 

high-risk factor, the underlying pathophysiology in ACS is decreased blood flow 

to part of heart musculature which is usually secondary to plaque rupture and 

formation of thrombus, sometimes ACS can be secondary to vasospasm with or 

without underlying atherosclerosis, the result is decreased blood flow to a part of 

heart musculature resulting first in ischemia and then infarction of that part of 

the heart (Singh et al., 2021). 

 

Figure (1) The six Stages of Atherosclerosis (Stary et al., 1995).  
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2.9. Blood:  

   Blood is a body fluid in the circulatory system of humans that delivers 

necessary substances such as nutrients and oxygen to the cells and transports 

metabolic waste products away from those same cells (Thakare et al., 2021). 

   Blood consists of a variety of specialized cells, called formed elements, which 

are suspended in a liquid matrix called plasma, blood makes up about 8 percent 

of the total body weight, the average total blood volume in the adult male is 

about 5 to 6 L and about 4 to 5 L in the adult female, the formed elements make 

up about 45 percent, and the plasma makes up about 55 percent of the total 

blood volume, the formed elements are composed of the red blood cells, the 

white blood cells (neutrophils, lymphocytes, monocytes, eosinophils, and 

basophils), and platelets, the plasma is composed of about 91 percent water, 7 

percent proteins (albumins, globulins, and fibrinogen), and 2 percent other 

substances (electrolytes, nutrients, respiratory gases, waste products, and 

regulatory substances), the functions of blood are to (1) Transport oxygen to the 

tissue cells and carbon dioxide to the lungs; (2) Transport nutrients and waste 

products; (3) Transport processed molecules from one part of the body to 

another—for example, lactic acid is carried by the blood to the liver, where it is 

converted into glucose; (4) Transport regulatory hormones and enzymes; (5) 

Regulate the pH and osmosis; (6) Maintain body temperature; (7) Protect against 

foreign substance; and (8) Form clots (Jardins, 2020). 

 

 2.9.1. Red Blood Corpuscles (Erythrocytes):  

   A typical human red blood cell has a disk diameter of approximately 6.2–8.2 

μm (Turgeon, 2004). Adult humans have roughly 20–30 trillion red blood cells 

at any given time, constituting approximately 70% of all cells by number, 

women have about 4–5 million red blood cells per microliter (cubic millimeter) 
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of blood and men about 5–6 million; people living at high altitudes with low 

oxygen tension will have more (Bianconi et al., 2013).  

   Red blood cells are thus much more common than the other blood particles: 

there are about 4,000–11,000 white blood cells and about 150,000–400,000 

platelets per microliter, human red blood cells take on an average of 60 seconds 

to complete one cycle of circulation (Hillman et al.,2005; Pierigè et al.,2008).  

   The primary function of red blood Corpuscles (RBCs), or erythrocytes, is to 

transport oxygen from the lungs to the tissues and to transport carbon dioxide 

from the tissue cells to the lungs, the RBCs are produced in the red bone marrow 

in the spongy bone of the cranium, bodies of vertebrae, ribs, sternum, and 

proximal epiphyses of the humerus and femur, it is estimated that the RBCs are 

produced at the rate of 2 million cells per second, an equal number of worn-out 

RBCs are destroyed each second by the spleen and liver, the life span of a RBC 

is about 120 days (Jardins, 2020). The blood's red color is due to the spectral 

properties of the hemic iron ions in hemoglobin, each hemoglobin molecule 

carries four heme groups; hemoglobin constitutes about a third of the total cell 

volume, hemoglobin is responsible for the transport of more than 98% of the 

oxygen in the body (the remaining oxygen is carried dissolved in the blood 

plasma), the red blood cells of an average adult human male store collectively 

about 2.5 grams of iron, representing about 65% of the total iron contained in 

the body (Bridges, 2007).  

2.9.2. Hemoglobin:  

   Hb has a critical role in oxygen delivery to the tissues, notably, the decrease of 

hemoglobin, defined as anemia, is common in patients with sepsis and overall in 

critical illness, it has been estimated that two-thirds of patients admitted to ICU 

have Hb levels < 120 g/L and that about 40% have Hb < 100 g/L; 97% of 

patients develops anemia by day 8 and 100% by day 13 of ICU 

hospitalization(Docherty et al., 2018). 
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   The measurement of Hb concentration is pivotal for RBC transfusion decision-

making, however, it is always important to evaluate if the benefits of additional 

oxygen-carrying capacity outweigh the risks, indeed, in the presence of 

important organ hypoperfusion, an increased Hb concentration leading to 

increased oxygen delivery could exacerbate organ dysfunction and worsen the 

patients‘ outcomes, the Surviving Sepsis Campaign 2016 recommends ―RBC 

transfusion should occur only when hemoglobin concentration decreases to <7.0 

g/L in adults in the absence of extenuating circumstances, such as myocardial 

ischemia, severe hypoxemia, or acute hemorrhage‖ (Li et al., 2020). 

2.9.3. White Blood Cells (Leukocytes):  

   White blood cells, also called leukocytes or leucocytes, are the cells of the 

immune system that are involved in protecting the body against both infectious 

disease and foreign invaders, all white blood cells are produced and derived 

from multipotent cells in the bone marrow known as hematopoietic stem cells, 

leukocytes are found throughout the body, including the blood and lymphatic 

system (Maton et al., 1997). 

    The number of leukocytes in the blood is often an indicator of disease, and 

thus the white blood cell count is an important subset of the complete blood 

count, the normal white cell count is usually expressed as 4,000 to 11,000 white 

blood cells per microliter of blood, white blood cells make up approximately 1% 

of the total blood volume in a healthy adult (Alberts et al., 2002). 

   All white blood cells are nucleated, which distinguishes them from the 

anucleated red blood cells and platelets, types of leukocytes can be classified in 

standard ways, two pairs of broadest categories classify them either by structure 

(granulocytes or agranulocytes) or by cell lineage (myeloid cells or lymphoid 

cells), these broadest categories can be further divided into the five main types: 

neutrophils, eosinophils, basophils, lymphocytes, and monocytes, these types are 

distinguished by their physical and functional characteristics, monocytes and 
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neutrophils are phagocytic, further subtypes can be classified (LaFleur-Brooks, 

2008). 

    Granulocytes are distinguished from agranulocytes by their nucleus shape 

(lobed versus round, that is, polymorphonuclear versus mononuclear) and by 

their cytoplasm granules (present or absent, or more precisely, visible on light 

microscopy or not thus visible), the other dichotomy is by lineage: Myeloid cells 

(neutrophils, monocytes, eosinophils and basophils) are distinguished from 

lymphoid cells (lymphocytes) by hematopoietic lineage (cellular differentiation 

lineage) (Orkin and Zon 2008). 

  

   Neutrophils are the most abundant white blood cell, constituting 60-70% of 

the circulating leukocytes (Alberts et al., 2002). They defend against bacterial or 

fungal infection, they are usually first responders to microbial infection; their 

activity and death in large numbers form pus, they are commonly referred to as 

polymorphonuclear (PMN) leukocytes, although, in the technical sense, PMN 

refers to all granulocytes, they have a multi-lobed nucleus, which consists of 

three to five lobes connected by slender strands (Saladin, 2012). This gives the 

neutrophils the appearance of having multiple nuclei, hence the name 

polymorphonuclear leukocyte, the cytoplasm may look transparent because of 

fine granules that are pale lilac when stained, neutrophils are active in 

phagocytosing bacteria and are present in large amount in the pus of wounds, 

these cells are not able to renew their lysosomes (used in digesting microbes) 

and die after having phagocytosed a few pathogens (Stevens et al., 2002). 

Neutrophils are the most common cell type that seen in the early stages of acute 

inflammation, the average lifespan of inactivated human neutrophils in the 

circulation has been reported by different approaches to be between 5 and 135 

hours (Pillay et al., 2010 and Tak et al., 2013). 
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   Eosinophils compose about 2-4% of white blood cells in circulating blood, this 

count fluctuates throughout the day, seasonally, and during menstruation, it rises 

in response to allergies, parasitic infections, collagen diseases, and disease of the 

spleen and central nervous system, they are rare in the blood, but numerous in 

the mucous membranes of the respiratory, digestive, and lower urinary tracts, 

they primarily deal with parasitic infections, eosinophils are also the 

predominant inflammatory cells in allergic reactions, the most important causes 

of eosinophilia include allergies such as asthma, hay fever, and hives, and 

parasitic infections, they secrete chemicals that destroy large parasites, such as 

hookworms and tapeworms that are too big for any one white blood cell to 

phagocytize, in general, their nuclei are bi-lobed, The lobes are connected by a 

thin strand (Saladin, 2012). 

    Basophils are chiefly responsible for allergic and antigen response by 

releasing the chemical histamine causing the dilation of blood vessels, because 

they are the rarest of the white blood cells (less than 0.5% of the total count) and 

share physicochemical properties with other blood cells, they are difficult to 

study (Falcone et al., 2000). They can be recognized by several coarse, dark 

violet granules, giving them a blue hue, the nucleus is bi- or tri-lobed, but it is 

hard to see because of the number of coarse granules that hide it, they excrete 

two chemicals that aid in the body's defenses: histamine and heparin, histamine 

is responsible for widening blood vessels and increasing the flow of blood to 

injured tissue, it also makes blood vessels more permeable so neutrophils and 

clotting proteins can get into connective tissue more easily, heparin is an 

anticoagulant that inhibits blood clotting and promotes the movement of white 

blood cells into an area, basophils can also release chemical signals that attract 

eosinophils and neutrophils to an infection site (Pillay et al., 2010 and Saladin, 

2012). 

    Lymphocytes are much more common in the lymphatic system than in blood, 

lymphocytes are distinguished by having a deeply staining nucleus that may be 
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eccentric in location, and a relatively small amount of cytoplasm, lymphocytes 

include: B cells make antibodies that can bind to pathogens, block pathogen 

invasion, activate the complement system, and enhance pathogen destruction ,T 

cells and Natural killer cells are able to kill cells of the body that do not display 

MHC class I molecules, or display stress markers such as MHC class I 

polypeptide-related sequence A (MIC-A), decreased expression of MHC class I 

and up-regulation of MIC-A can happen when cells are infected by a virus or 

become cancerous (Janeway et al., 2001; Cohn et al., 2014 and Omman et al., 

2020).  

   Monocytes, the largest type of white blood cell, share the "vacuum cleaner" 

(phagocytosis) function of neutrophils, but are much longer lived as they have 

an extra role: they present pieces of pathogens to T cells so that the pathogens 

may be recognized again and killed, this causes an antibody response to be 

mounted, monocytes eventually leave the bloodstream and become tissue 

macrophages, which remove dead cell debris as well as attack microorganisms, 

neither dead cell debris nor attacking microorganisms can be dealt with 

effectively by the neutrophils, unlike neutrophils, monocytes are able to replace 

their lysosomal contents and are thought to have a much longer active life, they 

have the kidney-shaped nucleus and are typically not granulated, and they also 

possess abundant cytoplasm (Pillay et al., 2010). 

  

2.9.4. Platelets: 

   Platelets, or thrombocytes, are the smallest of the formed elements in the 

plasma, platelets are roughly disk-shaped and average about 3 μm in diameter, 

the normal platelet count ranges from 250,000 to 500,000/mm3 of blood, the 

platelets play an important role in preventing blood loss from a traumatized area 

by (1) forming platelet plugs that seal holes in small blood vessels and (2) 

forming blood clots, which work to seal off larger tears in the blood vessels, the 
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platelets also contain serotonin, which, when released, causes smooth-muscle 

constriction and reduced blood flow (Jardins, 2020). 

2.10. Hemostasis: 

   Hemostasis is the mechanism that leads to cessation of bleeding from a blood 

vessel, and it is a process that involves multiple interlinked steps, this cascade 

culminates into the formation of a ―plug‖ that closes up the damaged site of the 

blood vessel controlling the bleeding, it begins with trauma to the lining of the 

blood vessel, the mechanism of hemostasis can divide into four stages, 1) 

constriction of the blood vessel, 2) formation of a temporary ―platelet plug," 3) 

activation of the coagulation cascade, 4) formation of ―fibrin plug‖ or the final 

clot, Hemostasis facilitates a series of enzymatic activations that lead to the 

formation of a clot with platelets and fibrin polymer, this clot seals the injured 

area, controls and prevents further bleeding while the tissue regeneration process 

takes place, once the injury starts to heal, the plug slowly remodels, and it 

dissolves with the restoration of normal tissue at the site of the damage (Smith et 

al., 2015).  

2.10.1. Mechanism : 

   There are several mechanisms as follow:  

1- Vaso Constriction, within about 30 minutes of damage/trauma to the blood 

vessels, vascular spasm ensues, which leads to vasoconstriction, at the site of the 

disrupted endothelial lining, the extracellular matrix (ECM)/ collagen becomes 

exposed to the blood components,2- Platelet Adhesion, this ECM releases 

cytokines and inflammatory markers that lead to adhesion of the platelets and 

their aggregation at that site which leads to the formation of a platelet plug and 

sealing of the defect, the platelet adhesion is a complex process mediated by 

interactions between various receptors and proteins including tyrosine kinase 

receptors, glycoprotein receptors, other G-protein receptors as well as the von 

Willebrand Factor (VWF), the von Willebrand Factor functions via binding to 
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the Gp 1b-9 within the platelets, 3- Platelet Activation, the platelets that have 

adhered undergo very specific changes, they release their cytoplasmic granules 

that include ADP, thromboxane A2, serotonin, and multiple other activation 

factors, they also undergo a transformation of their shape into a pseudopodal 

shape which in-turn leads to release reactions of various chemokines, P2Y1 

receptors help in the conformational changes in platelets ( Periayah et al.,2017).  

4- Platelet Aggregation, with the mechanisms mentioned above, various 

platelets are activated, adhered to each other and the damaged endothelial 

surface leading to the formation of a primary platelet plug (LaPelusa and Dave, 

2021).  

5- Extrinsic Pathway, the tissue factor binds to factor VII and activates it, the 

activated factor VII (factor VIIa) further activates factor X and factor IX via 

proteolysis, activated factor IX (factor IXa) binds with its cofactor – activated 

factor VIII (factor VIIIa), which leads to the activation of factor X (factor Xa), 

factor Xa binds to activated factor V (factor Va) and calcium and generates a 

prothrombinase complex that cleaves the prothrombin into thrombin, 6- Intrinsic 

Pathway, with thrombin production, there occurs conversion of factor XI to 

activated factor XI (factor XIa), factor XIa with activated factor VII and tissue 

factor converts factor IX to activated factor IX (factor IXa), the activated factor 

IX combines with activated factor VIII (factor VIIIa) and activates factor X, 

activated factor X (factor Xa) binds with activated factor V (factor Va) and 

converts prothrombin to thrombin, thrombin acts as a cofactor and catalysis and 

enhances the bioactivity of many of the aforementioned proteolytic pathways 

(Palta et al., 2014).  

7- Fibrin clot formation, the final steps in the coagulation cascade involve the 

conversion of fibrinogen to fibrin monomers which polymerizes and forms 

fibrin polymer mesh and result in a cross-linked fibrin clot, this reaction is 

catalyzed by activated factor XIII (factor XIIIa) that stimulates the lysine and 
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the glutamic acid side chains causing cross-linking of the fibrin molecules and 

formation of a stabilized clot (LaPelusa and Dave, 2021).  

8- Clot Resolution (Tertiary Hemostasis), activated platelets contract their 

internal actin and myosin fibrils in their cytoskeleton, which leads to shrinkage 

of the clot volume, plasminogen then activates to plasmin, which promotes lysis 

of the fibrin clot; this restores the flow of blood in the damaged/obstructed blood 

vessels (Palta et al., 2014).  

