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Summary

Anterior myocardial infarction (MI) carries the poorest prognosis of all
infarct locations, due to the larger area of myocardium infarct size, it
leads to a sequence of structural changes that alter the size and shape of
the left ventricle. The heart undergoes extensive myocardial remodelling
through the accumulation of fibrous tissue in both the infarcted and non-
infarcted myocardium, which distorts tissue structure, increases tissue
stiffness, and causes ventricular dysfunction. The sphericity index (SI)
has been used to measure global left ventricular (LV) shape, but it fails to
detect regional shape abnormalities that occur at the apical area, so a
straightforward measurement termed the conicity index (Cl) was
identified to measure these changes. An electrocardiographic (ECG)
technique called the Selvester QRS Score was created for estimating
infarct size following MI, it has the benefit of being both affordable and

accessible.

This study aims to evaluate the role of the LV sphericity index in
quantification of left ventricle geometric changes and studying its
relationship to the systolic and diastolic work of the heart, beside role of
the conicity index in reflecting the regional changes in the LV geometry,
and also examine the role of the Selvester QRS score in determining the
extent of myocardial scar in patients with anterior MI and its relation with

LV remodelling.

This case-control study was conducted on 100 subjects (50 patients
diagnosed with an old anterior myocardial infarction and 50 healthy

subjects).

The study was conducted in Shaheed Almehrab cardiac catheterization

center and Merjan Medical City in Al-Hilla City, Babylon Governorate,
I



through the period from start of September 2022 until start of February
2023.

The participants underwent echocardiographic (echo) with two and three
dimensional (2D and 3D) modalities, by 2D echo, the long and the short
axes of the left ventricle were measured and their ratio calculated as Sl,
also the apical axis length of the LV was measured and the ratio between
the apical and short axis length was calculated as CI. The sphericity index
was also measured by 3D echo and mathmatically by volume ratio (Slv),
as the ratio between the LV end diastolic volume (EDV) to the
hypothetical sphere volume (1/6*n*L3, where L is the long axis of the
LV). Correlations between these indices and the systolic and diastolic
functions of the left ventricle were studied. The QRS score was calculated
from the ECG, and the correlation between infarct size and LV

remodelling parameters was checked.

Statistically significant differences were present between the patient and
control groups regarding the values of 2D-SI, 3D-SlI, Slv, and CI (p <
0.05).

The 2D,3D sphericity index showed a high statistically significant
negative correlation with 2D,3D-ejection fraction (EF), (P< 0.000), and a
statistically significant negative correlation with stroke volume (SV)
(p<0.05).

The Conicity index Showed a statistically non-significant negative
correlation with 2D, 3D derived EF and SV (P > 0.05)

Regarding the correlation studies of CI and Sl with LV diastolic
parameters (E/A, E/e' and tricuspid regurgitation (TR) velocity) showed
positive correlation but statistically non-significant (p > 0.05) and

I



significant positive correlation of 2D,3D-SI with left atrial volume index
(LAVI) (p <0.05).

Correlation studies of LV infarct size by selvestor score with LV
remodelling indices (2D, 3D-SI, Cl) showed positive correlation but
statistically non-significant with 2D-SI and statistically significant
correlation with 3D-SI (P=0.377, 0.044 ,respectively), no significant
correlation with CI (p > 0.05).

We conclude that echocardiographically determined LV indices are a
straightforward noninvasive measure of LV remodelling either regionally
by ClI or globally by 2,3D-SI and from the correlation studies can reflect
the systolic and diastolic function of the LV, and also the Selvester QRS
score was feasible for detecting myocardial scarring in patients with
anterior Ml and can reflects the left ventricular remodelling through its
relationship with 2D and 3D-SI, but cannot reflect the regional changes

represented by CI.
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CHAPTER ONE INTRODUCTION

CHAPTER ONE

INTRODUCTION

1.1. Introduction:

Ischemic heart disease (IHD) is defined as a reduction in the blood flow
to the heart muscle owing to the occlusion of the coronary artery by
intravascular plagque that has gathered over time or embolization with a
thrombus (Nowbar et al., 2019). IHD is the first ranked and most
prevalent among cardiovascular diseases (Roth et al., 2017). Despite the
mortality rate from ischemic heart disease having declined in the last four
decades in developed countries, it remains to cause about one third of all

deaths in people older than 35 years (Aggarwal et al., 2016).

Myocardial infarction is the most common form of IHD, MI is a
continued hypoxia and ischemia of the myocardium as a consequence of
acute occlusion of the coronary artery that causes myocardial necrosis
(Thygesen et al., 2018). The most important risk factors of MI are
hypertension, diabetes mellitus, obesity, alcohol consumption,

dyslipidemia, smoking, and physical inactivity (Rathore et al., 2018).

The left anterior descending (LAD) coronary artery supplies the anterior
myocardium, persistent ischemia due to LAD artery obstruction causes
anterior M, this process characteristically affects the anterior and apical
walls of the left ventricle (Ghadri et al., 2018). Anterior myocardial
infarction carries the poorest prognosis of all infarct locations, due to the

larger area of myocardium infarct size (Ferrante et al., 2021).



CHAPTER ONE INTRODUCTION

In about 30% of patients with a previous anterior Ml and 17% of
patients with non-anterior infarct, post infarct ventricular remodelling
occurs (Masci et al., 2011). Ventricular remodelling is a collection of
molecular, cellular, and interstitial changes which appear as changes in
the volume, function, and geometry of the heart after damage (Azevedo et
al., 2015). The mechanisms that lead to LV remodelling post MI include
infarct expansion, infarct extension into adjacent non infarcted

myocardium, and hypertrophy in the remote LV (Elden, 2015).

The regulatory pathway for the development of adverse cardiac
remodelling is a neurohormone, the main cardioregulatory hormonal
cascades involved in left ventricle (LV) remodelling comprise the
sympathetic nervous system (SNS) and the renin angiotensin aldosterone
system (RAAS) (Bhatt et al., 2017).

Post infarct ventricular remodelling means an increase in the left
ventricular chamber, which passes from an elliptical to a more spherical
form. This alteration is expressed by an increase in the sphericity index
(SI). Several geometrical indexes have been suggested to assess this
deformation, such as the sphericity and conicity indexes (Cl) (Pezel et al.,
2020).

Left ventricular sphericity index is a rapid, simple, and reproducible
measure to assess LV geometric changes, it was computed as the ratio
between the short and long axis length. Left ventricle Sl is reflective of
geometric changes in the left ventricle and is related to adverse

cardiovascular events in patients with anterior Ml (Khanna et al., 2020).
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Since Sl cannot identify the local shape abnormalities at the apical
region after anterior MI, which precede global ventricular dilatation, the
conicity index is provided as a simple measure to address this focal
change. Cl is remarkably higher in anterior ischemic patients compared to
normal people because this index measures the changes in an enlarged,

less conical apex (Di Donato et al., 2006).

The LV apex was mainly involved after an anterior MI, so the local
changes affected the anterior and septal ventricular constituents, as a
result, the conicity index was noticeably greater in anterior remodelling
(Garatti et al., 2015).
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1.2. Aims of study:
This study aims to evaluate:

1. The role of the LV sphericity index in the quantification of left
ventricle geometric changes and study its relationship to the systolic and

diastolic works of the heart.

2. Role of the conicity index in reflecting the regional changes in the LV

geometry.

3. Role of the Selvester QRS score to determine the extent of myocardial

scar in patients with anterior Ml and its relation to LV remodelling.
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CHAPTER TWO

REVIEW OF LITERATURE

2.1. Myocardial infarction

2.1.1. Definition and cause:

Myocardial infarction is defined as cardiac ischemia produced from a
decrease or absence of blood perfusion, this usually results from a blood
clot in the coronary artery that supplies that region of the heart muscle.
The severity of Ml differs relying on the size of the infarcted lesion, the
extent of coronary artery occlusion, and the number of collateral arteries
(Heusch & Gersh, 2017).

It is now documented that, not all cases essentially require a blood clot
for its occurrence, in all living tissue such as the heart muscle, the blood
supply necessity equals the oxygen demands of the muscle, this is called
the supply—demand ratio. An inequality in this ratio (too slight supply or
too much demand) as might occur with a very fast heart rate (too much
demand) or a fall in blood pressure (too little supply) may lead to
myocardial damage without the presence of a blood clot (Saleh &
Ambrose, 2018).

Myocardial infarction induces by: displaced blood clots and embolism,
inequity between the demand and supply of blood to the heart muscle,
percutaneous interventions, atherosclerosis caused by stents, subsequent

to coronary artery bypass surgery (Anderson & Morrow, 2017).

Any one of the following criteria meets the diagnosis for old MI: 1)

Pathological Q waves, with or without symptoms, in the absence of non
5
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ischemic causes. 2) Imaging evidence of loss of viable myocardium in a

pattern consistent with ischemic etiology (Thygesen et al., 2018).

The electrocardiographic (ECG) changes associated with prior anterior
MI include: any Q wave in leads V2-V3 >0.02 s or QS complex in leads
V2-V3, or Q wave >0.03 s and >1 mm deep or QS complex in leads V4
(Thygesen et al., 2018).

2.1.2. Epidemiology of myocardial infarction:

The average age of the first Ml is 65.6 years for males and 72.0 years
for females, MI is widespread among older adults (Moore et al., 2021).
The annual occurrence of MI is about 605,000 new cases and 200,000
recurrent cases and it happens once every 40 seconds in the U.S.
(Benjamin et al., 2019; Moore et al., 2021). The prevalence of MI is
about 3.0% for U.S. adults aged 20 years and older (Benjamin et al.,
2019).

The epidemiological data on the occurrence and prevalence of coronary
artery disease in lrag are restricted owing to the absence of evidence
based national guidelines for the management of cardiovascular disease
and surveillance studies as compared to other Eastern Mediterranean
countries (Traina et al., 2017), but there was a study conducted in
Albasrah in Al-Sadr Teaching Hospital to assess the mortality of Ml in
the cardiac care unit the study showed the death rate in hospitalized
patients was 16.5% (Al-Asadi & Kadhim, 2014).

A retrospective study done in Romania to evaluate an unknown
mortality database involved all deaths recorded in Romania during 1994—
2017, using the data from the death record the result exhibited that Ml
was recorded as the essential reason of death for 501,796 cases (8% of
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total deaths). 39.3% of total MI deaths occurred in women and 60.7% in
men. MI mortality rate per 100,000 person/years was 98.5 ( loacara et al.,
2020).

2.1.3. Risk factor:

A number of relevant studies were conducted in Irag. In Alsulaimania
and Erbil two studies were performed to assess the prevalence of the most
frequent risk factors for acute myocardial infarction (AMI) in lraqi
patients the studies showed: A sedentary lifestyle among MI patients was
(81.8%-85.1%), (61%-74.3%) were hypertensive and (20%-29.7%) were
diabetic. The prevalence of Body mass index (BMI) > 25 was (35.1%).
Current, passive, and ex- smoking was (39.2%-69.7%). 51.4% of the
AMI patients had a positive family history of coronary artery disease. A
greater incidence of MI in male patients compared to females.
Myocardial infarction was lesser among the patients from rural regions
than among those from urban regions. The prevalence of dyslipidemia
was (39.4%-41.2%). High level of low density lipoprotein (LDL) was
found in 50% of patients, high triglycerides in 41.9%, low high density
lipoprotein (HDL) in 39.2%, and high total cholesterol in 34% (Amen et
al., 2020; Sharif & Lafi, 2021).

Another study conducted in Babylon showed that most patients have no
physical activity (86% of males and 98% of females). 80.56% of males
and 71.42% of females were hypertensive. 64.81% of males and 66.67%
of females were diabetic. While the percentage of smokers was high
(60% of males and 21% of females). The incidence of BMI > 25 was

13.9% in males and 21.4% in females (Dawood, 2015).

The occurrence of first MI in women 6-10 years later than in men owing

to defending effect of their natural estrogen before menopause. Female

7
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sex hormones have been associated with a reduction of LDL and an
increase in HDL (Rerholm et al., 2016).

