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Abstract

The aim of this study was to study the cardiac diseases using Multi slice
computed tomography (MSCT) and to determine the diagnostic value of
(MSCT). Patient underwent MS CT study for coronary artery
angiography and calcium scoring test by using axial and 3D image.135
Sudanese patients (73 males and 62females) their ages ranged (16-80)
years were enrolled in the study in National Rebat Hospital Omer Sawi
complex and Royal diagnosis center in the period from (2016-2018).
Exclusion criteria were patient with unstable angina, allergic to iodinated
contrast material, renal Insufficiency, severe respiratory function
Impairment, heart failure and pregnant women. The demographic
parameters including age, sex, and weight. All patients had undergone a
contrast material- enhanced, retrospectively electrocardiographically
gated coronary CT angiographic examination, which ~ was performed
by using a MSCT scanner with Injection rate 3-5mL .Patient take beta
blocker one day before the exam. Patient fasting at least 6 hours before
the examined .Two views were taken anterioposterior and lateral localize
the area of the study then we done calcium scoring test firstly then
coronary computed tomography the amount of contrast (ominupague)are
about 70-100 ml. The image evaluated and the data was collected using
data sheet which contained the patient name age weight sex then the
images were diagnosis by radiologist. All the data were analyzed using
SPSS program. Categorical data were presented as frequencies and
percentages .Normally distributed continuous data were presented as

means * standard deviations. The result are displayed as tables and

v



graphs. The result are the male are more affected (69%)by cardiac
diseases than women(64%).The cardiac diseases is more affected in old
age patient mean age (56.6) the age group 50 70 represent (67.4 %) and
opacity persons the mean weight (73.5 ).The common diseases are the
atherosclerosis (6%) by its three type calcified and non-calcified and
mixed. The calcium high score in multiple degree (20.7%).The coronary
stenosis (24.4%) and the left branch is more affected (15%( than the
right one (9%). The stenosis which affect (one 16- two 16 and three 1).
There are several diseases like infarction (3.7%) aortic aneurysm (4.4%)
ventricular aneurysm (3.7%) and aortic calcification (1.5%) pericardial
effusion (3.7%).The study concluded that MSCT has great value in
measuring cardiac diseases and is a reliable, non-invasive, appropriate
tool for diagnosing patients with cardiac and coronary arteries diseases

and has a great value in clinical settings.
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CHAPTER ONE



Chapter one

1.1 Introduction

Cardiovascular diseases are the most common causes of premature death in
developed countries and the main cause of morbidity and mortality in 2015
according to a WHO report. A major fraction is attributable to coronary artery
disease which may result in sudden cardiac death [Stary 1990]. In approximately
50%of patient's myocardial infarction is the first sign of coronary Atherosclerosis
and more than 50% of patients suffering an acute myocardial event die within the
first month after onset of the acute phase [Fuster et al 2011]. Such fact is related
to the long-time delay between the incidence of atherosclerosis in young adults
[Stary 1990, Fuster et al 2011]. Despite a recent decline in a CVD mortality in
men and women, the main problem is related to the acute manifestation as
the acute coronary syndrome (ACS), which leads 30 — 50% of subjects to
sudden and fatal outcomes [Roger et al 2011,ErbelR et al 2010] . In addition,
about 20% of first and recurrent acute myocardial infarctions (MI) are silent
[Thom et al 2001, Boland et al 2002].The life time risk of coronary artery disease
(CAD) after the age of 40 years is 49% for men and 32% for women [Lloyd
1999]. This data is confirmed for Europe despite a strong decline in
hospital deaths[Lowel et al 2006,Dudas et al2006]. Coronary heart disease is the
most common cause of death in the general population [Mirghany et al 2013].
A reduction of mortality caused by myocardial infarction may be achieved if
coronary atherosclerosis can be detected at an early stage of the disease before
symptoms occur; therefore, there is need for an effective tool that allows
identification of patients at increased risk for future cardiac events [Fuster et al
2011].



Rapid advances in multi-slice computed tomography (MSCT) imaging
technology have facilitated increasingly accurate noninvasive coronary artery
Imaging. Current generation 64-128 slices MSCT scanners have demonstrated
highly accurate qualitative identification of significant coronary artery lesions
(50% stenosis) in vessels larger than 1.5 to 2mm, with reported sensitivities and
specificities ranging from 82% to 95% and 82% to 98%, respectively.

1.2 Problem of the study

Heart and coronary diseases is usually degenerative diseases is uncommon as
clinical problem before the age of 30 and common by the age 60.0One in four
people will have heart attack. The first recognized symptom may be death. CAD
long asymptomatic latent period and that early targeted preventive measure scan
reduce mortality and morbidity .MSCT is low radiation dose, low cost and low
invasive than catheterization and high spatial resolution than MRI. MSCT has
high diagnostic accuracy in the CAD.

1.3 objectives

1.3.1 General objective

The aim of this research is to study cardiac diseases using (MSCT) Multi slice
computed tomography.

1.3.2 Specific objectives

To determine the diagnostic value of MSCT in the cardiac diseases.

To provides a rapid and accurate diagnosis while avoiding unnecessary
invasive cardiac diseases procedures.

To present the correlation between cardiac diseases and the sex age and
weight.

To provides a rapid and accurate diagnosis while avoiding unnecessary invasive cardiac

diseases procedures.



1.4 Over view of the study
This is described through the chapters of the study in a sequential manner.

In chapter one a summarized introduction including prelude about cardiac
diseases, the study problem, objectives, and over view of chapter‘s contents were
present.

In chapter two an over view of the literature including anatomy, physiology and
pathology of heart and blood vessels were included. Over view of MSCT and
cardiac imaging methods also took place as well as the previous studies and
theoretical back ground as it is an important point of this research.

Chapter three dealt with the material used in the practical study including
different machines, Also the methodology of the practical setup was discussed in
details.

Chapter four dealt with the results of the study. The results interpretations
are giving in this chapter. Also given in chapter five are the discussion,

conclusions of the study performed as well as future work and recommendations.
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Chapter two

Theoretical background and literature review

2.1 Theoretical background
2.1.1 Anatomy

2.1.1.1 The Heart

Superior

Pulmonary artery
vena cava

Pulmonary vein

Right atrium
Left atrium

Tricuspid valve
Mitral valve

Pulmonary valve
Aortic valve

Right ventricle

Septum Left ventricle

Figure 2.1: The passage of blood through the heart (www.shtterstock.com).

A basic understanding of cardiac anatomy allows for correlation of physical
exam finding with the unseen anatomy of the heart. The adult heart is about the
size of a closed fist and sits in the thorax on the left side of the chest in front of
the lungs. The heart is designed as a pump with four chambers - right atrium
(RA), right ventricle (RV), left atrium (LA), and left ventricle (LV). The two
atria are the smaller, upper chambers of the heart and the two ventricles are the
larger, lower chambers of the heart. The heart is oriented in the chest rotated
about 30 degrees to the left lateral side such the right ventricle is the most
anterior structure of the heart. The left ventricle is generally about twice as thick

as the right ventricle because it needs to generate enough force to push blood



through the entire body while the right ventricle only needs to generate enough
force to push blood through the lungs [Hoffmann 2006].

The heart also has four valves. The tricuspid valve is between the right atrium
and right ventricles. The pulmonary valve is between the right ventricle and the
pulmonary artery. The mitral valve is between the left atrium and the left
ventricle and the aortic valve is between the left ventricle and the aorta. The
valves, under normal conditions, insure that blood only flows in one direction in
the heart. In order to pump blood through the body, the heart is connecting to
the vascular system of the body. This cardiovascular system is designed to
transport oxygen and nutrients to the cells of the body and remove carbon
dioxide and metabolic waste products from the body. The cardiovascular system
Is actually made up of two major circulatory systems, acting together. The right
side of the heart pumps blood to the lungs through the pulmonary artery (PA),
pulmonary capillaries, and then returns blood to the left atrium through the
pulmonary veins (PV). The left side of the heart pumps blood to the rest of the
body through the aorta, arteries, arterioles, systemic capillaries, and then returns
blood to the right atrium through the venules and great veins [Hudsmith et al
20071].



2.1.1.2 Coronary arteries

Left coronary
artery

Circumflex

artery

Left (obtuse)
Right f marginal
coronary /it J) artery
artery Left anterior

descending

Right artery
(acute) .
marginal Diagonal

artery arteries

Figure 2.2 Coronary arteries (www.shtterstock.com).

Coronary arteries supply blood to the heart muscle. Like all other tissues in the
body, the heart muscle needs oxygen-rich blood to function. Also, oxygen-
depleted blood must be carried away. The coronary arteries wrap around the
outside of the heart.

Small branches dive into the heart muscle to bring it blood [Hudsmith et al
2007]. The 2 main coronary arteries are the left main and right coronary

arteries.



Left main coronary artery (LMCA). The left main coronary artery supplies blood
to the left side of the heart muscle (the left ventricle and left atrium). The left
main coronary divides into branches:

The left anterior descending artery branches off the left coronary artery and
supplies blood to the front of the left side of the heart.

The circumflex artery branches off the left coronary artery and encircles the
heart. This artery supplies blood to the outer side and back of the heart.

The left coronary artery (left main coronary artery) emerges from the aorta
through the Ostia of the left aortic cusp, within the sinus of Valsalva. The plane
of muscle the semilunar valve is tilted so that the ostium of the left coronary
artery is superior and posterior to the right coronary ostium. The left coronary
artery travels from the aorta, and passes between the pulmonary trunk and the left
atrial appendage. Under the appendage, the artery divides (and is thus a very
short vessel) into the anterior interventricular (left anterior descending artery)
and the left circumflex artery. This bifurcation can often be seen when looking
into the left coronary artery Ostia with a video scope. Note that the left coronary
artery may be completely absent, i.e., the anterior interventricular and circumflex
arteries arise independently from the left aortic sinus [Raman et al2007].

In general, the LAD artery and its branches supply most of the interventricular
septum; the anterior, lateral, and apical wall of the left ventricle, most of the right
and left bundle branches, and the anterior papillary muscle of the bicuspid valve
(left ventricle). It also provides collateral circulation to the anterior right
ventricle, the posterior part of the interventricular septum, and the posterior

descending artery.

The LAD artery is the most commonly occluded of the coronary arteries. It
provides the major blood supply to the interventricular septum, and thus bundle

branches of the conducting system. Hence, blockage of this artery due to



coronary artery disease can lead to impairment or death (infarction) of the
conducting system. The result is a "block™ of impulse conduction between the
atria and the ventricles known as "right/left bundle branch block."

The circumflex artery branches off of the left coronary artery and supplies most
of the left atrium: the posterior and lateral free walls of the left ventricle, and part
of the anterior papillary muscle. The circumflex artery may give off a variable
number of left marginal branches to supply the left ventricle. The terminal
branch is usually the largest of these branches. More likely, the circumflex artery
may continue through the AV sulcus to supply the posterior wall of the left
atrium and the left ventricle.

In 40-50% of hearts the circumflex artery supplies the artery to the SA node
[Malouf et al 2005].

Right coronary artery (RCA). The right coronary artery supplies blood to the
right ventricle, the right atrium, and the SA (sinoatrial) and AV (atrioventricular)
nodes, which regulate the heart rhythm. The right coronary artery divides into
smaller branches, including the right posterior descending artery and the acute
marginal artery. Together with the left anterior descending artery, the right
coronary artery helps supply blood to the middle or septum of the heart [Malouf
et al 2005].