2.11. Blood Coagulation: - 

   Most if not all clotting factors as proteolytic enzymes called zymogens that are 

inactive state, to explain the active form of each enzyme, there is an addition of 

suffix letter "a" following Ruman number of that factor, the major site for 

synthesis and production of most anticoagulants and coagulants in circulation is 

liver with exception of clotting factor III, IV, and VIII are synthesized in 

extrahepatic tissue, Most of proteins are subjected to post-translational 

modifications in particular vitamin-K dependent clotting factor that is involved 

carboxylation of glutamic acid of clotting factor to ensure binding of calcium 

and other cation participating in clotting process (Monroe et al., 2010).  

   The pathways of coagulation is a mechanism of cascade reaction that involve 

maintain of hemostasis (Chaturved et al., 2019).  

There are two essentially pathways necessary for beginning of coagulation that 

are converged at FX, these pathways are extrinsic and intrinsic pathways, the 

extrinsic pathway is initiated by exposure of TF which localized in sub 

endothelium and thein it from complex with FVII which in turns mediates 

activation inactive FX to FXa (Grover and Mackman, 2018). 

    Concerning intrinsic pathway which described previously by Davie and 

Ratnoff (1964), this pathway factors such as FXII, FXI, and FIX and then 

activation of FVIII (FVIIIa) and FIX (FIXa), these activated factor completely 

mediate activation of FX to form FXa, following these reaction of both intrinsic 
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and extrinsic pathway, the FXa with its cofactor FVa produce prothrombinase 

complex activity which mediates siplit of inactive prothrombin to form active 

thrombin (FIIa), the FIIa considers the end of coagulation protease that mediates 

siplit of soluble fibrinogen to form insoluble fibrin threads, at the same time, 

FIIa activate fibrin stabilizing factor (FXIII) to form fibrin polymere. The 

intrinsic pathway of coagulation also becomes activated by effects of active 

forms of extrinsic and common pathway components (Mast, 2016).  

 

 

Figure (2): The three pathways that makeup the classical blood coagulation 

pathway  (Pallister and Watson, 2010).  
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2.12. Fibrinogen:-  

   FI is produced by three closely related genes including FGA, FGB, and FGG, 

each of these genes can determine and specifity of the primary polypeptide 

structure of one of its own three polypeptide chains that are Aα, Bβ, and γ chains 

respectively (Chung et al., 1990).  

   All genes encoding human fibrinogen are located on chromosome 4 (Kant et 

al., 1985). Hepatocytes are the main synthesis of fibrinogen and then it exported 

into blood circulation, before FI its serection from hepatocytes, it altered and 

modified to assembly of its own synthesized polypeptide chains and then 

translocated into the endoplasmic reticulum in order to interact of polypeptide 

chains with chaperons (proteins enhance polypeptide chains folding) to help 

assembly and folding of FI polypeptide chains, this process also helps to 

distinguish between correctly folding and assembly of FI polypeptides, if there 

is in proper folding of polypeptide chains they are degraded (Tamura et al., 

2013).  

   In normal subjects, FI production is high and its level up to 2-5 mg/ml, and it 

considers an acute phase protein in response to inflammation and its level can 

reach to 7mg/ml (Kattula et al., 2017).  

   It is well known that FI (fibrinogen) represents plenty protein in blood stream 

and has a half-life 3 to 5 days, the stable blood clot and fibrin meshwork is of 

importance to stop escap and lose of blood and intiates healing process at site of 

injury (Vilar et al., 2020).  

   In blood circulation, FI initiates hemostasis process and represents a precursor 

for fibrin as well as enhance assist in aggregation of activated platelets, red 

blood cells, macrophages, and fibroblasts on site of injury (Shakur and Robert, 

2010). Fibrinogen exerts vital and crucial roles to maintain of hemostasis 

process, thrombin siplits fibrinogen polypeptides to produce fibrin strands 



Chapter Two                                                                         Literatures Review 

26 
 

forming network that is required for formation of perfect clot (Levy et al., 

2011).  

   Together, fibrinogen and fibrin exerts major role in maintenance of hemostasis 

and also the main factor processes of thrombosis , healing of injuries, and other 

physiological and pathological states, fibrin is resulted when fibrinogen become 

cleaved by thrombin factor, after complete of perminant clot, fibrinolytic system 

that is composed from essential components including plasminogen activators 

which in turn activate further inactive zymogen called plasmin who has 

proteolytic activity to digest of fibrin (Weisel and Litvinov, 2017).  

 

2.13. Tissue Factor (TF): -  

   Tissue factor is essential factors of blood clotting, it is expressed by vascular 

and nonvascular cells of the body and exerts prominent role in hemostasis 

through its function which involves initiation of blood coagulation (Mackam, 

2004).  

   TF is one of transmembrane proteins as integral protein that expressed by 

different cells within the human body (Lawson et al., 1992). It is associated 

primarily and expressed by both endothelial cells and smooth muscles of vessels 

as well as fibroblast of adventitia and pericytes of vessels, astrocytes in the 

brain, cardiac cells, epithelial cells of pulmonary alveoli, and endothelial cells of 

placenta (Fossel et al., 1994). 

    Furthermore, it is well documented that TF can be released and expressed by 

blood platelets and T lymphocytes and clearly demonstrated that it play a key 

role in various cellular signaling, gene expression, and surviral of cell (Cimmino 

and Cirillo, 2018). 
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   According to biochemical point view, TF considers glycosylated protein of 

plasma membrane that has intracellular and extracellular domains, the mature 

shape of protein (TF) contains 263 amino acids as a linear polypeptide chain, of 

these amino acid, 219 amino are located in extracellular N-terminal domain that 

represents the long portion of TF and arranged as essential situation for binding 

of VIIa, there are 23 amino acids are embedded within membrane, the remaining 

amino acids (21) are reside within intracellular C-terminus domain and this short 

fragment of cytoplasmic domain has two sites of phosphorylation (Dorfleutner 

and Ruf, 2003and Sharma et al., 2004).  

   Genetically, TF gene are located on chromosome one of human (Guo et al., 

2001). In regard to function of tissue factor that are related in blood clotting 

mechanism, the stable factor (FVII), is an enzyme mediates triggering of 

coagulation cascade, this factor must be initially bound with its specific receptor 

which named TF, the final complex (TF-FVII) increases the activity of 

antihemophilic factor (FVIII) (Pendunthi and Rao, 2008).  

   There are two forms of TF that can be detected as cryptic functional forms, 

FVII has ability to bind with both forms of TF at different range (Bach, 2006). 

When FVIIa-bind with TF on surfaces of cells trigger two mechanisms, firstly 

induce blood coagulation cascade and the second involves induction of 

intracellular signaling process which depends on the presence of protease-

activated receptors which are localized on the cell surface (Rao and pendurthi, 

2005).  

   The interaction occurring between TF and FVII are substantially required for 

hemostasis and thrombotic diseases, the FVII has trypsinserine protease activity 

that similar with other clotting factors having proteases activity, the TF can 

allosterically potentiates FVII through various processes including active site, 

direct interaction, and spatial stabilization (Gajsiewicz and Morrissey, 2016). 

The cellular signaling functions of TF include growth of tumor cells, 
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angiogenesis, and antiapoptotic effects (Hjortoe et al., 2004 and Versteeg et al., 

2008).  

 

2.14. Tissue Plasminogen Activator (tPA):-  

   Tissue plasminogen activator (tPA) is classified as a serine protease (enzymes 

that cleave peptide bonds in proteins), it is thus one of the essential components 

of the dissolution of blood clots, its primary function includes catalyzing the 

conversion of plasminogen to plasmin, the primary enzyme involved in 

dissolving blood clots (Jilani and Siddiqui, 2021). 

    Recombinant biotechnology has allowed tPA to be manufactured in labs, and 

these synthetic products are called recombinant tissue plasminogen activators 

(rtPA), examples of these drugs include alteplase, reteplase, and tenecteplase, 

these drugs have undergone various modifications to amplify their 

pharmacokinetic and pharmacodynamic properties, especially to prolong their 

short half-life in the circulation and further increase their fibrin specificity to 

prevent an unwanted fibrinolytic state, Indications for the use of tPA include the 

following: (1) Ischemic stroke (most common) in patients presenting to the 

treating facility within 3 hours (4.5 hours in certain, eligible people) after the 

onset of symptoms (Gravanis and Tsirka, 2008and Heiferman et al., 2017), (2) 

Myocardial Infarction would be a delay of more than 1 to 2 hours before 

percutaneous transluminal coronary angioplasty (Rogers et al., 1987), (3) 

Pulmonary embolism in massive pulmonary embolisms, causing severe 

instability due to high pressure on the heart (Niedermeyer et al., 1993), (4) 

Thrombolysis (e.g., deep vein thrombosis) (Sharifi et al., 2013).  
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2.14.1. Definitions : 

(1) Alteplase is the normal human plasminogen activator and is FDA-approved 

for managing patients with ischemic stroke, myocardial infarction with ST-

elevation (STEMI), acute massive pulmonary embolism, and those with central 

venous access devices (CVAD) (Demaerschalk et al., 2016; Reed et al., 2021). 

(2)Reteplase is a modified form of human tPA with similar effects but a faster 

onset and longer duration of action, it is currently FDA-approved for the 

management of acute myocardial infarction, preferred over alteplase due to its 

longer half-life, allowing it to be given as a bolus injection rather than through 

an infusion like alteplase (Zhao et al., 2017; Wang et al., 2018). 

(3)Tenecteplase is another modified version of tPA with a longer half-life, its 

indication is the management of acute myocardial infarction (Saran et al., 2009). 

  

2.14.2. Mechanism of Action:  

   tPA is a thrombolytic (i.e., it breaks up blood clots) formed by aggregation of 

activated platelets into fibrin meshes by activating plasminogen, more 

specifically, it cleaves the zymogen plasminogen at its Arg561-Val562 peptide 

bond to form the serine protease, plasmin. Plasmin, an endogenous fibrinolytic 

enzyme, breaks the cross-links between fibrin molecules, which are the 

structural support of the blood clot, and its activity is extremely short-lived, this 

short duration is because alpha 2-antiplasmin, an abundant inhibitor of plasmin, 

quickly inactivates it and restricts the action of plasmin to the vicinity of the 

clot, the following sequence summarizes the action of tPA: (1) tPA attaches to 

the fibrin on the clot surface, (2) It activates the fibrin-bound plasminogen, (3) 

Plasmin is subsequently cleaved from the plasminogen affiliated with the fibrin, 

(4) The plasmin breaks up the molecules of fibrin, and the clot dissolves, 

plasminogen activator inhibitor 1 (PAI 1) eventually terminates the catalytic 

activity of tPA by binding to it, and this inactive complex (PAI 1-bound tPA) is 
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removed from the circulation by the liver, more specifically via the scavenger 

receptor, LDL receptor-related protein 1 (LRRP1), in the nervous system, a 

neuronal-specific inhibitor of tPA, neuroserpin, acts similarly to PAI 1, and the 

LRRP1 internalizes the inactive tPA-neuroserpin complexes for removal from 

circulation (Kramer et al., 2015and Bannish et al., 2017).  

 

2.15. D-dimer:-  

   D-dimer molecules are generated through the degradation of cross-linked 

fibrin during fibrinolysis, D-dimer generation requires the activity of three 

enzymes: thrombin, activated factor XIII (factor XIIIa), and plasmin, the process 

starts when thrombin generated by the coagulation system converts soluble 

fibrinogen to fibrin monomers, these monomers then form fibrin polymers 

through noncovalent interactions based on allosteric changes within the protein 

as a result of thrombin cleavage of fibrinopeptides from the N-terminal domain, 

fibrin is strengthened through interactions with factor XIII, which, after 

activation by thrombin, cross-links the D domains of adjacent fibrin monomers, 

plasmin digestion of the fibrin clot results in the D-dimer molecule (Johnson et 

al., 2019). 

   D-dimer measurements are done usually by central laboratory assays as well 

as by point-of-care assays with various cutoffs designed for both quantitative 

and qualitative measurements, the presence of D-dimer molecules is suggestive 

of intravascular coagulation because it can only be generated after thrombin 

formation and subsequent degradation of cross-linked fibrin, because of this, D-

dimer measurements serve as a global marker of activation of the coagulation 

and fibrinolytic systems, and function as an indirect marker of thrombotic and 

subsequent thrombolytic activity (Olson, 2015).   
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Figure (3): Generation of D-dimer following thrombin generation and 

fibrinolysis (Johnson et al., 2019). 

  

 

   As a marker of rapid fibrin turnover and high thrombotic activation in both 

arterial and venous system, interest in D-dimer has grown over time, and its 

predictive role has been investigated in several acute and chronic cardiovascular 

care, (Giannitsis et al., 2017). In patients with MI, high circulating D-dimer 

levels have been correlated with recurrent MI and poor prognosis (Oldgren et 

al., 2001and Soomro et al., 2016), and early reduction in plasma concentration 
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of D-dimer by Xime-lagatran administration was associated with decreased risk 

of new cardiovascular events (Christersson et al., 2007).  

   In addition, there are some data indicating that D-dimer may be higher in MI 

patients experiencing no-reflow phenomenon (Erkol et al., 2014). A severe 

condition in which high thrombotic burden interfere with complete restoration of 

myocardial blood supply after PCI, which is known to be correlated with 

adverse outcomes and poor prognosis (Rezkalla et al., 2010).  

 

2.16. Cytokines:-  

2.16.1.IL-6:-  

   IL-6 is a pleiotropic cytokine which bridges the innate and adaptive immune 

systems (Jones, 2005). Perturbations or dysfunction in the transition from innate 

to adaptive immunity have long term consequences for inflammation and 

autoimmunity (Hoebe et al., 2004). The acute response to IL-6, which is largely 

protective, to chronic, long term signaling leading to pathogenic inflammation 

and autoimmunity is an example of the varying faces of IL-6 (Kaplanski et al., 

2003).  

   IL-6 has a wide array of biological functions and is produced by many cells of 

the body, originally identified as a B-cell differentiation factor, IL-6 is now 

recognized as a cytokine that regulates many processes such as the acute-phase 

response, inflammation and hematopoiesis, IL-6 can be made by most tissues as 

well as virtually all cells of the immune system, it can signal either through 

membrane-bound receptors or, uniquely within the IL-6 family of cytokines, can 

signal in Trans, with a soluble form of its receptor, IL-6 has been shown to 

participate in neurogenesis, wound healing and hepatic regeneration (Streetz et 

al., 2000 and Lin et al., 2003). Acutely, IL-6 responds to almost all 

perturbations of homeostasis, however, when IL-6 remains elevated chronically, 

the protective roles IL-6 have maintaining tissue integrity and signaling the 
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immune response, are no longer required and constant signaling becomes 

associated with fibrosis and chronic inflammation, this dual role of IL-6, from 

acute and beneficial to chronic and harmful (Fontes et al., 2015).  

 

2.16.2. IL-6 in the Heart:-  

    The cellular response to IL-6 in the heart has been well characterized, cardiac 

tissue provides a revealing example where the duration of signaling, from acute 

to chronic, demonstrates the protective and pathogenic transition, IL-6 family 

signaling on cardiac myocytes is cardio protective during the acute response 

however, when remains elevated chronically, induces maladaptive hypertrophy 

and decreases contractile function (Terrell et al., 2006). 

    Myocytes themselves make IL-6 in response to injury and in addition to 

increase IL-6 signaling, increased IL-6 production is associated with depressed 

cardiac function (Yang et al., 2004). Acutely, IL-6-family cytokines protect 

myocytes against oxidative stress and its signaling induces an anti-apoptotic 

program (Yamauchi-Takihara and Kishimoto, 2000; Wollert and Drexler, 

2001and Terrell et al., 2006). However, IL-6-family signaling also depresses the 

basal contractility of the myocytes as well as the beta-adrenergic responsiveness 

of the cells leading to decreased function (Prabhu, 2004). IL-6 family signaling 

also induces gene expression in the myocytes that is associated with 

pathological hypertrophy (Wollert et al., 1996).  