A study done by Andersson and Vasan (2018) about the epidemiology
of cardiovascular disease in young persons showed the proportion of
substance abuse (opioids, cocaine, electronic cigarettes, and anabolic
steroids) is rising among young adults, which may lead to the incidence
of AMI.

2.2. Adverse left ventricular remodelling:

Left ventricular adverse remodelling is a complex process marked by
morphological alteration of LV structure and shape resulting from cardiac
injury and also leading to changes in cardiac function (Reindl et al.,
2019).

Left ventricular remodelling is an active process that develops quickly
within days or weeks following infarction, if the LV tends to become a
spherical shape early after MI the spherical transformation depends on the
enlargement of the non-infarcted parts. This change occurs within the
weeks or months after infarction. Therefore, the evaluation of LV
sphericity within the first days following MI might be too early (Pezel et
al., 2020).

The risk of heart failure (HF) is 2.7 times greater in patients with LV
remodelling compared with those without LV remodelling (van der Bijl et
al., 2020).

2.2.1. Mechanism of Adverse Remodelling:

Myocardial infarction occurs as a result of occlusion of coronary

arteries, under an ischemic condition, cardiac myocytes undergo an

8
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anaerobic metabolism with the instability of the cell membrane so, cell
death by apoptosis, autophagy, and necrosis (Heusch & Gersh, 2017;
Curley et al., 2018).

Ischemic necrosis causes the death of millions of cardiac myocytes
concurrently, which leads to an influx of inflammatory cells including
macrophages and other antigen-presenting cells into the infarcted area.
This leads to the destruction of the collagen scaffolding that helps to
maintain ventricular shape leading to regional thinning and dilation of the
myocardium in the infarcted areas, this process changes the ventricular
shape. When the inflammatory response reaches its maximum, scar tissue
IS made as a consequent of the direction of fibroblast to the infarcted

region to form a new collagen matrix (Bhatt et al., 2017).

Following the ischemic event, the inflammation may continue for a
variable duration of time, owing to persistent stress on the myocardial
wall. The apoptotic alterations are significantly intensified by fibrosis that
results from the compensatory activation of two major neurohormonal
systems, the SNS and the RAAS. All of these processes lead to alterations
in the cardiac architecture and geometry, which are called adverse
ventricular remodelling that lead to a higher incidence of HF and death
(Curley et al., 2018).

The infarcted part is expanded owing to an absence of balancing of the
forces created by the normally contracting myocardium, as a result, the
increased wall tension causes thinning of the infarcted wall and the
extension of the MI in the neighboring areas. Furthermore, the stretched
infarcted tissue increases the LV volume with a combined volume and
pressure overload on the non-infarcted zones. In situations of increased

workload, the normal cardiac myocytes will stretch and gradually

9
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hypertrophy to preserve a normal stroke volume with a reduced number
of correctly performing myocardial parts (Zhang et al., 2005). Lastly,
overstretching will lead to the missing of the compensatory Frank-
Starling mechanism and finally result in LV dilatation (Frantz et al.,
2022). Figure (2-1).

Acute Myocardial Early adverse remodeling Late adverse remodeling
infarction Day-weeks Weeks-months
Injury Infarct expansion Hypertrophy and
(radial thinning and dilatation of remote non-
circumferential increase in the infarcted myocardium
extent of a transmural infarct) (global remodeling)
Infarct extension into adjacent
noninfarcted region

Figure (2-1) Mechanism of adverse left ventricular remodelling (Leanca et al., 2022).

2.2.1.1. Neurohormonal regulation:

The main cardioregulatory hormones involved in the process of LV
remodelling include the SNS and the RAAS, neurohormones act as
important regulatory pathways for the progress of adverse ventricular
remodelling, and act as pharmacological targets for the inhibition of

adverse remodelling and enhance reverse remodelling (Bhatt et al., 2017).

The B-adrenergic tone that is produced from the SNS causes an increase
in heart rate and stroke volume, continuous sympathetic activation may

lead to harmful effects on the LV. Progressive SNS over activity can
10
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weaken excitation-contraction coupling and then reinforce apoptotic
pathways, as well as, chronic catecholamine activity may impair cardiac

function, and stimulate fibrosis (Osadchii et al., 2007).

Angiotensin Il plays an important role in vasoconstriction and
aldosterone release, it is also produced in the infarcted heart. Locally
created angiotensin Il motivates transforming growth factor-p1
production, which in turn, enhances the proliferation and collagen
generation of myofibroblast, and results in cardiac fibrosis (Garza et al.,
2015).Figure (2-2).
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myocardium
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}Afterioad Vasoconstricion
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Contractili Activation of
' b {Norepinephrine ‘ renin-
{Epinephrine angiotensin-
{Dopamine aldosterone

system

Sodium and
waler
retention

Figure (2-2) Neurohormonal regulation after myocardial infarction (Baliga &
Abraham, 2018).
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2.2.2. Predictor of left ventricular remodelling:

The important predictor of left ventricular remodelling is infarct size,
patients who suffer from ST-segment elevation myocardial infarction
(STEMI), which creates infarct scars with a transmural extent, generally

develop ventricular remodelling (Masci et al., 2011).

As infarct size represents a predictor of LV remodelling, its incidence is
greater among patients without any effective reperfusion. Anterior Ml and
higher serum troponin T levels also represent predictors of adverse LV
remodelling (Chew et al., 2018).

In addition to that, elderly patients, and myocardial hemorrhage also
forecast LV remodelling. The irreversible patterns of ischemia-
reperfusion damage of the cardiac microvasculature which are
microvascular obstruction and intramyocardial hemorrhage also predict
remodelling, intramyocardial hemorrhage causes deterioration of the
systolic dysfunction of infarcted parts, enhances infarct expansion, and

results in ventricular enlargement (van der Bijl et al., 2020).
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2.3. Echocardiography
2.3.1. Definition:

Echocardiography plays an important role in the diagnosis and
evaluation of cardiovascular disease. The severity of the disease, its
progression over time, and the selection of the best therapy can be
determined by echocardiography. The usage of echocardiography persists
in growing, not only in number but also in the types of measurements,
from M-mode to two-dimensional imaging, doppler echocardiography,

three-dimensional imaging, and speckle-tracking (Papolos et al., 2016).

Echocardiography is low-cost, without radiation, a suitable technique,
and broadly used for noninvasive examination of LV structure and
geometry in patients with heart disease, with real-time visuals, compared
with magnetic resonance imaging (MRI) and computed tomography
(Kalogeropoulos et al., 2012). Assessment of ventricular remodelling
depends on measuring ventricular geometry and function, which can be
done by echocardiography or cardiac magnetic resonance (CMR) (Boulet
& Mehra, 2021; Frantz et al., 2022).

Echocardiography can give rise to significant information during the
whole patient pathway, also represent a cause for changes in medical
therapy in 60-80% of patients in the pre-hospital setting, increase
diagnostic precision and proficiency in the emergency room (Lancellotti
et al., 2015).
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2.3.2. The principle of echocardiographic work:

Ultrasound transducers work using the piezoelectric effect. When an
electrical voltage is applied, the piezoelectric crystals alter their shape,
thus a varying voltage can make them oscillate rapidly, therefore
producing ultrasound. Also, if the returning ultrasound wave oscillates
the piezoelectric crystals, they produce an electrical voltage that can be
revealed as a signal. So the crystal acts as a generator and detector for

ultrasound.

The ultrasound wave encounters tissues of different characteristics and
densities, parts of the wave are transmitted, reflected, and refracted. The
parts that are transmitted pass in a straight line, the part that is passed
through the different mediums will be refracted through the tissue, while
the part that is not absorbed by the tissues will be reflected and then go

back to the wave’s origin (Le et al., 2016).

A two-dimensional echocardiography (2DE) transducer is composed of
multiple piezoelectric elements ranked in a single row and insulated
electrically from each other. By firing individual elements, individual
ultrasound waves are produced. The linear array can be steered in two

dimensions vertical and lateral.

A three-dimensional echocardiography (3DE) transducer is composed
of about 3000 independent piezoelectric elements, which are arranged in
rows and columns and used to steer the beam electronically. This ranking
of piezoelectric elements permits their phasic firing to produce an
ultrasound beam that can be steered in vertical, lateral, and
anteroposterior directions to acquire a volumetric (pyramidal) data set
(Badano, 2014). Figure (2-3).
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2D echocardiography 3D echocardiography

Figure (2-3) Two-dimensional and three-dimensional echocardiographic transducers
(Badano, 2014).
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2.3.3. Two-dimensional echocardiography:

Two-dimensional echocardiography represents the most recursive
imaging method wused to assess LV size and function, 2D
echocardiography is considered the principal method to reveal
remodelling by identifying contractile dysfunction and bi-ventricular

geometry (Lang et al., 2015).

The information provided by 2DE predicts cardiovascular disease, and
the morphological and functional features of the left ventricle are
effectively assessed by 2DE. It facilitates the estimation of EF using the

measured left ventricular volumes (Jan & Tajik, 2017).

It can also assess valvulopathies and their reason, such as tethering in
secondary mitral regurgitation (MR), which is indicative of adverse
remodelling (Boulet & Mehra, 2021).

2.3.4. Three-dimensional echocardiography:

Three-dimensional echocardiography has been confirmed to be more
precise, doesn't depend on geometric assumptions about LV shape, and
has additional value for outcome prediction as compared with 2DE, to
get an early discovery of myocardial dysfunction before any obvious
decrease in left ventricular ejection fraction (LVEF), 3DE has raised
interest lately to detect myocardial deformation (Rodriguez-Zanella et al.,
2019).

For measuring of LVEF in patients with critical range values (between
30% and 40%), to choose the best treatment, 3D echocardiography is the
favorite method (Galderisi et al., 2017).
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In 2012, recommendations were posted to supply physicians with a
systematic approach to 3D echo data set acquisition and analysis (Lang et
al., 2012). In 2015, an update of the recommendations for cardiac
chamber quantification using echocardiography recommended 3DE for
precise measuring of left and right ventricular size and function (Lang et
al., 2015).

Three dimensional echocardiography is rapidly considered the method
of choice superior to 2DE. At present time the technology is still being
refined so it is used to complement 2DE (Jan & Tajik, 2017).

Owing to its factual imaging of natural valves and their anatomic
relationships, better geometric quantification of the valve, and enhanced
reproducibility of disease severity outcomes, 3DE is considered better
than 2DE and it also offers supplementary information compared to 2D

echocardiography when evaluating valvulopathies (Frantz et al., 2022).

2.34.1. Advantages and limitations of three-dimensional

echocardiography:

The most important benefit of the 3D echo is that a full volume dataset
can be acquired in three dimensions. Along with image cropping and
rotation, views of heart structures can be attained, permitting more
anatomically orientated views and simple comprehension by cardiac

surgeons and interventional cardiologists (Poon et al., 2019).

Among the advantages of 3DE over 2DE are better evaluation of the
cardiac volumes and function, and a better view and valuation of valve
dysfunction (Tanabe, 2020).

It can be said that the appearance of 3DE is the most important technical

progression in ultrasound imaging over the past two decades. One of the
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most important distinctive qualities of the new 3DE systems is their
capacity to image cardiac anatomy and function from any number of
spatial view planes. Consequently, the quantification of LV geometry is
bettering, the 3D echocardiography does not rely on geometric

assumptions (Lang et al., 2012).

Among the restrictions of 3D echocardiography are the need for regular
rhythm, low temporal and spatial resolution, and time consuming offline
analysis (Lang et al., 2012). The image finesse of 3D echo is reliant on
that of 2D echo being exposed to the same type of artifacts as verbalized

by the physics of ultrasound (Poon et al., 2019).
2.3.5. Echocardiographic assessment of left ventricular remodelling:
2.3.5.1. Sphericity index:

The left ventricular sphericity index (SI) is an indicator of LV
remodelling and an underused measurement of LV geometry, that can be
easily attained from standard echocardiographic images. SI has been
regarded as an independent forecast of left ventricular remodelling and
recurrent HF. Greater SI was a predictor of mortality and heart failure
following AMI (Anvari et al., 2018).

