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GLOSSARY

Angina

Arrhythmia

Atrial fibrillation

BNP

Diastolic

Echocardiography

Electrocardiography/

Electrocardiogram

A burning feeling associated with the front of the
chest that is worse on exertion and relieved by
resting (Feigenbaum et al/.,, 2005).

Heart rhythm allows for coordinated contractions of
the organ at a rate between 60 and 100 per minute
at regular intervals. A deviation from this definition
is an arrhythmia (Thaler, 2006).

Uncoordinated rapid irregular contraction of the
receiving chambers of the heart (Thaler, 2006).

The myocardium secretion of the cardiac hormone,
plasma B-type natriuretic peptide (BNP), is
increased which reacts to increased cardiac stress,

when the pressure in the heart increases,

The minimal pressure (usually in mmHg) of the

blood pressure (Feigenbaum et al., 2005).

An imaging modality that utilizes sound and
reflections of sound (echoes) to produce pictures of
the heart in real time. This also allows for
measuring of dimensions and utilizes Doppler to
evaluate velocities inside the heart (Kaddoura,
2009).

A graph in real time to demonstrate difference in
electrical potential at certain points of the anterior
chest and the limbs (Thaler, 2006).



Heart murmur

Heart rate

Left atrium

Left Ventricle

Mitral regurgitation

Mitral stenosis

Mitral valve

Mitral valve prolapse

NT-proBNP

A sound that is audible, separate from the heart
sounds that has a recognizable pattern (usually)
(Kaddoura, 2009).

The number of cardiac cycles (per minute) of the
heart (Thaler, 2006).

Receiving chamber of the heart that receives
oxygenated blood from the lungs and passes this
on to the left ventricle (Feigenbaum et a/., 2005).

The main pumping chamber of the heart that

receives oxygenated blood from the lungs and
forwards it to the rest of the body (McAlpine,

1975).

Incomplete seal of the mitral valve during left
ventricular contraction that allows blood to flow
from the left ventricle to the left atrium (Kaddoura,
2009).

Narrowing of the opening of the mitral valve that
resists blood flow from the left atrium to the left
ventricle (Kaddoura, 2009).

A bicuspid valve situated between the left atrium
and the left ventricle (Kaddoura, 2009).

Abnormal coaptation of the mitral valve leaflets.
This is usually due to floppiness (redundancy) of
the scallops that then allows blood to leak back into
the left atrium (Kaddoura, 2009).

N-terminal (NT)-pro hormone BNP (NT-proBNP) is a
non-active prohormone that is released from the

same molecule that produces BNP



New York Heart Association (NYHA) An adopted classification that tries to define the

Classifications
Classification Class 1

Classification Class I1
Classification Class I1I
Classification Class IV

Right atrium

Right ventricle

Symptoms

Syncope

Systolic

Transoesophageal
echocardiography

Transthoracic echocardiography

degree of exertional impairment universally
Asymptomatic with ordinary tasks or moderate
exercise

Mild limitations to ordinary activities

Significant limitation to less than ordinary tasks
Symptomatic while sedentary

(Dolgin, 1994).

Receiving chamber of the heart that receives de-
oxygenated blood. This chamber also receives
blood from the heart itself via the coronary sinus
(Feigenbaum et a/., 2005).

The main pumping chamber of the heart that
receives deoxygenated blood from the right atrium
and pumps it to the lungs (Feigenbaum et al.,
2005).

What the patient complains of (feeling unwell)
(Boudoulas et al., 1988)

Fainting or temporary loss of consciousness caused
by a fall in blood pressure (Thaler, 2006).

The maximal pressure (usually in mmHg) of the
blood pressure (Feigenbaum et al., 2005).

See echocardiography. This type of
echocardiography is done by passing the probe into
the oesophagus and stomach to view the heart
(Kaddoura, 2009).

See echocardiography. This type of

echocardiography is extracorporeal on the front of

Xi



Tricuspid valve

Ventricular fibrillation

the chest and subxiphoid (usually) (Kaddoura,
2009).

The valve situated between the right atrium and
the right ventricle that has three leaflets
(Kaddoura, 2009)

Uncoordinated rapid irregular contraction of the

heart that does not allow for blood to be received
or pumped from the organ (Thaler, 2006).
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ABSTRACT

Introduction: Mitral valve prolapse (MVP) is a common valvular abnormality of the heart and
echocardiography remains the gold standard for the diagnosis. Unfortunately,
echocardiography is only available at tertiary hospitals and private internal medicine and
cardiology practices and requires qualified echocardiographers to operate it. According to my
knowledge and personal experience the public sector in South Africa and private healthcare in
rural areas do not provide this service and are compelled to refer patients externally for an
echocardiogram. They do however have access to electrocardiogram (ECG) equipment, which
is cost effective. To conduct an ECG requires minimum training and experience, but the
interpretation of an ECG requires in depth pathophysiology knowledge and training and thus
needs to be done by a medical professional. Early MVP diagnosis is of great importance, since
complications of MVP include syncope, infective endocarditis, arrhythmias, cerebral vascular
ischaemic events, and sudden death. Although studies in various populations from other
countries have reported ECG changes in patients with MVP, similar studies have not been

reported in any South African population.

Aim: Can ECG derived parameters identify persons with possible prolapse that will then be
referred for echocardiographic investigations? The aim of the study was to investigate the
possibility of using ECG criteria as a potential diagnostic methodology for MVP and to determine

if (NT-proBNP), Troponin I and C-reactive protein (CRP) could assist in the diagnosis of MVP.

Methods: This is a retrospective observational study and convenient purposive sampling was
done. A total of 89 subjects were selected that met the inclusion and exclusion criteria and
had ECG’s and Echocardiograms done as part of their cardiac workup. The P wave amplitude,
P wave duration, P-R interval, QRS complex duration, J point (early repolarisation), T wave
duration and QT and QTc intervals were calculated. The NT-proBNP, CRP and Troponin I
results were retrieved. These findings were compared with the ECG and pathology results of
30 healthy subjects in the control group to determine if there is a statistical correlation between

any of these factors individually or combined, and the MVP subjects.

Results: Early repolarisation was detected in the MVP group. Other statistically significant
ECG markers were the P wave amplitude, P wave duration, QRS duration and the QT interval.
The NT-proBNP and Troponin I biomarkers were not statistically different to the controls.
Although 50% of the subjects had elevated CRP levels, CRP is a non-specific marker of

inflammation such as endocarditis. It might thus be beneficial to determine CRP levels since

Xiii




increased CRP levels in MVP patients may also be suggestive of inflammatory processes
involved in the pathology of MVP.