2.1.1.3 Coronary flow

During contraction of the ventricular myocardium (systole), the subendocardinal
corollary Vessels (the vessels that enter the myocardium) are compressed due to
the high intra ventricular pressures. However, the epicedial coronary vessels (the
vessels that run along the outer surface of the heart) remain patent. Because of
this, blood flow in the sub endocardium stops. As a result most myocardial
perfusion occurs during heart relaxation (diastole) when the subendocardial

coronary vessels are patent and under low pressure. This contributes to the filling



difficulties of the coronary arteries. Compression remains the same." Failure of
oxygen delivery caused by a decrease in blood flow in front of increased oxygen
demand of the heart results in tissue ischemia, a condition of oxygen debt. Brief
iIschemia is associated with intense chest pain, known as angina. Severe ischemia
can cause the heart muscle to die from hypoxia, such as during a myocardial
infarction. Chronic moderate ischemia causes contraction of the heart to weaken,
known as myocardial hibernation. In addition to metabolism. Diepharmacologic
unique possesses circulation coronary characteristics [Mozaffarian et al 2013].
2.1.1.4 The coronary veins

A complex network of veins drains the coronary circulation. An extensive degree
of collateralization amongst these veins and the coronary arteries, and the paucity
of valves within coronary veins, enables the use of retrograde coronary sinus
cardioplegia for intraoperative myocardial protection. The venous circulation can
he divided into three systems: the coronary sinus and its tributaries, the anterior

right ventricular veins, and the basin veins [Mozaffarian et al 2013].

2.1.1.5 Coronary Sinus and its Tributaries
The coronary sinus predominantly drains the left ventricle and receives

approximately 85% of coronary venous blood. It lies within the posterior
atrioventricular groove and empties into the right atrium at the lateral border of the
triangle of Koch .The orifice of the coronary shuts is guarded by the crescent
shaped the besian valve. The named tributaries of the coronary sinus include the
anterior inter ventricular vein, which courses parallel to the left anterior descending
coronary artery. Adjacent to the bifurcation of the left main .stem, the anterior inter
ventricular vein courses leftward in the inter-ventricular groove, where it is referred
to as the great cardiac vein. It receives blood from the marginal and posterior left
ventricular branches before becoming the Coronary sinus at the origin of the

oblique vein (of Marshall) at the posterior margin of the left atrium. The posterior



inter ventricular vein, or middle cardiac Vein, arises at the apex, courses parallel to
the posterior descending coronary TA. Artery, and extends proximally to the crux.
Here, this vein drains either directly into the right atrium or into the coronary sinus
just prior to its orifice. The small cardiac vein runs posteriorly through the right

atrio-ventricular groove [Mozaffarian et al 2013].
2.1.1.6 Anterior Right Ventricular Veins

The anterior right ventricular veins travel across the right ventricular surface to the
right atrio-ventricular groove, where they either enter directly into the right atrium
or coalesce to form the small cardiac vein. As indicated, this vein travels.

Down the right atrio-ventricular groove, around the acute margin, and enters into

the right atrium directly or joins the coronary sinus just proximal to its orifice.

2.1.1.7 The besian Veins

The besian veins are small venous tributaries that drain directly into the cardiac
chambers. They exist primarily in the right atrium and right ventricle [Mozaffarian
etal 2013].

2.1.2 Basic Cardiac Physiology
A basic understanding of cardiac physiology is also essential to interpreting the

physical finding during a cardiac exam. Each pump or beat of the heart consists
of two parts or phases - diastole and systole. During diastole the ventricles are
filling and the atria contract. Then during systole, the ventricles contract while
the atria are relaxed and filling. A more detailed understanding of the of cardiac
physiology can be obtained by examining in detail the simultaneous pressure
characteristics in the aorta, left atrium (atrium) and left ventricle (ventricle)
through one cardiac cycle.

For the purposes for this study of cardiac physiology, we will focus on the
physiology associated with the heart first sounds S1, S2, S3, and S4. S1 occurs

near the beginning of (ventricular) systole with the closing of the tricuspid and
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mitral valves. The closing of these two valves with increasing pressure in the
ventricles as they begin to contract should be simultaneous. Any splitting in
which the closing of the two valves are heard separately should be considered
pathological. S2 occurs near the end of (ventricular) systole with the closing of
the pulmonary and aortic valves. The closing of these two valves occurs with
beginning of backward flow in the pulmonary artery and aorta respectively as the
ventricles relax. The two valves can occur simultaneously or with slight gap
between them under normal physiologic circumstances. S3 occurs at the end of
the rapid filling period of the ventricle during the beginning of (ventricular)
diastole. An S3, if heard should occur 120-170 msec after S2. S4 occurs, if
heard coincides with atrial contraction at the end of (ventricular) diastole.

The pressure created in the arteries by the contraction of the left ventricle is the
systolic blood pressure. Once the left ventricle has fully contracted it begins to
relax and refill with blood from the left atria. The pressure in the arteries falls
whilst the ventricle refills. This is the diastolic blood pressure.

The atrio-ventricular septum completely separates the 2 sides of the heart. Unless
there is a septal defect, the 2 sides of the heart never directly communicate.
Blood travels from right side to left side via the lungs only. However the
chambers themselves work together. The 2 atria contract simultaneously, and the

2 ventricles contract simultaneously [ShanthiMendis; PekkaPuska et al 2014].
2.1.3 Basic Cardiac Pathology

Cardiovascular disease (CVD) is a class of diseases that involve the heart or
blood vessels. Cardiovascular disease includes coronary artery diseases (CAD)
such as angina and myocardial infarction (commonly known as a heart attack).
Other CVDs include stroke, heart failure, hypertensive heart disease, rheumatic

heart disease, cardiomyopathy, heart arrhythmia, congenital heart disease,
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valvular heart disease, carditis, aortic aneurysms, peripheral artery disease,
thromboembolic disease, and venous thrombosis [GBD 2014, GBD 2015].
2.1.3.1Atherosclerosis

Heart and blood vessel disease also called heart disease includes numerous
problems, many of which are related to a process called atherosclerosis.
Atherosclerosis is a condition that develops when a substance called plaque
builds up in the walls of the arteries. This buildup narrows the arteries, making it
harder for blood to flow through. If a blood clot forms, it can stop the blood flow.
This can cause a heart attack or stroke.

Coronary artery disease, stroke, and peripheral artery disease involve
atherosclerosis. This may be caused by high blood pressure, smoking, diabetes,
lack of exercise, obesity, high blood cholesterol, poor diet, and excessive alcohol
consumption, among others. High blood pressure results in 13% of CVD deaths,
while tobacco results in 9%, diabetes 6%, lack of exercise 6% and obesity 5%.
Rheumatic heart disease may follow untreated strep throat [GBD 2015 Mortality
and Causes of Death].

It is estimated that 90% of CVD is preventable. Prevention of atherosclerosis
involves improving risk factors through: healthy eating, exercise, avoidance of
tobacco smoke and limiting alcohol intake. Treating risk factors, such as high
blood pressure, blood lipids and diabetes is also beneficial. Treating people who
have strep throat with antibiotics can decrease the risk of rheumatic heart disease.
The effect of the use of aspirin in people who are otherwise healthy is of unclear
benefit [McGill et al 2008, Spinks et al 2013, and Sutcliffe et al 2013].
Cardiovascular diseases are the leading cause of death globally. This is true in all
areas of the world except Africa. Together they resulted in 17.9 million deaths
(32.1%) in 2015, up from 12.3 million (25.8%) in 1990. Deaths, at a given age,

from CVD are more common and have been increasing in much of the
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developing world, while rates have declined in most of the developed world
since the 1970s. Coronary artery disease and stroke account for 80% of CVD
deaths in males and 75% of CVD deaths in females. Most cardiovascular disease
affects older adults. In the United States 11% of people between 20 and 40 have
CVD, while 37% between 40 and 60, 71% of people between 60 and 80, and
85% of people over 80 have CVD. The average age of death from coronary
artery disease in the developed world is around 80 while it is around 68 in the
developing world. Disease onset is typically seven to ten years earlier in men as
compared to women .There are many cardiovascular diseases involving the blood
vessels. They are known as vascular diseases [McGill HC et al 2008, Spinks, A
et al 2013, and Sutcliffe et al 2013].

2.1.3.2 Coronary stenosis

It is an abnormal narrowing in a blood vessel or other tubular organ or structure.
It is also sometimes called a stricture. Stricture as a term is usually used when
narrowing is caused by contraction of smooth muscle; stenosis is usually used
when narrowing is caused by lesion that reduces the space of lumen. The term
coarctation is another synonym, but is commonly used only in the context of
aortic artery becomes tapered and backed coronary is a condition in which a
coarctation. A stenosis is a blood vessel located up with materials like fat or
cholesterol.

2.1.3.3 A heart attack

Occurs when the blood flow to a part of the heart is blocked by a blood clot. If
this clot cuts off the blood flow completely, the part of the heart muscle supplied
by that artery begins to die. Most people survive their first heart attack and return

to their normal lives to enjoy many more years of productive activity.
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2.1.3.4 Aortic aneurysm

An enlargement (dilatation) of the aorta to greater than 1.5 times normal size
[Shanthi 2011].

2.1.3.5 Cardiomyopathy

Diseases of cardiac muscle [Shanthi 2011].

2.1.3.6 Hypertensive heart disease

Diseases of the heart secondary to high blood pressure or hypertension [Shanthi
2011].

2.1.3.7 Heart failure

This doesn't mean that the heart stops beating. Heart failure, sometimes called
congestive heart failure, means the heart isn't pumping blood as well as it should.
The heart keeps working, but the body's need for blood and oxygen isn't being
met. Heart failure can get worse if it's not treated. A clinical syndrome caused by
the inability of the heart to supply sufficient blood to the tissues to meet their
metabolic requirements [Shanthi 2011].

2.1.3.8 Pulmonary heart disease

A failure at the right side of the heart with respiratory system involvement
[Shanthi 2011].

2.1.3.9 Inflammatory heart disease

Endocarditis inflammation of the inner layer of the heart, the endocardium. The
structures most commonly involved are the heart valves. Inflammatory
cardiomegaly —Myocarditis — inflammation of the myocardium, the muscular
part of the heart [Shanthi 2011].
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2.1.3.10 Valvular heart disease

When heart valves don't open enough to allow the blood to flow through as it
should, it's called stenosis. When the heart valves don't close properly and allow
blood to leak through, it's called regurgitation. When the valve leaflets bulge or
prolapse back into the upper chamber, it‘s a condition called mitral valve
prolapse. When this happens, they may not close properly. This allows blood to
flow backward through them [Shanthi 2011].

2.1.3.11Congenital heart disease
Heart structure malformations existing at birth [Shanthi 2011].

2.1.3.12 Rheumatic heart disease — Arrhythmia

This is an abnormal rhythm of the heart. There are various types of arrhythmias.
The heart can beat too slowly, too fast or irregularly.

Bradycardia is when the heart rate is less than 60 beats per minute. Tachycardia
iIs when the heart rate is more than 100 beats per minute. An arrhythmia can
affect how well the heart works. The heart may not be able to pump enough
blood to meet the body's needs. Heart muscles and valves damage due to
rheumatic fever caused by Streptococcus pyogenic a group A streptococcal
infection [Shanthi 2011].

2.1.4 Risk factors

There are many risk factors for heart diseases: age, gender, tobacco use, physical
Inactivity, excessive alcohol consumption, unhealthy diet, obesity, genetic
predisposition and family history of cardiovascular disease, raised blood pressure
(hypertension), raised blood sugar (diabetes mellitus), raised blood cholesterol
(hyperlipidemia), psychosocial factors, poverty and low educational status, and
air pollution. While the individual contribution of each risk factor varies between
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different communities or ethnic groups the overall contribution of these risk
factors is very consistent. Some of these risk factors, such as age, gender or
family history/genetic predisposition, are immutable; however, many important
cardiovascular risk factors are modifiable by lifestyle change, social change, drug
treatment (for example prevention of hypertension, hyperlipidemia, and diabetes)
. People with obesity are at increased risk of atherosclerosis of the coronary

arteries

[Shanthi 2011, Hawken 2004, McPhee, Stephen 2012]

2.1.4.1 Genetics

Genetic factors influence the development of cardiovascular disease in men who
are less than 55 years-old and in women who are less than 65 years old [Hawken
2004]. Cardiovascular disease in a person's parents increases their risk by 3 fold.
2.1.4.2 Age

It is by far the most important risk factor in developing cardiovascular or heart
diseases, with approximately a tripling of risk with each decade of life. Coronary
fatty streaks can begin to form in adolescence. It is estimated that 82 percent of
people who die of coronary heart disease are 65 and older. At the same time, the
risk of stroke doubles every decade after age 55[Eckel 2017, Kathiresan2012,
Nikpay 2016 and MacRae,et al 2016].