   The best characterized protective functions of IL-6 family signaling have been 

studied in ischemia-reperfusion injury and myocardial infarction which both 

induce IL-6 production by cardiac myocytes (Florholmen et al., 2006). 

Increased IL-6 plays a role in late phase pre-conditioning that confers cardio 

protection (Smart et al., 2006). STAT3, the downstream signaling molecule of 

IL-6, is also required for pre-conditioning (Dawn et al., 2004). However, 

chronic elevated myocardial production of IL-6-family cytokines, which occurs 
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post-MI and in HF, have been associated with worse heart outcomes 

(Frangogiannis et al., 2002 and Terrell et al., 2006). IL-6 is consistently 

upregulated in the infarct zone after experimental MI and is associated with left 

ventricle (LV) enlargement (Gwechenberger et al., 1999 and Frangogiannis, 

2006). It is thought that the combined effects of IL-6, anti-apoptosis, depressed 

contractility and hypertrophy, will lead to preserved myocardium in the infarct 

border zone (Gwechenberger et al., 1999).  

 

2.17.C - Reactive Protein:- 

   C-reactive protein (CRP) is one of the common test parameters used in clinical 

practice, to assess, diagnose, and prognose inflammation, however, the role 

played by CRP in physiological processes is not clearly elucidated, CRP, 

belonging to pentraxin family of proteins shows a 1000-fold or more increase in 

concentration during the occurrence of an injury, inflammation or tissue 

death(Pepys and Hirschfield, 2003). The plasma half-life of CRP is about 19 

hours and is constant under all conditions of health and disease, in addition to 

CRP, the levels of few other proteins termed as acute phase proteins (APR) are 

also increased during inflammation, CRP, the first acute-phase protein to be 

described, is a sensitive systemic marker of inflammation and tissue 

damage(Black et al., 2004). Precise response and ease of assay have made CRP 

an ideal marker of inflammation. CRP was discovered in 1930 by William 

Tillett and Thomas Francis of Rockefeller University, the researchers have 

reported that a third serologic fraction or ‗fraction C‘ isolated from 

pneumococcus infected patients, was different from capsular polysaccharide and 

nucleoprotein fractions detectable by specific antibody response (Tillett and 

Francis, 1930).   

    Acute myocardial infarction (MI) results in an inflammatory response 

involved in myocardial repair (Frangogiannis, 2014). C-reactive protein (CRP), 

an acute phase reactant as downstream marker of inflammation, has been shown 
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to correlate with the extent of cardiac injury in the acute phase of MI (Orn et al., 

2009 and Reindl et al., 2017). Although the resolution of post-MI inflammation 

is generally expected after 2 to 4 weeks, a prolonged inflammatory phase can 

occur (Prabhu and Frangogiannis, 2016). However, it is unknown whether the 

extent of acute cardiac injury influences residual high-sensitivity (hs) CRP 

levels at 1 month post-MI, low-grade inflammation measured by hsCRP 

measured at least 1 month after MI is indeed an established predictor of 

recurrent cardiovascular events (Ridker et al., 2000; Pai et al., 2004 and Ridker 

et al., 2008).  

2.18. Troponin:-  

   The measurement of cardiac troponin concentration in systemic venous blood 

has become a core component of the assessment of patients with acute and 

chronic cardiovascular disease, this is enshrined in the Universal Definition of 

Myocardial Infarction (UDMI) (Thygesen et al., 2018). Heart disease remains 

the most common cause of death in the developed world with 1 in 10 patients 

still dying of a myocardial infarction (MI) (Rogers et al., 2000). With the advent 

of assays to measure cardiac troponins, the diagnosis and prognostication of 

acute coronary syndromes (ACS), including myocardial infarction, has greatly 

improved. A historical perspective of the development of the use of cardiac 

biomarkers has recently been published (Rosalki et al., 2004). Were the first to 

describe the measurement of cardiac troponin T (cTnT) (Katus et al.,1989).  

This was followed by (Bodor et al., 1992). Who described the development of 

thecardiac troponin I (cTnI) assay, building on the work of (Cummins et al., 

1987) both for the diagnosis of MI, after a number of classical studies, the 

cardiac troponins are now considered the ‗‗gold standard‘‘ biochemical test for 

the diagnosis of acute MI (AMI). 

   The troponin complex was first described in a letter to nature (Bailey, 1946). 

But it was the work by (Ebashi et al., 1968), that showed that the contraction of 
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striated muscle and not smooth muscle was regulated by a special protein 

complex, now known as the troponin located on actin filaments, with the 

development of techniques, such as site‐directed mutagenesis, studies have 

yielded new details about the structure of the troponin complex. 

 

The troponin complex consists of three subunits: 

i. Troponin C (TnC): The component that binds calcium and regulates the 

activation of thin filaments during contraction by removing troponin I inhibition. 

It has a molecular weight of 18 kDa (Head et al., 1977). 

ii. Troponin I (TnI): The inhibitory subunit that inhibits ATPAse activity of 

actinomyosin, its molecular weight is 22 kDa and is encoded for by 

chromosome 19q13.3 (Perry, 1999). 

iii. Troponin T (TnT): The component that plays a structural role and binds the 

troponin complex to tropomyosin, TnT is also involved in activating 

actinomyosin ATPAse activity, its molecular weight is 37 kDa and its gene is 

present on chromosome 1q32 (Perry, 1998). 
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3. Materials and methods: 

3.1. Materials: 

3.1.1. Subjects of the Study: 

   The present study was carried out in different locations including Marjan 

Teaching Hospital (Ischemic heart disease unit) , Imam Al–sadiq Hospital , 

private laboratories, and Babylon university/College of Sciences for Women. 

The present study was began at November 2021 to April 2022. 

    A total selective number of subjects was eighty (80) of both men and women. 

Of those, twenty (20) men were complained from myocardial infarction and 

twenty (20) men were apparently healthy to serve as a control group. The 

remaining number (40) women, of them, twenty (20) women were affected with 

myocardial infarction and twenty (20) women recruited as a control group. 

    Ages of all subjects of the present study, ranged between 40-79 years old. The 

subjects (patients and healthy control) of the present study were classified 

according to their age in to four categories (40-49,50-59, 60-69,70-79 years old).  

   All patients attended to hospital and health care centers to check up their own 

myocardial infarction and received therapeutic drugs. In regard control subjects, 

they were enrolled from public health center, workers in hospitals, and persons 

who have normal medical history.  

3.1.2.Excludid criteria: 

   The patients who had diabetes mellitus, malignant diseases pulmonary 

diseases, thyrotoxicosis and hypertension, and auto immune diseases. 

Furthermore, the women of this study do not intake contractive pills and no 

hormone replacement therapy.  
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3.1.3. Design of study: - 
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Figure (4): Design of study 
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3.1.4. Instruments: -   

In the following table (3-1), the instruments and their origins that used in the 

present study: - 

Apparatus and 
materials 

Source Company 

Abbott PLUS USA Abbott 

Centrifuge Germany Heattich 

Deep Freezer Germany Concord 

Disposable Syringes Hungary Dia Gon 

EDTA Tube (3 ml) USA Afco 

Eppendorf tubes Jordan CMA 

Gel tube (6 ml) USA Afco 

Geten1100     USA Biotech 

Gloves Jordan CMA 

HumaClot Junior Germany Human 

Micropipette Different 

sizes 

Germany Slamed 

Pipette tips (blue) USA Applied Biosysyem  

 

Pipette tips (Yellow) USA Applied Biosysyem 

Plain tube (10 ml) Jordan CMA 

Plate Reader for Elisa  USA Awareness technolog 

Refrigerator Japan Royal 

Slides China Sail Brand 

Sodium Citrate Tube 

(2 ml) 

USA Afco 
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3.1.5. Chemicals: - 

Table (3-2) Kits that were used in the present study: 

Kits chemical Source Company 

C- reactive protein Kit USA Biotech 

D-Dimer Kit USA Biotech 

Fibrinogen Kit Germany Hemostat 

Interleukin -6 Kit USA Biotech 

Tissue plasminogen 

activator -1 Kit 

China BT LAB 

Troponin Kit Ireland Abbott 

 

 

3.2. Methods: - 

3.2.1. Collection of Blood Samples: - 

  Samples of blood were collected from several locations of hospitals and health 

center cares of Babylon governorate (Marjan Medical City and Imam Al–sadiq 

Hospital ). 

    Antecubital vein of left arm was selected. The area of collection was firstly 

warmed by massage to improve blood circulation and protrusion of the vein. 

Atourniquet was applied around the skin directly about 7 cm above the 

collectionsite. The skin was exactly sterilized and cleared with ethyl alcohol 

(70%) and then was permitted the skin to completely dry to avoid hemolysis of 

blood. 
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Needles were selected with 23 gauges and blood samples volumes were 

approximately 5 milliliters from each myocardial infarction patients and healthy 

control subjects. 

   Collected  about five milliliters of venous blood from each patient and healthy 

control subjects. The blood was divided into three parts: first part 

(approximately two milliliters) was  collected into EDTA, and the second part of 

the blood was  placed in gel tube for thirty minutes and the third part of the 

blood was placed in sodium citrate tube  for plasma and plasaced  in 

centrifugation at 3000 rpm for 15 min; after that the serum collected and 

transferred to eppenedrof tube and kept in the freezer ( -20c˚) for future analyses 

and each tube was gave a serial number to refer to each subject (patient and 

control).  

3.2.2. Measurment of body mass index (BMI): 

    Body mass index is employed to measure weight adjusted for hight, it is a 

simple test of  body to explore how much fat contained within the body and is 

calculated according to following equation:- 

   

 BMI=  weight (kg)     (Cole et al., 2000). 

              Hight (m
2
 ) 

The limitations of  BMI as follow: 

BMI  kg/m
2 

Weight status 

Below  18.5 Under weight 

18.5-24.9 normal 

25-29.9 Over weight 

30 and above obese 

 

 

 



Chapter Three                                                                Materials and Methods 
 

42 
 

3.2.3. Hematological Tests: 

3.2.3.1. Complete Blood Count (CBC) assay: 

        Whole blood sample in EDTA tube was used immediately to get complete 

blood count using automated 3-part hematology autoanalyzer, samples were 

swirled several times to mix the sample and then processed in the autoanalyzer 

to get result within 60 seconds, and the result printed out and recorded. 

 

3.2.4. Determination of Tissue Plasminogen Activator-1 (TPA-1): 

3.2.4.1. Principles of Method: 

       This kit is an Enzyme-Linked Immunosorbent Assay (ELISA). The plate has 

been pre-coated with Human tPA antibody. tPA present in the sample is added 

and binds to antibodies coated on the wells, and then biotinylated Human tPA 

Antibody is added and binds to tPA in the sample. Then Streptavidin-HRP is 

added and binds to the Biotinylated tPA antibody. After incubation unbound 

Streptavidin-HRP is washed away during a washing step. Substrate solution is 

then added and color develops in proportion to the amount of Human tPA . The 

reaction is terminated by addition of acidic stop solution and absorbance is 

measured at 450 nm. 
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Components which are supplied with TPA-1 Kit: - 

Item Specification Storage 

Standard 

solution(96ng/ml) 

0.5ml x1 2-8 ℃ 

Pre-coated ELISA plate 12 * 4 well strips x 

1 

2-8 ℃ 

Standard Diluent  3ml x 1 2-8 ℃ 

Streptavidin-HRP 3ml x 1 2-8 ℃ 

Stop Solution  3ml x 1 2-8 ℃ 

Substrate Solution A 3ml x 1 2-8 ℃ 

Substrate Solution B 3ml x 1 2-8 ℃ 

Wash Buffer 

Concentrate(25x) 

20ml x 1 2-8 ℃ 

Biotinylated Human tPA 

Antibody  

1ml x 1 2-8 ℃ 

User Instruction 1 - 

Plate Sealer 2 pics - 

Zipper bag 1 pic - 

 

3.2.4.2. Procedure of TPA-1 Measurement: 

1. Prepare all reagents, standard solutions and samples as instructed. Bring all 

reagents to room temperature before use. The assay is performed at room 

temperature.  

2. Determine the number of strips required for the assay. Insert the strips in the 

frames for use. The unused strips should be stored at 2-8°C.  
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3. Add 50μl standard to standard well. Note: Don‘t add biotinylated antibody to 

standard well because the standard solution contains biotinylated antibody.  

4. Add 40μl sample to sample wells and then add 10μl anti-tPA antibody to 

sample wells, then add 50μl streptavidin-HRP to sample wells and standard 

wells ( Not blank control well ). Mix well. Cover the plate with a sealer. 

Incubate 60 minutes at 37°C.  

5. Remove the sealer and wash the plate 5 times with wash buffer. Soak wells 

with 300ul wash buffer for 30 seconds to 1 minute for each wash. For automated 

washing, aspirate or decant each well and wash 5 times with wash buffer. Blot 

the plate onto paper towels or other absorbent material.  

6. Add 50μl substrate solution A to each well and then add 50μl substrate 

solution B to each well. Incubate plate covered with a new sealer for 10 minutes 

at 37°C in the dark.  

7. Add 50μl Stop Solution to each well, the blue color will change into yellow 

immediately.  

8. Determine the optical density (OD value) of each well immediately using a 

microplate reader set to 450 nm within 10 minutes after adding the stop solution.  
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3.2.5. Measurement of C-reactive Protein (CRP): 

3.2.5.1. Principle of Method: -                                        

     The test uses an anti-human CRP monoclonal antibody conjugated with CRP 

monoclonal antibody coated on fluorescence latex and another anti-human the 

test line. After the sample has been applied to the test strip, the fluorescence 

latex-labelled binds with the CRP in anti-human CP monoclonal antibody 

sample and antigen-antibody complex. This complex moves to the test forms a 

marked card antigen-antibody complex is captured on the test line by the 

detection zone by capillary action. Then marked anti-human CRP monoclonal 

antibody. The fluorescence intensity of the test line increases in proportion to 

the amount of CRP in sample. 

   Then insert test card into Getein1100 Immunofluorescenci Quantitative 

Analyzer/Getein1600 Immunofluorescenc Quantitative Analyzer  (hereinafter 

referred to as Getein1130 and Getein1600), the concentration of CRP in sample 

will be measured and displayed on the screen. The value will stored in 

Getein1100/Getein1600 and available for downloading.  

The result can be easily transmitted to the laboratory or hospital information 

system. 

Components which are supplied with CRP kit:- 

Item Storage 

hs-CRP+CRP test card in a 

sealed pouch with desiccant 

4-30℃ 

Capillary pipet 4-30℃ 

Sample diluent 0-30℃ 

User manual:1 piece/box 4-30℃ 

SD card:1 piece/box 4-30℃ 
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3.2.5.2. Procedure of CRP Test:-              

1- Collect specimens according to user manual. 

2- Test card, sample and reagent should be temperature before testing.  

3- Confirm SD card lot No. in accordance with test kit lot No... Perform "SD 

card" calibration when necessary. 

4- Remove the test card from the sealed pouch immediately before use. Label 

the test card with patient or control identification. 

5- Put the test card on a clean table, horizontally placed. 

6- Using sample transfer pipette, deliver 10 µl of sample into one tube of sample 

diluent, mix gently and thoroughly. Then, drop 100 pl of sample mixture into the 

sample port on the test card (for disposable capillary pipet using, please refer to 

the directions in the package). 

7- Reaction time: 3 minutes. Insert the test card into Getein1100 and press 

"ENT" button or click on "Start" icon (for Android Getein 1100) after reaction 

time is elapsed. The result will be shown on the screen and printed 

automatically. 

 

3.2.6. Measurement of Fibrinogen Concentration: 

3.2.6.1. Principle of Method: - 

     HEMOSTAT FIBRINOGEN is based on the most commonly used method 

first described by Clauss¹. 

Thrombin in optimised quantity is added to a prediluted plasma sample. 

The measured clotting time is inversely proportional to the fibrinogen 

concentration in the specimen. 