Choi et al. (2015) made a study of the impact of surgical ventricular
reconstruction on sphericity index in patients with ischaemic
cardiomyopathy, and found that an increase in SI was associated with
poorer survival in patients with ischaemic cardiomyopathy and with
anterior wall akinesia or dyskinesia undergoing surgical revascularization.

Sl represents a ratio of the LV short axis to the long axis dimension.
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2.3.5.1.1.Sphericity index by three-dimensional echocardiography:

A study was done by Ola et al. (2018) to detect left ventricular
remodelling in acute STMI after primary percutaneous coronary
intervention (PCI) by 2DE and 3DE. The study demonstrates that 3D-SI
has been related to the incidence of LV remodelling. In contrast to the 2D
sphericity index, the 3D-SI can predict precisely and early in the subacute
phase after an AMI which patient is probably to develop LV remodelling.
It is considered the most powerful predictor of remodelling between
clinical, electrocardiographic, and echocardiographic parameters. The
resolution, rapidity, and predictive value of 3DE make it the perfect
technique for evaluation, risk stratification, and monitoring after AMI.
The geometric modification of the LV can be assessed by 3DE through
the measurment of the 3D sphericity index (3D-SI).

The three-dimensional sphericity index of the left ventricle represents
the ratio between the left ventricular end diastolic volume (LVEDV) to

the hypothetical sphere volume (Vieira et al., 2013). Figure (2-4).
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Figure (2-4) Measurement of the three-dimensional sphericity index. The LV cavity
is shown, of which D is the LV end-diastolic major long axis. With the formula: (4/3

*n * (D/2)*) a spherical volume in mL can be calculated. The 3D sphericity index is

calculated as EDV/(4/3 * & * (D/2)*) where 1 =3.14 (Vieira et al., 2013).
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2.3.5.2. Conicity index:

The conicity index is the ratio between the apical axis and the short axis
of the left ventricle, which measures the apical shape as shown in figure
(2-5). It is extremely associated with the location of the previous infarct.
A study that measured CI in patient with ischemic cardiomyopathy,
revealed that the CI tends to be greater when the lesion is an anterior
infarct (Garatti et al., 2015).

Figure (2-5) Four chamber view used to measure the apical axis(Ap) at end diastole.
Where (S) short axis, (L) long axis (Di Donato et al., 2006).

A higher SI represents a more spherical LV shape, and an increased ClI
indicates apical regional dilatation, which is repeatedly noticed in
ischemic cardiomyopathy patients (Oh et al., 2013).

Fan et al. (2010) considered the CI as an index on left ventricular apical
geometry after myocardial infarction using CMR, and they demonstrated
that the regional left ventricular abnormalities, particularly in patients
with a left ventricular aneurysm that developed after Ml can be assessed

by using the CI.
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A study done by Kaolawanich and Boonyasirinant (2019) to evaluate the
usefulness of the apical area index to predict left ventricular thrombus in
patients with systolic dysfunction by CMR, the study revealed that 50%
of patients with LV thrombus had an apical aneurysm which was a
significant predictor of severe apical a synergy. Patients with LV
thrombus had a considerably higher apical area index than those without
thrombus. The apical area index represents a predictor of LV thrombus

formation from CMR in patients with systolic dysfunction.
2.3.5.3. Diastolic function

At the end of systole, sudden untwisting happens, allowing the pressure
inside the LV to fail, which permits the opening of the mitral valve and
blood flows along a negative pressure gradient toward the apex until the
pressure is balanced between the left atrium (LA) and the LV resulting in
diastasis, then atrial contraction occurs which represents the last stage in
the ventricular filling, imbalance in any of these stages may lead to
diastolic dysfunction (Oktay et al., 2013).

The four stages of diastole include isovolumic relaxation, rapid filling
(represented by E mitral inflow wave), slow filling (diastasis), and active
filling (represented by A mitral inflow wave). Passive filling occurs when
the LV is filled with blood first by a pressure gradient between the left
atrium and the left ventricle. Active filling occurs when the atrium is
contracted which permits ventricular filling at the end of diastole (active
filling) (Kossaify & Nasr, 2019).

The chief parameters for evaluation of LV diastolic function comprise
mitral flow velocities, mitral annular ¢’ velocity, E/e’ ratio, peak velocity

of tricuspid regurgitation (TR) jet, and left atrial volume index (LAVI).

22



CHAPTER TWO REVIEW OF LITERATURE

By tissue Doppler imaging, ¢’ and E/e’ ratios are used to measure
longitudinal fiber lengthening during early diastole at the level of the
mitral valve annulus. The e’ maximal velocity represents the LV
relaxation rate, while E/e’ reflects the LV filling pressures (Mitter et al.,
2017).

While relaxation in early diastole appears as an e’ wave, the a’ wave
occurs owing to the atrial contraction in late diastole, e’ is influenced by
LV elastic recoil, the lesser the LV end systolic volume, the faster the

recoil, and the greater ¢’ (Popovic et al., 2011).
2.3.5.3.1.Diastolic dysfunction:

The initial common change in several cardiovascular diseases is left
ventricular diastolic dysfunction (LVVDD), with a prevalence rate ranging
from 3% to 39%. Diastolic dysfunction (DD) evaluated using
echocardiography has been demonstrated to be a strong predictor of
survival after MI, independent of indicators of left ventricular size and
systolic function, in addition to relevant clinical factors (Prasad et al.,
2018).

LVDD causes elevated LV filling pressures, which occur due to
increased chamber stiffness, reduced restoring forces, and decreased left

atrial function and LV relaxation (Mitter et al., 2017).

decreased E/A ratio<0.8 reveals the compensatory increase in the late
atrial filling when the LV fails to relax, principally related to changes in
early LVVDD (Palmiero et al., 2015).
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Pseudonormal filling (grade 2 DD) has also been revealed to be
independently associated with death, with outcomes similar to those seen
with restrictive mitral filling. Little values of tissue Doppler derived
mitral annular s’ and e’ velocities were independent forecasters of greater

risk for death in patients following MI (Biering-Sgrensen et al., 2014).

Grades of DD were defined according to the 2016 guidelines of the
European Association of Cardiovascular Imaging and the American
Society of Echocardiography. The four criteria that evaluated L\VVDD and
their cutoff values are as follows: septal e’ <7 cm/s or lateral e’ <10 cm/s,

average E/e”™>14, LAVI >34 cc/m2, and TR velocity >2.8 m/s.

To evaluate diastolic dysfunction in patients with preserved ejection
fraction, four parameters must be assessed: e’, E/e’ ratio, LAVI, and TR

velocity (Nagueh et al., 2016), as showed in Figure (2-6).

In patients with normal LV EF

|

1-Average E/e' > 14

2-Septal o' velocity < 7 cm/s or
Lateral e’ velocity <10 cm/s
3-TR velocity > 2.8 m/s

4-LA volume index >34ml/m?

50./' >50.A
<50% positive
positive positive
Diastolic
Normal Diastolic Indeterminate Dysfunction
function

Figure (2-6) Diastolic Function in Patients with preserved left ventricular ejection
fraction (LVEF) (Nagueh et al., 2016).
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Evaluation of Diastolic Function in Patients with decreased LVEF

demonstrated in Figure (2-7).
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Consider CAD, or
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(" : LAP indeterminate if only 1 of 3 parameters available. Pulmonary vein S/D ration <1 application to conclude elevated LAP in
patients with depressed LV EF)

Figure (2-7) Diastolic Function in Patients with decreased left ventricular ejection
fraction (LVEF). Where TR velocity (tricuspid regurgitation velocity), LA vol. index
(left atrial volume index), LAP (left atrial pressure), CAD (coronary artery disease),
(S/D ratio) the ratio between the peak systolic and diastolic velocities (Lancellotti et
al., 2017).

2.3.5.4. Systolic function:

Ejection fraction is the commonly used and accepted echocardiographic
parameter for measuring LV systolic function, and it represents the
amount of blood pumped out of the ventricle with each contraction,
stroke volume, divided by the end-diastolic volume. This parameter has a

distinctive position in cardiology, having served as the criteria of choice
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for nearly all therapeutic trials of heart failure, and is well included in

clinical guidelines (Ponikowski et al., 2016).

The European Association of Cardiovascular Imaging and the American
Society of Echocardiography guidelines recommend valuation of LVEF
in 2D by modified Simpson’s method of discs, obtaining LV volumes
from apical 4 and 2 chamber views, or instead if available, by 3D derived
full-volume acquisition. Appreciation of LVEF by M-mode can not be
used in numerous clinical settings, such as regional wall motion
abnormalities and changed ventricular dimensions and geometry, owing

to the geometrical assumptions (Lang et al., 2015).

There was a strong relationship between 3D echo-derived LVEF and
CMR-derived values (Rigolli et al., 2016).

LV end diastolic, end systolic volume, and chamber diameters are also
indicators of HF and LV remodelling (Curley et al., 2018).

2.3.5.4.1. Systolic dysfunction:

A study conducted by Chew and his colleagues to evaluate left
ventricular ejection fraction post myocardial infarction found that: Lack
of improvement in LVEF was associated with a three fold increased risk
of mortality. In the months and years after MI incidence, a greater
proportion of patients will develop deteriorated LV systolic dysfunction,
which puts them at risk of adverse outcomes including heart failure and
sudden cardiac death (Chew et al., 2018).

Van der Bijl et al. (2020) studied the effect of post infarct left
ventricular remodelling on outcomes, and revealed that, in patients with

an LVEF<40%, remodelers experienced a higher rate of heart failure
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hospitalization in comparison with non-remodelers, and the LVEF was

lesser in LV remodelers as compared with non-remodelers.
2.3.5.5. Mitral regurgitation:

When the mechanisms of regurgitation are concerned with the disease of
the mitral valve (MV) leaflets or chordae tendineae, then the MR is

regarded as primary (Nishimura et al., 2014).

Any adverse changes in LV size, shape, or function with or without

annular dilatation leading to secondary MR. Following MI, the mitral
valve and subvalvular apparatus are affected leading to the development
of ischemic mitral regurgitation. Numerous abnormalities can be
identified in ischemic mitral regurgitation such as annular dilatation,
leaflet tethering with decreased coaptation, and papillary muscle
displacement along posterior, apical, or lateral vectors (Nappi et al.,
2017).

The majority of patients with secondary MR have an enlarged LV with
global or regional wall motion abnormalities, and systolic tethering of the
leaflets annular, dilation, or both. Severe ischemic mitral regurgitation
and LV post infarct remodelling usually occur with a larger infarct size,
the incidence of any degree of secondary MR is linked with worsened
outcomes in patients with ischemic cardiomyopathy (Nishino et al.,
2016).
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2.4. Electrical conduction system of the heart:

The conduction system of the heart consists of the sinoatrial (SA) node,
the atrioventricular (AV) node, the atrioventricular bundle, the right and
left bundle branches, and the Purkinje fiber network (Padala et al., 2021).

The dominant pacemaker of the heart is the SA node, which controls its
rate of contraction. It contains pacemaker cardiomyocytes that can
depolarize spontaneously. The action potentials are quickly spread from
the SA node to the AV node. Owing to the slow conduction velocity of
the AV node, the ventricles fill with blood before the impulse is spread to
the ventricles. Then the impulse is quickly spread through the
atrioventricular bundle and its branches in the ventricular septum. When
the impulse reaches the Purkinje fiber, it is quickly disseminated to the
ventricular cardiomyocytes, triggering their contraction (van Eif et al.,
2018).

2.4.1. Electrocardiography:

Electrocardiography is a device that records the electrical activity of the
heart by using electrodes that are applied to the skin. These electrodes
detect the electrical changes produced by the depolarization and

repolarization of heart muscle (Price, 2010).

Electrocardiography is a reproducible, available, low-cost, and
noninvasive diagnostic method that offers risk stratification about
myocardial scars (Markendorf et al., 2021).

In ECG, the P wave indicates atrial depolarization, the PR interval is the
time taken for the impulse to reach the ventricles, the QRS complex
indicates depolarization of the ventricles, and the T wave indicates

repolarization of the ventricles (van Eif et al., 2018).
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2.4.2 The Selvester score
2.4.2.1. Definition:

The Selvester QRS score translates subtle changes in ventricular
depolarization measured by the electrocardiogram into information about
myocardial scar location and size (Loring et al., 2011). The Selvester
score is an electrocardiogram scoring system derived from changes in Q
and R wave duration, R and S wave amplitudes, R/Q ratios, and R/S
ratios (Watanabe et al., 2016).