Multiple explanations have been proposed to explain why age increases the risk
of cardiovascular/heart diseases. One of them is related to serum cholesterol
level. In most populations, the serum total cholesterol level increases as age
increases. In men, this increase levels off around age 45 to 50 years. In women,
the increase continues sharply until age 60 to 65 years [Finegold et al 2012].
Aging is also associated with changes in the mechanical and structural properties

of the vascular wall, which leads to the loss of arterial elasticity and reduced
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arterial compliance and may subsequently lead to coronary artery disease
[Finegold et al 2012].

2.1.4.3 Sex

Men are at greater risk of heart disease than pre-menopausal women. Once past
menopause, it has been argued that a woman's risk is similar to a man's although
more recent data from the WHO and UN disputes this. If a female has diabetes,
she is more likely to develop heart disease than a male with diabetes [D'Adamo
et al 2015].

Coronary heart diseases are 2 to 5 times more common among middle-aged men
than women. In a study done by the World Health Organization, sex contributes
to approximately 40% of the variation in sex ratios of coronary heart disease
mortality. Another study reports similar results finding that gender differences
explains nearly half the risk associated with cardiovascular diseases. One of the
proposed explanations for gender differences in cardiovascular diseases is
hormonal difference. Among women, estrogen is the predominant sex hormone.
Estrogen may have protective effects on glucose metabolism and hemostatic
system, and may have direct effect in improving endothelial cell function. The
production of estrogen decreases after menopause, and this may change the
female lipid metabolism toward a more atherogenic form by decreasing the HDL
cholesterol level while increasing LDL and total cholesterol levels [Mackay et al
2004].

Among men and women, there are notable differences in body weight, height,
body fat distribution, heart rate, stroke volume, and arterial compliance. In the
very elderly, age-related large artery pulsatility and stiffness is more pronounced

among women than men. This may be caused by the women's smaller body size.

17



2.1.4.4Tobacco

Cigarettes are the major form of smoked tobacco. Risks to health from tobacco
use result not only from direct consumption of tobacco, but also from exposure to
second-hand smoke. Approximately 10% of cardiovascular disease is attributed
to smoking; however, people who quit smoking by age 30 have almost as low a
risk of death as never smokers [GBD 2015].

2.1.4.5 Physical inactivity

Insufficient physical activity (defined as less than 5 x 30 minutes of moderate
activity per week, or less than 3 x 20 minutes of vigorous activity per week) is
currently the fourth leading risk factor for mortality worldwide. In 2008, 31.3%
of adults aged 15 or older (28.2% men and 34.4% women) were insufficiently
physically active. The risk of ischemic heart disease and diabetes mellitus is
reduced by almost a third in adults who participate in 150 minutes of moderate
physical activity each week (or equivalent). In addition, physical activity assists
weight loss and improves blood glucose control, blood pressure, and lipid profile
and insulin sensitivity. These effects may, at least in part, explain its
cardiovascular benefits [GBD 2015].

2.1.4.6 Diet

High dietary intakes of saturated fat, trans-fats and salt, and low intake of fruits,
vegetables and fish are linked to cardiovascular risk, although whether all these
associations are a cause is disputed. The World Health Organization attributes
approximately 1.7 million deaths worldwide to low fruit and vegetable
consumption.

The amount of dietary salt consumed is also an important determinant of blood
pressure levels and overall cardiovascular risk.

[GBD 2015].
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2.1.4.7 Socioeconomic disadvantage

Cardiovascular disease affects low- and middle-income countries even more than
high-income countries. There is relatively little information regarding social
patterns of cardiovascular disease within low- and middle-income countries, but
within high income countries low income and low educational status are
consistently associated with greater risk of cardiovascular disease. [Morenga
2014, Micha, Renata 2012, Kenneth 2010].

2.1.4.8 Air pollution

Particulate matter has been studied for its short- and long-term exposure effects
on cardiovascular disease. Currently, PM, s is the major focus, in which gradients
are used to determine CVD risk. For every 10 ;,Lg/m3 of PM,s long-term
exposure, there was an estimated 8-18% CVD mortality risk. [World Health
Organization (2011, Mariachiara 2013, Mackenbach 2000].

2.1.4.9 Occupational exposure

Little is known about the relationship between work and cardiovascular disease,
but links have been established between certain toxins, extreme heat and cold,
exposure to tobacco smoke, and mental health concerns such as stress and
depression [World Health Organization 2008].

2.1.4.10 Chemical risk factors

The risk of stroke was also increased by exposure to ionizing radiation.
Hypertension develops more often in those who experience job strain and who
have shiftwork. Differences between women and men in risk are small, however
men risk suffering and dying of heart attacks or stroke twice as often as women
during working life [World Health Organization 2008].
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2.1.4.11 Non-chemical risk factors

A 2017 SBU report found evidence that workplace exposure to silica dust, engine
exhaust or welding fumes is associated with heart disease. Associations also exist
for exposure to arsenic, benzopyrenes, lead, dynamite, carbon disulphide, carbon
monoxide, metalworking fluids and occupational exposure to tobacco smoke.
Working with the electrolytic production of aluminium or the production of
paper when the sulphate pulping process is used is associated with heart disease.
An association was also found between heart disease and exposure to compounds
which are no longer permitted in certain work environments, such as phenoxy
acids containing TCDD (dioxin) or asbestos

[World Health Organization 2011, Mariachiara 2013].

2.1.4.12 Somatic mutations

As of 2017, evidence suggests that certain leukemia-associated mutations in
blood cells may also lead to increased risk of cardiovascular disease. Several
large-scale research projects looking at human genetic data have found a robust
link between the presence of these mutations, a condition known as clonal
hematopoiesis, and cardiovascular disease-related incidents and mortality.
Population-based studies show that atherosclerosis, the major precursor of
cardiovascular disease, begins in childhood [Mukamal 2010].

2.1.5 Cardiovascular risk assessment

Existing cardiovascular disease or a previous cardiovascular event, such as a
heart attack or stroke, is the strongest predictor of a future cardiovascular event.
Age, sex, smoking, blood pressure, blood lipids and diabetes are important
predictors of future cardiovascular disease in people who are not known to have
cardiovascular disease. These measures, and sometimes others, may be combined
into composite risk scores to estimate an individual's future risk of cardiovascular

disease. They include family history, coronary artery calcification score, high
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sensitivity C-reactive protein (hsCRP), ankle—brachial pressure index, lipoprotein
subclasses and particle concentration, lipoprotein(a), apolipoproteins A-1 and B,
fibrinogen, white blood cell count, homocysteine, N-terminal pro B-type
natriuretic peptide (NT-proBNP), and markers of kidney function. High blood

phosphorus is also linked to an increased risk [Mukamal, Kenneth 2010].
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2.1.6 Overview of X-ray Computed Tomography

The development of computed tomography (MSCT), resulting in widespread
clinical use of CT scanning by the early1980s, was a major breakthrough in
clinical diagnosis. The primary advantage of( MSCT) was the ability to obtain
thin cross-sectional axial images, with improved spatial resolution over
echocardiography, nuclear medicine, and magnetic resonance imaging. This
imaging avoided super position of three-dimensional (3-D) structures onto a
planar 2-D representation, as is the problem with conventional projection X-ray
(fluoroscopy). The increased contrast resolution of (MSCT) is the reason for its
increase insensitivity for atherosclerosis and coronary artery disease (CAD).
Localization of structures (in any plane) is more accurate and easier with
tomography than with projection imaging like fluoroscopy. Furthermore, the
images, which are inherently digital and thus quite robust, are amen able to 3D
computer reconstruction, allowing for ultimately nearly an infinite number of
projections [Metin et al 2013].

The basic principle of (MSCT) is that a fan-shaped, thin x ray beam passes
through the body at many angles to allow for cross-sectional images. The
corresponding X-ray transmission measurements are collected by a detector
array. Information entering the detector array and X ray beam itself is collimated
to produce thin sections while avoiding unnecessary photon scatter (to keep
radiation exposure and image noise to a minimum). The data recorded by the
detectors are digitized into picture elements (pixels) with known dimensions. The
gray-scale information contained in each individual pixel is reconstructed
according to the attenuation of the X-ray beam along its path using a standardized
technique termed filtered back projection. Gray-scale values for pixels within the
reconstructed tomogram are defined with reference to the value for invention of
the (MSCT) scanner in the late 1960s. Since (MS CT) uses X-ray absorption to
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create images, the differences in the image brightness at any point will depend on
physical density and the presence of atoms with a high difference in anatomic
number like calcium, and soft tissue and water. The absorption of the X-ray beam
by different atoms will cause differences in (MSCT) brightness on the resulting
image. Blood and soft tissue (in the absence of vascular contrast enhancement)
have similar density and consist of similar proportions of the same atoms
(hydrogen, oxygen, carbon).

Bone has an abundance of calcium. Fat has an abundance of hydrogen. Lung
contains air which is of extremely low physical density. The higher the density,
the brighter the structure on (MSCT). Calcium is bright white, air is black, and
muscle or blood is gray. Computed tomography, therefore, can distinguish blood
from air, fat and bone but not readily from muscle or other soft tissue. The
densities of blood, myocardium, thrombus, and fibrous tissues are so similar in
their (MS CT) number, that non-enhanced (MSCT) cannot distinguish these
structures. Thus, the ventricles and other cardiac chambers can be seen on non-
enhanced (MSCT), but delineating the wall from the blood pool is not possible.
Due to the thin wall which does not contribute significantly to the total measured
volume, the left and right atrial volumes can be accurately measured on
noncontrast (MSCT) [Matthew et al].

The higher spatial resolution of (MSCT) allows visualization of coronary arteries
both with and without contrast enhancement. The ability to see the coronary
arteries on anon-contrast study depends upon the fat surrounding the artery (of
lower density, thus more black on images), providing a natural contrast between
the myocardium and the pericardial artery. Usually, the entire course of each
coronary artery is visible on non-enhanced scans. The major exception is
bridging, when the coronary artery delves into the myocardium and cannot bed is

distinguished without contrast. The distinction of blood and soft tissue (such as
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the left ventricle, where there is no air or fat to act as a natural contrast agent)
requires injection MSCT is a highly accurate diagnostic modality for congenital
heart diseases, obviating the need for invasive modalities. Beside its noninvasive
nature, the advantage of (MSCT) over the angiography is its ability to provide
detailed anatomical information about the heart, vessels, lungs and intra-

abdominal organs.