Components which are supplied with Fibrinogen test:- 
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 [RGT] 5 x 2 ml       Fibrinogen reagent (lyophilised) 

                                Human thrombin                                     80-100 IU/ml 

                                Sodium azide                                              <0.01% 

[BUF] 1 x 100 ml Imidazole buffered saline (ready-to-use) pH 7.4 ± 0.2 

                                 Imidazole                                                  0.05 mol/l 

                                Buffers and stabilisers 

[CAL] 2 x 1 ml       Fibrinogen reference plasma (lyophilised) 

                                Human plasma  

                                Sodium azide                                                  <0.01% 

Material required but not provided 

[REF] 35001 HEMOSTAT CONTROL PLASMA NORMAL 

[REF] 35002 HEMOSTAT CONTROL PLASMA ABNORMAL 

Reagent Preparation, Storage and Stability 

Reconstitute [RGT] with 2 ml and [CAL] with 1 ml distilled water (see 

Note). Store the reagent for 30 min. at 20...25°C, mix gently horizontally 

several times (5-10) before use, but do not shake, avoid the contact of the 

reagent with the stopper. Wait until the reagent reaches the working 

temperature. 

Reconstituted [RGT] is stable for 3 days at 20…25°C, 7 days at 15…19°C and 7 

days at 2...8°C. 

Reconstituted [CAL] is stable for 4 hours when stored at 22°C. 

[BUF] is ready-to-use. Store at 2...8°C. Opened vials are stable until the 

expiration date.  
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Manual Testing on HumaClot Junior: 

Calibration Curve  

HumaClot Junior 

 

Dilution [CAL] ml [BUF] ml 

1:10 0.1 0.9 

1:20 0.1 1.9 

1:40 0.1 3.9 

  

 

 

3.2.6.2. Procedure of Fibrinogen test:- 

Bring [RGT] to room temperature before use and pre-warm test tubes. 

Pipette diluted sample/ controls/[CAL]  

into pre-warmed test tubes                                 

100 μl 

 

Incubate 3 min. at 37°C  

Add [RGT] (room temperature) 50 μl 

Start timer with addition of reagent. Record time required for clot 

Formation. 
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3.2.7. Measurement of D-Dimer : 

3.2.7.1. Principle of Method: - 

    The test uses conjugated with an anti-human D-Dimer monoclonal antibody 

fluorescence D-Dimer monoclonal antibody coated on the test line. After the 

latex and another anti-human sample has been applied to the test strip, the 

fluorescence latex-labelled anti-human D-Dimer        monoclonal antibody binds 

complex. This complex moves to the test card detection zone with the D-Dimer 

in sample and forms a marked antigen-antibody by capillary action. Then 

marked antigen-antibody complex is captured on the test line by another anti-

human D-Dimer monoclonal antibody. The fluorescence intensity of the test line 

increases in proportion to the amount of D-Dimer in sample. 

    Then insert test card into Getein1100/Getein1180 Immunofluorescence 

Quantitative Analyzer/automatically inserted by Getein1600 

Immunofluorescence Quantitative Analyzer (hereinafter referred to as 

Getein1100, Getein1180 and Getein1600), the concentration of D-Dimer in 

sample will be measured and displayed on the screen. The value will be stored 

in Getein1100/Getein1180/Getein1600 and available for downloading. The 

result can be easily transmitted to the laboratory or hospital information system. 
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Components which are supplied with D-Dimer kit:- 

Item Storage 

D-Dimer test card in 

a sealed pouch with 

desiccant 

4-30℃ 

Disposable pipet 4-30℃ 

Sample diluent 0-30℃ 

User manual:1 

piece/box 

4-30℃ 

SD card:1 piece/box 4-30℃ 

 

3.2.7.2. Procedure of D-Dimer Test:- 

1. Collect specimens according to user manual. 

2. Test card, sample and reagent should be brought to room 

temperature before testing. 

3. Confirm SD card lot No. in accordance with test kit lot No.. 

Perform "SD card" calibration when necessary. 

4. Remove the test card from the sealed pouch immediately before use. Label 

the test card with patient or control identification. 

5. Put the test card on a clean table, horizontally placed. 

 6. Using sample transfer pipette, deliver 100 µl of sample into one tube of 

sample diluent, mix gently and thoroughly. Then drop 100 µl of sample mixture 

into the sample port on the test card. 

 7. Reaction time: 10 minutes. Insert the test card into Getein1100 and press 

"ENT" button or click on "Start" icon (for Android Getein 1100) after reaction 
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time is elapsed. The result will be shown on the screen and printed 

automatically. 

 

3.2.8. Measurement of IL-6   

3.2.8.1. Principle of Method: - 

     The test uses an anti-human IL-6 monoclonal antibody conjugated with 

fluorescence latex coated on the junction of nitrocellulose membrane and sample 

pad,and another anti-human IL-6 monoclonal antibody II coated on the test line. 

After the sample has been applied to the test strip, the fluorescence latex-

labelled anti-human IL-6 antibody I binds with the   IL-6 in sample and forms 

marked antigen-antibody complex. This complex moves to the test card 

detection zone by capillary action. Then marked antigen-antibody complex is 

captured on the test line by anti-human IL-6 antibody II. The fluorescence 

intensity of test line increases in proportion to the amount of IL- 6 in sample. 

    Then insert test card into Getein1100 Immunofluorescence Quantitative 

Analyzer/automatically inserted by Getein1600 Immunofluorescence 

Quantitative Analyzer (hereafter referred to as Getein1100 and Getein1600), the 

concentration of IL-6 in sample will be measured and displayed on the screen. 

The value will be stored in Getein1100/Getein1600 and available for 

downloading. The result can be easily transmitted to the laboratory or hospital 

information system. 

 

 

 

 

 



Chapter Three                                                                Materials and Methods 
 

52 
 

Components which are supplied with IL-6 kit:- 

Item Storage 

Getein IL-6 test card 

in a sealed pouch 

with desiccant 

4-30℃ 

Disposable pipet 4-30℃ 

Whole blood buffer: 

1 bottle/box 

0-30℃ 

User manual:1 

piece/box 

4-30℃ 

SD card:1 piece/box 4-30℃ 

 

3.2.8.2. Procedure of IL-6 Test:- 

1. Collect specimens according to user manual. 

2. Test card, sample and reagent should be brought to room temperature before 

testing. 

3. Confirm SD card lot No. in accordance with test kit lot No.. 

Perform "SD card" calibration when necessary. 

4. Enter testing interface of Getein1100. 

5. Remove the test card from the sealed pouch immediately before use.  Label 

the test card with patient or control identification. 

 6. Put the test card on a clean table, horizontally placed. 

7. Using sample transfer pipette, deliver 100 µL of sample into the sample port 

on the test card (for whole blood sample, one drop of whole blood buffer must 

be added after loading 100 µL sample on test card). 
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8. Reaction time: 15 minutes. Insert the test card into Getein1100 and start test 

after reaction time iS elapsed. The result will be shown on the screen and printed 

automatically.  

3.2.9. Measurement of Troponin:  

3.2.9.1. Principle of Method: - 

     The ARCHITECT STAT High Sensitive Troponin-I assay is a two-step 

immunoassay to determine the presence of cTnl in human plasma and serum 

using CMIA technology with flexible assay protocols, referred to as Chemiflex. 

1- Sample and anti-troponin I antibody-coated paramagnetic microparticles are 

combined. The cardiac troponin present in the sample binds to the anti-troponin 

I coated microparticles. 

2- After incubation and washing, anti-troponin I acridinium labeled conjugate is 

added to create a reaction mixture. 

3- Following another incubation and wash cycle, Pre-Trigger and Trigger 

solutions are added to the reaction mixture. 

4- The resulting chemiluminescent reaction is measured as relative light units 

(RLUs). There is a direct relationship between the amount of cTnl in the sample 

and the BLUs detected by the ARCHITECT System optics. 

The concentration of cTnl iS read relative to a standard curve established with 

calibrators of known cTnl concentrations. 

3.2.9.2. Procedure of Troponin Test:- 
Specimen Dilution Procedures 

    Specimens with a troponin I value exceeding 50,000.0 pg/mL are flagged 

with the code "> 50,000.0 pg/mL" and may be diluted using the Automated 

Dilution Protocol or the Manual Dilution Procedure. 
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Automated Dilution Protocol: 

    The system performs a 1:10 dilution of the specimen and automatically 

calculates the concentration of the specimen before dilution and reports the 

result. 

 

Manual Dilution Procedure: 

Suggested dilution: 1:10 

1. Add 25 µL of the patient specimen to 225 µL of ARCHITECT Multi-Assay 

Manual Diluent. 

2. The operator must enter the dilution factor in the Patient or Control order 

screen. The system will use this dilution factor to automatically calculate the 

concentration of the sample before dilution and report the result. The result 

should be > 10.0 pg/mL (concentration) before the dilution factor is applied. 

3.3. Statistical Analysis 

   Data was analyzed using SPSS(version 23, SPSS Inc. Chicago, Illinois, USA). 

Descriptive statistics (mean, standard Error), and differences were compared by 

two-way ANOVA at p ≤ 0.05 by using least significant difference (LSD) among 

studied groups was p≤ 0.05. Also, the area analysis under ROC curve was used 

(Daniel, 1999).
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4. Results: 

4.1. Explanation of the relationship of myocardial infarction in relation to 

gender. 

   The result which was presented in the Figure 4-1 explained the incidence of 

myocardial infarction disease in males is greater than of females, since the 

percentage ratio of men was 56%, while the percentage ratio of females was 

44%.                                                                           

  

 

 

 

  

 

 

Figure ( 4.1 ): Explain the percentage ratio (%) of males and females 

affected with myocardial infraction. 
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4.2. Relationship of Age with Myocardial Infarction: 

   The values which were given in the Figure 4-2 pointed out the age groups with 

MI most affected were 31%, 38% in (50-59,60-69 years old) compared to the 

age group (70-79 years old) were 19% and (40-49 years) were 10%.                                                                                                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Figure (4.2 ): Represents the percentage ratio (%) of age groups of 

patients with myocardial infraction. 

 



Chapter Four                                                                                            Results  

57 
 

4.3. Relation of Body Mass Index and Myocardial Infarction: 

    Results that explained in the Figure 4-3 explained an increased incidence of 

MI were 70% in patients who had BMI equal 25-33kg/m² compared those to 

with BMI equal 19-23kg/m² were lower 30%.  

                                                                                                                                 

 

  

 

 

 

 

 

 

 

19-23  (30%)kg/m²

25-33(  70%)kg/m²

Figure (4.3 ): The Percentage Ratio (%) of Body Mass 

Index for Patients  Affected with Myocardial Infarction. 
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4.5. Results of White Blood Count (WBC cell/mm
3
), Granulocytes(%) , 

Lymphocyte(%), Hemoglobin (Hb g/dL) , Red Blood Count (RBC 

cell/mm
3
), Platelet (PLT cell/mm

3
) in Patient affected with myocardial 

infarction and those healthy control groups. 

     Value which were depicted in Table 4-1 indicated a significant different in 

the level of WBCs , granulocytes , lymphocytes, Hb and RBCs at level p<0.05 

(8.04±0.2 cell/mm
3
, 84.59±5.0 %, 14.01±1.5 %,12.67±2.2 g/dL, 4.67±0.2 

cell/mm
3
 respectively) in patient compared to control(5.04±0.1 cell/mm

3 
, 

70.46±6.0 %, 28.30±1.7 %, 12.14±1.1 g/dL and 4.95±0.1 cell/mm
3
 respectivly). 

whereas platelets were non-significantly different (p>0.05) in patient 

(192.13±2.9 cell/mm
3
) affected with MI in a comparison with those healthy 

subjects (186.00±5.2 cell/mm
3
). 

Table (4.1): Showed the results of hematological parameters WBC x10
3
 

cell/mm
3
, Granulocytes%, Lymphocytes%, Hb g/dL, RBCs x10

9
 cell/mm

3
 

and platelets x10
3
 cell/mm

3
 of patients affected with myocardial infarction. 

Groups 

 

Parameters 

Patient 

(n=40) 

Control (n=40) Pvalue 

Mean ±S.E 

WBCs x10
3
 

(cell/mm
3
) 

8.04±0.2 5.04±0.1 ≤0.0001** 

Granulocytes (%) 84.59±5.0 70.46±6.0 ≤0.0001** 

Lymphocyte(%)  14.01±1.5 28.30±1.7 ≤0.0001** 

Hb (g/dL) 12.67±2.2 12.14±1.1 0.016* 

RBCs x10
9
 

(cell/mm
3
) 

4.67±0.2 4.95±0.1 0.027* 

PLT x10
3
 

(cell/mm
3
) 

192.13±2.9 186.00±5.2 0.158 

-All values are mean ±SE 

-Results with two asterisks were significantly different at p≤0.0001. 

-Results with one asterisks were significantly different at p≤0.05. 

-Results with no asterisks were non-significantly different at p>0.05. 
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4.6. Levels of the Biochemical Markers D-Dimer, Fibrinogen, Troponin, 

Tissue Plasminogen Activator-1, Interleukin-6 and C-reactive protein in 

Patient Affected with myocardial infarction and Those Healthy Control 

Groups. 

     Means that were depicted in Table 4-2 they were significantly increased 

(p<0.01) in the level of d-dimer (ng/ml), fibrinogen (mg/dl), troponin (pg/ml), 

tPA-1 (ng/ml), IL-6 (pg/ml) and CRP (mg/dl) (926.93±32.1, 478.89±15.8 mg/dl, 

24.29±1.3 ng/ml, 10.36±0.2 ng/ml, 13.83±1.2 pg/ml and 11.82±1.3 mg/dl) in 

patient compared to control (266.40±7.6 ng/ml, 222.60±4.5 mg/dl, 0.98±0.17 

pg/ml, 4.93±0.1 ng/ml, 5.27±1.1 pg/ml and 4.98±1.6 mg/dl) . 

 

Table (4.2): The biochemical markers (D-dimer, fibrinogen, troponin, tissue 

plasminogen activator-1 (TPA-1), interleukin-6    (IL-6) and c-reactive 

protein(CRP)) of patients affected with myocardial infarction and healthy 

control group. 

            Groups 

 

Parameters  

Patient (n=40) Control (n=40) Pvalue 

Mean ±S.E 

D-dimer (ng/ml) 926.93±32.1 266.40±7.6 ≤0.0001** 

Fibrinogen(mg/dl) 478.89±15.8 222.60±4.5 ≤0.0001** 

Troponin (pg/ml) 24.29±1.3 0.98±0.17 ≤0.0001** 

tPA-1 (ng/ml) 10.36±0.2 4.93±0.1 ≤0.0001** 

IL-6 (pg/ml) 13.83±1.2 5.27±1.1 ≤0.0001** 

CRP (mg/dl) 11.82±1.3 4.98±1.6 ≤0.0001** 

-All values are mean ±SE 

-Results with two asterisks were significantly different at p≤0.0001. 
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4.7. The Hematological Parameters White Blood Count (WBC cell/mm
3
), 

Granulocytes(%) , Lymphocyte(%), Hemoglobin (Hb g/dL) , Red Blood 

Count (RBC cell/mm
3
), Platelet (PLT cell/mm

3
) in Patient affected with 

myocardial infarction and Those Healthy Control Groups According to 

Gender. 