It can be measured using modified criteria for each of the following
disorders: left bundle branch block (LBBB), right bundle branch block
(RBBB), left anterior fascicular block (LAFB), LAFB with RBBB, LV
hypertrophy (LVH), and no confounders. The QRS score which consists
of 32 points in total represents a collection of criteria that can be drafted
to locate and appreciate the degree of myocardial scarring in the left
ventricle. Each point constitutes 3% of the myocardial scar area in the
left ventricle (Guo et al., 2022).

The QRS score has been modified and refreshed several times since its
original description in 1972. The most recent update occurred in 2009
with a publication that included a method of application of the QRS score
in the presence of hypertrophy and conduction defects (Strauss &
Selvester, 2009). Before this study, fascicular blocks, bundle branch
blocks, and hypertrophy were excluded and regarded as confounding
factors that prevented infarction estimation via QRS score (Loring et al.,
2011).
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2.4.2.2. The Selvester score for estimation of myocardial infarct size:

The selvester score which is calculated from the ECG reflects the extent

of myocardial damage in patients with Ml (Watanabe et al., 2016).

Recent studies used CMR as a standard to appreciate the benefit of the
QRS score in locating and evaluating myocardial scars and in measuring
the amount of myocardial scarring in the left ventricle. The score properly
estimates the area of myocardial scarring regarding the location, type of
MI, and type of ECG conduction (Guo et al., 2022).

In a study done by Rovers et al. (2009) to assess the relationship
between the Selvester QRS Score appreciated MI size and contrast-
enhanced magnetic resonance imaging's estimated MI size, it was
revealed that whether the patients received thrombolytic or not, there
were statistically significant correlations between the infarct size assessed

by the Selvester QRS Score and the infarct size measured by MRI.

While the use of CMR to risk-stratify patients is promising, it is costly
and currently not extensively available so, if QRS scoring can depict the
scar size in ischemic and nonischemic cardiomyopathy patients with all
types of ventricular conduction, it might have important clinical effects in
risk-stratifying patients before implantation of ICD (Strauss & Selvester,
2009).

Watanabe et al. (2016) studied the correlation between QRS score and
microvascular obstruction in acute anterior MI patients. In comparison
with the results derived from CMR imaging, the QRS score may be a
better parameter for confirming the presence of microvascular
obstruction, even in acute anterior MI patients who have successfully

undergone PCI. The estimation of QRS scores just after PCl may be
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clinically important to achieve a better prognosis in first-time acute

anterior Ml patients.

A complete and simplified Selvester QRS score demonstrates
comparable predictive value for the evaluation of CMR-derived infarct
size and microvascular obstruction in reperfused STEMI (Tiller et al.,
2019).

In a study conducted by Ciftci et al. (2019) to determine the role of
selvester score in the detection of left ventricular systolic dysfunction
among trastuzumab treated breast cancer patients, they demonstrated that
patients with severe left ventricular systolic dysfunction who had

myocardial scarring had a statistically significant higher selvester score .
2.4.2.3. The selvestor score predicts cardiac events:

Besides its role in the location and estimation of myocardial scars, the
QRS score can also predict some clinical events. The selvestor score and
the changes in the selvestor score might be regarded as early predictors
for the risk of major adverse cardiovascular events and death in acute
STEMI patients who underwent PCI treatment, furthermore, patients who
have been subjected to an increase in the selvestor score during treatment
with PCI should be cautiously followed up (Liu et al., 2020).

QRS scores recognize and measure scars in ischemic and nonischemic
cardiomyopathy patients in spite of ECG confounders, greater QRS
estimated scar size is associated with an increased risk of arrhythmia
(Strauss et al., 2008). The QRS score is associated with the risk of
ventricular tachycardia, and ventricular fibrillation in nonischemic
cardiomyopathy. Therefore, patients with high QRS scores should be
treated with extreme caution (Arisoy et al., 2021).
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In a study of patients with IHD subjected to CMR before ICD
implantation, QRS scoring had an important moderate association with
CMR estimation of the transmural scar and revealed a correlation with
medium term mortality risk. It could be the most suitable for the
prediction of death that is not preventable by ICD therapy (Rosengarten
etal., 2013).

A cohort study was done by Karakus and Berat (2020) to determine the
ability of the selvestor score system to predict rehospitalization in patients
with ischemic heart failure. The study involved fifty-four patients with
ischemic HF. ECGs were collected on the first day of admission and the
Selvestor score was calculated. The result showed that in patients with
ischemic HF, ECG estimation of the myocardial scar by selvestor score
can be used as a forecaster of re hospitalization, Readmission occurred
within the first 3 months, and patients with greater myocardial scar scores

have an increased risk of decompensation and rehospitalization.

32



CHAPTER THREE

PATIENTS AND METHODS




CHAPTER THREE PATIENTS AND METHODS

CHAPTER THREE
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3.1. Patients and methods:

3.1.1. Subjects:

This case-control study was conducted in Shaheed Almehrab cardiac
catheterization center and Merjan Medical City in Al-Hilla City under the
supervision of the physiology department at Babylon Medical College,
through the period from September 2022 until February 2023.

The study involved 50 patients (41 males and 9 females), diagnosed
with an old anterior myocardial infarction. Another 50 apparently healthy

people matching age, sex, weight, and height were included in this study.
3.1.1.1. Sample size calculation:

The sample size was calculated according to the equation below:
N=Z2*P(1-P)/d? (Harris et al., 2019).
Where:
N: Sample size.
Z: Level of confidence interval which equals to 1.96.
P: The prevalence of myocardial infarction.
The prevalence of myocardial infarction was 3% (Benjamin et al.,2019).
d: Estimated error which equals to 5%.

The sample size was 50 cases and 50 controls.
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3.1.1.2. Inclusion criteria:

Patients with old anterior myocardial infarction specifically 6 month
after MI, ranging in age from 40-60 years and have been diagnosed by a

specialized cardiologist.
3.1.1.3. Exclusion criteria:

1. Patients with any type of dilated cardiomyopathy rather than an

ischemic cause.

2. Patients with atrial fibrillation and other types of arrhythmia.
3. Patients with poor windows that make 3D assessment difficult.
4. Patients with valvular diseases like aortic regurgitation.
3.1.1.4. Ethical Approval and Consent:

Ethical approval for this project was granted by the Ethics Committee at
the University of Babylon College of Medicine, which certified it at 675

onJuly 21, 2022, and verbal consent was obtained from the participants.
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3.1.2. The apparatus:
3.1.2.1 Echocardiography

The study was done using echocardiography (GE Vived E9 XDclear
Ultrasound Machine) as shown in figure (3-1). 2D, 3D, and Doppler
Images were acquired) with 3.5-MHz and 4V transducers, made in the
Norway by GE Vingmed Ultrasound).

- ==V
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Figure (3-1) Echocardiography machine (GE VIVID E9 XDclear Ultrasound
Machine).

3.1.2.2 Electrocardiography

The patients underwent electrocardiography, at a speed of 25 mm/s and
an amplification of 10 mm/mV, the ECG was recorded. Ten electrodes
were required, six of these were applied to the chest and four were

applied to the limbs (Price, 2010).
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3.2. Methods
The examination protocol includes
3.2.1. Questionnaire

A self-constricted questionnaire form was prepared by the researcher
and supervisor to collect information from the patients after taking their
full history about their illness. The questionnaire included information
regarding selected variables like sex , age , weight, and height, and then
calculated body surface area (BSA) and body mass index (BMI)

according to the following equations :

BSA =,/Height (cm) x Weight (Kg)/3600 (Xiong et al., 2022).
BMI = Weight (Kg) / Height? (m?) (Caballero, 2019).
3.2.2. Echocardiographic measurement:

By ECG-guided acquisition, the patients underwent echocardiographic

assessment with 2D and 3D modalities .

The patient was instructed to lie on his left lateral position with his left
arm placed behind the head and the right arm placed along the right side
of the body.

In the apical four chamber view taken at the end of diastole, the long
axis was measured from the apex of the LV to the midpoint of the mitral
valve, and the short axis was measured from the axis that vertically
crossed the midpoint of the long axis. Then 2D-sphericity index was
calculated from the ratio between the short axis and the long axis (Di
Donato et al., 2006). Figure (3-2).
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The sphericity index was also calculated by volume ratio, which is the
ratio of EDV to the hypothetical sphere volume (EDV/1/6* n*L?), where
L is the long axis of the left ventricle). In the same view, the conicity
index was measured, and it represents the ratio between the apical to the

short axis, where the apical axis constitutes the diameter of the circle that

matches the apex (Di Donato et al., 2006), as shown in figure (3-2).

Figure (3-2) Measurement of long axis, short axis, and apical axis in apical four

champer view.

The modified Simpson's method was used to compute the left ventricular
ejection fraction and left ventricular volumes, end diastole and end
systole were identified by assessing the time of the upper and lower limits
of the chamber size. In the apical 4-chamber, the endocardial rims were
manually selected taking into consideration the inclusion of the papillary

muscles and trabeculae in the LV cavity, Figure (3-3) (Lang et al., 2015).
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(b)

Figure (3-3) Measurement of ejection fraction by simpson method, (a) at the end

diastolic and (b) at the end systolic.
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The LA volume was also calculated using Simpson's method, at the end
of the systolic phase with the biggest LA volume (Lancellotti et al.,
2017).

At mid systole, the tenting area of the mitral valve was measured, which
represents the area bounded by the valve leaflet tips and annular plane.

The tenting height of mitral valve was also measured, which represents

the length from the leaflet tips to the annular plane, as seen in figure (3-
4), (Matsumura et al., 2010).

Figure (3-4) Measurement of tenting area and tenting height of mitral valve.

Vena contracta was obtained by using a color doppler on the mitral
valve, and measuring the breadth of the jet next to the regurgitant orifice.
(Lancellotti et al., 2017).

39



CHAPTER THREE PATIENTS AND METHODS

By placing the pulsed wave doppler at the mitral valve leaflet tips, the
early (E wave) and late diastolic flow (A waves) was obtained, and the
ratio of E/A was measured Figure (3-5). The mean of e' of the medial and
lateral sides was computed by tissue doppler imaging, where sample
volume was placed at the mitral annulus from both the septal and lateral
sides, as seen in Figure (3-6), and the E/e' ratio was calculated (Prasad et
al., 2018).

Ul Se—aem
2 MV E Vel 0.64 m/s]
MV A Vel 0.64 nJs|
MV E/A Ratio 1.00

1 MV E Vel 0.94 m/s|
MV A Vel 0.10 m/s|
MV E/A Ratio 9.63]

1 &"
"FM"’

--05

Figure (3-5) Pulsed doppler echocardiography at the mitral inflow shows E/A waves

ratio.
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(b)

Figure (3-6) Pulsed tissue doppler imaging (a) at the lateral and (b) at the septal

mitral annulus, demonstrate e’.

Tricuspid regurgitant velocity was measured by continuous wave

doppler by placing the cursor at tricuspid valve after applying color
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doppler to detect the direction of tricuspid regurgitation (Mitchell et al.,
2019).

Three-dimensional analysis of left ventricular volumes was performed
using the 4D Auto LVQ software. After using the 4V transducer, the
patient was asked to hold his breath, a full volume dataset over four
heartbeats (a multi beat) was used. The mid mitral annular plane and the
apex of the LV were manually delineated at both end diastole and end
systole. The endocardial border was delineated automatically and altered

as needed by adding points, then the LV volumes, EF, SI, and SV were

automatically measured. Figure (3-7) (Lang et al., 2012; Myhr et al.,
2018).