2.1.6.1 Cardiac CT
Cardiac computed tomography (MSCT) provides image slices or tomograms of

the heart. (MSCT) technology has significantly improved since its introduction
into clinical practice in 1972. Current conventional scanners used for cardiac and
cardiovascular imaging now employ either a rotating X-ray source with a
circular, stationary detector array (spiral or helical CT) or a rotating electron
beam (EBCT).The biggest issue with cardiac imaging is the need for both spatial
and temporal resolution. Cardiac magnetic resonance (MR) has been an emerging
technique for almost two decades, making little progress toward widespread
utilization over this time. Temporal resolution (how long it takes to obtain an
image) is inversely related to spatial resolution with cardiac MR. Improving the
MR spatial resolution requires prolonging the imaging time. This greatly limits
the ability to focus with precision on moving objects, as the viewer needs to
settle for either a high resolution image plagued by cardiac motion, or a low
resolution image with no motion artifacts. Cardiac CT does not suffer from this
inverse relationship, and allows for both high spatial and temporal resolution.
Electron beam CT (EBCT — described in detail below) allows for high resolution
imaging at 50-100 milliseconds (ms). Multidetector (MDCT), with improved
spatial resolution, allows for rotation speeds now on the order of 330—-400ms.
Thus, EBCT has the best temporal resolution, (MDCT) the best spatial
resolution, and cardiac MR is generally the worst in each category (although in
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nonmoving structures such as the spine, MR, which is inherently a 3-D method,
is capable of spatial resolution on the order of microns). The most distinct
advantage of cardiac (MSCT) over cardiac MR is the improved spatial
resolution. The best resolution reported by a cardiac MR study (using the
strongest magnet -3 teslas) demonstrated resolution in the x-, y- and z-axes of 0.6
¥ 0.6 ¥ 3 mm [BudoffM et al 1999]. The best resolution offered by cardiac CT is
0.35 ¥ 0.35 ¥ 0.5mm, which is almost a factor of 10 better spatial resolution and
approaching the ultimate for 3D tomography of nearly cubic (isentropic)
—voxelsl — or volume elements. As we consider non-invasive angiography with
either (MSCT) or MR, we need to remember that both spatial and temporal
resolution is much higher with traditional invasive angiography.
Reconstruction algorithms and multi-—headl detectors common to both current
electron beam and spiral/helical (MSCT) have been implemented enabling
volumetric imaging, and multiple highquality reconstructions of various volumes
of interest can be done either prospectively or retrospectively, depending on the
method. The details of each type of scanner and principles of use will be
described in detail [StuberMet al 2002].
2.1.6.2 (MSCT) Methods
Sub-second (MSCT) scanners use a rapidly rotating X-ray tube and several rows
of detectors, also rotating. The tube and detectors are fitted with slip rings that
allow them to continuously move through multiple 360° rotations. The “helical” or
“spiral” mode is possible secondary to the development of this slip-ring
interconnect. This allows the X-ray tube and detectors to rotate continuously during
image acquisition since no wires directly connect the rotating and stationary
components of the system (i.e. no need to unwind the wires). This slip-ring
technology was a fund a mental breakthrough in conventional (MSCT) performing

continuously move through multiple 360° rotations. The “helical” or “spiral” mode
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Is possible secondary to the development of this slip-ring interconnect. This allows
the X-ray tube and detectors to rotate continuously during image acquisition since
no wires directly connect the rotating and stationary components of the system.
This slip-ring technology was a fundamental breakthrough in conventional
(MSCT) performing single slice scanning in the 1980s to rapid multislice scanning
in the 21st century. With gantry continuously rotating, the table moves the patient
through the imaging plane at a predetermined speed. The relative speed of the
gantry rotation table motion is the scan pitch. Pitch is calculated as table speed
divided by collimator width. Thus, moving the table faster will lead to wider slices
and vice versa. A low pitch (low table speed or wide slices) allows for overlapping
data from adjacent detectors. Most commonly, physicians use a low table speed
and thin imaging, leading to a lot of images, each very thin axial slices which are of
great value for imaging the heart with high resolution. The downside is that the
slower the table movement the higher the radiation exposure. [Carr et al2005].

The smooth rapid table motion or pitch in helical scanning allows complete
coverage of the cardiac anatomy in 5 to 25 seconds, depending on the actual
number of multirow detectors. The current generation of (MSCT) systems
complete a 360° rotation in about 3-4 tenths of a second and are capable of
acquiring 4-64 sections of the heart simultaneously with electrocardiographic
(ECG) gating in either a prospective or retrospective mode. (MSCT) differs from
single detector-row helical or spiral (MSCT) systems principally by the design of
the detector arrays and data acquisition systems, which allow the detector arrays to
be configured electronically to acquire multiple adjacent sections simultaneously.
For example, in 16-row MDCT systems, 16 sections can be acquired at either 0.5—
0.75 or 1-1.5mm section widths or 8 sections 2.5mm thick.

In MDCT systems, like the preceding generation of single-detector-row helical

scanners, the X-ray photons are generated within a specialized X-ray tube mounted
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on a rotating gantry. The patient is centered within the bore of the gantry such that
the array of detectors is positioned to record incident photons after traversing the
patient. Within the X-ray tube, a tungsten filament allows the tube current to be
increased (mA), which proportionately increases the number of X-ray photons for
producing an image. Thus, heavier patients can have increased mA, allowing for
better tissue penetration and decreased image noise. One of the advantages of
MDCT over EBCT is the variability of the mA settings, thus increasing the
versatility for general diagnostic (MSCT) in nearly all patients and nearly all body
segments.

For example, the calcium scanning protocol employed in the National Institutes
of Health (NIH) Multi-Ethnic Study of Atherosclerosis is complex. Scans were
performed using prospective ECG gating at 50% of the cardiac cycle, 120kV,
106mAs, 2.5mm slice collimation, 0.5s gantry rotation, and a partial scan
reconstruction resulting in a temporal resolution of 300ms. Images were
reconstructed using the standard algorithm into a 35cm display field of view. For
participants weighing 100kg (2201b) or greater, the milliampere (mA) setting was
increased by 25%. [Nieman et al.2008].

2.1.6.3 Post processing Technique

The interpretation of cardiac CT angiographic studies performed with
multidetector scanners requires real-time interaction with the volumetric data set
that is generated. Consequently, radiologists must become proficient with

workstation applications and post processing techniques [Nieman et al.2008].
2.1.6.3.1 Multiplanar Reformation

MPR is the basic tool used to interpret cardiac CT angiographic studies. With use
of retrospective electrocardiographic gating, data from specific phases of the
cardiac cycle are retrospectively referenced to the electrocardiogram for

reconstruction. Once the reconstruction is complete, the data are transferred
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directly to the workstation. The radiologist then interfaces with the reconstructed
series in real time at the workstation. Because of variations in the orientation of
the heart in the thorax, it is often useful to evaluate cardiac structures along the
cardiac planes. The multiplanar capabilities of the workstation allow images of
the heart and coronary arteries to be manually rotated for optimal evaluation of
the cardiac anatomy. Most workstations with cardiac analysis capabilities can
automatically orient volumetric image data sets along the cardiac axes and into
the traditionally used cardiac planes (ie, short-axis, horizontal long-axis, vertical
long-axis) with the click of a button. This feature is especially useful for
evaluating the cardiac chambers and left ventricular (LV) function. Selected
reformatted images are sent to the picture archiving and communication system
(PACS) for review by the referring clinicians and for long-term storage [Ropers
et al.2003].

2.1.6.3.2 Maximum Intensity Projection

MIP is a post processing technique that takes the highest-attenuation voxel in a
predetermined slab of data and projects it from the user toward the viewing
screen, resulting in a two dimensional image. MIP images are similar to
traditional angiograms, which display intraluminal opacity values [Baum
al.2003].

Only the highest attenuation objects, typically contrast material and bone, are
preferentially displayed and retained in the image. The limitation of MIP images
Is that they lack depth and spatial information regarding relationships to adjacent
structures. However, they can allow quick assessment for significant coronary

artery stenosis [Lawler 2005].
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2.1.6.3.3 Volume Rendering

VR is a 3D technique in which the CT attenuation values for each voxel can be
assigned a specific color [Lawler 2005], thereby producing an overall image of
the heart. VR is the only true 3D technique and provides the depth and spatial
information that is lacking with MIP. VR techniques facilitate surface evaluation
of the heart and coronary arteries. With respect to diagnosis, we have found this
technique to be the most useful for evaluating complex anatomy, including

coronary artery anomalies, bypass grafts, and fistulas [Lawler 2005].

2.1.6.3.4 Curved Reformation

Because normal coronary arteries are often tortuous, accurate evaluation requires
assessment of the entire vessel along its center line. Curved reformatted images
provide this capability by sampling a given volume (ie, artery) along a
predefined curved anatomic plane. Most cardiac workstations have software
capable of automatically determining the center line of each coronary artery and
display the entire length of the artery on a single curved reformatted image
[Cody 2002]. This type of reformation is especially helpful in patients with
bypass grafts and highly tortuous coronary arteries [Gruden 2005].
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2.2 Literature review and previous studies

Shema et-al 2011 studied assessment of coronary arteries appearance with MSCT
and cardiac catheterization and said the aim of this study was to assess the
appearance of the coronary artery (appearance, pathological change and the most
coronary artery effect by pathology) by using multi-slice angio (CT scan 64
slice) and cardiac catheterization and to know the best way to do this exam and
to know the importance, characteristic and limited from the other exam witch
evaluate the risk factor in coronary artery.

Study was done in Royal scan center in Khartoum and retrospective data front

King Fahad cardiac center in Kingdom of Saudi Arabia "Riyadh". The study

sample was 50 patients, 30 of them underwent to CCTA and 20 of them

underwent to cardiac catheterization by vein.

In the study the positive patient who diagnosed by CCTA were 17(56.6%) from
CCTA group 11(64.7%) of them have Ca deposits, 4(23.5%) have coronary artery
stenosis and 2(11.7%) have congenital anomalies. the rest of the CCTA group are
Normal in configuration. The positive patient who diagnosed by cardiac
catheterization 6(30%) from this group have Ca stenosis, the rest of the group are
normal. Also the capable to dispose many type of pathology by use CCTA like
calculate Ca scoring in any coronary artery witch that difficult to detect by cardiac
catheterization and other exams specifically and that cannot complete the CCTA if
it‘'s in high level because there are more risk factor and guaranty the image
quality.

The study showed that the most affected branches were as follows LAD have the

most risk factor by any why that risk in percentage 43.50%, RCA 30.40%, LCX

21.7%, WA 4.4% the lasted one is PDA in percentage near to zero. Both

technique (CCTA and cardiac catheterization) perform good visualized of larger

30



coronary arteries branches, but cardiac catheterization visualized smaller
branches better than CCTA.

Wafa et-al 2010 said that this is a descriptive hospital-based study conducted to
evaluate the cardiac Imaging examinations for patients undergo -cardiac
catheterization in fluoroscopy examination in Sudan Heart Center.

Patients subjected to cardiac catheterization in Sudan Heart Center, done mainly
on adults (Males or Females), 50 patients were studied, the data obtained was
analyzed by using the Statistical Package for Social Science (SPSS), and then
results were presented as tables and graphs of 50 patients male to female ratio
was 1.8: 1.0, The most frequent complain recorded among patients done cardiac
catheterization is chest pain 25(50%), distribution of diabetes mellitus and to
gender showed that, they are more common among hypertension according
females 33(66%) and 40(80%) for males. Complication represented 26(52%),
while 20(40%) showed no complications. Findings showed Chest X-ray only has
no value to confirm the diagnosis of heart disease while ECG and
Echocardiography have similar value in the diagnosis of heart disease. Positive
family history of DM and HTN were very common and indicates their
effectiveness. The most Troponin value rest were positive in patients who suffer
from unstable angina.Cardiac Catheterization should be done for patients after
the assessment more than one imaging modalities.

Mirghany et al 2013 found that Coronary heart disease is the most common cause
of death in the general population. Multi detector Computed Tomography
(MDCT) is noninvasive technique and can study the entire coronary artery tree
during a single imaging session. The aims of this study were to characterize
coronary arteries in patients who were clinically diagnosed to have coronary
artery disease (CAD) using (MDCT) 256 slices, and to compare the findings with

other cardiac examinations outcome. The study was done at King Fahad
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Specialist Hospital-Algaseem- KSA during the period from January to May 2013
A total of 102 patients, 63(61.76%) males, and 39 (38.24 %) females were
included. All patients with pre-test probability of CAD underwent coronary CT
angiography with beta-blockers were administered prior to the scan, and other
cardiac investigations were obtained. Patient's age, gender, BMI, weight,
Cholesterol level, Hypertension, Diabetes Mellitus, chest pain types, Calcium
scoring, were evaluated and correlated with the CT findings and other cardiac
investigation results. The evaluated arteries were Left Main Artery (LMA), Left
Anterior Descending artery (LAD), Right Coronary Artery (RCA), and Left
Circumference Artery (LCA) and were observed for plagues characterization,
occlusion or stenosis. A significant association was detected between the CT
plagues morphology and BMI, Hyper tension and calcium score at P-value <
0.05. Patients with normal findings in ECG 53 (57.6%) Echocardiography
58.0(76.3%) and Myocardial Perfusion Imaging (MPI1) 2(25.0%) were found to
have positive cardiac disease in CTA. Echocardiography is able to characterize
atrial filibration, Heart failure, Ventricle diseases, and Valve stenosis and has
significant association with gender P-value 0.022 and BMI P-value
0.042.Myocardial Perfusion Imaging results showed the cardiac function and
ejection fraction. No significant association was found between CT findings in
coronary arteries and MPI results at P-value 0.789. Coronary CTA disclose
diseases in arteries (98.5%), heart anomalies or valve disease 3(3%), plaques
with significant stenosis 4(4%), plaque without significant stenosis 11(10.9%),
stenosis without plaques 14 (14%) and total occlusion 1(1%). In relation to other
cardiac tests; cardiac ischemic changes can be detected in ECG, MPI and Echo
cardiography. Association between CT Plague Characteristics and Invasive
Coronary Arteries results were significant for LAD and RCA at P-value 0.05.