     The levels which were illustrated in following Table 4-3 explained the means 

±SE of all mentioned above parameters of both patient and control, the results of 

WBCs a significantly different at p<0.05  were achieved for people with MI of 

both sexes, males patient (8.01±2.1 cell/mm
3 ) and females patient (8.06±1.6 

cell/mm
3
) when compared with healthy persons of both sexes, males healthy 

(5.07±0.6 cell/mm
3
) and females healthy (5.01±1.4 cell/mm

3
), granulocyte value 

a significantly different at p<0.05  were achieved for people with MI of both 

sexes, males patient (85.12±9.7 %) and females patient (84.06±11.7%) when 

compared with healthy persons of both sexes, males healthy (71.45±9.1%) and 

females healthy (69.48±4.7 %), lymphocyte value a significant decrease at 

p<0.05  were achieved for people with MI of both sexes, males patient 

(13.28±2.6 %) and females patient (14.74±3.1 % ) when compared with healthy 

persons of both sexes, males healthy (27.07±7.2%) and females healthy 

(29.53±8.1%), Hb and RBC value a significantly different at p<0.05  were 

achieved for people with MI of both sexes, males patient (12.91±3.3 g/dL, 

5.05±1.2 cell/mm
3
 respectivly) and females patient (11.37±1.2 g/dL, 4.28±0.7 

cell/mm
3
 respectivly) compared with healthy persons of both sexes, males 

healthy (13.42±2.3 g/dL, 5.41±1.2 cell/mm
3
 respectivly) and females healthy 

(11.91±2.2 g/dL, 4.49±0.9 cell/mm
3
 respectivly) and PLT males patient 

(181.30±12.8 cell/mm
3
) was non-significant difference at p>0.05 compared with 

males healthy (186.40±22.1 cell/mm
3
) ,when PLT females healthy value a 

significantly different at p<0.05  were achieved for people with MI 

(202.95±14.4 cell/mm
3
) compared with females healthy (185.60±13.4 

cell/mm
3
). 



Chapter Four                                                                                            Results  

61 
 

Table (4.3): The Results of Hematological Parameters White Blood Count 

(WBC cell/mm
3
), Granulocytes(%) , Lymphocyte(%), Hemoglobin (Hb 

g/dL) , Red Blood Count (RBC cell/mm
3
), Platelet (PLT cell/mm

3
) in Patient 

affected with myocardial infarction and Those Healthy Control Groups 

According to Gender. 

      Groups  

 

Parameters  

Males  Females  LSD(0.05) 

(gender*group) Patient  Control  Patient  Control  

Mean ±S.E 

WBCs x10
3
 

(cell/mm
3
) 

8.01±2.1 5.07±0.6 8.06±1.6 5.01±1.4 0.345 

Granulocyte 

(%) 
85.12±9.7 71.45±9.1 84.06±11.7 69.48±4.7 1.878 

Lymphocyte 

(%) 
13.28±2.6 27.07±7.2 14.74±3.1 29.53±8.1 1.945 

Hb (g/dL) 12.91±3.3 13.42±2.3 11.37±1.2 11.91±2.2 0.303 

RBCs x10
9 

(cell/mm
3
) 

5.05±1.2 5.41±1.2 4.28±0.7 4.49±0.9 0.192 

PLT x10
3 

(cell/mm
3
) 

181.30±12.8 186.40±22.1 202.95±14.4 185.60±13.4 9.412 

-All values were mean ±SE 

-Means were significantly different (LSD) at p<0.05. 

-Means were non- significantly different (LSD) at p>0.05.                                                                                                         
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4.8. Levels of Biochemical Markers D-dimer, Fibrinogen , Troponin, Tissue 

Plasminogen Activator-1 (tPA-1), Interleukin-6    (IL-6) and   C-reactive 

Protein(CRP) of Patients Affected with Myocardial Infarction According to 

Gender. 

      Means which were illustrated in following table 4-4 explained the means 

±SE of all mentioned above parameters of both patients and controls, showed a 

significant increase d-dimer, fibrinogen, troponin, TPA-1, IL-6 and CRP 

(860.55±16.9 ng/ml, 488.40±30.2 mg/dl, 31.90±4.6 pg/ml, 10.28±1.1 ng/ml, 

13.46±2.4 pg/ml and 11.65±1.6 mg/dl) in males and females (993.30±35.4 

ng/ml, 469.35±22.6 mg/dl, 16.69±2.4 pg/ml, 10.44±1.6 ng/ml, 14.20±1.1 pg/ml 

and 11.99±1.9 mg/dl) at p<0.05 value was obtained for all parameters in patients 

compared with control healthy. 

 Table (4.4): The Biochemical Markers D-dimer, Fibrinogen , Troponin, 

Tissue Plasminogen Activator-1 (TPA-1), Interleukin-6    (IL-6) and C-

reactive Protein(CRP) of Patients Affected with Myocardial Infarction 

According to Gender. 

     Groups 

 

Parameters 

Males Females 
LSD(0.05) 

(gender*group) 
Patient Control Patient Control 

Mean ±S.E 

D-dimer 

(ng/ml) 
860.55±16.9 259.90±25.4 993.30±35.4 272.90±20.9 76.840 

Fibrinogen 

(mg/dl) 
488.40±30.2 219.85±28.1 469.35±22.6 225.35±17.8 17.397 

Troponin 

(pg/ml) 
31.90±4.6 0.80±0.03 16.69±2.4 1.16±0.6 1.476 

TPA-1 (ng/ml) 10.28±1.1 4.88±0.9 10.44±1.6 4.99±1.2 0.511 

IL-6 (pg/ml) 13.46±2.4 5.33±1.3 14.20±1.1 5.21±0.9 0.614 

CRP (mg/dl) 11.65±1.6 5.01±0.6 11.99±1.9 4.95±0.2 0.740 

-All values were mean ±SE 

-Means were significantly different (LSD) at p<0.05. 
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-Means were non- significantly different (LSD) at p>0.05.                                                                                                         

  

 

4.9. Results of Hematological Parameters White Blood Count (WBC 

cell/mm
3
), Granulocytes(%) , Lymphocyte(%), Hemoglobin (Hb g/dL) , Red 

Blood Count (RBC cell/mm
3
), Platelet (PLT cell/mm

3
)  of Patients Affected 

with MI According to Gender and Age. 

      Data that were illustrated in Table 4-5 explained the means ±SE of all 

mentioned above parameters of both patients and controls, showed the statistical 

differences among studied age groups all (40-49, 50-59, 60-69,70-79 years old) 

and high significant difference (LSD) values were obtained for (WBCs 

,granulocyte and lymphocyte) all groups compared to Hb and RBCs was non-

significantly different and PLT males in age groups (40-49, 50-59 and 70-79 

years old) was low significant difference (LSD) while in age groups ( 60-69 

years) was high significant difference (LSD), while PLT females in age groups 

(40-49 and 60-69 years) was high significant difference (LSD), while in age 

groups (50-59 and 70-79 years old) was low significant difference (LSD). 
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Table (4.5): The Results of Hematological Parameters White Blood Count 

(WBC cell/mm
3
), Granulocytes(%) , Lymphocyte(%), Hemoglobin (Hb 

g/dL) , Red Blood Count (RBC cell/mm
3
), Platelet (PLT cell/mm

3
) of 

Patients Affected with Myocardial Infarction and Control Group 

According to Gender and Age. 

Groups 

 

Parameters 

Age 

(year) 

Males  Females  LSD(0.05) 

Patient  Control  Patient  Control  

Mean ±S.E 

WBC 

(cell/mm
3
) 

40-49 7.77±1.2 4.79±0.3 8.00±0.1 5.37±0.9 

0.156 
50-59 8.56±1.3 5.77±0.1 8.07±0.2 4.63±0.4 

60-69 7.66±0.6 4.79±0.1 8.30±0.2 5.02±0.1 

70-79 8.06±0.2 4.94±0.2 7.88±0.2 5.01±0.2 

Granulocytes 

(%) 

40-49 83.54±12.4 70.84±11.4 83.14±14.3 70.10±10.1 

4.936 
50-59 86.86±6.9 70.84±10.3 84.50±10.7 72.00±7.8 

60-69 83.66±11.2 71.72±13.4 84.82±9.4 70.08±9.9 

70-79 86.42±7.9 72.40±10.6 83.78±8.8 65.72±5.4 

Lymphocytes 

(%) 

 

 

40-49 14.46±2.4 27.42±2.2 15.66±0.9 28.90±3.6 

5.426 

50-59 11.34±2.1 27.56±1.6 13.90±1.1 27.00±4.2 

60-69 14.74±1.9 27.08±1.4 14.18±1.5 28.92±2.7 

70-79 12.58±1.7 26.20±1.7 15.22±1.6 33.28±2.9 

 

 

 

Hb (g/dL) 

40-49 13.58±1.2 14.16±2.2 11.50±1.1 12.24±1.1 

N.S 
50-59 12.92±2.1 13.92±2.4 11.42±0.6 11.92±1.2 

60-69 13.04±1.3 13.20±2.3 11.42±0.4 11.84±0.9 

70-79 12.10±2.6 12.40±2.0 11.12±0.3 11.64±0.5 

RBC 

(cell/mm
3
) 

40-49 5.46±0.2 5.72±0.1 4.19±0.7 4.69±0.6 

N.S 
50-59 5.06±0.3 5.79±0.2 4.35±0.7 4.42±0.5 

60-69 4.99±0.1 5.26±0.1 4.33±0.5 4.58±0.4 

70-79 4.69±0.2 4.89±0.3 4.25±0.4 4.25±0.4 

PLT 

(cell/mm
3
) 

40-49 200.40±20.5 197.60±20.6 204.20±22.3 166.80±11.6 

12.464 
50-59 180.80±22.7 186.00±13.4 202.40±16.4 193.00±13.4 

60-69 174.40±16.7 190.00±22.4 202.80±17.4 182.00±20.4 

70-79 169.60±17.7 172.00±13.3 202.40±25.6 200.60±9.8 

-All values were mean ±SE 

-Means were significantly different (LSD) at p<0.05. 

-Means were non- significantly different (LSD) at p>0.05.                                                                                                         
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4.10. Results of Biochemical Markers D-dimer, Fibrinogen , Troponin, 

Tissue Plasminogen Activator-1 (TPA-1), Interleukin-6 (IL-6) and   C-

reactive Protein(CRP) of Patients Affected with Myocardial Infarction and 

Control Group According to Gender and Age. 

    The levels which were illustrated in Table 4-6 explained the means ±SE of all 

mentioned above parameters of both patients and controls, They were a 

statistical differences among all studied age groups (40-49, 50-59, 60-69,70-79 

years old) and significant difference (LSD) value was obtained for all groups.  
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Table (4.6): Illustrate the Biochemical Markers D-dimer, Fibrinogen, 

Troponin, Tissue Plasminogen Activator-1 (TPA-1), Interleukin-6     (IL-6) 

and C-reactive Protein(CRP) of Patients Affected with Myocardial 

Infarction Healthy Groups According to Gender and Age. 

      Groups  

 

Parameters  

Age 
(year) 

Males Females LSD(0.05) 

Patient  Control  Patient  Control  

Mean ±S.E 

D-dimer 

(ng/ml) 

40-49 872.20±45.1 283.00±12.5 849.00±20.3 238.00±16.4 

296.031 
50-59 864.60±36.2 249.20±10.4 1091.6±45.1 255.20±17.2 

60-69 858.40±27.8 238.80±13.7 1078.80±50.6 335.00±13.9 

70-79 847.00±19.8 268.60±17.8 953.80±37.4 263.40±12.7 

Fibrinogen 

(mg/dl) 

40-49 480.40±10.6 202.40±17.7 454.40±23.4 238.00±22.6 

110.762 
50-59 487.40±24.1 242.80±19.6 475.60±26.7 226.80±30.4 

60-69 481.20±34.2 221.80±18.5 497.40±18.7 232.00±37.2 

70-79 504.60±41.2 212.40±22.1 450.00±13.9 204.60±17.6 

Troponin 

(pg/ml) 

40-49 25.70±4.5 0.98±0.01 16.96±2.4 0.50±0.03 

1.677 
50-59 34.96±7.9 0.38±0.02 16.52±0.6 0.84±0.01 

60-69 35.76±6.7 1.06±0.07 16.40±2.7 1.36±0.2 

70-79 31.16±4.5 0.76±0.03 16.88±3.7 1.92±0.1 

TPA-1 

((ng/ml) 

40-49 10.32±1.6 4.74±0.9 10.83±1.7 5.12±0.9 

0.332 
50-59 10.09±1.7 4.88±0.5 9.94±1.2 4.60±0.2 

60-69 9.90±0.9 5.12±0.5 11.54±1.2 5.42±0.3 

70-79 10.81±1.3 4.79±0.3 9.43±1.2 4.80±0.1 

IL-6 (pg/ml) 

40-49 12.56±1.1 5.96±1.6 12.18±1.1 9.52±2.1 

1.264 
50-59 12.70±1.3 5.30±0.9 14.84±1.2 4.64±1.7 

60-69 15.14±2.1 5.30±0.7 14.82±1.3 6.08±0.9 

70-79 13.44±1.9 4.76±0.6 14.96±2.3 5.58±1.1 

 

CRP (mg/dl) 

 

 

 

40-49 12.54±2.1 5.70±0.9 12.58±1.2 4.88±0.9 

1.522 

 

50-59 10.82±0.9 4.74±0.9 9.60±1.1 4.98±0.6 

60-69 10.44±0.7 4.76±0.5 13.06±1.3 5.08±0.5 

70-79 12.80±1.3 4.82±0.6 12.74±1.3 4.86±0.5 

 

-All values were mean ±SE 

-Means were significantly different (LSD) at p<0.05. 
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4.11. levels of biochemical markers D-dimer , Fibrinogen , Troponin, Tissue 

Plasminogen Activator-1 (TPA-1), Interleukin-6 (IL-6) and     C-reactive 

Protein(CRP) of Patients Affected with Myocardial Infarction According to 

Body Mass Index (BMI Kg/m
2
). 

     Means which were depicted in Table 4-7 indicated a significant increase in 

the level of IL-6, CRP, fibrinogen, TPA-1, d-dimer and troponin ( 14.56±0.7 

pg/ml, 12.92±0.7 mg/dl, 493.00±14.4 mg/dl, 11.01±0.5 ng/ml, 918.60±46.2 

ng/ml and 25.98±3.9 pg/ml respectivly) in patient at level p<0.01 compared to 

control (5.46±0.5 pg/ml, 4.32±0.3 mg/dl, 203.20±7.8 mg/dl, 4.91±0.3 ng/ml, 

255.00±22.2 ng/ml and 1.20±0.3 pg/ml respectivly). 

Table (4.7): The Biochemical Markers D-dimer , Fibrinogen , Troponin, 

Tissue Plasminogen Activator-1 (tPA-1), Interleukin-6 (IL-6) and     C-

reactive Protein(CRP) of Patients Affected with Myocardial Infarction 

According to Body Mass Index (BMI Kg/m
2
). 

      BMI groups  

 

Parameters  

BMI (Kg/m
2
) p-value 

Patient (25-33) Control (19-23) 

Mean±S.E 

D-dimer (ng/ml) 918.60±46.2 255.00±22.2 ≤0.0001** 

Fibrinogen(mg/dl) 493.00±14.4 203.20±7.8 ≤0.0001** 

Troponin (pg/ml) 25.98±3.9 1.20±0.3 ≤0.0001** 

tPA-1 (ng/ml) 11.01±0.5 4.91±0.3 ≤0.0001** 

IL-6 (pg/ml) 14.56±0.7 5.46±0.5 ≤0.0001** 

CRP (mg/dl) 12.92±0.7 4.32±0.3 ≤0.0001** 

-All values were mean ±SE 

-Results with two asterisk were significantly different at p≤0.0001.
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4.12. Correlations Among Studied Parameters 

Table (4.8): Pearson correlation coefficient among different hematological 

parameters of patients affected with myocardial infarction.  