Conclusion: Although the P wave amplitude, P wave duration, QRS duration and the QT

interval showed statistical significance, all the ECG values were within the normal range of
ECG parameters. Therefore, ECG would not be recommended as a diagnostic tool for MVP.
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CHAPTER 1: INTRODUCTION

1.1 Introduction

The most common valvular abnormality, which affects approximately 2-3% of the
residents in the United States (Devereux et al, 2001; Freed et al., 1999), is termed
mitral valve prolapse (MVP). There is no uniform diagnostic formula or criteria for MVP
in the general or forensic pathology practice. During a physical examination MVP may
be detected by a high pitched mid-systolic murmur and based on this, patients are then
referred for an echocardiogram (Barron et al,, 1988; Devereux et al, 1989). Often
patients are referred to the specialist physician through the emergency unit due to
chest pain and palpitations. Echocardiography is usually used to diagnose MVP
(Oliveri et al., 2021). Transthoracic echocardiography (TTE) is used to accurately
identify billowing of the leaflets in most patients (Parwani et a/,, 2017).

This represents a challenge, as only tertiary hospitals, private internal medicine
and cardiology practices usually have access to ultrasound machines in South
Africa, and in the researcher’s opinion probably the rest of Africa. According to my
knowledge and personal experience the public sector in South Africa and private
healthcare in rural areas do not provide this service and health care personnel have
to refer patients to facilities which have the necessary infrastructure. Beyond this
studies by other clinicians have demonstrated the challenges of accessing
echocardiography in the South African healthcare setting (Huson et al, 2019;
Husselman et al., 2018). It is important that patients are diagnosed and treated
timeously for mitral valve prolapse, to prevent arrhythmias and sudden death
(Nishimura et al., 2014; Maganti et al., 2010).

Patients with undiagnosed MVP might be unaware that they have heart problems,
since they seldom experience any related symptoms at all (Boudoulas et a/., 1988).
Patients with Marfan’s syndrome are also predisposed to ventricular
tachyarrhythmias as this condition is frequently associated with MVP (Yetman et
al., 2003). Echocardiography is currently the preferred method to evaluate the extent
of valve disease. However, echocardiography is unfortunately not accessible to all
since it is a costly procedure which is only available at academic hospitals and through
private  practitioners. Furthermore, echocardiography requires qualified
echocardiographers (Smith et al,, 2017) and image quality is important for accurate




diagnosis (Labs et a/, 2020). Alternatively, obtaining an accurate electrocardiogram
(ECG) requires minimum training and experience, but the interpretation of an ECG
requires in depth pathophysiology knowledge and training and needs to be done by a
medical professional. ECGs are also cost effective and most health facilities in the
public sector have access to ECG equipment and pathology facilities.

Although studies in various populations from other countries have reported ECG
changes in patients with MVP, similar studies have not been reported in any South
African population.

The purpose of the study was to evaluate ECG tracings and certain blood markers such
as ProBNP, Troponin I and/ or CRP as possible alternative tools to echocardiography in
the diagnosis of MVP.



CHAPTER 2: LITERATURE REVIEW

2.1 Mitral valve anatomy

The mitral valve is a complex structure and consists of several components. These
components, namely the annulus, commissures and leaflets, papillary muscles, and
chordae tendinea, part of the left atrium and left ventricular wall, act as a functional
unit (Ho, 2002; Perloff et al, 1972). The mitral valve annulus is a thin, anatomical
structure that separates the left ventricle and left atrium (Berdajs et al, 2007;
McAlpine, 1975). It causes coaptation of the leaflets by contracting during left
ventricular contraction (Berdajs et a/, 2007; McAlpine, 1975).

The interstitial cells present in the valve assist in the role of the valve by acting as a
biological mediator. Endothelial cells on the surface, interact with interstitial cells to

uphold the intensity and structure of the valve (Sanchez Vaca et a/., 2019).

Based on the mitral valve leaflets’ structural connection, the mitral valve leaflets are
divided into anterior and posterior leaflets, and anterolateral and posterolateral
commissures where the leaflets insert and join into the mitral annulus (Dal-Bianco and
Levine, 2013; McCarthy et al., 2010). Studies have demonstrated the posterior leaflet
to be crescent shaped, shorter, thinner and more flexible than the anterior leaflet, while
consisting of 3 scallops, P1 (lateral), P2 (central) and P3 (medial) which serve as
segmental markers of the leaflets as shown in figure 2.2 (Dal-Bianco et al., 2013;
Carpentier et al., 1995; Ranganathan et a/, 1970). The anterior leaflet is dome-shaped
and consists of 3 scallops, A1l (lateral), A2 (central) and A3 (medial) (Dal-Bianco et al.,
2013; Ranganathan et al, 1970). During left ventricular contraction during systole,
the free edge of both leaflets closes, which results in closure of the mitral valve
(Ranganathan et al., 1970). During left ventricular relaxation during diastole, the free
edges separate, resulting in opening of the mitral valve (McCarthy et al,, 2010).

Chordae tendinea are fibrous strings that originate from the papillary muscles or the
myocardium and inserts into the ventricles and leaflets. The chords can be divided into
three categories (Ranganathan et al., 1970):

primary (marginal),
secondary (basal), and

tertiary




The primary chords attach at the leaflet tips and the secondary chords attach at the
mid-body of the leaflets. Each papillary muscle allocates chords to the leaflet on its
side (Bollen et al, 2000). The tertiary chords ascend from the left ventricular
myocardium and insert solely into the posterior mitral leaflet and functions as structural
support. The human heart has more than a hundred chords (Ranganathan et al,
1970).

Primary and secondary chords have remarkably diverse roles (Obadia et a/, 1997).
The function of the primary chords is to maintain coaptation of the leaflets. The
function of secondary chords is to provide support and length to leaflets (Obadia et a/,
1997).

There are two papillary muscles (figure 2.1), and they provide tendon cords for the
anterior and posterior leaflets (Rajiah et a/, 2019). Both the left anterior descending
artery and the circumflex artery, supply the anterior papillary muscle with blood. Either
the right coronary artery or the circumflex artery supplies the posterolateral papillary
muscle with blood (Voci et al., 1995; Rusted et al., 1952).

The papillary muscle system synchronizes with the mitral annulus to prevent leaflet
prolapse (Komeda et a/, 1997; Gorman et al., 1996; Victor et al., 1995; Chiechi et al.,
1956; Rusted et al, 1952). Optimal interaction of the mitral components is necessary
to maintain proper valve function (Ho, 2002; Perloff et al., 1972).

e Pulmonany vava

Careumilox
arhny

Tratusgud vitha

Sy Diastole  Posteromedial
papillary muscle

Figure 2.1: Surgical view of the open mitral valve in diastole with the atrial
walls removed (Carpentier et a/., 2010)
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Figure 2.2: Surgical view of the closed mitral valve in systole (Carpentier et
al., 2010)

2.2 History of mitral valve prolapse diagnosis

In 1859 Austin Flint made a mention of a systolic sound in his cardiac book (Flint,
1859). It was also reported by French doctors in the 1900’s (Potain, 1900). At that
stage it was still not determined where the sound originated from, until Louis
Gallavardin clarified this when he described an autopsy of a female patient whose cause
of death might have been due to mitral valve disease (Gallavardin, 1932).