Figure (3-7) Measurement of left ventricular volumes, ejection fraction, sphericity

index, stroke volume by three dimension echocardiography.
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3.2.3. Performing selvestor scoring:

The patients had an ECG and Selvestor score was calculated as below:
Initially, the ECGs were classified according to the type of ventricular
conduction or hypertrophy (LBBB, LAFB, LVH, RBBB, RBBB +
LAFB, and nonconfounding factors). When lead V1 experienced a
negative deflection (rS or Q morphology), the analysis was conducted in
accordance with figure (3-8 a), and in accordance with figure (3-8 b)
when lead V1 experienced a terminal positive deflection (Guo et al.,
2022).
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Lead V1 Lead V1
V1 terminal negative deflection V1 terminal positive deflection
(rS or Q wave) (R or R wave)

Vv AL

A 4

LAFB

= Yes | Yes
QRS 2140 ms () QRS 2120ms —>| Left Axis : RBBB+
QRS 2130 ms (Q) Yes <45° & 180
AND LBBB No
bl mid-QRS (after 40ms)
notching/slurring/slowing No RBBB
in 22 of the leads V1, V2,
@4

V5, V6, | or aVL
Slurnng / Slowing
,NO 5 | QRS2 100ms (@)
QRS 290 ms (9)
-45 | aRrs > 100 ms (@) m AND LN s
: QRS 290 ms () | ygq Left axis
180 AND LAFB <-45° & > -180°
Left axis
<-45° & > -180° No
No
Sokolow-Lyon OR Cornell Criteria
Sokolow-Lyon OR Cornell Criteria Sokolow-Lyon
Sokolow-Lyon (SinV1) + (Rin V5 or V6) 2 3.50mV
(Sin V1) + (Rin V5 or V6) = 3.50mV OR
~_OR Ves Rin V5 or V6 >2.60mV Lo e
Rin V5 or V6 >2.60mV LVH Cornell criteria
Cormell criteria RinavL + S in V3 >2.80mV ()
RinaVL + Sin V3 >2.00mV (Q)
No No
No Confounders No Confounders
a b

Figure (3-8) A chart that determines the type of conduction when (a) the QRS main
wave is downward. (b) the QRS main wave is upward. Where ECG
(electrocardiogram), LAFB (left anterior fascicular block), LBBB (left bundle branch

block), RBBB (right bundle branch block), (loring et al., 2011).

Following that, the P waves in V1 and aVF were examined to determine
whether right atrial overload (RAQO) was present or not as demonstrated

in Figure (3-9). When RAO is present, RVH is often present as well.

Large R waves in V1 and V2 are particular locations indicating

posterolateral infarction in the LV or, in the event of LBBB, anteroseptal
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infarction, but in the case of RAO large R waves in V1 and V2 are likely

caused by RVH rather than infarction.

All Conduction

types
P-wave in,
V1 20.1 mV Right Atrial Overload
OR Yes . (RAO)
aVF 20.175 mV (suspect accompanying RVH)
(only positive deflections of In RBBB, LAFB, LAFB +
P waves are measured) RBBB, LVH and No
confounders, exclude V1,
No V2 posterior criteria.
v In LBBB, exclude V1, V2
No Right Atrial anterior “R criteria points”.
Overload

Figure (3-9) A chart for the identification of right atrial overload (RAO).

In the case of LVH, Q waves may be present in leads V1-V3 even
without infarction, but the presence of infarction in other leads raises the
possibility that the infarction was the source of the Q waves in V1-V3. If
the leading I, aVL, V4, V5, or V6 scored 4 or more QRS points, then the
Q waves in V1-V3 awarded QRS points.

Then measurements of both amplitudes and durations were done.
Weighting and selection were also performed, where the weighting refers
to the number of points granted for the criteria satisfied, while selection
represents the process of choosing a single criterion from a group, only
the first satisfied criterion should be selected in each box, then the QRS
score  multiplied by 3 to obtain LV infarct size,
where LV infarct size = 3 * QRS score, figure (3-10).
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RBBB LAFB LAFB+RBBB LVH No Confounders
Lead Criteria Pts Criteria Pts Criteria Pts Criteria Pts Criteria Pts
I Q>30ms 1 Q>30ms 1 Q>30ms 1 Q>30ms 1 Q>30ms 1
R/Q<I 1 R/Q<I 1 | rRQs1 1 R/Q<1 1 R/Q<1 1
R<0.2mV R<0.2mV R<0.2mV R<0.2mV R<0.2mV
I Q>40ms 2 Q>40ms 2 Q>40ms 2 Q>40ms 2 Q>40ms 2
Q>30ms 1 Q>30ms 1 Q>30ms 1 Q>30ms 1 Q>30ms 1
aVvL Q>30ms 1 Q>40ms 1 Q>40ms 1 Q>40ms 1 Q>30ms 1
R/Q<I 1 R/Q<I 1 R/Q<I 1 R/Q<I 1 R/Q<I 1
aVF Q>50ms 3 Q>50ms 3 Q>50ms 3 Q>60ms 3 Q>50ms 3
Q>40ms 2 Q>40ms 2 Q>40ms 2 Q>50ms 2 Q>40ms 2
Q>30ms 1 Q>30ms 1 Q>30ms 1 Q>40ms 1 Q>30ms 1
R/Q<1 2 R/Q<1 2 R/Q<1 2 R/Q<1 2 R/Q<1 2
R/Q<2 1 R/Q=2 1 R/Q=2 1 R/Q=2 1 R/Q=2 1
V1 Q>50ms 2 any QR 1 Q>50ms 2 any QR any Q 1
Ant. any Q 1 any Q 1 (or any Q if*) 1
Init R<20ms Ntchlinit40
V1 R/S>1 1 R/S>1 1 R/S>1
Post™™  ['nit R>60ms 2 R>50ms 2 | mitR>60ms 2 R>50ms 2 R>50ms
Init R> 1.5mV R>ImV Init R> 1.5mV R>1mV R>ImV
Init R>50ms 1 R>40ms 1 Init R>50ms 1 R>40ms 1 R>40ms 1
Init R>1.0mV R>0.7mV Init R>1.0mV R>0.7mV R>0.7mV
Q<0.2&S<0.2mV 1 Q<0.2&S<0.2mV 1 Q<0.2&S<0.2mV 1
V2 Q>50ms 2 Q>50ms 2
Ant. any Q 1 any QR 1 |anyQ 1 any QR 1 any Q 1
R<10ms R<10ms R<10ms (or any Q if*) R<10ms
R<0.1mV R<0.1mV R<0.1mV NtchInit40 R<0.1mV
V2 R/S>1.5 1 R/S>1.5 1 R/S>1.5 1
Post.** Init R>70ms 2 Init R>70ms 2
Init R>2.5mV R>60ms 2 | Init R>2.5mV R>60ms 2 R>60ms 2
Init R>50ms 1 R>2mV Init R>50ms 1 R>2mV R>2mV
Init R>2.0mV R>50ms 1 | Init R>2.0mV R>50ms 1 R>50ms 1
R>1.5mV R>1.5mV R>1.5mV
Q<0.3&S<0.3mV 1 Q<0.3&S<0.3mV 1 Q<0.3&S<0.3mV 1
V3 Q>30ms 2 Q>30ms 2 Q>30ms 2 QR&(Q>30ms) 2 Q>30ms 2
R<10ms R<10ms R<10ms Ntchinit40 1 R<10ms
Q>20ms 1 Q>20ms 1 | Q>20ms 1 any QR Q>20ms 1
R<20ms R<20ms R<20ms (or any Q if*) R<20ms
V4 Q>20ms 1 Q>20ms Q>20ms Q>20ms 1 Q>20ms 1
R/Q<0.5 2 R/Q<0.5 R/Q<0.5 R/Q<0.5 2 R/Q<0.5
R/S<0.5 R/S<0.5 R/S<0.5 R/S<0.5 R/S<0.5
R/Q<1 1 R/Q<1 1 | RQ<I 1 R/Q<1 1| rRQ<1 1
R/S<1 R/S<1 R/S<1 R/S<1 R/S<1
R<0.5mV R<0.5mV R<0.5mV R<0.5mV R<0.5mV
NtchInit40 NtchInit40 NtchInit40 NtchInit40 NtchInit40
V5 Q>30ms 1 Q>30ms Q>30ms Q>30ms Q>30ms 1
R/Q<1 2 R/Q<1 R/Q<1 R/Q<1 R/Q<1 2
R/S<1 R/S<1 R/S<1 R/S<1 R/S<1
R/Q=2 1 R/Q=2 1 | RIQx2 1 R/Q=2 1 R/Q=2 1
R/S<2 R/S<1.5 R/S<1.5 R/S<2 R/S<2
R<0.6mV R<0.6mV R<0.6mV R<0.6mV R<0.6mV
NtchInit40 NtchInit40 Ntchinit40 NtchInit40 NtchInit40
V6 Q>30ms 1 Q>30ms 1 Q>30ms 1 Q>30ms 1 Q>30ms 1
R/Q<1 2 R/Q<1 2 | RIQ<1 2 R/Q<1 2 R/Q<1 2
R/S<1 R/S<1 R/S<1 R/S<1 R/S<1
R/Q<3 1 R/Q<3 1 | RIQs3 1 R/Q<3 1 R/Q<3 1
R/S<3 R/S<2 R/S<2 R/S<3 R/S<3
R<0.6mV R<0.6mV R<0.6mV R<0.6mV R<0.6mV
NtchInit40 NtchInit40 NtchInit40 NtchInit40 Ntchlnit40
Total Points Points Points Points Points

%LV infarct (3*pts)

%LV infarct (3*pts)

%LV infarct (3*pts)

%LV infarct (3*pts)

*(for LVH) if>4 other points in leads I, aVL, V4, V5 or V6 then count QS in V1-V3
**(RAO) if P positive amp in V1>0.1mV or aVF P>0.175mV, then exclude V1-V2 Post criteria

(@)
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LBBB
Lead Criteria Pts

I any Q 1
R/Q<1 2
R/S<1

R/Q=<1.5 1
R/S<1.5

i Q>40ms 2
Q>30ms

R/Q<0.5

R/S<0.5

aVvL Q>50ms 2
Q>40ms 1
R/S<0.5 2
R/Q=<0.5

R/S<1 1
R/Q<1

aVF Q>50ms 2
Q>40ms 1
R/Q<0.5 1
R/S<0.5

Vi Ntchinit40 1
Ant e R>0.3mV 2
R>30ms

R>0.2mV 1
R>20ms
V1 S/S'>2.0
Post S/S*>1.5
$/S'>1.25
V2 NtchInit40
Ant.>** R>0.4mV
R>30ms
R>0.3mV
R>20ms
V2 S/S'>2.5
Post S/S'>2
S/S'>1.5
V5 any Q
R/R>2
R/R>1
R/S<2
R<0.5mV
V6 Q>20ms
R/R™>2
R/R>1
R/S2
R<0.6mV 1

Total Points
%LV infarct (3*pts)
***(RAO) if P positive amp in V1>0.1mV or aVF P>0.175mV, then exclude V1-V2 R-criteria points

(b)

Nk, W

=

N ] L

R N P

Figure (3-10) The QRS score sheet for measurement of left ventricular infarct size (a)
in the presence of RBBB, LAFB, RBBB+LAFB, LVH, no confounders, (b) in the
presence of LBBB. Where (Nchlnit40) represents a reversal of direction more than 90
degrees that occurs within the first 40 milliseconds of the entire QRS complex. While
“Init R” (the peak of initial R wave) represents a reversal of direction more than 90

degrees that occurs within the first 50 milliseconds (loring et al., 2011).
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(LAFB >

Lead Criteria Pts

[N

I Q>30ms

R/Q<I
R<0.2mV

[EnN

1l Q>40ms
Q>30ms

aVvL Q>40ms

R/Q<I

aVF Q>50ms
Q>40ms
Q>30ms

R/Q<I
R/Q<2

N N B e N SR T N SN

V1 any QR
Ant.