  GRA LYM HB RBC PLT 
D-

dimer 
Fibro Tropo TPA IL-6 CRP 

WBC r .256 -.225 -.193 -.231 .043 .202 -.018 .063 .133 -.041 -.041 

 Sig. .110 .163 .233 .152 .792 .212 .912 .697 .415 .801 .804 

GRA r 1 
-

.990** 
-.055 .099 

-
.030- 

.335* .189 .239 .165 
-

.162- 
-

.049- 

 Sig.  .000 .735 .543 .857 .035 .242 .138 .309 .318 .762 

LYM r  1 
-

.029- 
-.180- .013 

-.324-
* 

-

.190- 
-.272- 

-

.153- 
.183 .105 

 Sig.   .857 .265 .935 .042 .241 .089 .345 .258 .519 

HB r   1 .901** 

-

.363-
* 

-.275- .214 .710** -.045 
-

.246- 
-.144 

 Sig.    .000 .021 .086 .186 .000 .784 .127 .375 

RBC r    1 
-

.303- 
-.185- .234 .635** .019 

-
.243- 

-
.273- 

 Sig.     .057 .253 .146 .000 .906 .131 .088 

PLT r     1 .259 
-

.045- 

-.662-
** 

.193 
-

.105- 
-.072 

 Sig.      .106 .781 .000 .232 .517 .660 

Ddimer r      1 
-

.104- 
-.286 .261 .272 

-

.084- 

 Sig.       .523 .073 .104 .090 .608 

Fibro r       1 .271 .253 
-

.074- 
.046 

 Sig.        .091 .115 .650 .776 

Tropo r        1 
-

.130- 

-

.150- 

-

.196- 

 Sig.         .423 .354 .226 

TPA r         1 
-

.116- 
-

.058- 

 Sig.          .475 .724 

IL-6 r          1 
-

.006- 

 Sig.           .971 

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

*. Correlation is significant at the 0.05 level (2-tailed). 
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Showed that there was a significant negative correlation (R
2
=0.9803

 
 , sig = 

0.0001) between granulocytes% and lymphocytes% in patients affected with 

myocardial infarction.                                              
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Figure (4.5):  Correlation coefficient between granulocytes and 

lymphocytes in patients affected with myocardial infarction.                                              
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Documented that there was a significant negative correlation (R
2
=0.1048 , sig = 

0.042) recorded between lymphocytes and D-dimer of patients with myocardial 

infarction.                                              
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Figure ( 4.6 ):  Correlation coefficient between lymphocytes and D-

dimer of patients with myocardial infarction.                                              
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The significant positive correlation (R
2
=0.1119, sig=  0.035) between 

granulocytes and d-dimer levels of patients with myocardial infarction.                                              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

y = 21.054x - 854.04
R² = 0.1119
Sig,=0.035*
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Figure (4.7): Correlation Coefficient Between Granulocytes and D-dimer 

of patients with myocardial infarction.                                              
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 Showed that there was a significant positive correlation (R
2
=0.812, sig=  

0.0001) occurring between Hb and RBCs of patients with myocardial infarction.                                              
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Figure ( 4.8 ):  Correlation coefficient between Hb and RBCs of 

patients with myocardial infarction. 
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Documented that there was a significant positive correlation (R
2
=0.5042 , sig = 

0.0001) recorded between Hb and troponin of patients with myocardial 

infarction.  
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Figure (4.9): Correlation Coefficient Between Hb and Troponin of 

patients with myocardial infarction.                                              
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Showed there was a significant positive correlation (R
2
=0.4036 , sig = 0.0001) 

between RBCs and troponin-I of patients with myocardial infarction.                                              
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Figure (4.10): Correlation Coefficient Between RBCs and 

Troponin of patients with myocardial infarction.                                              
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 The significant negative correlation (R
2
=0.132 , sig = 0.021) recorded between 

Hb and PLT of patients with myocardial infarction.                                              
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Figure (4.11): Correlation Coefficient Between Hb and PLT of 

patients with myocardial infarction.                                              
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It was well documented that there was a significant negative correlation 

(R
2
=0.4382 , sig = 0.0001) recorded between PLT and troponin of patients with 

myocardial infarction.                                              
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Figure (4.12): Correlation Coefficient Between PLT and Troponin of 

patients with myocardial infarction.                                              
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Table (4.9): the best cut off, sensitivity and specificity for prediction of the 

disease activity by parameters. 

Parameter  Sensitivity Specificity AUC Cut off 95% 

confidence 

p-value 

D-dimer 

(ng/ml) 
80 0.58 0.740 298.5 0.629-0.851 ≤0.0001 

Troponin 

(pg/ml) 
0.825 0.700 0.813 1.650 0.716-0.910 ≤0.0001 

tPA 

(ng/ml) 
0.78 0.60 0.724 5.175 0.608-0.840 0.001 

Fibrinogen 

(mg/dl) 
0.93 0.63 0.816 253 0.715-0.917 ≤0.0001 

CRP 

(mg/dl) 
0.825 0.625 0.724 6.150 0.612-0.837 0.001 

IL-6 

(pg/ml) 
0.800 0.750 0.767 8.950 0.661-0.874 ≤0.0001 

 

 

 

 

 

  

Figure (4.13): ROC Curve for Prediction of the Disease Activity by D-dimer 

(ng/ml) 
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Figure (4.14): ROC Curve for Prediction of the Disease Activity by 

Troponin (pg/ml). 

Figure (4.15): ROC Curve for Prediction of the Disease Activity by         

tPA (ng/ml).  
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Figure (4.16): ROC Curve for Prediction of the Disease Activity by 

Fibrinogen (mg/dl). 

Figure (4.17): ROC Curve for Prediction of the Disease Activity by CRP 

(mg/dl). 
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Figure ( 4.18 ):  ROC Curve for Prediction of the Disease Activity by IL-6 

(pg/ml). 



 
 

 
 
 

 

 

 

 

 

 

Chapter Five 

Discussion 



Chapter Five                                                                                       Discussion  

81 
 

5. Discussion 

5.1. Relationship of myocardial infarction with age and gender 

   The result which were presented in Figure (4-1) explained the incidence of 

myocardial infarction disease in men is greater than of women, since the 

percentage ratio of men was 60%, while the percentage ratio of women was 40% 

and the values which were given in Figure 4-2 pointed out the age groups with 

MI most affected were 30% in (50-59,60-69 years old) compared to the age 

group (70-79 years old) were 25% and (40-49 years) were 15%.                                                                                                                                                                           

      When comparing with previous study, it was found that age is one of the risk 

factors in the development of heart disease, which is clearly associated with an 

increase in the mortality rate, as they found that 87% of those who die from 

heart disease are aged 60 and over, as indicated by the American Heart 

Organization, (Mackay et al., 2004) while indicated that the risk of heart disease 

and death from heart disease increases above 55 years, and the various 

explanations about the increase in the incidence of heart disease with advancing 

age was due to the increase in the proportion of cholesterol in the blood serum, 

in women, the increase in cholesterol begins at the age of 65-60 years (Jousilahti 

and Tuomilehto, 1999).                                                                                                         

     In another study, the high percentage of patients were between the ages of 

79-75 years and this is due to the rate of previous heart injuries, which was 

around 27% (Selton et al., 2012).                                                

    Among the other reasons that are discussed is the increase in the incidence of 

heart disease with age due to mechanical changes to the vascular wall and thus 

lose its elasticity, which leads to coronary artery disease (Jani and Rajkumar, 

2006).                                                                  

     The present study showed that the percentage of men with heart disease was 

more than that of women, where their ratio was 60%, while the ratio of women 

was 40%, and this is clearly related to physiological aspects and hormonal 
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variation if the male hormone testostrerone has an effective effect in increasing 

the amount of fat carried in the blood and with age, this hormone in the blood 

decreases, in females, there is the female hormone esterogen, which has a role in 

protecting and preventing CHD (Coronary heart disease), but when this 

hormone disappears after menopause, the incidence of coronary atherosclerosis 

increases CHD )Greenspan and Gardner, 2004).                                                                     

    In all age groups, men are at greater risk of a heart attack than women, 

especially before menopause (also called menopause), but because women 

generally have a longer life expectancy than men, ischemic heart disease causes 

slightly more deaths for women(Graham et al., 2007). 

    It was clearly shown that gender had an effect on the rates of heart diseases 

statistics. When the study took samples of similar ages from the young age, it 

revealed that the incidence of men is more than women by about 2-5 times, and 

this was explained by the difference in hormones in both sexes, in females the 

presence of the hormone esterogen , which has a protective role and the risk 

increases after menopause (Jousilahti and Tuomilehto ,1999).                                                       

    The difference in the composition of the body of men from all women also 

plays a role in terms of height, body weight, distribution of fats in the body, and 

heart rate, older women are more susceptible to infection than men because of 

their small body mass index (Jani and Rajkumar 2006).  

   These observations suggedted the clear indicator that the incidence of cardiac 

disease is related to age ,most if not all physiological mechanism become 

disturbed with ageing of these disturbances including decrease elasticity of 

blood vessels because of decrease synthesis of collagen and drop number of 

fibroblasts. As well as ,sexual hormone (estrogen and testosterone) tend to be 

drop with advanced ages causing increase incidence of coronary artery diseases.                                                                                                      
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5.2. The relation of Body Mass Index and Association with 

myocardial infarction.                 

   Results that explained in Figure (4-3) showed an increased incidence of MI 

was 70% in 25-33kg/m² compared with 19-23kg/m² was lower 30%. One clear 

suggestion  is that the overweight and obese patients present first line in the 

development of acute myocardial infarction symptoms, this may be due to 

increased awareness of their risk of having an acute myocardial infarction or 

because of more severe symptoms due to increased myocardial demands that 

accompany excess weight, overweight and obese patients may also have less 

severe left ventricular dysfunction at presentation, in a subanalysis of acute 

myocardial infarction patients from the global utilization of streptokinase and 

tissue plasminogen activator for occluded coronary arteries (GUSTO-I) trial, 

found that increasing BMI was associated with greater preservation of left 

ventricular function and improved 30-day survival ( Lundergan et al.,2001). 

Overweight and obese subjects in the present study also presented with lower 

rates of moderate and severe left ventricular systolic dysfunction and lower 

global registry of acute coronary events scores, which may be related to an 

earlier presentation and may partly explain the association between higher BMI 

and better prognosis. 

   Previous study was found that the relationship between BMI and incidence of 

MI, there is greater evidence that women and men who have high levels of BMI 

become predisposing factors to affected with MI (Yatsuya et al., 2010). 

   It is well recommended that high adiposity is related with increased secretion 

pro-inflammatory and inflammatory mediators from adipose tissues that have 

ability to progress of cardiovascular diseases.                                                  
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5.3. Relationship of white blood cells to myocardial infarction 

   The results of hematological parameters (WBC cell/mm
3
, Granulocytes% and 

Lymphocyte%) in Table (4-1), (4-3) and (4-5) showed data that are explained in 

the present study had been recorded a significant elevation (p<0.05) in the levels 

of WBCs in all patients group affected with MI compared to those control 

group. Data recorded a significant negative correlation in Figure (4-5) (r = -0.99, 

sig = 0.0001) between granulocyte and lymphocytes in patients and data that 

there was a significant negative correlation in Figure (4-6)  (r = -0.32 , sig = 

0.042) recorded between lymphocyte and D-dimer of patient who had MI and a 

significant positive correlation in Figure (4-7) (r=0.33, sig=  0.035) occurring 

between granulocytes and d-dimer levels.  

  The levels of leukocytes is associated with myocardial infarction and can 

determine the prognosis of MI ,and there is found that leukocytes increases in 

patients suffering from MI (Ferrai et al.,2016).  

    It is well understanding that any inflammatory processes within the body is 

associated with increase inflammatory cells (WBCs) ,one of the ischemic heart 

diseases is MI and this disease results as a consequence of pathophysiological 

diseases accompanied with elevation nuclear factor KB ,inflammatory mediators 

,and evoke adhesion of polymorphonuclear cells (Frangogiannis et al.,2002). 

   Moreover,  the increase of WBCs after occurance of ischemic heart disease 

and this increment is higher significant (Coller,2002). 

   In spite of previous studies focused on the number of leukocytes in myocardial 

infarction but the count of WBCs no correlated with size of MI (Pesaro et 

al.,2009). 

   Previous epidemiological study established an association between increase 

leukocytes and incidence of acute myocardial infarction ,and it found the 

incidence of MI is there times higher in high range of WBCs 9000 cell/mm³ 

compared with those have 6000 cell/mm³ of WBCs (Blum et al.,2002). 
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   One of the most prominent indicator associated with coronary artery disease is 

both total WBCs and differential WBCs ,in addition ,there is association 

between WBCs count and mortality rate in patients with acute ischemic heart 

disease (Yan et al.,2020). 

   Marrugate et al. (2004) confirmed the mortality rate increase in elderly 

patients with MI older than 65 years old higher than 34-36 years old and so that 

it concluded the greater effects of high WBCs number in elderly more than of 

young one. 

   The development and progression of atherosclerotic cardiovascular diseases is 

related with inflammatory processes ,with this relation ,there is increase levels 

of inflammatory markers such as CRP ,IL-6 ,and TNF-α , there for there is a 

positive relationship occurring between WBCs and risk incidence of 

cardiovascular events (Rana et al.,2007). The white blood cells are accompanied 

with severity of coronary artery disease (Hong et al.,2014). 

   The systemic inflammation may be usually associated with increase 

production of leukocytes, this is results from secretion of inflammatory and pro-

inflammatory cytokines such as IL-6, IL-4, TNF-α, and CRP which in turn 

evoke production of further number of leukocytes. 

 

5.4. Relation of myocardial infarction on red blood corpuscles and 

hemoglobin: 

    Results that are mentioned in the present study in Tables (4-1), (4-3) and (4-5) 

had been recorded a significant elevation (p<0.05) in the levels of RBCs and Hb 

in all patients group affected with MI compared to those control group. Data 

appeared there was a significant positive correlation in Figure (4-8) (r=0.90, 

sig=  0.0001) occurring between Hb and RBCs, and there was a significant 

positive correlation in Figure (4-9) (r = 0.71 , sig = 0.0001) recorded between 

Hb and troponin and a significant positive correlation in Figure (4-10) (r = 0.63 , 
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sig = 0.0001) between RBCs and troponin, and there was significant positive 

correlation in Figure (4-11)  (r = 0.36 , sig = 0.021) recorded between Hb and 

PLT.  

  

   Previous study had been shown decreased of red blood cells count , hematocrit 

,hemoglobin and fibrinogen in patient suffering from myocardial infarction as 

well as it documented increase blood viscosity because of alterations of these 

studied parameters (kul et al.,2014).            

Complete blood viscosity results from friction blood molecules and blood cells 

,and this viscosity is dependent particularly on cellular compartments of blood 

such as RBCs ,WBCs ,blood platelets (Koening et al.,1991).                                                                                                  

   Recent study conducted by Hamaza et al.(2021) ,it pointed out that red cell 

distribution width can related positively with different disease such as 

cardiovascular disease ,diabetes mellitus ,and hypertension.                        

   There is an evidence confirms the links occurring between cardiovascular 

events and red blood cells from point of pathophysiological status ,and there is 

high incidence of cardiovascular disease development associated with anemia or 

polycythemia conditions (Mozos, 2015).                                                                                          

   The relation between RBCs and MI incidence remains controversial ,it is 

found that RBCs transfusion is occasionally associated with incidence of MI 

especially when hemoglobin levels at 10 mg/dl (Wang et al.,2018).  

   The current results may be returned to effects of RBCs count on the viscosity 

of blood and its friction on wall of vessels causing injuries and enhance 

atherosclerotic plaquies.   
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5.5. Relation of myocardial infarction to Blood Platelets: 

     Values that are obtained in the present study in Table (4-1), (4-3) and (4-5), 

had been recorded non-significantly different (p>0.05) in the levels of PLT in all 

patients group affected with MI compared to those control group. Data recorded 

a significant negative correlation in Figure (4-12) (r = -0.66 , sig = 0.0001) 

between PLT and troponin, and a significant positive correlation in Figure (4-

11) (r = 0.36 , sig = 0.021) recorded between Hb and PLT. 

   To explain whether the platelets count influences or can be associated with 

MI, it was documented that platelets count was lower and mean of platelets 

volume (MPV) recorded a significant increase  in those patients with MI, also, it 

was found from the obtained findings of the preious study that indicated these 

changes may be persist or changed after MI and these changes do not distinguish 

between thrombotic and the non-thrombotic MI (Amraotkar et al.,2017). 