In 1961 JVO Reid issued reports of patients with midsystolic clicks; some of them
presented with alternative heart sounds (Reid, 1961). Two years later Barlow et a/
1963 reported their phonocardiographic and angiographic findings on patients who had
midsystolic clicks, which resulted in the term “Barlow’s syndrome” (Barlow et a/,, 1963).
The term MVP initially showed its appearance in 1962 in a paper by Ross and Criley
(Ross et al., 1962).

2.3 Etiology and pathophysiology of mitral valve prolapse
Bonow et a/2006 defined the MVP as ‘billowing of any portion of the mitral leaflets (=2

mm above the annular plane on a long axis view [parasternal or apical 3-chamber
view]) into the left atrium during systole’ (Bonow et al., 2006).

Etiologically there are two types of mitral valve prolapse (Détaint et a/, 2010;
Monteleone et al., 1969).

1. Primary or non-syndromic MVP without any connective tissue disorders

2. Secondary or syndromic MVP, which is associated with connective tissue disorders



2.3.1 Syndromic connective tissue disorders
Marfan syndrome (MFS) is a genetic disease that affects connective tissue and has a
high occurrence of MVP (Détaint et a/, 2010). In many cases the diagnosis of MVP
leads to the diagnosis of MFS.
Loeys-Dietz syndrome (LDS) is a genetic disorder caused by a genetic mutation of five
genes (Attias et al., 2009). A study done on phenotypes, revealed that the occurrence
of MVP was just above 20% in patients with LDS (TGFBR2) (Van der Linde et al., 2012).
Ehlers-Danlos syndrome (EDS) is a group of genetic diseases (Brady et al,, 2017). A
study by Dolan et a/ 1997 showed the occurrence of MVP to be quite low in EDS
patients, at 6% (Dolan et al, 1997).
The occurrence of MVP in Wiliams-Beuren syndrome, which is a developmental
disorder, is less than 10% (Collins 2013).
Pseudoxanthoma elasticum is an inherited disease which affects 2 in a 100 000 people.
The occurrence of MVP is less than 5% in pseudoxanthoma elasticum (Prunier et al.,,
2013).

2.3.2 Non-syndromic myxomatous mitral valve prolapse
In 1969 a familial pattern of MVP was initially suggested by Monteleone and Fagan
(Monteleone et al,, 1969). A few years later family studies revealed that the incidence
of MVP inheritance occurred in more than two thirds of the cases (Devereux et al.,
1982).

2.4 Symptoms of mitral valve prolapse

Symptoms of MVP are chest pain (brief attacks of sharp atypical aches on the chest
not related to exertion), palpitations, syncope, or the decreased ability to perform
exercise and sudden death (Yetman et al, 2003; Boudoulas et a/, 1988). The most
common complaint among people with this syndrome is chest pain, which occurs in
two thirds of MVP patients (Alpert et al., 1991; Boudoulas et al, 1988).

2.5 Clinical signs of MVP

A high pitched mid-systolic murmur best heard at the apex on cardiac auscultation is
usually associated with MVP (Barron et al., 1988; Devereux et al., 1989). Since physical
exam findings are not specific or sensitive enough to accurately diagnose MVP further
investigations should be done (Barron et al, 1988). The use of technology has
advanced to the point that the teaching of auscultation to detect heart murmurs is
currently under study (Morton 1996; Mangione et al., 1993).



2.6 Cellular conduction of the heart:

2.6.1 The multicellular composition of the heart
Cardiomyocytes (CMs) are the most humerous cardiac cells in the heart. They play an
important role in the normal and pathological heart. CMs are the main cardiac cells
that make up the heart muscle, the contractile tissue of the heart and is the principal

source of blood supply to the body (Talman et al,, 2018).

Although CMs can divide to generate new CMs to carry out their function, additional
cell types are needed for the heart to function properly and these include blood and
lymphatic endothelial cells (ECs), vascular smooth cells (SMCs), fibroblasts and
pericytes (Talman et al., 2018).

ECs in the heart and blood vessels have additional functions such as the regulation of
cell survival and adaptosis and the regulation of vascular tone (Aird, 2007; Aird 2012).
Fibroblasts also have the ability to respond to injury and produce extracellular matrix
and other factors that stimulate tissue growth while SMCs and pericytes regulate blood
flow (Talman et al., 2018).

About 95% of the ECs are blood vascular and 5% are lymphatic (Pinto et a/., 2016).
CMs are physically connected in the heart muscle and communicate through gap
junctions (Noorman et a/,, 2009). They also use paracrine signaling and direct physical
contact to communicate with other cell types as shown if the figure 2.3.
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Figure 2.3: The main cardiac cell types and their interactions with endothelial
cells and cardiomyocytes (Pinto ef a/., 2016)

Functionally CMs can be differentiated into general cardiomyocyte cells and Pacemaker
cells. CMs near the surface are classified as epicardial cells and those near the
ventricular cavity as endocardial cells (Aehlert, 2013). Pacemaker cells are specialized
cells of the electrical conduction system and are responsible for the spontaneous
generation and conduction of electrical impulses. These electrical impulses are
conducted down the cardiac conduction system and also between one cardiomyocyte
to another through gap junctions. This causes the heart to contract in a synchronized
fashion (Aehlert, 2013).

2.6.2 Cardiac Action potential
The human body fluids contain electrolytes which break into charged particles (ions)
when melted or dissolved. Differences in the composition of ions between the
intracellular and extracellular fluid compartments are important for the normal function
of the heart (Aehlert, 2013).

Sodium (Na+), potassium (K+), calcium (Ca ++) and chloride (Cl-) are the main
electrolytes that affect the function of the heart. Pumps move these electrolytes from
one side of the cell membrane to the other. In order to carry out its function these

pumps need energy in the form of adenosine triphosphate (ATP). A flow current



expressed in volts is created when electrolytes are moved across the cell membrane.
Voltage appears on the ECG as spikes or waveforms. The rapid voltage changes that
occur across the cell membrane during the cardiac cycle are reflected by an action
potential. The configuration of an action potential differs depending of the size,
location and function of the cardiac cell (Aehlert, 2013).