[N

Vi R/S>1

Post**  "R>50ms 2
R>ImV

R>40ms 1
R>0.7mV

Q<0.2&S<0.2mV

—_

V2
Ant. any QR 1

<
CR<0.1mV_>

V2 R/S>1.5 1

Post.**
R>60ms 2
R>2mV

R>50ms 1
R>1.5mV

Q<0.3&S<0.3mV 1

V3 Q>30ms 2
R<10ms
Q>20ms 1
R<20ms

va Q>20ms 1

=
el
s

NtchInit40

V5 Q>30ms 1

[\S]

R/Q<1
RS<L >
R/Q<2
R/S<L5
R<0.6mV

NtchInit40

[

V6 Q>30ms 1

R/Q<1 2
<®S§l >
R/Q<3
R/S<2
R<0.6mV

NtchInit40

—_

Total Points 7

LV infarct size= 21

Figure (3-11) Measurement of left ventricular infarct

size from Selvestor score.
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3.2.4. Statistical analysis

The collected data were analyzed by SPSS-23, and all values were
expressed as mean and standard deviation. Continuous variables were
compared by using an independent t-test. The relationship between
different variables was done by Pearson's (r) correlation coefficients.
Receiver operating characteristic curve (ROC-curve) was used for the
assessment of cutoff values for the variables and the sensitivity and

specificity percentages.

The probability (P) value <0.05 is considered significant , and highly
significant when the p-value <0.001(Khanna et al., 2020).
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CHAPTER FOUR

RESULTS

4.1. Demographic data:

This study involved 50 patients with old anterior myocardial infarction
with male and female percentages 82.30% and 17.70% respectively
figure (4-1), and 50 subjects as the control group (male and female
percentages 80.6% and 19.4% respectively). The mean age + standard
deviation (SD) of the patient group is 59.21+ 5.597. The percentage of
high and normal BMI of the patients is about 82.6%,17.3%, respectively.

H male

m female

Figure (4-1) Male and female perecntage in patients with old anterior myocardial infarction.

4.2. Comparison between echocardiographic measurements between

patients and control groups:

All demographic data, 2D , and 3D echocardiographic measurements
are presented in table (4-1) and table (4-2) as mean + SD, the probability

(P) value < 0.05 considered statistically significant.
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Table (4-1) Comparison between the demographic data, axes, and indices

measurements in patients and control groups. Values are presented as mean *

standard deviation.

[Parameters Patients group (Control group [P value
N=50 N=50

Age (year) 59.2+5.597 57.6+£7.164 0.212
Weight (Kg) 82.8+12 80.8+13.2 0.436
Height (cm) 170.616.9 168.7+9.4 0.269
Body mass index 28.44+4 28.42+4 4 0.983
Body surface area 1.97+0.16 1.94+0.18 0.345
long axis dimension 8.9+0.79 8.34+0.76 0.000**
Short axis dimension 5.17+0.98 4.11+0.51 0.000**
apical dimension 3.54+0.73 2.39+0.41 0.000**
conicity index 0.69+0.12 0.58+0.07 0.000**
Sphericity index (2D) 0.58+0.11 0.49+0.05 0.000**
Sphericity index (3D) 0.38+0.12 0.32+0.06 0.03*
Slv (EDV/1/6*n*L?) 0.41+0.09 0.33+0.17 0.011*

Where Kg (Kilogram), cm (centimeter), Slv (sphericity index measured by equation),

*P value < 0.05 considered statistically significant.

** P value < 0.000 considered statistically highly significant.
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Table (4-2) Comparison between systolic, diastolic, and mitral regurgitation

parameters measurements in patients and control groups. Values are presented as

mean = standard deviation.

[Parameters Patients group [Control group |P value
N=50 N=50

Ejection fraction (2D) 40%=0.09 61%=0.06 0.000**
Ejection fraction (3D) 36%=0.09 60%=0.04 0.000**
EDV (2D) 158.18+63.3 |106+26.5 0.000**
EDV (3D) 128.9+54.4  [83.4+27.7 0.000**
ESV (2D) 98.36+51.5 42.29+18.7 0.000**
ESV (3D) 85.08+45.44 |34.11+11.04 |0.000**
Stroke volume (2D) 59.82+19.5 63.03£16.9 0.04*
Stroke volume (3D) 42.96+18.1 52.28+16.3 0.009
E/A 1.46+1.24 1.25+0.37 0.245
Ele' 13.03+7.9 5.82+1.48 0.000**
Left atrial volume index 24.23+15.62 |15.9846.9 0.001*
TR velocity 1.60£1.13 1.24+0.46 0.085
Tenting area of MV 1.45+1.06 0.61+0.16 0.000**
Cooptation distance MV 0.79+0.22 0.56+0.13 0.000**

Where EDV (end diastolic volume), ESV (end systolic volume), TR (tricuspid

regurgitation), MV (mitral valve).

*P value < 0.05 considered statistically significant

** P value < 0.000 considered statistically highly significant.
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There were statistically non-significant differences regarding the age
,BSA and BMI between the patients and control groups ( p = 0.212,
0.345, and 0.983 respectively).

2D, 3D echocardiographic parameters : long axis, short axis and apical
dimensions, indices : conicity, sphericity indices (Cl, Sl), and SI
measured by equation (Slv), LV volumes : end diastolic volume (EDV)
and end systolic volume (ESV) of patients group were statistically higher

than those of the control group (p< 0.000).

2D, 3D echocardiographically derived ejection fractions (EF) were
statistically lower in the patient group than the control group, with high
significance (p<0.000). Stroke volume (SV) was statistically lower in the
patients group than the control group (p=0.04 for 2D echocardiographic
derived SV and p<0.000 for 3D derived SV).

Assessment of left ventricular diastolic function depending on E/A ratio,
E/e’, LA volume index, and TR velocity revealed the presence of 76.90%
of the patients with left ventricular diastolic dysfunction (LVVDD) grade 1,
and 23.1% of L\VVDD grade 2-3, figure (4-2).

= LVDDII-III
m LVDD1 76.90%

Figure (4-2) Percentage of left ventricular diastolic dysfunction gradel (LVDDI) and grade

2-3 (LVDDII-1).
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E/A ratio and TR velocity in patients group were higher than control
group but statistically non-significant (p>0.05), LA volume index was
larger than control group with statistically high significance (p=0.001).
There was highly significant difference regarding the E/e” between the

two groups (p<0.000).

4.3. Comparison between 2D and 3D echo derived parameters:

2D-echocardiographically derived Sl was higher than 3D-SI and Slv
with high statistical significance (p=0.000), but there was no statistical
difference between 3D-SI and Slv (p=0.224). There were statistically
significant differences regarding 2D, 3D-EF, and SV with values of 2D
being higher than 3D measures (p=0.026, 0.000, respectively), figure (4-
3). 2D-EDV value was higher than 3D-EDV with statistical significance
(p =0.008). 2D-ESV was higher than 3D-ESV but statistically not
significant (p=0.113), figure (4-3).
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60.00% -

0.58

50.00%

40.00%

W 2D-echo. 30.00%

m 3D-echo.

20.00%

10.00%

0.00%
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100 98
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40 A

20 A

EDV ESV SV

(b)

Figure (4-3) (a) Comparison between 2D and 3D echocardiographic derived
sphericity index (SI), ejection fraction (EF). (b) Comparison between 2D and 3D
echocardiographic derived end diastolic volume (EDV), end systolic volume (ESV),

and stroke volume (SV).
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4.4. Correlation studies between different echocardiographic

parameters:

Correlation studies were done in patients group, between CI, 2D and 3D
echo derived Sl with different LV systolic, diastolic parameters, and MR

related measurements, as demonstrated in, table (4-3).
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Table (4-3) Correlation studies between 2D, 3D echocardiographically derived

sphericity index and conicity with different echocardiographic parameters.

IParameters Conicity index Sphericity index(2D) | Sphericity index(3D)
r P r P r P

EF (2D) -0.100 0.486 [-0.524" | 0.000 -0.419" | 0.002
EF (3D) -0.095 0505 [-0.414~ | 0.003 -0.475~ | 0.000
EDV (2D) -0.135 0.350 [0.629" | 0.000 0.512" | 0.000
EDV (3D) -0.181 0.207 |0.398" |0.004 0.523" | 0.000
ESV (2D) -0.131 0.365 [0.667 | 0.000 0.527 | 0.000
ESV (3D) -0.177 0.220 |0.469~ |0.001 0.573" | 0.000
SV (2D) -0.182 0.205 [-0.350° [0.025 -0.478  [0.023
SV (3D) -0.092 0524 [-0.41 0.020 -0.557 | 0.010
E/A 0.142 0.320 [0.053  [0.713 0.139 [0.335
Ele’ 0.149 0.35 0.18 0.251 0.246  |0.120
LAVI 0.20 0.21 0.33 0.035 0.3 0.049
TR velocity 0.067 0.668  [0.149 0.340 0.035 |0.827
Tentening 0.042 0.773  |0.257 0.072 0.296" | 0.045
area of MV

cooptation 0.052 0.718 [0.453" [0.001 0.652" | 0.000
distance MV

VC of MR 0.186 0251 [0.346°  [0.027 0.525 | 0.001

Where EF (ejection fraction), EDV (end diastolic volume), ESV (end systolic

volume), SV (stroke volume), LAVI (left atrial volume index), TR (tricuspid

regurgitation), MV (mitral valve), VC (vena contracta), MR (mitral regurgitation).

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

significant at the 0.05 level (2-tailed).
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The conicity index showed a statistically non significant negative
correlation with 2D, 3D derived EF and SV (P>0.05), while SI showed a
highly statistically significant negative correlation with EF, for 2D, 3D-
SI with 2D, 3D-EF (P<0.01), and statistically significant negative
correlation with SV, for 2D, 3D-SI with 2D, 3D-SV (P<0.05).

There was a negative correlation of Cl with EDV and ESV (2D and
3D echo derived) but it was statistically not significant (P>0.05). On the
other side, these correlation studies show a highly significant positive
correlation of SI with EDV and ESV (P<0.000).

Regarding the correlation studies of CI and SI with LV diastolic
parameters (E/A, E/e' and TR velocity) showed positive correlation but
statistically non-significant (P>0.05), CI also showed non significant
positive correlation with LAVI (P>0.05), but there was significant
positive correlation of 2D, 3D-SI with LAVI (P<0.05), as demonstrated
in table (4-2).

4.5. Mitral regurgitation:

Secondary MR presented in 65.4% of the patients ranging from mild
MR (70.6% ) and moderate MR (29.4%), figure (4-4). In the patients, the
mean of vena contracta (VC) was 0.25+0.16. The control group showed
only trace MR if present, so no comparison was done between the vena

contracta of the two groups.

Tenting area of MV and cooptation distance of MV showed statistically
highly significant differences between the patients and control groups (p
<0.000).
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Figure (4-4) Percentage of mitral regurgitation (MR) in patients group.

There was statistically non significant correlation between CI with MR

parameters (VC, tenting area, and cooptation distance), (P>0.05).

2D, 3D-SI showed positive correlations with MR parameters (VC of
MR, MV tenting area and cooptation distance), and especially 3D-SI was
more significant with VC than 2D-SI , (P values for 2D-SI: 0.027, 0.072,
0.001 respectively; 3D-SI: 0.001, 0.045, 0.000 respectively), table (4-3).

Patients with moderate MR showed higher 2D, 3D-SI (0.62 = 0.14,
0.49+0.18, respectively) than patients with mild MR (0.57 £ 0.107, 0.35 =
0.08) with statistically non significance difference for 2D-SI with MR
(p=0.24), and statistically highly significant difference for 3D-SI with
MR (p=0.001). There was no statistical difference between CI in mild and
moderate MR (CI in mild MR 0.7%0.12, in moderate MR 0.67 £ 0.13,P=
0.624), figure (4-5).
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Figure (4-5) Comparison between echocardiographic derived sphericity, conicity
index (2D,3D-SI, and CI) in patients with mild and moderate mitral regurgitation
(MR).

4.6. Selvester QRS score:

The Selvester QRS scores of all patients were distributed from 1 to 15
points, with a mean of 6.1 £3.51 points and accordingly LV infarct size
ranged from 3%-45%, with mean of 20%+0.093.

Correlation studies of LV infarct size with LV remodelling indices (ClI,
2D and 3D-SI ) showed no significant correlation with Cl (p=0.929),
figure (4-6), there were positive correlation but statistically non-
significant with 2D-SI, and statistically significant with 3D-SI (P=0.377,
0.044 ,respectively), as seen in figure (4-7).

60



CHAPTER FOUR RESULTS
05 - y = 0.0104x + 0.1926
* r=0.031

0.4 1 * P=0.929
03 - % » o

' *
o o, $3 .