Coronary CTA is a promising non-invasive technique and is highly
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recommended for characterization of Coronary Arteries and diagnosis the CAD;
it could be of great value prior to invasive coronary angiography, although ECG,
Echocardiography and MPI (SPECT) are better in studying function.

Sedaghat et-al said that Cardiac dual-source computed tomography (DSCT) is
primarily used for coronary arteries. There are limited studies about the
application of DSCT for congenital heart diseases. The aim of this study was to
determine the diagnostic value of DSCT in the cardiac anomalies. The Material
and Methods are the images of DSCTs and conventional angiographies of 36
patients (21 male; mean age: 8.5 month) with congenital heart diseases were
reviewed and the parameters of diagnostic value of these methods were
compared. Cardiac surgery was the gold standard. The Results was a total of 105
cardiac anomalies were diagnosed at surgery. Sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy of DSCT were 98.25%,
97.9%, 98.1%, 99.07%, and 98.2%, respectively. The corresponding values of
angiography were 95.04%, 98.7%, 97.8%, 98.1%, and 98%, respectively. Only
one atrial septal defect (ASD) and two patent ductus arteriosus (PDA) were
missed by DSCT. Angiography missed two ASD and two PDA. DSCT also
provided important additional findings (n=35) about the intrathoracic or intra-
abdominal organs.

Zhong et al 2009 studied the Multi-slice computed tomography angiography in
the diagnosis of coronary artery disease and said that Multi-slice CT angiography
represents one of the most exciting technological revolutions in cardiac imaging
and it has been increasingly used in the diagnosis of coronary artery disease.
Rapid improvements in multi-slice CT scanners over the last decade have
allowed this technique to become a potentially effective alternative to invasive
coronary angiography in patients with suspected coronary artery disease. High

diagnostic value has been achieved with multi-slice CT angiography with use of

33



64- and more slice CT scanners. In addition, multi-slice CT angiography shows
accurate detection and analysis of coronary calcium, characterization of coronary
plaques, as well as prediction of the disease progression and major cardiac
events. Thus, patients can benefit from multi-slice CT angiography that provides
a rapid and accurate diagnosis while avoiding unnecessary invasive coronary
angiography procedures. The aim of this article is present an overview of the
clinical applications of multi-slice CT angiography in coronary artery disease
with a focus on the diagnostic accuracy of coronary artery disease; prognostic
value of coronary artery disease with regard to the prediction of major cardiac
events; detection and quantification of coronary calcium and characterization of
coronary plaques. Limitations of multi-slice CT angiography in coronary artery

disease are also briefly discussed, and future directions are highlighted.

Gilbert et-al studied the Diagnostic Accuracy of Noninvasive Coronary
Angiography Using 64-Slice Spiral Computed Tomography their objectives was
to evaluate the diagnostic accuracy of multi-slice computed tomography (MSCT)
coronary angiography using a new 64-slice scanner. The new 64-slice MSCT
scanner has improved spatial resolution of 0.4 mm and a faster rotation time (330
ms) compared to prior MSCT scanners. They studied 70 consecutive patients
undergoing elective invasive coronary angiography. Patients were excluded for
atrial fibrillation, but not for high heart rate, coronary calcification, or obesity.
All vessels were analyzed, including those 1.5 mm in diameter; MSCT lesions
were analyzed quantitatively as well as by a qualitative scale and compared to
quantitative coronary angiography (QCA). Results were also analyzed for
significant coronary stenosis (over 50% luminal narrowing) by segment, by
artery, and by patient.

The result was all scans showed diagnostic image quality. Of 1,065 segments,
935 (88%) could be evaluated, and 773 of 935 (83%) could be assessed

34



quantitatively by both MSCT and QCA. The Spearman correlation coefficient
between MSCT and QCA was 0.76 (p _ 0.0001).

Bland 2012 analysis demonstrated a mean difference in percent stenosis of 1.3 -
14.2%.A total of 26% of patients had calcium scores above 400 Agatston U, 25%
had heart rates 70beats/min, and 50% were obese. Specificity, sensitivity, and
positive and negative predictive values for the presence of significant stenosis
were: by segment (n - 935), 86%, 95%, 66%, and 98%, respectively; by artery (n
- 279), 91%, 92%, 80%, and 97%, respectively; by patient (n - 70), 95%, 90%,
93%, and 93%, respectively. The results indicate high quantitative and
qualitative diagnostic accuracy of 64-slice.

Sebastian et-al studied MSCT coronary angiography with 64-slice. The aim of
the study was to investigate the accuracy of 64-slice computed tomography (CT)

for assessing hemodynamically significant stenosis of coronary arteries.

CT angiography was performed in 67 patients (50 male, 17 female; mean
age60.1+10.5 years) with suspected coronary artery disease and compared with
invasive coronary angiography. All vessels -1.5 mm were considered for the
assessment of significant coronary artery stenosis (diameter reduction .50%).
Forty-seven patients were identified as having significant coronary stenosis on
invasive angiography with 18% (176/1005) affected segments. None of the
coronary segments needed to be excluded from analysis. CT correctly identified
all 20 patients having no significant stenosis on invasive angiography. Overall
sensitivity for classifying stenosis was 94%, specificity was 97%, positive
predictive value was 87%, and negative predictive value was 99%.Conclusion
Sixty-four-slice CT provides a high diagnostic accuracy in assessing coronary
artery stenosis.
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Wang et-al 2013 studied the Characterization of the cardiac venous system in
heart failure patients using 256-slice CT the objective was to review the
histopathologic classification of coronary atherosclerotic plaques and describe
the possibilities and limitations of CT regarding the evaluation of coronary artery
plaques.

The composition of atherosclerotic plaques in the coronary arteries displays
substantial variability and is associated with the likelihood for rupture and
downstream ischemic events. Accurate identification and quantification of
coronary plaque components on CT is challenging because of the limited
temporal, spatial, and contrast resolutions of current scanners. Nonetheless, CT
may provide valuable information that has potential for characterization of
coronary plaques. For example, the extent of calcification can be determined,
lipid-rich lesions can be separated from more fibrous ones, and positive
remodeling can be identified.

John W. Nance e-al studied Coronary Atherosclerosis in African American and
White Patients with acute Chest Pain: Characterization with Coronary CT
Angiography

Result-based studies indicate higher prevalence of cardiovascular disease and
coronary artery disease (CAD) and higher disease-specific mortality rates among
African Americans than among white individuals. Yet the coronary artery
calcium level, which is considered a marker of atherosclerosis, consistently has
been shown to be lower in African American patients than in white patients.
Histopathologic studies have revealed that atherosclerosis is less characterized by
calcium deposition and vascular remodeling in African Americans than in white
individuals, suggesting that there are path genetic differences between these
populations that are insufficiently reflected by the coronary artery calcium

burden. Plague composition is an important determinant of lesion vulnerability.
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Accordingly, a more comprehensive comparison of the atherosclerotic burden
according to race is warranted.

Coronary computed tomographic (CT) angiography enables the detection of
obstructive and nonobstructive atherosclerotic lesions and the differentiation of
calcified versus noncalcified plague components. Thus, the purpose of this study
was to use coronary CT angiography to compare the prevalence, extent, and
composition of coronary atherosclerotic lesions in African American and white
patients with acute chest pain in summary, our findings indicate a similar overall
atherosclerotic burden between symptomatic African American and white
patients but differences in plaque composition. The prevalence of noncalcified
plaque, which may be more unstable, was higher among the African Americans
after corrections for baseline differences; however, the prevalence of calcified
plague, which may represent more stable disease, was lower in this group.
Population-based outcome studies are necessary to determine the prognostic
value of these findings.

Matthew Jet-al studied the assessment of Coronary Artery Disease by Cardiac
Computed Tomography. This scientific statement reviews the scientific data for
cardiac computed tomography (CT) related to imaging of coronary artery disease
(CAD) and atherosclerosis. Cardiac CT is a CT imaging technique that accounts
for cardiac motion, typically through the use of ECG gating. Compared with
other imaging modalities, cardiac CT has undergone an accelerated progression
In imaging capabilities over the past decade, and this is expected to continue for
the foreseeable future. As a result, the diagnostic capabilities at times have
preceded the critical evaluation of clinical application. In this statement, the
American Heart Association (AHA) Writing Group evaluates the availabledata

for the application of cardiac CT for CAD.
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The majority of published studies have reported that the total amount of coronary
calcium (usually expressed as the —Agosto scorel) predicts coronary disease
events beyond standard risk factors. Although some registries used self-reported
risk factor data, data from EBCT reports using measured risk factors demonstrate
incremental risk stratification beyond the Framingham Risk Score (FRS). These
studies demonstrate that CACP is both independent of and incremental with
respect to traditional risk factors in the prediction of cardiac events These studies
may have been subject to referral bias, as a positive test may have been the
rationale for subjecting the patient to the invasive angiogram. More comparison
work between modalities is clearly needed. A positive cardiac CT examination in
which any CACP is identified is nearly 100% specific for athermanous coronary
plague. CACP can develop early in the course of subclinical atherosclerosis and
can be identified histologically after fatty streak formation. CACP is present in
the intima of both obstructive and nonobstructive lesions, and thus, the presence
of calcified plague on cardiac CT is not specific to an obstructive lesion. Studies
using intracoronary ultrasound have documented a strong association between
patterns of CACP and culprit lesions in the setting of acute coronary syndromes.

Cardiac CT studies correlating calcified plaque using EBCT technology and
various methods of coronary angiography in more than 7600 symptomatic
patients demonstrate negative predictive values of 96% to 100%, providing
physicians with a high level of confidence that an individual without CACP (total
calcium score=0) does not have obstructive angiographic CAD. The presence of
CACP is extremely sensitive, albeit with reduced specificity, for diagnosing
obstructive CAD (95% to 99%) in patients >40 years of age. A recent study of
1195 patients who underwent CACP measurement with EBCT and myocardial
perfusion single photon emission CT (SPECT) assessment demonstrated that

CACP was often present in the absence of myocardial perfusion scintigraphy
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(MPS) abnormalities (normal nuclear test) and that <2% of all patients with
CACP <100 had positive MPS studies. This is supported by other published
reports and is synthesized in a recent appropriateness criteria statement from the
American Society of Nuclear Cardiology and the American College of
Cardiology. CACP measured by cardiac CT has a high sensitivity and negative
predictive power for obstructive CAD but markedly limited specificity. Because
calcified plaque may be present in nonobstructive lesions, the presence of CACP
In asymptomatic persons does not provide a rationale for revascularization but
rather for risk factor modification and possible further functional assessment.
Clinicians must understand that a positive calcium scan indicates atherosclerosis
but most often no significant stenosis. With exceptions, high-risk calcium scores
(such as an Agatston score >400) are associated with an increased frequency of
perfusion ischemia and obstructive CAD. The absence of coronary calcium is
most often associated with a normal nuclear test in summary, cardiac CT has
been demonstrated to provide quantitative measures of CACP and NCP. CACP,
as determined by cardiac CT, documents the presence of coronary
atherosclerosis, identifies individuals at elevated risk for myocardial infarction
(MI) and CVD death, and adds significant predictive ability to the Framingham
Score (an index of traditional CVD risk factors). Data suggest that cardiac CT
may improve risk prediction, especially in individuals determined to be at
intermediate risk. Data from Greenland et al demonstrated that intermediate-risk
patients with an elevated coronary artery calcium (CAC) score (intermediate FRS
and CAC score >300) had an annual hard event rate of 2.8%, or a 10-year rate of
28%, and thus would be considered high risk. The best estimates of the relative
risk (RR) from this study indicated that a CAC score >300 had a hazard ratio
(HR) of about 4 compared with a score of 0. This would mean that the estimated

risk in the intermediate-risk patient with a CAC score of 0 might be reduced by
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at least 2-fold while the risk of a person with a CAC score of 300+ would be
increased by about 2-fold.