There are two types of action potentials in the heart. The first type which occurs in
normal atrial and ventricular myocardial cells as well as in the Purkinjee fibers is called
the fast response action potential. The slow response action potential occurs in the
heart’s normal pacemaker (ie., the SA node) and in the atrioventricular (AV) node
(Aehlert, 2013).

2.6.3 Refractory Periods
Cells need to recover after being discharged in order to respond to a stimulus and this
period is called a refractory period. During the absolute refractory period (ARP) cells
do not respond to further stimulation within itself, the myocardial cells cannot contract
and the cells of the electrical conduction system is unable to conduct an electrical

impulse.

After the ARP the relative refractory period (RRP) starts and it ends when the cell
membrane is almost fully repolarised. During this phase some cardiac cells can
repolarise to their threshold potential which means they can be stimulated again to

respond (i.e., depolarise) to a stronger stimulus.

The ARP and first half of the RRP is called the effective refractory period (ERP). A
supranormal period occurs after the RRP where a weaker stimulus can cause

depolarisation of cardiac cells.
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Figure 2.4: Action potentials of fast-response (A) and slow-response (B)

cardiac fibers. The phases of the actin potentials are labeled. The effective

refractory period (ERP) and the relative refractory period (PPR) are labeled

(Aehlert, 2013).
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Figure 2.5: Refractory periods of the ventricular action potential. The
effective refractory period (ERP) includes the absolute refractory period
(ARP) and the first half of the relative refractory period (RRP). The RRP
begins when the APR ends and includes the last portion of the ERP. The

supranormal period (SNP) begins when the RRP ends (Aehlert, 2013)

2.7 The ECG

An ECG is a noninvasive test that reflects the electrical activity of the heart (Sattar et
al., 2021). Whereas an echocardiogram is also noninvasive but provides information
on the structure and function of the heart (Feigenbaum et a/., 1983).

2.7.1 Therole of an ECG

Cardiac information and abnormalities that can be revealed with an ECG include:

e The rate and rhythm of the heart

e The orientation of the heart

e Atrial enlargement

e Congenital heart disease

e Arrhythmias

e Hypertrophy (increased thickness of the heart muscle)
e Myocardial infarction. Prior ischemia

e Pacemaker malfunction

11



e Electrolyte imbalance (Sattar et a/.,, 2021)

2.7.2 Shortcomings of an ECG
For digital ECG programs which provide diagnostic interpretation it is important to
eliminate movement artifacts (Schlapfer et a/., 2017).

An ECG reveals the heart rate and rhythm only during a few seconds, which can result
in intermittent rhythm abnormalities being missed (Schlapfer et al., 2017).

2.8The 12-lead ECG of the heart

2.8.1 The six precordial leads

The transverse plane of the heart divides the body into an upper and lower part.
Although the term horizontal applies to the definition, the heart is diagonally positioned
and points caudally (Hampton, 2003). The six leads (precordial leads) are positioned
strategically to provide voltage vectors of interest of different parts of the heart as
shown in figure 2.6. These leads are named V1, V2, V3, V4, V5 and V6 as shown in
figure 2.6. V1 focuses on the right ventricle, whereas V2 and V3 view the changes in
potential of the ventricular septum. V4, V5 and V6 takes aim at the left ventricle from
the lateral wall towards the base of the heart (Hampton, 2003).

—
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anterior

Figure 2.6: The precordial leads (Thaler, 2006)
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2.8.2 The six limb leads
Six leads (the limb leads) provide a coronal (front to back division) view of the heart,
by placing leads on the four limbs. Three vectors are used to determine the change in
voltage difference between the following leads:

e From right arm to left arm-Standard lead one (S1)

e From right arm to left leg-Standard lead two (S2)

e From left arm to right leg-Standard lead three (S3)

Augmented leads use the concept of differences in voltages between the limbs and a
central electrical point. The differences in potential are calculated from a central point
of the body to both arms (respectively) and the left leg (foot). The terminology points

to the positive terminal (right arm, left arm, and left leg) as shown in figure 2.7.

e Between the central point and the left arm-Augmented lead with positive terminal on
the left arm (aVlL)

e Between the central point and the right arm-Augmented lead with positive terminal on
the right arm (avR)

e Between the central point and the left leg- Augmented lead with positive terminal on

the left leg (aVF) (Thaler, 2006) (Figure 2.8).

Figure 2.7: Limb leads (Abedin, 2008)
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Figure 2.8: Frontal plane leads (Thaler, 2006)

These leads are unipolar since they use a null point as reference. This is achieved by
the reference lead compared to the sum of the vectors of the two leads. The other
two leads are (at 60 degrees to one another) added together to achieve the zero point
(not perfectly, as complete cancellation means a difference of completely opposite
vectors at 180 degrees) (Thaler, 2006).

2.9Time and voltage

The standardisation of the ECG is an agreement to compare one ECG to another. The
paper speed determines the changes in voltage in time and this is set at 25 mm per
second. The excursion from the baseline (zero volt) needs to be adjusted to fit on the

paper and achieve a comparable standard at 10 mm per millivolt (Thaler, 2006).

2.9.1 ECG paper
ECG paper allows a graphic view of the changes in electro potential, measured across
the body as it notes differences in potential across different vectors as a function of
time, as shown in figure 2.9. The usual calibration measure is 1cm per millivolt and

the usual paper speed is 25 mm per second (Thaler, 2006).
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Figure 2.9: Graphic view of ECG paper (Thaler, 2006)

2.10 The components of the ECG complex
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Figure 2.10: The components of the ECG complex (Hampton, 2003)

2.10.1The P-wave
The P-wave represents the depolarisation of the atria. From the view of V1 the wave
front initially moves towards (positive deflection) and then later through the left atrium
from medial to lateral (negative deflection). Summation of the depolarisation takes
place from the view of standard lead II (SII). In this lead both RA and LA enlargement
can be detected. Normal P wave amplitude is < 0.25mV and duration is < 0.12sec
(Das et al., 2012; Thaler, 2006).

2.10.2 The PR interval
This interval represents the time that an impulse travels from initiation in the sino-atrial
node to the His bundle. This is measured from the start of the P-wave to the beginning
of the initial deflection of the QRS. The normal PR interval range is 0.12 to 0.20
seconds (Das et al,, 2012; Hampton, 2003).
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2.10.3 The septal Q waves
Since the initial activation sequence in the ventricular septum is from left to right (the
left branch initiating conduction first), the vectors appear to be negative when viewed
from the lateral leads (V4, V5 and V6). This corrects to a positive quickly as conduction
proceeds through the Purkinje fibers (less than 0.04 seconds). Thus, an initial negative
deflection in these leads and leads of a more lateral view (I and aVL) are normal,
provided that the duration is as short as described (Thaler, 2006).