@ lvinfarctsize wi
01 2.7,
® o 2 2
O T T T 1
0 06 08 1 1.2
a

Figure (4-6) Correlation studies of Selvester QRS score derived left ventricular

infarct size with echocardiographic derived conicity index (CI).
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Figure (4-7) Correlation studies between infarct size of left ventricle by Selvester

score with (a) 2D sphericity indices (2D-SI), (b) 3D sphericity indices (3D-SI).
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Correlation studies of LV infarct size with LV diastolic and systolic
parameters revealed statistically significant positive correlation with E/e’
(p=0.004), as shown in figure (4-8), and statistically significant negative
correlation with 2,3D-EF (p= 0.004, 0.000, respectively), figure (4-9).

0.5 - y =0.0047x + 0.1384
L r=0.411
0.4 4 P=0.004
0.3 -
. . 0.2 -
@ lv infarct size
0.1 -
O T T T T 1
0 10 20 30 40 50

Figure (4-8) Correlation studies between left ventricular infarct size by selvester

score with echocardiographic derived E/e’ of mitral valve inflow.
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Figure (4-9) Correlation studies between left ventricular infarct size by selvester
score, and (a) 2D echocardiographic derives ejection fraction (2D-EF) and (b) 3D
ejection fraction (3D-EF).

63



CHAPTER FOUR RESULTS

4.7. Receiver operating characteristic sensitivity and specificity for
LV remodelling indices:

The area under the curve (AUC) for 3D-SI was 0.929 with sensitivity of
83% and specificity of 82% for a cutoff value of 0.33, figure (4-10).
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Figure (4-10) Receiver operating characteristic for 3D sphericity index.

The area under the curve (AUC) for 2D-SI was 0.75 with sensitivity 74%
and specificity of 70% for a cutoff value of 0.53, figure (4-11).
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Figure (4-11) Receiver operating characteristic for 2D sphericity index.
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The area under the curve (AUC) for CI was 0.78 with sensitivity 71% and
specificity of 74% for a cutoff value of 0.62, figure (4-12).
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Figure (4-12) Receiver operating characteristic for conicity index.
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CHAPTER FIVE
DISCUSSION

5.1. Demographic data:

5.1.1. Effect of sex:

This study showed a higher prevalence rate in males in comparison to
females in MI patients, and this matches results in other studies (Mohseni
et al., 2017; Sharif & Lafi, 2021). Christensen et al. (2022) also

demonstrated that the prevalence of MI was higher among males.

A study conducted by Albrektsen and his colleagues to determine the
risk of incident of Ml in males and females, the study showed that males
have twice the risk of MI in comparison with females. The risk in both
sex increases with age, but females are at the least risk (Albrektsen et al.,
2016). The low risk of MI in premenopausal women is due to the
beneficial effect of estrogen on decreasing LDL and increasing HDL and
its effect on the blood vessels (Coutinho, 2014).

An opposite to another study that found an absence of the relationship

between menopause and atherosclerosis (Wolff et al., 2013).
5.1.2. Effect of age:

In this study, the mean age of the patients with MI was 59.21, which is
close to other studies that suggested the mean age of MI was 58.4, 62.1,
and 58.13 years (Duraes et al., 2017; Khanna et al., 2020; Kaplangoray et
al., 2023) respectively.
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The mean age of MI patients was 55.5 years, ranging from 20-90 years.
The highest prevalence rate of MI was noticed in older patients 33.8% in
the age group of 60-69 years and 28.4% at 50-59 years (Amen et al.,
2020).

Herrett et al. (2015) demonstrated that the incidence of MI ranges from
0.06% of men <45 years of age to 2.46% of those >75 years old.

5.1.3. Effect of body mass index:

The mean BMI in this study was 28.44, which is higher than the normal
value of 18.5-24.9 kg/m? (Caballero, 2019), and in comparison to other
studies found the mean BMI of patients with MI was 26.8, 29.1, 26.7, and
26.3 (Duraes et al., 2017; khanna et al., 2020; Kaplangoray et al., 2023;
El-Naggar et al., 2023) respectively.

In a study conducted in Erbil by Amen and his co-workers, they
demonstrated a high incidence of obesity and overweight among patients
with AMI, where 40.55% were overweight, 35.1% were obese, and 24.3%
had a normal BMI (Amen et al., 2020).

The prevalence of obesity was 75.15% in MI patients, normal BMI was
24.8%. Within ten years after the heart attack, obese patients are most
likely to die from heart disease (Sharif & Lafi, 2021).

5.2. The difference in the parameter between patients and control:

On comparison between patients and controls which was matching age,

weight, and height.

The study showed a statistically significant increase in 2D and 3D
parameters: long, short, and apical axis, conicity and sphericity indices,

end diastolic volume and end systolic volume in the patient group than in
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control group, this reflects the LV remodelling that alters ventricular size
and geometry represented by larger volumes, bigger long and short axis.
Also, anterior MI causes dilatation in the apical area of the left ventricle

that leads to an increase in the apical axis.

This study concurs well with a study conducted by Di Donato et al.
(2006) to evaluate LV geometry by sphericity and conicity indices in
normal and anterior ischemic cardiomyopathy patients and they found
that the long, short, apical axis, Cl, SI, EDV, and ESV were higher in the

patient group than in control group.

Fan et al. (2010) showed that the long, short, apical axis, apical conicity
ratio, EDV index, and ESV index by CMR were significantly different in

patients with MI than in healthy controls.

In a study conducted by Li et al. (2008) to predict LV remodelling after

Ml, 2D, 3D-SI, and LV volumes were higher in patients than in controls.

Karuzas et al. (2019) also found that 3D-SI, EDV, and ESV were higher
in patients with LV remodelling than in patients without LV remodelling,
this happens due to LV remodelling that occurs after M1 as a consequence
of sudden overloading of the heart, leading to a serial of changes that
involve infarcted and non infarcted tissue, resulting in increased LV

volume.

The study showed that 2D, 3D echocardiographically derived ejection
fraction and stroke volume were statistically significantly lower in the
patient's group than the control group, this could be because, following
LV remodelling the myocardium loses its contractile function which

leads to a reduction in systolic function.
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This is in agreement with a study conducted by Fan and his colleagues
to assess LV apical geometry after MI, they demonstrated that EF, SV
were lower in patients than in control groups. A normal conic LV apical
shape is important for cardiac pump function. Following ischemic injury,
the helical apex of the myocardium loosens, causing a spherical
myocardial configuration, the oblique apical loop fibers are realigned to a
more transverse orientation, resembling the basal loop. These changes
lead to reduced LVEF (Fan et al., 2010).

Recent study also documented that the EF in patients with ischemic
cardiomyopathy was lower in patients than in controls (Emara et al.,
2021).

Other studies revealed that in patients with LV remodelling, the EF was
lower than in patients without remodelling (Vieira et al., 2013; Ola et al.,
2018; Karuzas et al., 2019).

E/A ratio and TR velocity in the patient's group were higher than the
control group but statistically non-significant, the reason for that could be
that in this study, the percentage of moderate mitral regurgitation was
29.4% which lead to increase the E velocity. TR velocity higher in
patients than control group could be explained by post capillary changes
due to LV diastolic dysfunction which may be later on progress in to post

capillary pulmonary hypertension.

LA volume index and E/e” ratio were larger than the control group with
statistically high significance, this could occur as a result of the diastolic
function representing the amount of distensibility, in the case of MI,
necrotic tissue is substituted by fibrosis which leads to decreased

distensibility and so increases the LV filling pressure.
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Studies showed there was a statistically significant increase in E/A, E/e’,
and LA volume in patients with MI compared to controls (Dogan et al.,
2013; Emara et al., 2021).

E, A, and ¢’ are sensitive to myocardial ischemia, changes in ventricular
compliance, preload, and afterload. E/e’ represents LV-filling pressure.
Diastolic dysfunction occurs when elevated filling pressures are required
to maintain normal LV filling in order to preserve stroke volume and
cardiac output, elevated LV filling pressures lead to increased LA volume
(Dogan et al., 2013; Sgholm et al., 2016).

Tenting area of MV and cooptation distance of MV showed statistically
highly significant differences between the patients and control groups,
and this is due to LV remodelling and tethering of MV leaflets. This is
similar to (Di Donato et al., 2006; Avila-Vanzzini et al., 2018).

5.3. Comparison between 2D and 3D echocardiographic

measurements in patients group:

In this study, 2D-SI was higher than 3D-SI and Slv calculated with a
high statistical significance, this could be due to geometric assumptions
to which 2DE is subjected in measuring the volumes. But there was no
statistical difference between 3D-SI and Slv as the latter depends on

theoretical volume not dimensions alone.

This is consistent with other studies (Di Donato et al., 2006; Li et al.,
2008) in which the sphericity index was measured by equation depending
on theoretical volume, and by 2DE in patients with MI, the studies
showed that the value of SI by 2DE was higher than that, measured by

equation.
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In some studies, the value of Slv was 0.36, 0.37, and 0.38 in patients
with LV remodelling which was closer to our Slv results, which was
0.41, and also closer to 3D-SI in this study, which was 0.38 in patients,
Consequently, it reveals how closely values for 3D-SI and Slv are related.
(Di Donato et al., 2006; Li et al., 2008; Karuzas et al., 2019) respectively.

In this study, 2D-EF, SV, and EDV were statistically significant higher
than 3DE, while 2D-ESV was higher than 3D-ESV but statistically not
significant. Left ventricular volumes by 3DE, underestimate EDV and
ESV. As with 2DE, this could be due to inclusion of LV trabeculae and
papillary muscles within the cavity (Armstrong & Ryan, 2019).

This fits with (Vieira et al., 2013) who showed 2D-ESV, EDV were
higher than those measured by 3DE.

This finding has not matched previous research that demonstrated that
EDV and ESV measured by 3DE were higher than those measured by
2DE (Karuzas et al., 2019).

Fukuda et al. (2012) demonstrated that LV volumes were similar
between 3DE and 2DE.

Recent studies done by (Rodriguez-Zanella et al., 2019; Baldea et al.,
2021) showed the EF was smaller in 3DE than in 2DE, but LV volumes
were larger in 3DE than in 2DE. Rodriguez-Zanella et al. (2019)
explained that the measurement of LV volumes by 2DE is subjected to
geometric assumptions on LV shape and is often vulnerable to the
foreshortening of the apical views during acquisition.

In a study conducted on a normal person, the LVEF and stroke volume

were statistically smaller with 3DE than with 2DE, but LVVs were larger
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in 3DE than with 2DE, and also attributed the reason for this to geometric

assumptions and foreshortening in 2DE (Muraru et al., 2013).

5.4. Correlation studies between between conicity index, 2D and 3D
echo derived sphericity index with different echocardiographic

parameters

5.4.1. Correlation between sphericity index and conicity index with

left ventricular systolic function:

SI showed a highly significant positive correlation with EDV and ESV
and a statistically significant negative correlation with EF and SV, this is
due to LV remodelling leading to an increase in LV volumes, while a
decrease in EF results from systolic dysfunction resulting from a decrease

in contractility.

This result correlates favorably with Wong et al. (2004) who found
impaired LV function with increased sphericity owing to depressed
contractility, and the sphericity index is an independent predictor of a

decrease in survival rate at 10 years.

Also, it was similar to Tani et al. (2005). Studies were done by MRI,
which showed that the SI was positively correlated with end diastolic, and
end systolic LV volume and inversely correlated with LVEF (Nakamori
etal., 2017, Halima & Zidi, 2018).

Another study has shown that SI by 3DE is negatively correlated with
EF, and positively correlated with LV volumes (Maffessanti et al.,
2009).

Conicity index showed a statistically non significant negative correlation

with 2D, 3D-derived EF, and SV, this finding occurs as a result of the
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fact that contraction of mid-papillary area of the LV is responsible for
about two-thirds of the LV stroke volume. Also, in normal people, there
Is a variation in the degree of endocardial excursion and myocardial
thickening which is lessened at the apex when compared with the base
(Lancellotti et al., 2017; Armstrong & Ryan, 2019).