Thus, the person with a high CAC score and intermediate FRS is now reclassified
as high risk.

Yaw 2013 et-al demonstrated the Coronary heart disease (CHD) is the most
prevalent cause of death worldwide. Atherosclerosis which is the condition of
plaque buildup on the inside of the coronary artery wall is the main cause Of
CHD. Rupture of unstable atherosclerotic coronary plaque is known to be the
cause of acute coronary syndrome. The composition of plaque is important for
detection of plaque vulnerability. Due to prognostic importance of early stage
identification, non-invasive assessment of plaque characterization is necessary.
Computed tomography (CT) has emerged as a non-invasive alternative to
coronary angiography. Recently, dual energy CT (DECT) coronary angiography
has been performed clinically. DECT scanners use two different X-ray energies
in order to determine the energy dependency of tissue attenuation values for each
voxel. They generate virtual monochromatic energy images, as well as material
basis pair images. The characterization of plaque components by DECT is still an
active research topic since overlap between the CT attenuations measured in
Plaque components and contrast material shows that the single mean density
might not be an appropriate measure for characterization. This dissertation
proposes feature extraction, feature selection and learning strategies for
supervised characterization of coronary atherosclerotic plaques. In my first study,
| proposed an approach for calcium quantification in contrast-enhanced
examinations of the coronary arteries, potentially eliminating the need for an
extra non-contrast X-ray acquisition.

The ambiguity of separation of calcium from contrast material was solved by
using virtual noncontract images. Additional attenuation data provided by DECT
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provides valuable information for separation of lipid from fibrous plaque since
the change of their attenuation as the energy level changes is different. My
second study proposed these as the input to supervised learners for a more
precise classification of lipid and fibrous plaques. My last study aimed at
automatic segmentation of coronary arteries characterizing plague components
and lumen on contrast enhanced monochromatic X-ray images. This required
extraction of features from regions of interests. This study | proposed feature
extraction strategies and selection of important ones. The results show that
supervised learning on the proposed features provides promising results for

automatic characterization of coronary atherosclerotic plaques by DECT.
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Chapter three

Materials and methods

3.1 Materials
3.1.1 Patient

This study was done at the National Ribat hospital- Omer Sawi complex Royal
scan Diagnostic Centers- Khartoum Sudan) during the period from 2016 to 2018.
The Sample included Sudanese patients with different clinical symptoms. The
patient under went to multi slices CT study for coronary artery angiography and
calcium scoring test by using axial and 3D image.

135 Sudanese patients (73 males and 62females) their ages ranged (16-80) years
were enrolled in the study. Exclusion criteria were patient with unstable angina,
allergic to iodinated contrast material, renal Insufficiency, severe respiratory

function impairment, heart failure and pregnant women.

All patients gave formal written consent approved by the department of
radiology ethics. The demographic parameters including age, sex, and weight.
Patients were categorized into groups of males and females. Ethical clearance
was sought from the Research and Publications Committee of the Sudan
University Khartoum Sudan and permission to conduct the study was obtained
from the Ethics committee department of Radiology. Patients were enrolled after
informed verbal and written consent.

3.1.2 Equipment

CT machines images were conducted using 64-128 slice .All patients had
undergone a contrast material-enhanced, retrospectively electrocardiographically
gated coronary CT angiographic examination, which was performed by using a CT

scanner with the following parameters: (0.5mm, 120 KV, 300-500 MA). Image
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type original \primary \axial .scan option helical ct. Body part examined Chest
Patient position supine scout view AP\LAT. Slice thickness 0.5 mm. Injection
rate 3-5. Protocol name coronary cardiac CT. No gantry detector tilt. X ray tube
current 430 focal sot 1.6\1.4 group pixel spacing. The coronary CT angiographic
examinations were enhanced with 70-100 ml followed by 30 mL of saline
solution, both of which were injected at 6 mL/sec.

Figure 3.2 show the automatic injector
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3.2 Methods
3.2.1 CT Technique

Patient take one capsule of beta blocker one day before the exam one at night and
the last one in the day of the exam morning. Patient fasting at least 6 hours
before the examined patient must to stop smoking and drinking tea and coffee
before the exam we must to see the RFT test and blood pressure. Insure that the
cannula is in vein and also the ECG tools in right side give good instruction to
the patient. The patient is in supine position feet first. Two views were taken AP
and LAT localize the area of the study by laser alignment then the calcium
scoring test was done firstly then CCTA the amount of contrast are about 70-100
ml.

There were CT calcium scoring systems widely used it was the original Agatston
method. The Agatston score method involves multiplication of the calcium area
by a number related to CT density and, in the presence of partial volume artifacts,
can be variable. Also, the Agatston system was designed and is properly used
only when the slice thickness of the scan is 3 mm. A calcium score is reported for
a given coronary artery and for the entire coronary system. ominoopague contrast
agent was used because they are better tolerated by patients and extravasation of
non-ionic contrast agents tends to cause less serious complications .Compared
with dynamic incremental CT, smaller amounts of contrast agent were required .
Due to cost issues, as well as possible decreased nephrotoxicity with lower
contrast amounts, a double power injector was used to facilitate the examination
procedure and to avoid mixing contrast material with the saline solution. The use
of dual-headed injectors (with one filled with contrast and one filled with saline)
allows for reduced contrast requirements and improved uniform opacification of

the coronary tree. When blood flows through a vessel, there is a higher velocity in
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the center of the vessel as compared to the lumen wall. Due to the loss of venous
pressure after injection, as well as the issue of wasted contrast media present in
the tubing and arm vein of the patient during imaging, most centers now utilize a
saline injection to maximize distal contrast opacification without increasing
contrast dose to the patient. Injection of contrast material followed by a saline
solution bolus using a double power injector when performing cardiac CT allows
for more uniform opacification of the cardiac study (more uniform HU from top
of aorta to base of heart) as well as a 20% reduction of contrast material volume
to 60mL with a similar degree of enhancement. In addition, perivenous artifacts in
the superior vena cava (SVC) were significantly reduced.
The patients were asked to good breath-hold during the study because it is most
important, regardless of equipment. The patient were at end-inspiration by the time
the scan begins, and a 1-2-second delay was inherent in the scanner from when the
technologist started the scan and the first images were obtained.

3.2.2 Images interpretation

Well training and experienced CT technician‘s physician knowledgeable in CT
and radiation exposure and cardiac anatomy and pathology experienced
investigators, reading image quality to be excellent, diagnostic, or nondiagnostic.
Excellent image quality was defined as low image noise, with motion-free
delineation of a well contrast-enhanced coronary artery tree. The images were
considered to be nondiagnostic in the presence of severe motion artifacts,
excessive image noise due to morbid obesity, or contrast enhancement that was
insufficient for the reliable delineation of noncalcified plague components.
All patient image were evaluated by expert radiologist reporting on calcium
scoring and other pathology.
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3.2.3 Data collection and analyzed

The data was collected using data sheet which contained the patient name age
weight sex then we take the images to the radiologist for diagnosis. All the data
were analyzed using SPSS program. Categorical data were presented as
frequencies and percentages .Normally distributed continuous data were presented
as means * standard deviations.

The result were displayed as tables and graphs.
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CHAPTER FOUR
THE RESULT



Chapter Four
Results

The following tables and figures presented the results of the study.

Male candidates made up 37 number of the sampled population while the females

made up the rest 62. Age ranged from 62 to 48 years with age 56.28 as the mean

age of the distribution. Table (4. 1) and figure (4.1) gives the summary of the

frequency distribution of sex , while Table (4. 2) figure (4.2)gives the mean

values of the frequency distribution of age.

Because there are many risk factors for heart diseases such as age, gender and
obesity the tables (4.1-4.2-4.3) and figures (4.1-4.2-4.3) shown that.

Table (4. 3) figure (4.3) shows mean values of the frequency distribution of

weight

Table (4.1) frequency distribution of sex

Sex Frequency Percent Valid Percent Cumulative Percent
Female 62 45.9 45.9 45.9
Male 73 54.1 54.1 100.0
Total 135 100.0 100.0
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FEMAL MALE TOTAL

Figure (4.1) frequency distribution of sex

Age group Frequency Percent Valid Percent Cumulative Percent
16-26 years 2 15 15 15
27-37 years 9 6.7 6.7 8.1
38-48 years 19 141 141 22.2
49-59 years 48 35.6 35.6 57.8
60-70 years 43 31.9 31.9 89.6
71-80 years 14 10.4 10.4 100.0
Total 135 100.0 100.0

Min=18, max=80, mean= 56.60, std. Deviation =11.66

Table (4.2) frequency distribution of age group
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Figure (4.2) frequency distribution of age group

The cardiac diseases related with age. The mean age was 56.60 .most of the patient in the range
of 60-70.

Table (4.3) frequency distribution of weight

Weight Frequency Percent Valid Percent Cumulative Percent
40-55 kg 3 2.2 2.2 2.2
56-70 kg 58 43.0 43.0 45.2
71-85kg 55 40.7 40.7 85.9
86-100 kg 19 14.1 14.1 100.0
Total 135 100.0 100.0

Min=40, max=100, means=73.50, Std. Deviation =10.18
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40-55 56:70 71:85 86-100

Figure (4.3) frequency distribution of weight

Table (4.4) frequency distribution of diagnosis

H Total normal Percent Diagnosis up Percent
normal
| 135 39 28.8% |96 71.1%

TOTAL NORMAL UPNORMAL

Figure (4.4) frequency distribution of diagnosis
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Table (4.5) frequency distribution of diagnosis (calcium score)

Diagnosis Frequency Percent Valid Percent Cumulative Percent
Ca score 0 normal 5 37 3.7 15.6
Extensive evidence ca score 1500 1 7 7 40.7
Extensive evidence ca score 1900 1 7 7 415
Extensive evidence ca score 2000 2 15 15 43.0
Extensive evidence Ca score 450 2 15 15 44.4
Extensive evidence Ca score 470 2 15 15 459
Extensive evidence Ca score 480 1 7 T 46.7
Mild evidence ca score 28 1 7 T 51.1
Mild evidence ca score 70 1 7 T 51.9
Minimal evidence ca score 4 1 T 7 52.6
Moderate evidence ca score 178 1 7 T 53.3
Moderate evidence ca score 196 3 2.2 2.2 55.6
Moderate evidence ca score 200 2 15 15 57.0
Moderate evidence ca score 232 1 7 7 57.8
Moderate evidence ca score 243 6 44 44 62.2
Moderate evidence ca score 253 2 15 15 63.7
Total 32 23.7%
TOTAL NORMA MINIM AL MODERATE MILD EXTENS(VE

Figure (4.5) frequency distribution of diagnosis (calcium score)
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Table (4.6) frequency distribution of diagnosis (Atherosclerosis)

Diagnosis Frequency calcified noncalcified mixed Percent Valid Cumulative
Percent Percent
Atherosclerosis 8 5.9 5.9 11.9
5 2 1 6%

TOTAL CALCIFIED NONCALCIFIED MIXED

Figure (4.6) frequency distribution of diagnosis (Atherosclerosis)

Table (4.7) frequency distribution of diagnosis (Coronary stenosis)

Diagnosis Frequency Percent Valid Percent Cumulative Percent
Coronary stenosis 30 22.2 22.2 37.8
Coronary stenosis and rupture 3 2.2 2.2 40.0
24.4%
Seidae e N GRURE