2.10.4The QRS interval
The normal QRS interval is less than 0.12 seconds. This is because of rapid conduction
of action potentials via the Purkinje system. This initiates synchronized contraction of
both ventricles. These are the largest shifts from baseline on the ECG, because of the
muscle mass involved. Essentially the QRS interval represents the systolic contraction
of the major muscle mass of the heart (Das et al., 2012; Thaler, 2006).

2.10.5The QT interval
This interval is measured from the initial deflection of the QRS complex to the end of
the T-wave. The sharpest descending slope of the T-wave is extended straight to
determine the end (true) of the T-wave. This measurement is important in certain
congenital causes of sudden cardiac deaths and is also prolonged in certain cardiac
diseases, also with the use of certain medication. Normal QT interval values are <
0.44 seconds (Das et al., 2012; Thaler, 2006).

2.10.6 The ST-segment
After depolarisation of the ventricles (the muscle contraction), a relaxation (recovery
phase) follows as ions across the cell membrane exchange on the way to return to
baseline. This is the segment of the ECG after the termination of the QRS complex
and prior to the initiation of repolarisation (the T-wave). Normal ST-segment duration
is 0.08 seconds (Das et al, 2012; Thaler, 2006).

2.10.7 The T-wave
The restoration of the membrane potential to baseline after depolarisation involves
exchange of ions to reach the resting state. The summation of the vectors is
represented by the T-wave of the ECG. The normal T-wave amplitude is < 5mm in
limb leads and < 10mm in the precordial leads (Das et al., 2012; Thaler, 2006).
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2.11 Arrhythmic complications of mitral valve prolapse

2.11.1 Early repolarisation

Early repolarisation (ER) also known as “J-point elevation” is an abnormality on the
ECG characterized by the elevation (> 1 mm above baseline) of the J-point in figures
2.10 and 2.11 (the section between the offset of the QRS complex and the start of the
ST-segment) in two contiguous leads (Klatsky et a/., 2003; Mehta et al., 1999). ER can
display as slurring or notching of the QRS as well as elevation of the ST-segment with
upwards concavity and prominent T-waves (Miyazaki et al, 2010). The term ER was
initially used by Grant et a/ 1951 to describe deviation of the ST-segment (Grant et al.,
1951). Until the year 2000, ER was considered to be a normal ECG variant (Gussak et
al., 2000). Several reports thereafter suggested a connection between ER and a higher
risk of mortality due to cardiac arrhythmias (Haruta et a/, 2011; Olson et al/, 2011;
Abe et al, 2010; Sinner et al, 2010; Nam et al, 2009; Tikkanen et al, 2009;
Haissaguerre et al., 2008; Rosso et al., 2008;).

Haissaguerre et a/ 2008 stated that right precordial leads need to be excluded to be
able to distinguish ERS from Brugada syndrome (Haissaguerre et al., 2008), since the
characteristics of Brugada syndrome include right bundle branch block as well as ST-

segment elevation in the precordial leads (Brugada et a/., 1992).

Three subtypes of ERS and the risk pattern thereof have been defined by (Antzelevitch
et al, 2010):

e ERisseen in the lateral precordial leads, present in male athletes with no co-morbidities
and has the smallest risk of malignant arrhythmias

e ER is seen in the inferolateral as well as inferior leads and is linked with a higher risk
of malignant arrhythmias

e ERis seen in all the ECG leads and has the greatest risk of malignant arrhythmias as

shown in table 2.1.

Peighambari et a/2014 studied the ECGs of individuals with MVP and compared it with
those of healthy individuals. The researchers specifically focused on early
repolarisation. The results showed that early repolarisation was present in 74% of
patients with MVP (Peighambari et a/., 2014).
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Previous research (Franchitto et a/, 2010; Lawless et al., 2008; Anders et al., 2007;
Mokaddem et al., 2002; Fauchier et a/, 2000) supports the finding of Peighambari et
al 2014, which showed that there is a high occurrence of early repolarisation in MVP
patients who presented with syncope, and a familial history of sudden death of young

people.

Classic definition of early repolarization: ST elevation

J-point

ST elevation

Classic early repolarization without a J-wave

Figure 2.11: Classic early repolarisation without a J-wave (Perez et a/., 2012)

Classic early repolarization with a J-wave

Figure 2.12: Classic early repolarisation with a J-wave (Perez et a/., 2012)
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New definitions of early repolarization

Mew J-point

Terminal QRS slugring

Slurred QRS downstroke without STE

Figure 2.13: Slurred QRS downstroke without ST-segment elevation (Perez et
al., 2012)

/ Jwave/New J-point

J-wave or the new "J-point elavation™ without STE

Figure 2.14: J-wave or the new "J-point elevation” without ST-segment
elevation (Perez et al., 2012)
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Table 2.1: The Heart rhythm society / European heart rhythm association/ Asia
pacific heart rhythm society consensus statement on the diagnosis and
management of primary inherited arrhythmia syndromes recommended criteria

for the diagnosis of early repolarisation (Priori et al., 2013).

ER expert consensus recommendations on early repolarisation diagnosis

otherwise unexplained VF/polymorphic VT

ER syndrome is diagnosed in the presence of J-point elevation > 1 mm in > 2 contiguous

inferior and /or lateral leads of a standard 12-lead ECG in a patient resuscitated from

> 2 contiguous inferior and /or lateral leads of a standard 12-lead ECG

ER syndrome can be diagnosed in a sudden cardiac death victim with a negative autopsy

and medical chart review with a previous ECG, demonstrating J-point elevation > 1 mm in

inferior and /or lateral leads of a standard 12-lead ECG

ER pattern can be diagnosed in the presence of J-point elevation > 1 mm in > 2 contiguous

2.11.2 QT dispersion in patients with mitral valve prolapse

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

It

measures the time from beginning of ventricular depolarisation to ventricular

repolarisation (Thaler, 2006).

The QT interval on its own may vary according to heart rate and this resulted in the

corrected QT interval (QTc) which can be calculated with the Bazett formula: QTc =

QT interval / VRR (Bazett, 1920). Normal QTc values are < 0.44 seconds (Klabunde,

2012).

QT dispersion is the difference between the shortest and the longest QT intervals on a
standard 12 lead ECG (Malik et al, 2000; Day et al, 1990; Cowan et al, 1988).

Population based studies suggest that a normal QT dispersion should be < 0.

seconds (Macfarlane et al., 1998).

50
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Figure 2.15: ECG demonstrating the QT interval (Thaler, 2006)

A study done by Digeos-Hasnier et a/ 2005 demonstrated changes in ventricular
repolarisation, such as increased QT and QTc dispersions in patients who have MVP
(Digeos-Hasnier et al., 2005). Zouridakis et a/2001 reported that leaflet thickness
and the severity of prolapse play a role in QT dispersion prolongation (Zouridakis et
al.,, 2001).