    According to pathological point view ,the formation of vascular plaque during 

atherosclerosis leads to activation of platelets and incidence of occlosion of 

blood vessels by thrombi ,later ,damage to plaque lesions can evoke further 

platelets activation because of release of storage coagulant molecules with in 

platelets (Borissoff et al.,2011). 

   Plaques of atherosclerosis activate more aggregation and activated platelets 

and also enhance formation and release of new blood platelets from bone 

marrow (Ranjith et al.,2009). 

    The ischemic and bleeding disorders are mostly associated with platelets ,it is 

well known that thrombocytes have essential roles in thrombotic events or 

damage to plaque of atherosclerotic lesion which represents the prominent factor 

in mechanism of acute myocardial infarction ,as well as ,there are several 

mechanisms enhance and evoke platelets formation and activation through 

systemic inflammation and degree of myocardial damage (Roh et al.,2020). 
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    There is a recent study which indicated that the platelets contribute in 

development the MI pathogenesis ,the take part in the formation of thrombus 

and of that micro thrombi ,inflammatory mediators ,immune modulators ,and 

vasoconstrictive agents ,however ,increase inflammatory events and thrombotic 

risk factors are associated with increase formation and platelet activities 

(Halucha et al.,2021). 

   The results of the present study recorded non-significant increase of PLT in 

patients of MI and this results might resulted from increase thrombotic events 

are related with triggering of new production of platelets from bone marrow as 

well as the increase levels of pro-inflammatory mediators can excelerated of 

platelets production.  

 

5.6. Relation of myocardial infarction to D-dimer levels:  

   Results that are showed in the present study in Table (4-2), (4-4), (4-6) and (4-

7) had been recorded a significant elevation (p<0.01) in the levels of D-dimer in 

all patients groups according to sex, age, and BMI affected with MI compared to 

those of control group. Data recorded a significant negative correlation in Figure 

(4-6) (r = -0.32 , sig = 0.042) between lymphocyte and D-dimer of patient who 

had MI and a significant positive correlation in Figure (4-7) (r=0.33, sig=  

0.035) occurring between granulocytes and d-dimer levels.  ROC analyses of the 

disease activity by D-dimer ,AUC result in Table (4-9) was (0.740).  

   It is not surprising that D-dimer represents a diagnostic parameter in patients 

affected with MI and other thrombotic problems ,the present results were 

consistent with previous study of Reihani et al.(2019) which indicated that there 

are higher levels of D-dimer in patients with MI indendently on gender ,age and 

other risk factors. 

   It is well known that fibrin degradation (clotlysis) by plasmin produces D-

dimer ,the clot formation and fibrinolysis (D-dimer production) represent the 
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activity of coagulation and fibrinolysis mechanisms (Wada and Sakuragawa 

,2008). 

   D-dimer production is released faster or proceed the production other cardiac 

biomarker during ischemic heart diseases (Righini et al., 2015). 

   As well as ,it documented that patients who have D-dimer a bove one –third of 

D-dimer levels they undergo from 70% risk factor of cardiac heart diseases 

(Baye-Genis et al.,2000). 

   D-dimer remains the essential marker for determining the activity of 

fibrinolytic system that carried out by plasmin also it used in identification of 

disseminated intravascular coagulation (DIC) ,it was found that D-dimer level 

,creatin kinase-MB ,and troponin I were significantly higher in patients with a 

cut coronary diseases compared to healthy people (Mansour and El-

shakhawy,2020). 

   Previous study was measured the levels of D-dimer in patients with pulmonary 

embolism and this study found increase of D-dimer level three fold higher than 

of control and concluded that fibrinolytic system become active when 

thrombosis occurs (Robert-Ebadi et al., 2021). 

   According to gender ,the young people have high risk chance in recurrent 

thromboembolism than high of women and it found that D-dimer results give 

positive relation in male than those women (Palareti et al., 2019). 

   The severity of D-dimer is positively correlated with levels of D-dimer and 

this marker is remarkable elevated during hyper coagulability state  particularly 

in a cute coronary artery (Türkoglu et al.,2020). 

 

5.7. Relation of myocardial infarction to Fibrinogen (FI) 

   The results of the present study in Tables (4-2), (4-4) and (4-6) indicated a 

significant elevation (p<0.05) in all tested groups of patient affected with MI of 
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both sexes and related with BMI. ROC analyses of the disease activity by 

fibrinogen, AUC result in table (4-9) was (0.816).   

   These findings were consistent with recent study who carried out by Surma 

and Banach ,(2022) ,which elaborated that increased plasma fibrinogen and a 

cute phase proteins in atherosclerotic cardiovascular disease such as myocardial 

infarction and angina pectoris. 

   Another study pointed out there is an association between cardio vascular 

events convential high risk factors and also predisposing factor of coronary 

artery disease and the results of this study showed higher levels of fibrinogen 

levels as a pro inflammatory biomarker in addition ,it is essential role in clotting 

mechanism (Jiang et al.,2019). 

   Previous study investigated the increase gene encoding of fibrinogen  such 

fibrinogen gamma ,alph ,and beta and this study proved a relationship between 

these gene expressions and incidence of thrombotic events (Mannila et 

al.,2006). 

   As long as the present study involved the gender groups (men and women) ,its 

well documented that estrogen can to decrease LDL and increase HDL as well 

as it causes vasodilation but on the other hand ,it was recognized the estrogen 

therapy disturps homeostatic mechanisms causing decrease coagulation 

inhibitors with the same time activation of coagulation factors and thrombosis 

incidence (Williams et al.,2016). 

   Another study indicated that levels of clotting factors and coagulation inhibitor 

in particular tissue plasminogen activator inhibitor are associated with incidence 

of coronary diseases (Meilahn et al.,1996). 

   In order to determine the effects of testosterone wether can affect or increased 

thrombosis, it was found that testosterone does not or has not adverse effects on 

blood coagulation mechanisms (Smith et al.,2005). 
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   There is growing evidence indicates an association between levels of 

fibrinogen and risk of thrombosis of more concern of early CAD of women than 

of other clotting factors of hemostatic mechanism including stable factor (VII) 

and anti-hemophilic factor (VIII), tPA-1, and tPAI-1, moreover, increase 

concentration of fibrinogen during inflammatory processes is often associated 

with IL-6, however, fibrinogen level is higher in women and increase IL-6 

production that can exacerbates incidence of CAD (Kryczka et al.,2021). 

   The effects of body mass index on coagulation ,Kornblith et al.(2015) showed 

that increase in Table (4-7) coagulability when body mass index increases and 

this effects is not associated with age and gender ,also this study confirm the 

patients with CAD have higher number of platelets and fibrinogen in obese 

patients. 

   The relationship between visceral obesity and levels of fibrinogen are 

associated with increased incidence of inflammatory processes ,hypertension 

,and prothrombotic status and these effects are occurred in children and elderly 

(Hafez et al.,2016). 

   In addition, there is a relationship had been found between inflammation and 

incidence of thrombosis ,it found that inflammation evoks coagulation and 

inhibits the natural anti-coagulants ,this processes are mediated by inflammatory 

cytokines such as CRP and IL-6 that directly or indirectly influence clotting 

mechanisms (Esmon ,2005). 

   Inflammatory mediators (IL-6) triggers fibrinogen production by hepatocytes 

and then after the higher levels of fibrinogen can increase risk of thrombotic 

events (Hulshof et al.,2021). 

    The relationship between age and clotting and fibrinolytic system was studied 

,it had been found there is a positive correlations occurring between old ages and 

levels of D-dimer and fibrinogen so that this study concluded that hyper 

coagulable activities progress at old ages (Ochi et al.,2016). 
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5.8. Relation of myocardial infarction to Troponin: 

   Results of the present study in Tables (4-2), (4-4) and (4-6) had recorded a 

significant elevation (p<0.05) in the levels of troponin in all patients group 

affected with MI compared to those control group. Data recorded a significant 

positive correlation in Figure (4-9) (r = 0.71 , sig = 0.0001) between Hb and 

troponin and a significant positive correlation in Figure (4-10) (r = 0.63 , sig = 

0.0001) between RBCs and troponin, and that there was a significant negative 

correlation in Figure (4-12) (r = -0.66 , sig = 0.0001) recorded between PLT and 

troponin. ROC analyses of the disease activity by troponin ,AUC result in Table 

(4-9) was (.813). Findings that were Yield from the present study ,they had been 

a significant increase in the levels of troponin in all studied patients group 

compared to those healthy one. 

   The results of the present study are consistent with study of Negahdary et 

al.(2016) that focused on the levels of troponin ,a cardiac biomarker and 

explained elevation levels of troponin in patients with MI and other cardiac 

diseases. 

   There are many factors can contribute in the incidence of MI ,of these ,obesity 

,high cholesterol , hypertension , and high blood sugar that in turn lead to injury 

of cardiac muscle and increase level of troponin (Jokela et al.,2014). 

   Another study showed that troponin canbe used as predictable markers with 

new and early events of ischemic heart disease such as MI and this study 

established that return of troponin concentration to normal values is associated 

with positive outcome of patient status (Wanamaker et al.,2019). 

   Furthermore, study of Eidizadeh et al.(2021) confirmed that in spite of 

troponin is important diagnostic factor for MI ,but this study was confirmed that 

no recommendations or instructions concerne to the two types of troponin 

,including troponin I (cTnI) and troponin T (cTnT) in diagnostic severity of 

disease also ,this study demonstrated that a sex dependent of these parameters 
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by using ROC analysis improved and increase sensitivity with specifity of those 

troponin types. 

   Troponin remains  the the one of important factors in diagnostic cardiac events 

,and there for many studies focused on this biomarker and its interactions and 

complications ,and develops of troponin such as Tt and TI (Alaour et al.,2018). 

   There are several causes that take part in elevation of cardiac troponin 

including cTnT and cTnI ,ischemic heart disease especially acute myocardial 

infarction are implicated in this problem either reversible or irreversible injuries 

of heart muscle, from the mechanism which increase subtypes of cardiac 

troponin are inflammation of cardiac disease ,physical exertion, and pshyco-

emotional stress (Chauin ,2021). 

   Regard the age ,it had been found that high sensitive troponin T values 

recorded significant heightening in men with age over 40 years old compared to 

those men who have ages less than 40 years old in patients with MI, In addition 

to that , it was found women have lower level of hsTnT when they compared to 

those men with the matched ages (Isilksacan et al.,2018). 

   Also another studies investigated the effects of age of levels of troponin and 

found that the old age especially more than 60 years old have higher levels of 

troponin when they are affected with a cute MI compared to those counter parts 

of healthy one (Ichise et al.,2017and Sedighi et al.,2019). 

   Study of vavik et al.(2021) it explained there is strong relationship occurring 

among cardiac troponin ,endothelial abnormalities ,inflammatory biomarkers 

and obesity ,these factors consider a risk factors in incidence of cardiovascular 

abnormalities. 

   Concerning body mass index ,recent study investigated whether BMI affect on 

cardiovascular events and cardiac biomarker ,and this study in Table (4-7) was 

established that cardiac troponin ,atrionatriuritic peptid ,and pro natriuretic 

peptid were positively associated with body mass index (Suthahar et al.,2021). 
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5.9. Relation of myocardial infarction to Tissue Plasminogen 

Activator -1 (tPA-1): 

    Results that are obtained from the present study in Tables (4-2), (4-4) and (4-

6) indicated a significant increase (p<0.05) in the levels of tPA-1 in all patients 

groups according to sex ,age and asspciated with increase body mass index in 

Table (4-7) in all patients affected with MI and this biomarker is not correlated 

with studied parameters. ROC analysis of the disease activity by TPA-1 ,AUC 

result in Table (4-9) was (0.724).                                                                                        

    Previous study was conducted by Lowe et al, (2004) ,this study had been 

established that there was a strong relationship between tPA and other factors 

including cardiac heart diseases, body mass index, age, blood pressure, 

inflammatory markers (CRP) and white blood cells.                    

     It was documented that tPI and tPA levels were associated with progressire 

development acute myocardial infarction and this relation was confirmed in both 

sexes ,men and women ,moreover ,it was found that tPA and tPI were much 

higher in patients with MI and this increment is not affected with smoking habits 

,BMI , and blood pressure (Thögersen et al,1998).                                                                                                  

    Another study carried out by Mulder et al,(2018) indicated that tPA and tPI 

are associated with increase incidence of stroke and atrial fibrillation, also these 

observations do not dependent on sex.                      

    Recent study established the fact that fluctuation levels of tPA-1 diminish the 

regulation mechanism of the hemostatic system and lead to either sever bleeding 

or incidence of thrombosis ,furthermore ,it was found a strong effect of PAI-1 

on cardiovascular complication ,since ,the high levels of circulating pro-

inflammatory mediators that are released in to blood stream such as IL-6 ,TNF-α 

,these factors affect PAI-1 with the same context obesity was also found to 

increase levels of PAI-1 (Morrow et al,2021) .                                                                                              
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    Habib et al.(2012) confirmed that patients suffering from myocardial 

infarction and those with angina pectoris having significant elevation in the 

levels of plasminogen activator ,fibrinogen and C-reactive proteins compared to 

those healthy subjects ,tissue plasminogen activator is antagonized by the tissue 

plasminogen in hibitor-1 ,there for the levels of tPAI-1 is associated with 

cardiovascular events ,so as the fibrinolytic activity become encountered by pro-

coagulant factor and these effects may be equal on interactions between 

coagulation and fibrinolytic system (Jung et al.,2018).                                                                                     

    Obesity and overweight are more related with high incidence of 

cardiovascular incidence ,it is well documented that there are many effects of 

obesity on different mechanisms including fibrinolysis ,inflammatory status ,and 

thrombotic events ,of those parameters that CRP ,tPA-1,tPAI-1 and IL-6 were 

remarkably associated with high BMI and represent high risk factors in 

increment of cardiovascular events of young and older man (Orenes-pinero et 

al.,2015).                                      

    The relationship between body mass index and several fibrinolytic 

,inflammatory ,and pro thrombotic and anti pro thrombotic biomarker was 

conducted by El-kader and Jiffiri (2018) ,they in vestingated tPA-1,TNF-α 

,fibrinogen ,IL-6 ,pro thrombin time (aptt) and the authors concluded that 

reduction of body weight to normal values can modulate or regulate fibrinolysis 

mechanism and inflammation processes of those obese subjects affected with 

cardiovascular diseases. 

 

5.10. Relation of myocardial infarction to Interleuken-6 (IL-6): 

     Results of the present study in Tables (4-2), (4-4), (4-6) and (4-7) had been 

recorded a significant elevation (p<0.01) in the levels of IL-6 in in all patients 

groups according to sex, age, and BMI affected with MI compared to those 
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control group. ROC analysis of the disease activity by IL-6, AUC result in Table 

(4-9) was (0.767).   

   Recent studies were conducted to explore the association occurring between 

cardiovascular diseases and IL-6 especially  acute coronary  syndrome, however, 

there are many cytokines are involved with incidence of acute coronary 

syndrome, of those, TNF-α, interleukins, adipokines, chemokines and 

interferons, in particular, IL-6 was found to have prominent prognostic levels in 

patients with acute coronary syndrome (Mourouzis et al.,2020; Yang et 

al.,2021). 

   It is well noticeable that IL-6 values are at maximum levels and significantly 

increased in patients who have coronary heart disease and also constitutes three 

times higher than those normal healthy people, at the same times, these values of 

IL-6 are strong associated with inflammatory markers particularly c-reactive 

protein (Cao et al.,2020 ;Chan and Ramji,2020). 

   Furthermore, previous researches indicated that the patients having long term 

affected with cardiovascular disease such as IL-6 their blood samples have 

elevated levels of IL-6 and these levels are independent and not associated with 

other risk factors including diabetes, total cholesterol, and hypertension, from 

these studies, it was found that prominent evidence refers to fact that IL-6 

initiates activations of macrophages and their infiltration and excelerate 

expressions of low density lipoprotein receptors that lead to increase libration of 

tissue factor (an extrinsic clotting factor) which in turn propagate and worse 

inflammatory and atherosclerosis processes (Libby and Bornfeldt, 2020). 