Figure (4.7) frequency distribution of diagnosis (Coronary stenosis)
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Table (4.8) frequency distribution of side of coronary stenosis

Side of coronary Frequency Percent Valid Percent || Cumulative Percent
stenosis

Right 13 9.6 39.4 394
Left 20 14.8 60.6 100.0
Total 33 24.4 100.0

Figure (4.8) frequency distribution of side of coronary stenosis

Table (4.9) frequency distribution of diagnosis (other diseases)

Diagnosis Frequency Percent Valid Percent Cumulative Percent
Aorta calcification 2 15 15 15

Aortic aneurysm 6 4.4 4.4 59

Infarction 5 3.7 3.7 50.4

Pericardial effusion 5 3.7 3.7 67.4
Ventricular aneurysm 5 3.7 3.7 71.1

TOTAL 23 17%
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Figure (4.9) frequency distribution of diagnosis (other diseases)

135 patients successfully underwent the MSCT (73 Males, 62 Females, aged 18-80 years,
average age 56.60 years) Table (4.2).shows demographic characteristics and clinical data of
patients. 33 segments were stenosis and 27 were calcium score positive (Table 4-5 4-7).
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Table (4.10) frequency distribution of features

Feature Frequency Percent Valid Percent Cumulative Percent
Calcified Atherosclerosis 5 3.7 3.7 3.7
Non calcified Atherosclerosis 2 1.5 1.5 62.2
Mixed Atherosclerosis 1 7 T 32.6
Dilation of aorta more than 1.5 5 3.7 3.7 7.4
times ( Aortic aneurysm)

Excessive 2 15 15 8.9
Extensive calcium 9 6.7 6.7 15.6
Mild calcium 2 1.5 1.5 27.4
Minimal calcium 1 T T 31.9
Moderate calcium 15 11.1 111 60.7
Normal calcium 5 3.7 3.7 94.8
Mild 14 10.4 10.4 25.9
Minimal 5 3.7 3.7 311
Moderate 23 17.0 17.0 49.6
Severe 7 5.2 5.2 100.0
Normal 39 28.9 28.9 91.1
Total 135 100.0 100.0
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Figure (4.10) frequency distribution of features
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Table (4.11) cross tabulation sex and diagnosis

Diagnosis Sex Total
Female Male
Aorta calcification 1 1 2
I Aortic aneurysm 1 5 6
Atherosclerosis 4 4 8
Ca score 0 normal 2 3 5
Coronary stenosis 12 18 30
Coronary stenosis and rupture 3 0 3
Extensive evidence Ca score 450 2 0 2
Extensive evidence Ca score 470 0 2 2
I Extensive evidence Ca score 480 0 1 1
Extensive evidence ca score 1500 0 1 1
Extensive evidence ca score 1900 1 0 1
I Extensive evidence ca score 2000 0 2 2
Infarction 2 3 5
Mild evidence ca score 28 1 0 1
Mild evidence ca score 70 0 1 1
Minimal evidence ca score 4 0 1 1
Moderate evidence ca score 178 1 0 1
I Moderate evidence ca score 196 1 2 3
Moderate evidence ca score 200 1 1 2
Moderate evidence ca score 232 0 1 1
Moderate evidence ca score 243 3 3 6
Moderate evidence ca score 253 1 1 2
Normal 20 19 39
Pericardial effusion 2 3 5
I Ventricular aneurysm 4 1 5
Total 62 73 135
P value = 0.527
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Table (4.12) cross tabulation age and diagnosis

Diagnosis Age Total

16-26 years  27-37 years  38-48 years 49-59 years  60-70 years  71-80 years

Aorta calcification 0 0 1 1 0 0 2
Aortic aneurysm 0 1 0 1 3 1 6
Atherosclerosis 0 1 1 5 1 0 8
Ca score 0 normal 0 0 0 1 3 1 5
Coronary stenosis 0 1 5 9 11 4 30
Coronary stenosis and rupture 0 0 0 1 2 0 3
Extensive evidence Ca score 450 0 0 0 1 1 0 2
Extensive evidence Ca score 470 0 0 0 0 2 0 2
Extensive evidence Ca score 480 0 0 1 0 0 0 1
Extensive evidence ca score 1500 0 0 0 1 0 0 1
Extensive evidence ca score 1900 0 0 0 1 0 0 1
Extensive evidence ca score 2000 0 0 1 1 0 0 2
Infarction 0 0 0 2 2 1 5
Mild evidence ca score 28 0 0 0 1 0 0 1
Mild evidence ca score 70 0 0 0 1 0 0 1
Minimal evidence ca score 4 0 0 1 0 0 0 1
Moderate evidence ca score 178 0 0 0 1 0 0 1
Moderate evidence ca score 196 0 0 1 1 1 0 3
Moderate evidence ca score 200 0 0 0 1 0 1 2
Moderate evidence ca score 232 0 0 0 1 0 0 1
Moderate evidence ca score 243 0 0 0 4 0 2 6
Moderate evidence ca score 253 0 1 0 0 1 0 2
Normal 2 5 8 9 13 2 39
Pericardial effusion 0 0 0 2 2 1 5
Ventricular aneurysm 0 0 0 3 1 1 5
Total 2 9 19 48 43 14 135
P value = 0.994
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Table (4.13) cross tabulation weight and diagnosis

Diagnosis Weight Total

40-55 kg 56-70 kg 71-85kg 86-100 kg

Aorta calcification 0 2 0 0 2
Aortic aneurysm 0 2 3 1 6
Atherosclerosis 0 4 2 2 8
Ca score 0 normal 0 1 4 0 5
Coronary stenosis 0 15 12 3 30
Coronary stenosis and rupture 0 1 1 1 3
Extensive evidence Ca score 450 0 0 2 0 2
Extensive evidence Ca score 470 0 0 2 0 2
Extensive evidence Ca score 480 0 0 1 0 1
Extensive evidence ca score 1500 0 0 0 1 1
Extensive evidence ca score 1900 0 0 1 0 1
Extensive evidence ca score 2000 0 1 1 0 2
Infarction 0 3 2 0 5
Mild evidence ca score 28 0 0 0 1 1
Mild evidence ca score 70 0 0 0 1 1
Minimal evidence ca score 4 0 1 0 0 1
Moderate evidence ca score 178 0 0 1 0 1
Moderate evidence ca score 196 0 0 3 0 3
Moderate evidence ca score 200 0 1 1 0 2
Moderate evidence ca score 232 0 0 1 0 1
Moderate evidence ca score 243 0 2 4 0 6
Moderate evidence ca score 253 0 2 0 0 2
Normal 3 21 10 5 39
Pericardial effusion 0 2 1 2 5
Ventricular aneurysm 0 0 3 2 5
Total 3 58 55 19 135
P value = 0.572
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Table (4.14) frequency distribution of branches which affected by coronary stenosis

Branches of CA affected Frequency Percent Valid Percent Cumulative Percent

One 16 11.9 48.5 48.5
Two 16 11.9 48.5 97.0
Three 1 v 3.0 100.0
Total 33 24.4 100.0

ONE TWoO THREE

Figure (4.11) frequency distribution of branches which affected by coronary stenosis
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Table (4.15) cross tabulation features and diagnosis

Diagnosis Feature Total
Calcified  Dialation of aorta more than 1.5 times ~ Excessive  Extensive calcium ~ Mild ~ Mild calcium Minimal ~ Minimal calcium Mixed Moderate  Moderate calcium  Non calcified Norma  Normal calcium Severe
|
I Aorta calcification 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 2 I
I Aortic aneurysm 0 5 0 0 0 0 0 0 0 0 0 0 0 0 1 6 I
I Atherosclerosis 5 0 0 0 0 0 0 0 1 0 0 2 0 0 0 8 I
I Ca score 0 normal 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 5 I
I Coronary stenosis 0 0 0 0 10 0 0 0 0 18 0 0 0 0 2 30 I
I Coronary stenosis and rupture 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 I
I Extensive evidence Ca score 450 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 I
I Extensive evidence Ca score 470 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 I
I Extensive evidence Ca score 480 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 I
I Extensive evidence ca score 1500 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 I
I Extensive evidence ca score 1900 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 I
I Extensive evidence ca score 2000 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 I
I Infarction 0 0 0 0 2 0 2 0 0 1 0 0 0 0 0 5 I
I Mild evidence ca score 28 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 I
I Mild evidence ca score 70 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 I
I Minimal evidence ca score 4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 I
I Moderate evidence ca score 178 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 I
I Moderate evidence ca score 196 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 3 I
I Moderate evidence ca score 200 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 I
I Moderate evidence ca score 232 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 I
I Moderate evidence ca score 243 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 6 I
I Moderate evidence ca score 253 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 I
I Normal 0 0 0 0 0 0 0 0 0 0 0 0 39 0 0 39 I
I Pericardial effusion 0 0 2 0 0 0 0 0 0 3 0 0 0 0 0 5 I
I Ventricular aneurysm 0 0 0 0 2 0 1 0 0 1 0 0 0 0 1 5 I
I Total 5 5 2 9 14 2 5 1 1 23 15 2 39 5 7 135 I

P value =0.000
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CHAPTER FIVE

DISSCUTION CONCLUSION
AND RECOMMENDATIEN



Chapter five

Discussion, conclusion and recommendation

5.1 Discussion

Multi-slice CT angiography represents one of the most exciting technological
revolutions in cardiac imaging and it has been increasingly used in the diagnosis of
coronary artery disease. Rapid improvements in multi-slice CT scanners over the
last decade have allowed this technique to become a potentially effective
alternative to invasive coronary angiography in patients with suspected coronary
artery disease.

There are many risk factors for heart diseases: age, gender, obesity and family
history of cardiovascular disease .While the individual contribution of each risk
factor varies between different communities or ethnic groups the overall
contribution of these risk factors is very consistent. Some of these risk factors,
such as age, gender or family history/genetic predisposition, are immutable;
however, many important cardiovascular risk factors are modifiable by lifestyle
change, social change, drug treatment (for example prevention of hypertension,
hyperlipidemia, and diabetes) .People with obesity are at increased risk of
atherosclerosis of the coronary arteries [Shanthi et al 2011].

Genetic factors influence the development of cardiovascular disease in men who
are less than 55 years-old and in women who are less than 65 years old [Yusuf et
al. 2004]. Cardiovascular disease in a person's parents increases their risk by 3
fold. Multiple single nucleotide polymorphisms (SNP) have been found to be
associated with cardiovascular disease in genetic association studies, but usually
their individual influence is small, and genetic contributions to cardiovascular
disease are poorly understood. Age is by far the most important risk factor in

developing cardiovascular or heart diseases, with approximately a tripling of risk
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with each decade of life. Coronary fatty streaks can begin to form in adolescence.
It is estimated that 82 percent of people who die of coronary heart disease are 65
and older. At the same time, the risk of stroke doubles every decade after age
55[McPhee2012].
Multiple explanations have been proposed to explain why age increases the risk
of cardiovascular/heart diseases. One of them is related to serum cholesterol
level. In most populations, the serum total cholesterol level increases as age
increases. In men, this increase levels off around age 45 to 50 years. In women,
the increase continues sharply until age 60 to 65 years [Finegold et al 2012].
Aging is also associated with changes in the mechanical and structural properties
of the vascular wall, which leads to the loss of arterial elasticity and reduced
arterial compliance and may subsequently lead to coronary artery disease
[Finegold, et al 2012].
Men are at greater risk of heart disease than pre-menopausal women. Once past
menopause, it has been argued that a woman's risk is similar to a man's although
more recent data from the WHO and UN disputes this. If a female has diabetes,
she is more likely to develop heart disease than a male with diabetes [D'Adamo,
2015].
Coronary heart diseases are 2 to 5 times more common among middle-aged men
than women. In a study done by the World Health Organization, sex contributes to
approximately 40% of the variation in sex ratios of coronary heart disease
mortality. Another study reports similar results finding that gender differences
explains nearly half the risk associated with cardiovascular diseases. One of the
proposed explanations for gender differences in cardiovascular diseases is
hormonal difference. Among women, estrogen is the predominant sex hormone.