A 2016 study done by Demirol et a/2016 revealed significantly higher ratios of QT and
QTc dispersions among children diagnosed with MVP (p < 0.001), compared to children
with no underlying diseases, but showed no difference in the QT and QTc intervals
between the two groups (p>0.005) (Demirol et al., 2016).

In accordance, a study by Tieleman et a/ 1995 on QT dispersion in MVP patients
showed that QT dispersion ratios were markedly higher in MVP patients, compared to
the control group (Tieleman et a/., 1995).

2.12 Arrhythmias associated with mitral valve prolapse and

sudden cardiac death

A study done by Narayanan et a/2016 demonstrated that almost 2.3% of victims who
suffered a sudden cardiac death, had MVP (Narayanan et a/, 2016). Arrhythmic
complications associated with MVP include ventricular and supraventricular rhythms
(Ahmed et al,, 2016; Van der Wall et al., 2010). Almost 35% of MVP patients present
with ventricular arrythmias, of which premature ventricular beats has the highest
occurrence (Noseworthy et al., 2015).
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A study done by Narayanan et a/ 2016 on patients with no underlying heart
abnormalities, who presented with ventricular tachycardia, revealed that MVP was
present in 25% of these cases and that scarring of the endocardium and myocardium
were present (Narayanan et a/, 2016). Narayanan et al 2016 suggested that fibrosis
of the endocardium can also be associated with arrhythmias (Narayanan et a/., 2016).

Towbin 2014 demonstrated an association between ventricular arrhythmias, hyper
trabeculated left ventricles, abnormalities of the sinus node, prolapse of the mitral valve
and sudden cardiac death (Towbin, 2014).

2.13 Non-arrhythmic complications of mitral valve prolapse

2.13.1 Infective endocarditis
Infective endocarditis is a bacterial infection in the bloodstream which can affect the
heart valves (Contrepois, 1996). Accordingly, the occurrence of infective endocarditis
(IE) in MVP patients has been determined as being almost 90 per 100 000 yearly (Katan
et al., 2016; Hayek et al, 2005). The number of cases increases significantly to almost

300 in MVP patients with higher degrees of mitral insufficiency (Katan et al., 2016).

Staphylococci, streptococci and enterococcus have been identified as bacterial strains
that cause infective endocarditis (Wilson et a/, 2007). These bacterial masses consist
of inflammatory cells, fibrin, platelets, and microorganisms (Moreillon et al., 2004;
Mylonakis et al., 2001). Denuded endothelial lesions encourage microbial adherence
to the endothelium (Moreillon et a/,, 2004). This leads to an interaction between blood
and proteins in the valve, which include extracellular matrix proteins, thromboplastin,

and tissue factor, and results in the coagulation of blood (Moreillon et al., 2004).

Microorganisms bind to the blood clots and activate monocytes and cytokinetic
production as well as tissue factor activity (TFA) and inhabits the endothelium (Veltrop
et al., 2000). Endothelial cells react to inflammation by expressing B1 integrins with
very late antigen (VLA) and this results in inflammatory lesions (Hemler et a/, 1990).
B1 integrins bind fibronectin to the endothelial surface of the valve (Moreillon et al.,
2004). IE-pathogens are composed of fibronectin-binding proteins. 1 integrins
provide a binding surface for circulating microorganisms (Moreillon et al, 2004).
Subsequent to the binding of pathogens endothelial cells internalize the bacteria
(Moreillon et al, 2004; Sinha et al, 2000). The internalized bacteria then lyses

endothelial cells (Moreillon et al., 2004). The effects of inflammatory lesions such as

22



tissue damage and vegetation development can result in the formation of abscesses
and septic emboli, which can circulate to other organs (Prendergast, 2006).

Prophylaxis prior to invasive procedures was recommended by the American Heart
Association (AHA) until 2007 (Dajani et al, 1997). Recent AHA guidelines states that
only patients with other cardiac co-morbidities in association with MVP, should be
considered for antibiotics prior to dental procedures (Wilson et al., 2007).

2.13.2 Cerebral embolism
The incidence of cerebral embolism was initially reported as significantly high in young
people who have MVP (Marks et al, 1989; Kolibash, 1988; Lewis, 1988; Devereux et
al., 1986;). Autopsies on MVP patients who died of cerebral embolism revealed thrombi
on the mitral valve leaflets (Lewis, 1988).

2.14 South African population: private healthcare versus

government healthcare

Bateman reported in a newspaper that an official from health, Dr Isabelle Schmidt Chief
Director for Social Statistics, stated that more than two thirds of families make use of
government facilities for their health (Bateman, 2018).

Early diagnosis and treatment of valvular disease is encouraged to improve long-term
outcome, but unfortunately not every patient suspected of having MVP or with a
genetic history of MVP, can be sent for an echocardiogram (Nishimura et al, 2014;
Maganti et al., 2010).

It is important that patients are diagnosed and treated for MVP early to avoid
complications (Nishimura et a/,, 2014; Maganti et a/., 2010). Strokes are the second
highest cause of mortality in South Africa and the leading cause of disability (Maredza
et al,2016). A study done on the effects of stroke on the economy in a rural South
African setting, revealed that the overall direct cost of stroke for government was
approximately R2.5 million to R4.2 million per year, which accounts for approximately
1.6% to 3% of the sub-district health expenses (Maredza et al.,, 2016).

2.15 The role of echocardiography in the diagnosis of MVP

In 1960 an ultrasonic technique was used to detect pericardial effusion and initiated

some interest in the United States of America. This led to the echocardiographic
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discovery of more parts of the heart. Scientists focused on developing better
instruments once the interest grew. M-mode echocardiography quickly evolved when
it was discovered how to move an ultrasonic beam to record different parts of the
heart. Thereafter new examining techniques were discovered and recordings
improved resulting in more useful clinical information (Feigenbaum et a/., 1983).

Shah et a/ 1970 discovered two significant echocardiographic patterns in 1970 in a
group of patients suspected to have MVP clinically. These were a “hammock-like”
systolic segment and a posterior displacement during mid-systole (Shah et a/, 1970).

The fact that a non-invasive test was suddenly available to diagnose MVP was
welcomed, but shortly after 1970 doctors came to the realisation that the number of
patients who presented with MVP, grew rapidly (Markiewicz et al, 1978; Weiss et al.,
1975). This was contributed to the fact that a M-mode tracing displays only minimal
bowing. In addition, it was discovered that angulation of the cardiac transducer
displayed a false image of a prolapse (Markiewicz et al., 1978; Weiss et al., 1975).