   Recent study confirmed that increased release of inflammatory mediators 

control whatever the vascular plague remain or dissolved and progressive of 

cardio and cerebrovascular events ,of those inflammatory markers, IL-6 which is 

largerly cytokines and implicated in development of inflammatory process and 

oxidative stress that in turn can lead to incidence and progress atherosclerosis 

and myocardial infarction (Su et al.,2021). 
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    In addition, inflammation processes of blood vessels trigger the development 

and progression of plague deposits which implicated in increased thrombosis 

events and damage to myocardial muscle, as well as, IL-6 plague a central role 

in signaling to accelerate and destabilization of vascular plague (Schieffer et 

al.,2004 and Ridker ,2016).  

   Also, it was demonstrate the relationship between IL-6 and cellular events 

emerging from myocardial infarction ,it found that IL-6 mediates and potentiate 

remodeling of affected cardiac muscle ,apoptosis and lowering contractile 

activity of heart muscle and these effects are resulted by attraction of 

inflammatory cells to injured area of cardiac muscle (Souza et al.,2008). 

   The study of Arakawa et al. (2014) had also explained the role of sexual 

hormones especially 17 β-estradiol and progesterone in central nervous system 

to regulate the level of inflammatory cytokines such as IL-1 and IL-6 and this 

study confirmed that treatment with estrogen replacement therapy attenuate 

inflammatory effects through decrease the response to stressful conditions. 

   The relationship between sexual hormones and inflammatory cytokines was 

demonstrated by Talaat et al. (2018), who proved that estrogen, testosterone, IL-

6, IL-10, TNF are significantly elevated in patients of MI compared to control 

and those authors concluded that estrogen exerts anti-inflammatory role on 

inflammatory cytokine effects. 

    To explain the effect of age on inflammatory processes further study 

investigated whatever the old age affect the levels of inflammatory mediators or 

no ,it is well found that TNF-α, IL-6, IL-2 were positivily correlated with 

advanced ages compared to young human (Bruunsgaard et al.,2000). 
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5.11. Relation of myocardial infarction to C-reactive Protein 

(CRP): 

    Data obtained from the present work had been established significant increase  

in Tables (4-2), (4-4) , (4-6) and (4-7) of inflammatory cytokine (CRP) in all 

patients groups according to sex, age, and BMI compared to those of healthy 

control groups. ROC analysis of the disease activity by CRP, AUC result in 

Table (4-9) was (0.724).                                                                                         

   It is well known that inflammation can evoke and increase initiation and 

development of coronary artery disease, there for, the levels of CRP is at higher 

level with severity of cardiovascular diseases, it increases two fold in patients 

with CAD compared to healthy subjects, so that CRP consider the powerful 

indicator to evaluate the severity of MI (Bouzidi et al.,2020). 

   On the basis of molecular point view, the increase adhesion molecules (CAM) 

and activation of inflammatory cells can co-operate to induce release of 

inflammatory mediators and pro coagulant molecules, these event eventully 

enhance thickening of atherosclerotic lesions and progress of acut coronary 

disease in panticular MI (Razi et al.,2017 and Ma et al.,2018).  

   Physiologically, CRP is  synthesized by hepatocytes and its synthesis is 

dependent on the other pro-inflammatory biomarkers especially IL-6, IL-6 and 

TNF-α previous study have shown higher up regulation of CRP levels in 

patients complained from angina pectoris, MI, obesity, insulin resistance (Kaur 

et al.,2013). 

   Another recent study is designed to evaluation of high sensitivity CRP levels 

in heart disease and it established that the levels of CRP are increased three 

times in MI and heart failure and it concluded that systemic inflammation can 

worse of the MI and cardiac failure (Magielski and Kubica ,2021). 

   As well as, during myocardial infarction occurs activation for inflammatory 

mediators and this process is accompanied with heart damage and repairing 
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mechanism, so that increase inflammatory mediators can lead to several cardiac 

damage and dysfunction (Swiatkiewicz et al.,2020). 

   Study of Milano et al.(2019), was designed to determine the association 

between high sensitive CRP concentrations and myocardial infarction patients, 

this study was found increase levels of CRP in patients with MI in matching 

with those healthy people, at the same time, it concluded that the major response 

of inflammation for tissue damage and CRP is prognostic factor to this response. 

   In regards, the relationship between body mass index and c-reactive protein ,it 

had been documented that obesity represents chronic low level of inflammatory 

condition and this is recognized by elevation of specific inflammatory parameter 

that is c-reactive proteins, these facts were confirmed by study which indicated a 

significant positive correlation occurring between CRP and BMI (Farooq et 

al.,2017).       
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Conclusions : 

From the present data the following can be concluded:- 

1. There is a relationship between BMI and incidence of MI. 

2. Gender affects incidence of MI, the males was affected more than 

females. 

3. Ageing considers the predisposing factor in development of MI. 

4. Increase fibrinolytic activity in patients with MI. 

5. Elevation of inflammatory markers may be implicated in development 

and progression of MI. 

 

 

   Recommendations: 

1. Study the relationship between sexual hormone (estrogen and 

testosterone) and incidence of cardiovascular disease. 

2. Effects of age, gender, BMI on the activity of other fibrinolytic 

components. 

3. Perform molecular study to investigate gene expression of tissue 

plasminogen activator. 

4. Individuals with advanced age should be avoided obesity and control their 

BMI with normal values. 
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 أ‌

 الخلصت

( هى أدذ أوضش أِشاع اٌمٍت الإلفبسَخ اٌزٍ رؤدٌ إًٌ رٍف عؼٍخ MIادزشبء عؼٍخ اٌمٍت )

اٌمٍت. اسزخُذِذ اٌذساسخ اٌذبٌُخ ٌٍزذشٌ عٓ ثعغ اٌّزغُشاد اٌذِىَخ واٌّؤششاد اٌذُىَخ ٌذي ِشػً 

سجخ دذوس اٌّشع ، ولذ ادزشبء عؼٍخ اٌمٍت ِٓ ولا اٌجٕسُٓ ، وٌٍزذمك ِٓ ٔشبؽ ٔظبَ رذًٍ اٌفجشَٓ ؤ

أجشَذ اٌذساسخ فٍ ِىالع ِخزٍفخ ثّب فٍ رٌه ِسزشفً ِشجبْ اٌزعٍٍُّ )ِشع اٌمٍت الإلفبسٌ(. ودذح( 

وِسزشفً الاِبَ اٌظبدق وثعغ اٌّعبًِ اٌخبطخ وجبِعخ ثبثً / وٍُخ اٌعٍىَ ٌٍجٕبد. رشاودذ ِذح 

. ووبْ إجّبٌٍ عذد الأشخبص اٌزَٓ 2022وأثشًَ )ُٔسبْ(  2021اٌذساسخ ثُٓ رششَٓ اٌضبٍٔ )ٔىفّجش( 

( فشداً. ِٓ ثُٓ هؤلاء ، أطُت عششوْ سجلاً وعششوْ اِشأح 80شبسوىا فٍ اٌذساسخ اٌذبٌُخ صّبُٔٓ )

( فىبٔىا عششَٓ سجلاً وعششَٓ اِشأح ووبٔذ طذزهُ ؽجُعُخ ورُ 40. أِب الأفشاد اٌّزجمىْ )MIثّشع 

 رجُٕذهُ وّجّىعبد ػبثطخ.

سٕخ. وّب رُ رظُٕف  70إًٌ  40لأفشاد )اٌّشػً واٌؼبثطخ( ثُٓ رشاودذ أعّبس جُّع ا

-50،  49-40اٌّشػً وِشػً اٌسُطشح ٌذَهُ وفمبً لأعّبسهُ إًٌ أسثع ِجّىعبد عًٍ إٌذى اٌزبٌٍ )

 سٕخ(. 70-79،  60-69،  59

ثبخزظبس ، أظهشد إٌزبئج اٌزٍ رىطٍذ إٌُهب هزٖ اٌذساسخ أْ اٌزوىس اٌّظبثُٓ ثّشع ادزشبء 

٪. وّب وبٔذ إٌست اٌّئىَخ ٌّشػً ادزشبء 40٪ أعًٍ ِٓ الإٔبس اٌزٍ شىٍذ 60ٍخ اٌمٍت َشىٍىْ عؼ

٪ ، اٌّجّىعخ اٌضبٌضخ 30٪ ، اٌّجّىعخ اٌضبُٔخ 15عؼٍخ اٌمٍت دست أعّبسهُ هٍ اٌّجّىعخ الأوًٌ 

 ٪ عًٍ اٌزىاٌٍ.25٪ ، اٌّجّىعخ اٌشاثعخ 30

وجُ  33-25( ، فئْ اٌّشػً اٌزَٓ ٌذَهُ ِؤشش وزٍخ اٌجسُ BMIفُّب َزعٍك ثّؤشش وزٍخ اٌجسُ )

ثٕسجخ ِئىَخ  2وجُ / َ  23-29٪ أعًٍ ِٓ أوٌئه اٌزَٓ ٌذَهُ ِؤشش وزٍخ اٌجسُ 70َشىٍىْ دىاٌٍ  2/ َ 

30.٪ 

فُّب َزعٍك ثبٌّعبَُش اٌذِىَخ ، وبٔذ ٔزبئج خلاَب اٌذَ اٌذّشاء )وشاد اٌذَ اٌذّشاء( 

( واٌخلاَب اٌّذججخ ٪ ؤسجخ اٌخلاَب اٌٍُّفبوَخ WBCsٌٍ خلاَب اٌذَ اٌجُؼبء )( وإجّبHbواٌهُّىجٍىثُٓ )

( فٍ جُّع اٌّشػً )سجبي ؤسبء( ِٓ ِجّىعبد اٌزذىُ. وِع رٌه ، فئْ p <0.05أعًٍ ثشىً ٍِذىظ )

فٍ  MIرسجً فشولبً غُش ِهّخ فٍ جُّع اٌفئبد اٌعّشَخ ٌٍّشػً اٌزَٓ َعبٔىْ ِٓ  RBCsو  Hbلُُ 

 ِع اٌزذىُ اٌظذٍ.اٌّطبثمخ 

وفمبً ٌّعبِلاد الاسرجبؽ ، سجٍذ اٌّعٍّبد اٌذِىَخ اٌجُبٔبد اٌزبٌُخ: سجٍذ اٌخلاَب اٌذجُجُخ اسرجبؽًب 

( ِع اٌخلاَب اٌٍُّفبوَخ. أشبس رشوُض اٌهُّىغٍىثُٓ إًٌ اسرجبؽ r = -0.99 ،sig = 0.0001سٍجُبً ِعٕىَبً )

. MIاد اٌذَ اٌذّشاء ٌٍّشػً اٌّظبثُٓ ثّشع ( ِع وشr = 0.90 ،sig = 0.0001إَجبثٍ ِعٕىٌ )

( ِع 0.021، سُج =  r = 0.36فٍ اٌّمبثً ، أشبسد ِسزىَبد اٌهُّىغٍىثُٓ إًٌ اسرجبؽ سٍجٍ ِعٕىٌ )

 .MIاٌظفبئخ اٌذِىَخ ٌّشػً 

و  D-dimerفُّب َزعٍك ثبٌعلاِبد اٌذُىَخ اٌزٍ شبسوذ فٍ هزٖ اٌذساسخ واٌزٍ رؼّٕذ 

fibrinogen  وTroponin  وTissue plasminogen Activator -1 (tPA-1 و )interleukin -

(. ( فٍ جُّع اٌفئبد p <0.01( ، فمذ أظهشوا اسرفبعًب وجُشًا )CRP) C-reactive proteinو  6

اٌّذسوسخ )سجبي ؤسبء( ِٓ جُّع الأعّبس. علاوح عًٍ رٌه ، وبٔذ هزٖ اٌّعٍّبد ِشرفعخ ثشىً وجُش 



 

 ب‌

(p <0.05ٌفٍ اٌّشػً ا ) ُٓأعًٍ ِٓ ِؤشش  2وجُ / َ  33-25زَٓ رشاوح ِؤشش وزٍخ اٌجسُ ٌذَهُ ث

 .2وجُ / َ  23-19وزٍخ اٌجسُ ٌذَهُ 

ٌُ رسجً اٌّؤششاد اٌذُىَخ الأوضش دساسزهب اسرجبؽبد ِعٕىَخ ِع اٌّزغُشاد اٌّذسوسخ الأخشي 

( ِع اٌخلاَب r = -0.32 ،sig = 0.042، وأظهشد ٔزبئجهب اسرجبؽًب سٍجُبً ِعٕىَبً ) D-dimerثبسزضٕبء 

( ِع 0.035، سُج =  r = 0.33. عىسُب ، وبْ هٕبن اسرجبؽ إَجبثٍ ِعٕىٌ )MIاٌٍُّفبوَخ ٌّشػً 

 اٌخلاَب اٌّذججخ ٌٍّشػً.

( ِع ِسزىَبد 0.0001، سُج =  r = 0.71وبْ ٌمُُ اٌزشوثىُٔٓ علالخ إَجبثُخ ِعٕىَخ )

( r = 0.63  ،sig = 0.0001لالخ إَجبثُخ وجُشح )، وّب أْ ٔزبئجهب ٌهب ع MIاٌهُّىغٍىثُٓ فٍ ِشػً 

ِع وشاد اٌذَ اٌذّشاء ِٓ اٌّشػً. وٌىٓ ِٓ ٔبدُخ أخشي ، أظهشد ٔزبئج اٌزشوثىُٔٓ اسرجبؽًب سٍجُبً 

ب ) ًّ  اٌزَٓ رُ اخزجبسهُ. MI( ِع اٌظفبئخ اٌذِىَخ ٌّشػً 0.0001، سُج =  r = 0.66ِه

( عًٍ اٌّؤششاد اٌذُىَخ ٌششح ROCزٍمبح )رُ إجشاء رذٍُلاد ِٕذًٕ خظبئض اٌزشغًُ اٌّ

وبْ  D-dimer، وأظهشد إٌزبئج ِب ٍٍَ:  MIاٌذسبسُخ ورذذَذ رٍه اٌّؤششاد اٌذُىَخ فٍ ِشع 

،  0.813، ووبْ اٌمطع  0.700، رشوثىُٔٓ  298.5ووبْ اٌمطع  0.740 (AUCاٌمىط رذذ إٌّذًٕ )

،  0.816ووبْ اٌمطع  AUC 0.816ىجُٓ ، ووبْ اٌفُجشَٕ 5.175ووبْ اٌمطع  tPA-1 0.724ووبْ 

 .8.950ووبْ اٌمطع  IL-6 AUC 0.767، ووبْ  6.150ووبْ اٌمطع  CRP AUC 0.724ووبْ 

رُ اٌذظىي عًٍ خبرّخ هزٖ اٌذساسخ ِٓ هزٖ اٌذساسخ واٌّزوىسح أعلاٖ ، لذ َعىد رشؽُت 

َخ إًٌ الاٌزهبة اٌجهبصٌ ، اٌّعٍّبد اٌذِىَخ وخبطخ ِىىٔبد خلاَب اٌذَ اٌجُؼبء الاٌزهبثُخ واٌزخضش

واٌشُخىخخ ، وصَبدح ِؤشش وزٍخ اٌجسُ ، واٌزمٍجبد اٌزىافمُخ ، ولذ رىىْ هزٖ اٌزشىهبد أسىأ ورزمذَ فٍ 

  رطىس ِشع.
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 شاق ـــــخ اٌعــــــجّهىسَ

 بٌٍ واٌجذش اٌعٍٍّ ـــُ اٌعــوصاسح اٌزعٍُ

 ٌٍجٕبد خ اٌعٍىَـــــوٍُ /خ ثبثً ـــــــجبِع

 ُبحــــٍىَ اٌذــــلسُ ع
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