Estrogen may have protective effects on glucose metabolism and hemostatic
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system, and may have direct effect in improving endothelial cell function. The
production of estrogen decreases after menopause, and this may change the
female lipid metabolism toward a more atherogenic form by decreasing the HDL
cholesterol level while increasing LDL and total cholesterol levels [Mackay et al
2004].

Among men and women, there are notable differences in body weight, height,
body fat distribution, heart rate, stroke volume, and arterial compliance. In the very
elderly, age-related large artery pulsatility and stiffness is more pronounced among
women than men. This may be caused by the women's smaller body size.

The present study is agree with the above studies and with (Abdalrahim et
al2010) and (Mirghany et al-2013) the Male to female ratio was 54:46 as shown in
(table 4-1) and the ratio of diseases was 53:42 as shown in (table 4-11).The male
were more affected by cardiac diseases.

High diagnostic value has been achieved with multi-slice CT angiography with use
of 64- and more slice CT scanners. In addition, multi-slice CT angiography shows
accurate detection and analysis of coronary calcium, characterization of coronary
plaques, as well as prediction of the disease progression and major cardiac events.
Thus, patients can benefit from multi-slice CT angiography that provides a rapid
and accurate diagnosis while avoiding unnecessary invasive coronary angiography
procedures. Data from Greenland et al demonstrated that intermediate-risk patients
with an elevated coronary artery calcium (CA) score (intermediate FRS and CA
score >300) had an annual hard event rate of 2.9 %, or a 10-year rate of 28%, and
thus would be considered high risk. The best estimate of the relative risk (RR)
from this study indicated that a CA score >300 had a hazard ratio (HR) of about 4
compared with a score of 0. This would mean that the estimated risk in the

intermediate-risk patient with a CA score of 0 might be reduced by at least 2-fold
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while the risk of a person with a CA score of 300+ would be increased by about
2fold. Thus, the person with a high CA score and intermediate is now reclassified
as high risk [.Matthew et al 2004]. In this study total of 32 patient had done
calcium score examination 5 of them show normal score , 9 show excessive score
and the remaining were divided to minimal mild and moderate according to CA
score and shown in table(4-5) and figure(4-5) this was agree with Shema et al-
2011
The composition of atherosclerotic plaques in the coronary arteries displays
substantial variability and is associated with the likelihood for rupture and
downstream ischemic events. Accurate identification and quantification of
coronary plaque components on CT is challenging because of the limited
temporal, spatial, and contrast resolutions of current scanners. Nonetheless, CT
may provide valuable information that has potential for characterization of
coronary plaques. For example, the extent of calcification can be determined,
lipid-rich lesions can be separated from more fibrous ones, and positive
remodeling can be identified. Didem Yaw 2013 et-al demonstrated the Coronary
heart disease (CHD) is the most prevalent cause of death worldwide.
Atherosclerosis which is the condition of plaque buildup on the inside of the
coronary artery wall is the main cause Of CHD. Rupture of unstable
atherosclerotic coronary plaque is known to be the cause of acute coronary
syndrome. The composition of plaque is important for detection of plaque
vulnerability. Due to prognostic importance of early stage identification, non-

invasive assessment of plaque characterization is necessary

We found that there was 8(5%) of them suffer from atherosclerotic plaques as
shown in table and figure (4-6). The characterization of coronary plaques divided
into three type Calcified 5(3.7%) non calcified 2(1.5%) and mixed 1( .7%) as
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shown in table and figure (4-10).The result also agree with Mohammed Yousif et
al -2013.

Detection of CAD along with the complex anatomic relations with adjacent
structures is excellent with MDCT (Hurlock et al., 2009; Kacmaz et al., 2008).

All vessels -1.5 mm were considered for the assessment of significant coronary
artery stenosis (diameter reduction .50%) patient complain from coronary stenosis
[Wang et al 20013].In the present study the prevalence of the coronary artery
stenosis was 33 (24.4%) of patients with suspected coronary artery diseases which
shown in table and figure(4-7).

Our result is slightly lower than that of Mohammed Yousif et al -2013 and Shema

et al-2013 .In the present study left coronary artery diseases were more common

than right coronary artery anomalies. This is in agreement with the results of

Shema et al2011, Mohammed Yousif et al -2013 and Datta et al 2005and in

disagreement with results of other studies (Yang et al., 2010; Knickelbine et al,

2009) and shown in table and figure (4-8).

Extensively calcified lesion most likely represent atherosclerosis at later stages of
remodeling and may reflect more stable lesions (Hong et al., 2005). Therefore, in
the presence of coronary plaques, especially calcified plaques, coronary artery
undergoes dimensional changes due to alternation process, resulting in
corresponding diameter differences between the normal and diseased coronary
arteries. Results from this study are consistent with other reports regarding the
distribution and morphology of coronary plaques (Rodriguez et al., 2007;
Rodriguez\ et al., 2006; Kaazempur et al.,, 2004; Kimura et al., 1996).
Atherosclerotic plaques were commonly located at the LAD, particularly close to
the ostium of LAD, whereas the left main stem and the LCx were less frequently

affected. This could be used as guidance for analysis of possible effects of the
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hemodynamic on the local characteristics and distribution of plaques (Cademartiri
et al., 2009). The present study shown that one branches of CA affected by stenosis
16(48.9%) and two branches 16(48.9%) three branches only one (.7%).that result
was shown in table (4—14)figure (4-11).

This study confirms the visualization of lesions of coronary arteries, cardiac
morphology revolution, as well as classification of plaques type in those
diagnostic methods which was achieved in all patients, comparable to other
studies done (Achenbach et al., 2006; Johnson et al., 2006; Scheffel et al., 2006).
Images concern with the presentation of CAD and calcium score values were
presented in (figure 4-11).

The higher spatial resolution of CT allows visualization of coronary arteries both

with and without contrast enhancement. The ability to see the coronary arteries

on anon-contrast study depends upon the fat surrounding the artery (of lower
density, thus more black on images), providing a natural contrast between the
myocardium and the pericardial artery. Usually, the entire course of each
coronary artery is visible on non-enhanced scans. The major exception is
bridging, when the coronary artery delves into the myocardium and cannot be
distinguished without contrast. The distinction of blood and soft tissue (such as
the left ventricle, where there is no air or fat to act as a natural contrast agent)
requires injection MSCT is a highly accurate diagnostic modality for congenital
heart diseases, obviating the need for invasive modalities. Beside its noninvasive
nature, the advantage of MSCT over the angiography is its ability to provide
detailed anatomical information about the heart, vessels, lungs and intra-

abdominal organs.[Brent Vernon et al 2013] .

In the present study there was Aorta calcification 2(1.5%) Aortic aneurysm 6

(4.4%) Pericardial effusion 5(4.7%) is shown in table and figure (4-9).
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The LAD artery it‘s the most commonly occluded of the coronary arteries. It
provides the major blood supply to the interventricular septum, and thus bundle
branches of the conducting system. Hence, blockage of this artery due to
coronary artery disease can lead to impairment or death (infarction) of the
conducting system. The result is a "block™ of impulse conduction between the
atria and the ventricles known as “right/left bundle branch block."[Malouf JF,
Edwards WD et al 2005]. In the present study there was Infarction 5 (4.7%) is
shown in table (4-14) figure (4-11).
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5.2 conclusion

This study concluded:

- With the development of new modalities, such as multi detector ECG gated
cardiac MSCT, noninvasive imaging of small mobile structures, such as
coronary arteries, has become possible. Because of the high prevalence,
morbidity, mortality, and enormous socioeconomic burden of coronary artery
disease, noninvasive detection of significant coronary artery stenosis has been
the driving force behind the development of this technology.

- The present study results showed relationship between cardiac diseases and
weight.

- Stenosis calcium score atherosclerosis were more common CVD. The research
noted higher values of cardiac diseases in males than in females.

- Age and cardiac diseases showed strong, positive statistically significant
relationships.

- The non-invasive cardiovascular imaging modalities, are playing an increasing
role in both clinical and research settings.

« Multi-detector cardiac computed tomography (MDCT) has become the
preeminent modalities for the assessment of coronary artery atherosclerosis.

. As the technology evolves, cardiac CT will become readily available, making

interpretation a necessary clinical ability. In the future diagnostic non- invasive

anatomic and functional imaging need to be evaluated in large patient populations
to establish their efficacy, safety, and cost effectiveness.
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5.3 Recommendations

From the results of this study the researcher recommended that:

This study is small study consisting of randomized populations of people in
Khartoum state and the study population cannot be the representation of whole
population. Relatively the sample size was also small.

Importantly, these investigations should result in the development of
comprehensive guidelines on the use of CTA in clinical practice as well.
Moreover, the combined use of these techniques may enhance the assessment of
the presence and extent of CAD.

Although further work is required to determine the prognostic utility of MSCT and
to clarify its precise clinical role, the currently available data suggest that it will

play an increasing role in the evaluation of patients with known or suspected CAD.
5.4 Future work

Characterize every disease individual study using MSCT.

5.5 Study limitations

This study is small study consisting of randomized populations and the study
population cannot be the representation of whole population.

This study was designed to highlight the diagnostic role of MSCT in the
diagnosing the CVD, and this was done by collecting randomly the data and then
assess the findings of each imaging

. There were problem in collecting more important patient data like hypertension
diabetes cholesterol level which were important in relationship between them and
cardiac diseases.
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Figure (1) Normal anatomy at cardiac CT angiography. Axial composite image Ao, aorta; AV, aortic

valve; CS, coronary sinus; diagonal branch; IVVC, inferior vena cava; LA, left atrium; LAA, left atrial
appendage; LAD, left anterior descending artery; LCX, left circumflex artery; LM, left main coronary
artery; LIPV, left inferior pulmonary vein; LPA, left pulmonary artery; LSPV, left superior pulmonary
vein; LV, left ventricle; MV, mitral valve; MPA, main pulmonary artery; RA, right atrium; RCA, right
coronary artery; RIPV, right inferior pulmonary vein; RPA, right pulmonary artery; RSPV, right
superior pulmonary vein; RV, right ventricle; RVOT, right ventricular outflow tract; SVC, superior

vena cava.



Figure (2) a contrast-enhanced CT of the coronary arteries, with excellent visualization of sever

stenosis and rupture for Female 63 years old in the scout view there is clear aortic enlargement.



Figure (3) non-contrast study for male patient 54 years old of the left main and proximal left anterior
descending. The soft plaque is visible (white arrow) (dark region, representing fat density) with
calcified plaque (white regions).)This can theoretically quantitate the volume of soft plaque, fibrous
plagque and calcified plague in any given CT image.

Figure (4) male 65 years old apical thrombus. This left ventricular thrombus (black arrow)

demonstrates a large thrombus in the left ventricle appear rounded black area.



.Figure (5) female 72 years old pericardial effusion. Contrast and noncontract image the effusion

appear black area.

Figure (6) shows High-resolution multislice contrast CT demonstrating the left coronary artery with a

stenosis (S) in the mid left anterior descending branch. Ao = aorta; MPA = main pulmonary artery;

LMS = left main stem; LAD = left anterior descending artery; GCV = great cardiac vein.



Figure (7.) Shows Coronary CT angiography male 54 year Rt 3D volume rendering image, and Lt
curved multi planar reformatted (MPR), three stent placed in LAD and left circumflex.CAC score is
28.1n the proximal part of the LAD showed athermanous plaque with stenosis of the distal part of the

left circumflex

Figure (8) Shows Coronary CT angiography for male 54year with Rt 3D volume rendering image, and
Lt curved multiplanar reformatted, (MPR) of CAC score is 2120.grafting of the LAD with LIMA with

3 vessel disease. Subtotal stenosis in the proximal part of the left circumflex artery.



Figure (9). Multiple projections of a person with normal coronary arteries using the maximal intensity

projection rendering technique. This allows for complete visualization of coronary tree .
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Figure (10) shows axial contrast CT demonstrating the left coronary artery with a stenosis (white

arrow) for male patient 68 years.
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