2.16 The role of pathology cardiac biomarkers in heart disease

A biomarker is defined by Aronson 2005 as “a characteristic that is measured as an
indicator of normal biological processes, pathogenic processes, or response to an

exposure or intervention, including therapeutic interventions” (Aronson, 2005).

As previously mentioned in chapter 1.1. echocardiography remains the preferred

diagnostic method for MVP but comes with limitations.

Most clinics and primary healthcare in developing countries, like South Africa, have
access to an electrocardiogram (ECG) machine and can request laboratory tests,
but not echocardiograms. The medical aid rates of an echocardiogram in the
private sector is approximately R1600,00 (Government Employee Medical Scheme,
2021).

Therefore, biomarkers measured in blood, which are easily accessible, (since most

general practitioners and government facilities have access to pathology laboratory

services) will be of great benefit to aid in the diagnosis and progression of MVP.

24



2.16.1 Natriuretic peptides
“Natriuretic peptides, especially B-type natriuretic peptide (BNP), N-terminal pro-B-type
natriuretic peptide (NT-proBNP) and mid-regional pro-atrial natriuretic peptide (MR-
proANP) and cardiac troponins are established blood biomarkers in HF diagnosis and

prognosis of HF-related outcomes” (Magnussen and Blankenberg, 2018).

The myocardium secretion of the cardiac hormone, plasma B-type natriuretic peptide

(BNP), is increased when the pressure in the heart increases (Iwanaga et al/., 2006).

In a study done by Pizarro et a/ 2009 on patients who showed no symptoms, but had
severe degenerative mitral regurgitation (DMR), BNP predicted the combined endpoint

of heart failure and mortality (Pizarro et al., 2009).

By adding BNP to other clinical information, such as the degree of mitral regurgitation,
and the volume and diameter of the left atrium, the discrimination of events was

improved (Pizarro et al., 2009).

Both BNP and NT-proBNP are widely used to aid diagnosis, assess the effect of therapy

and predict outcomes in heart failure and reduced ejection fraction (Rgrth et a/,, 2020).

A study on BNP levels of patients with mitral regurgitation during and post physical
activity, showed that the BNP levels emerged during physical activity, indicating an
increased risk of cardiac events, irrespective of the BNP levels at baseline and clinical
and echocardiographic findings (Magne et al., 2012), thus indicating that there is an
association between BNP and longitudinal strain of the left ventricle in patients with
DMR (Alashi et al., 2016; Magne et al., 2012). By adding longitudinal left ventricular
strain to BNP, the discrimination of risk in patients who do not present with symptoms
but have a good systolic function and severe mitral regurgitation, is improved (Alashi
et al., 2016).

2.16.2 C-reactive protein
A study done by Turker et a/ 2014 demonstrated that patients who presented with
higher degrees of mitral regurgitation and New York Heart Association (NYHA) class
had a significant increase in their CRP levels, NYHA I: 1.50 mg/I [0.90-3.50], NYHA
IT: 2.73 mg/l [2.59-6.57], NYHA III: 5.20 mg/I [3.30-9.30], and NYHA 1IV: 4.07 mg/I

25



[4.03-7.92], p<0.001, suggesting that CRP may aid in diagnosing advanced stages of
MR when other tools are not available (Turker et al., 2014).

2.16.3 Troponin I
A large study on troponin I and mitral valve disease in dogs, revealed that increased
levels of elevated serum concentration of cardiac troponin I (cTnI) serve as an indicator
of the degree of mitral valve disease and prognosis in dogs (Linklater et a/, 2007;
Ljungvall et al, 2010). Normal value for troponin I 0-26.2 ng/L (Du Plessis et al.,
2016).

Most of the literature regarding mitral valve disease and troponin I as an indicator of
prognosis emphasise the perioperative period (Woéhrle et al, 2015; Monaco et al,
2010; Oshima et al., 2010; van Geene et al., 2010; Fellahi et al, 2007; Croal et al.,
2006; Januzzi et al., 2002; Swaanenburg et al., 2001).
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CHAPTER 3: SIGNIFICANCE AND OBJECTIVES OF STUDY

3.1

3.2.

3.3

Significance of the study

If the researcher found a criteria for the diagnosis of MVP on ECG it would benefit the
South African population and other developing countries. It would aid in early diagnosis
of MVP during general check-up visits and screening of patients as well as athletes at
their general practitioners worldwide, because ECG machines are cost effective and
readily available, even in the public sector and rural areas. To conduct an ECG requires
minimum training and experience. The interpretation requires in depth pathophysiology
knowledge and needs to be done by a medical professional. Pathology cardiac
biomarkers are easily accessible and will aid in the diagnosis of MVP, should the

researcher find a correlation between any of the biomarkers and MVP.

Aim of the study

The aim of the study was to investigate the possibility of using specific ECG criteria as
a potential diagnostic methodology for MVP diagnosis in combination with Troponin I
and/or CRP, to diagnose MVP. In the case of finding a specific ECG critreria for the
diagnosis of MVP, then that criteria can be programmed into the ECG software, so that
the ECG machine can give a diagnosis for consideration, just like the ECG machines are
programmed to diagnose left ventricular hypertrophy and myocardial infarction. It still
needs to be read and interpreted by a trained professional, but quick awareness can
be given.

Objectives
® To obtain ECG s from all study subjects (both the control group, without MVP

and the MVP group) and to do measurements of ECG components.

® To collect pathology cardiac biomarkers of both groups: NT-proBNP, Troponin I
and CRP levels from each study subject.

® To compare the abovementioned results of both groups to the MVP diagnosed
patients to determine if there is a constant abnormal finding of ECG components

and/or pathology cardiac biomarkers in the MVP group.
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CHAPTER 4: MATERIALS AND METHODS

4.1 Materials and methods
4.1.1 Study design

This is a retrospective observational study and analysis of data from clinical cases.

4.1.2 Study site
The research study was conducted at the private practice of:
Dr P Roelofse
Suite 15
First Floor
Melomed Private Hospital
Corner of AJ West and Voortrekker Road
Bellville
Cape Town
South Africa
7500
Tel 021 949 8592/8

4.1.3. Study population
4.1.3.1 Inclusion criteria for experimental group (May 2018 - October 2019)

e Patients who gave consent

¢ Healthy patients with confirmed mitral valve prolapse on echocardiogram according to
ESC criteria

e Male and female patients above 18 years

e Patients with hypertension and diabetes mellitus were included only if their
echocardiograms were normal except for MVP, and no evidence of these co-morbidities
on the ECG and echocardiogram were present

e All South African population groups

e Normal sinus rhythm at the time of echocardiogram and ECG

4.1.3.2 Exclusion criteria
e Patients who had any abnormalities on their echocardiogram, other than MVP with or
without MR
e Patients with congenital heart disease

¢ Patients who require home oxygen
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Previous valvular surgery

Patients who had rheumatic fever

Patients with cardiomyopathy

Patients with pacemakers or internal cardiac defibrillators

Patients who had a myocardial infarction

Patients with any other cardiac diseases, including ischaemic heart disease

Patients with atrial fibrillation/flutter and/or

Left Bundle Branch Block/Right Bundle Branch Block or any other conduction defect on
ECG

Patients with poor echocardiographic image quality and poor ECG tracings

4.1.3.3 Control group
Subjects older than 18 years were identified with no known cardiac diseases, or any

other co-morbid diseases or abnormalities on ECG or echocardiogram.