Also CI showed a statistically non significant negative correlation with
2D, 3D-EDV, and ESV, this could be explained by the fact that the ClI
represents the ratio between the apical axis to the short axis of LV,
whenever LV volumes are dilated, the short axis is affected more than the

apical resulting in a decrease in CI.

Up to our knowledge no other studies correlate the Cl with EDV or ESV,
but the results of this study indirectly matched the same results from the
tables presented in previous studies that showed that the conicity index
was inversely correlated with EDV and ESV (Di Donato et al., 2006;
Garatti et al., 2015).

5.4.2. Correlation between sphericity index and conicity index with

left ventricular diastolic function:

The correlation studies of ClI and SI with LV diastolic parameters (E/A,
E/e', LAVI, and TR velocity) showed a positive correlation. Up to our
knowledge, no other previous studies have examined the correlation

between sphericity and conicity index with diastolic function.

Previous studies assessed the effect of LV diastolic function and LV
remodelling, Silveira and his colleagues (2021) studied
echocardiographic predictors of LV remodelling following anterior M,
taking EDV and ESV as parameter of LV remodelling and they found a

higher E/E' ratio was observed in the group with LV remodelling, and
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within 6 months, an E/E' ratio of 11.56 presented good specificity and

sensitivity in forecasting ventricular remodelling.

Flachskampf (2010) stated that E/e' was the only independent predictor
of remodelling, in patients at risk for remodelling, left ventricular
diastolic pressures are already elevated shortly after infarction, signaling
that the diastolic pressure-volume relationship of the left ventricle has

changed in response to ischemic injury.

Adhyapak et al. (2022) took the relative wall thickness (RWT) as an
index of LV remodelling and explained its correlation with diastolic and
systolic function in patients with IHD. They explained LV remodelling
effect on LV diastolic function as LV remodelling after MI can make the
LV wall less distensible with elevated stress on the thinner LV wall,
which provokes pressure and volume overload on non-infarcted LV
regions and triggers myocardial interstitial fibrosis that results in more

deterioration of diastolic dysfunction.

In this study, 2D, 3D-SI showed positive correlations with MR
parameters (VC of MR, MV tenting area, and cooptation distance). This
is closer to (Di Donato et al., 2006; Sadeghpour et al., 2008). But there
was no significant correlation between CI with MR parameters. This is
similar to (Di Donato et al., 2006).

In this study, the patients with moderate MR showed higher 2D and 3D-
Sl than patients with mild MR, with a higher statistical significance for
3D-SI with MR, this is because a higher sphericity index as a result of
global LV dilatation causes annular dilatation, leaflet tethering, and

displacement of mitral valve leaflets that leads to a decrease in the
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competence of the mitral valve, so whenever the increase in the sphericity

index is greater, more MR occurs (Garatti et al., 2015).

This study is consistent with a previous result by Maffessanti et al.
(2014) that found the 3D sphericity index in patients with moderate MR
was statistically significant higher than that in patients with mild MR.
Other studies found that there was a statistically significant correlation
between the 2D sphericity index and the degree of MR (Sadeghpour et
al., 2008; Garatti et al., 2015).

The contradictory study proposed that the sphericity index had a poor
correlation with MR (Yiu et al., 2000).

This study showed no statistical difference between CI in mild and
moderate MR, this might be due to the conicity index representing

regional shape abnormalities that couldn't affect the mitral valve.

This is in good agreement with Di Donato et al. (2006) who explain it as
follows in the case of a high conicity index, the apex is dilated with the
short axis remaining unchanged, thus the mitral function is better. Garatti
et al. (2015) also revealed no correlation between Cl and the degree of
MR.

5.4.3. Correlation between left ventricular infarct size with different

parameter:

In this study, we used the Selvester score in calculating the infarct size,
as the increase in the Selvester score is directly associated with the

increase in the quantity of myocardial scar tissue (Loring et al., 2011).
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As documented previously, CMR is the gold standard for assessing
viability, and the evaluation of scar extent and size using CMR s precise
and reproducible (Enein et al., 2020). Another study has shown a good
correlation between the Selvester score and MRI in determining infarct
size (Holmes et al., 2016). Thus, this could reflect the applicability of the

Selvester score in reflecting infarct size.

This study showed that the mean of the selvester QRS scores of all
patients was 6.1 points, suggesting that the QRS score in MI was
distributed within a relatively medium-score index. This concurs well
with (Holmes et al., 2016) who investigated the benefit of the Selvester
score in the scoring system in assessing infarct size in patients with M1 at
both the acute and follow-up periods. Selvester infarct size was 12.98%
in patients with anterior MI after 2 months, this means that the Selvester

score point was 4.19, which was included in the medium score too.

This classification is according to a previous study done by
Tjandrawidjaja et al. (2010) that categorized the infarct size, which was
estimated from the selvester score, into small infarcts if the selvester
score was < 3, medium infarcts if the score was 4 to 7, and large infarcts

if the score was > 8.

5.4.3.1. Correlation between left ventricular infarct size with

sphericity index and conicity index:

This study showed no significant correlation between LV infarct size
with CI and there was a statistically non-significant positive correlation

with 2D-SI but a statistically significant correlation with 3D-SI.

Patients with anterior MI experienced a larger infarction due to more at-

risk myocardium, as well as more substantial post-infarction remodelling
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and dysfunction (Masci et al., 2011). Scar size had a strong linear
relationship with LV end-diastolic and end-systolic volumes as LV

remodelling parameters (@rn et al., 2007).

Pezel et al. (2020) demonstrated that there was no significant
relationship between sphericity and conicity indices with LV infarct size
by MRI.

In contrast to a study done by Fan et al. (2010) by MRI in the population
of patients with IHD, the apical conicity ratio demonstrated a significant

correlation with scar score.

5.4.3.2. Correlation between left ventricular infarct size with left

ventricular diastolic and systolic function:

In this study, there was a statistically significant positive correlation
with E/e” and a statistically significant negative correlation with 2,3D-EF.
This might be due to the fact that following MI there was impaired
relaxation and stiffness that resulted from collagen accumulation in tissue
that altered the elasticity of the myocardium, Whenever the infarct size is

enlarged, more diastolic and systolic impairment results.

This supports the previous findings by Kaplangoray et al. (2023) that
studied the correlation between Selvester score and myocardial
performance index, as parameters for systolic and diastolic functions of
the heart in patients with acute anterior MI. The study revealed that both
tissue Doppler and conventional myocardial performance index were
more impaired in patients with a high Selvester score, and there was a
strong correlation between Selvester score and myocardial performance

index.
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Sgholm et al. (2016) revealed that after STEMI, diastolic dysfunction,
as a result of increased LV filling pressure, and systolic dysfunction had
a statistically significant correlation with large infarct size. And
demonstrate that the systolic dysfunction after Ml is linked with a large
area of myocardial edema and necrosis that lead to the greater myocardial

infarct area.

Also, it is in line with the finding of Behairy and his co-workers (2014),
who showed a significant positive correlation between the degree of
diastolic dysfunction and the extent of myocardial scarring by CMR in
patients with IHD.

In contrast, Chung et al. (2014); Sundqgvist et al. (2022) identified that
the degree of myocardial scarring was weakly or not significantly
correlated with LV diastolic function. Chung et al. (2014) explained this
by saying that hypercontractility in the non infarcted region of the

myocardium contributes to preserving diastolic function.

Yontar et al. (2021) revealed that MI patients with a higher selvester
score had a significantly lower EF, greater troponin levels, a higher injury

of the left anterior descending artery, and more adverse events.

Enein et al. (2020) evaluated the correlation between the infarct size by
MRI and LVEF in a patient with ischemic cardiomyopathy, and they
revealed that the scar percentage was higher in patients with a severe
decrease in EF, and the scar score was observed as an independent
predictor of LVEF improvement after management.
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5.5. Receiver operating characteristic sensitivity and specificity for

LV remodelling indices:
5.5.1. The cutoff value for 3D-sphericity index:

In this study, the sensitivity and specificity for 3D-SI were (83%, 82%)
of the cutoff value 0.33, which approximates the values of the study done
by Yang and Zeng (2015) in patients with LV remodelling in non-acute
MI the critical value of 3D-SI was 0.32.

In a study done by Mannaerts and Van Der Heide (2004) involving 33
patients with acute anterior MI, the cutoff value of 3D-SI was above 0.25
with sensitivity, a specificity, and AUC were (100%, 90%, and 0.963),
this low cutoff value in this study because MI was acute, and this cutoff
can differentiate patients with and without subsequent development of

LV remodelling.

Another study showed the cutoff value of the sphericity index by 3DE in
AMI patients, one month and six months after MI, was 0.28 with
sensitivity, specificity, and AUC (83.3%, 95.5%, and 0.891) respectively
(Lietal., 2008).

The result of 3D-SI in patients with LV remodelling, 6 months after Ml
was 0.34, 0.35 (Vieira et al., 2013; EI-Naggar et al., 2023), respectively,

but the cutoff value was not evaluated.

These results are in contradiction with a study by Karuzas and his co-
workers (2019) that included 75 patients with AMI, 3DE performed
within 3 days and 6 months later after MlI, the cutoff value of 3D-SI was
>0.50, sensitivity was 90%, specificity was 91%, and the AUC was
0.957.
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CHAPTER FIVE DISCUSSION

5.5.2. The cutoff value for 2D-sphericity index:

For this study, the area under the curve (AUC) for 2D-SI was 0.75, with
a sensitivity of 74% and a specificity of 70% for a cutoff value of 0.53.

The results of 2D-SI in other studies were 0.53 in patients with
ischemic anterior cardiomyopathy, 0.56 in patients with anterior
remodelling after MI, and 0.62 in patients with ischemic cardiomyopathy
(Di Donato et al., 2006; Garatti et al., 2015; Ohira et al., 2018)

respectively, but the cutoff value was not evaluated in the studies above.
5.5.3.The cutoff value for conicity index:

For this study, the area under the curve (AUC) for Cl was 0.78, with
sensitivity of 71% and specificity of 74% for a cutoff value of 0.62.

Up to our knowledge, no previous study assessed the CI cutoff value,
but the results of the conicity index in some studies were 0.76 in patients
with anterior Ml, 0.88 in patients with anterior remodelling after MI, and
0.73 in patients with ischemic cardiomyopathy (Di Donato et al., 2006;
Garatti et al., 2015; Ohira et al, 2018) respectively.
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Conclusion and

Recommendation




Conclusions

1. This study showed that 2D and 3D-SI are straightforward noninvasive
measures of LV remodelling, and, from the correlation studies, can reflect

the systolic and diastolic functions of the LV.

2. 3D-SI might be superior because of its higher specificity and
sensitivity in comparison with other indices, and the close proximity of
values between 3D-SI and Slv measured by equation may give a hint

that it could be of benefit in the absence of 3D modality.

3. The conicity index can reflect the regional changes in apical shape

produced by anterior infarction.

4. The selvester QRS score was feasible for detecting myocardial scarring
In patients with anterior myocardial infarction and can reflects the left
ventricular remodelling through its relationship with 2D and 3D-SI, but

cannot reflect the regional changes represented by CI.

5. The degree of MR was affected by the raising in Sl, while the CI had

no effect on MR severity.

6. Clear differences were found between 2D and 3D echocardiographic

parameters, which highlights the importance of depending on the 3D echo

modality in assessing the severity of LV dysfunction in MI.




Recommendations

1. 3D echocardiographic parameters like EF, SI, and 2D-CI are better to
be involved in the assessment of patients with anterior Ml for the

detection of the severity of the condition and for subsequent follow up.

2. Estimate the LV infarct size from the QRS score to reflect the level of

LV scarring and the severity of the condition.

3. To further continue this study on patients with MI with a larger sample
size and study the prognostic effect of sphericity and conicity index ratio

on the fate of patients in accordance with the severity of the ratio.

4. Assessment of CI in patients with DCM (ischemic and non ischemic )

to predict its role in the differentiation of the two conditions.

5. Make a prospective study of patients with acute MI and measure the

changes in LV remodelling indices and the prognostic cutoff value.

6. Studying the response to treatment (either medical or interventional

therapy) and rate improvement in accordance with changes in

remodelling indices.
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