4.1.3.4 Justification of inclusion and exclusion

Patients had to be healthy, and those with hypertension were included only if there
were no evidence of these co-morbidities on the ECG and echocardiogram. Poor quality
ECG and echocardiographic studies were excluded because the poor quality could
influence the accuracy of the measurements and diagnosis. Except for MVP with or
without MR, all study subjects needed to have normal echocardiograms, because heart
chamber sizes, heart function, lung diseases, hypertension and conduction
abnormalities could all influence ECG components.

4.1.3.5 Number of subjects
After a consultation with the statistician, in 2019, it was decided that the sample
selected would consist of all patients that received echocardiographic studies and ECG
studies during the period May 2018 - October 2019 according to the inclusion and
exclusion criteria. Convenient purposive sampling was done. The number of subjects

was 89.

4.1.3.6 Subject identification
The researcher used the first three letters of the subjects’ surnames followed by three
digits for the purpose of confidentiality. The subjects’ real names were not recorded

anywhere in the study data.
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4.2 Measurement techniques, apparatus, and forms

4.2.1 Pre-study clinical evaluation and screening
Patients came for a consultation at Dr P Roelofse’s practice, and he conducted the
clinical examination. If it was indicated that an echocardiogram and ECG was done as
well as blood tests. The patient and his or her data were weighed against the inclusion

and exclusion criteria.

No tests were done especially for the study. Test data from the files of patients were
used for this study. As such, some of the patients did not have all of the pathology

tests, investigated by the study.

4.2.2 Method of data collection and data analysis
During the consultation, the doctor requested an echocardiogram, ECG and blood tests
if indicated. A senior clinical technologist, Shahieda Terblanche (Health Professions
council of South Africa registration number KT0010294), performed the
echocardiograms and a registered nurse, Sophia Mars (South African Nursing Council
registration number 12605259), performed the ECG’s.

The physician requested the blood test, and these were done by
Ampath Laboratory (Practice number 0520005200431)

5 Fairway Closed

Parow

Cape Town

Western Cape

7800

Echocardiograms were used to diagnose MVP according to criteria set by the European
society of Cardiology (ESC). MVP was defined on imaging by billowing of any portion
of the mitral leaflets (=2mm above the annular plane on a long axis view [parasternal

or apical 3-chamber]) into the left atrium during systole (Bonow et al., 2006).
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Figure 4.1: Parasternal long-axis echocardiogram recorded end-systole in a
patient with MVP of the postural leaflet (Feigenbaum et /., 2005)

4.2.3 Measurement techniques
4.2.3.1 Echocardiographic analysis
Standard positioning of patients in the partial left decubitus position with the head of
the bed elevated at 30 degrees was performed, except when limited by the patient’s
condition, such as paralysis. The researcher herself, who is a senior clinical
technologist in cardiology, performed the echocardiograms. All subjects underwent a
complete echocardiogram, and all standard measurements were done to exclude any

underlying cardiac diseases.

The researcher started by placing the transducer on the patient’s chest, aiming the
transducer indicator at the patient’s right shoulder. The researcher started just under
the clavicle and dragged the probe inferior, usually between the 3 - 4™ intercostal
space to obtain a parasternal long axis view (PLAX) using two-dimensional
echocardiography. In this sonographic window the researcher viewed the right
ventricular outflow tract (RVOT), the aortic root (AOR), left ventricle (LV), left atrium
(LA) and the mitral valve (MV). The researcher looked at the movement and coaptation
of both mitral valve leaflets (Figure 4.1), to determine if there was billowing of any
portion of the mitral valve leaflets > 2mm above the annular plane into the left atrium
during systole (standard diagnosis of MVP according to the ESC). Colour flow doppler
and continuous wave doppler were then used to determine if there was any mitral

regurgitation and to assess the degree of mitral regurgitation.

31



Thereafter, the width of the aortic root, separation of the cusps and the anteroposterior
dimension of the left atrium were measured. The motion mode (M-Mode) line was
then placed at the tip of the mitral valve leaflets to display valve motion. This tracing
showed a biphasic opening motion of the mitral valve. M-Mode echocardiography was
not used to diagnose MVP, because the normal movement of the base of the heart can
mimic or mask MVP (Gripari et al., 2018; Parwani et al, 2017; Vahanian et al., 2017).

By tilting the transducer towards the apex of the left ventricle but staying perpendicular
to the long axis of the heart, an image of the mitral valve was obtained. Here the
mitral valve is seen orthogonally with its anterior and posterior leaflets. The
morphology and function of the mitral valve, as well as the extent of mitral annular
calcification, the size of the mitral orifice and the origin of mitral regurgitation were
assessed.

The transducer was then tilted further towards the apex to get to the base of the left
ventricle. In this view the chordae of the mitral valve and the basal segments of the
left and right ventricles can be seen. It is also used to assess radial function (regional
and global). By tilting the transducer even further towards the apex, the papillary

muscles can be viewed.

Thereafter the probe was moved to the fifth intercostal apical space, to obtain an apical
four chamber view. The researcher felt for the point of maximal impact (PMI) and
rotated the transducer to a 3 o ‘clock position, usually in the nipple line in women and

under the pectoral muscle in men.

This view normally demonstrates all four chambers of the heart as well as the lateral
and septal myocardial segments. The diameter of all four chambers were measured.
In this view the tricuspid and mitral valves were assessed with colour flow doppler and

continuous wave doppler to assess the degree of regurgitation.

By rotating the transducer without altering the angulation, a two-chamber view
consisting of the left atrium and the anterior and inferior walls is obtained. This window
is mainly used to detect abnormalities in regional wall motion, and mitral regurgitation
can also be viewed. Standard sub-costal and suprasternal images were obtained. This
concluded the echocardiogram. After the positive diagnosis of mitral valve prolapse,
the researcher explained the process to get informed consent.
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4.2.3.2 Electrocardiographic analysis

The researcher retrieved the electrocardiograms of the pre-selected patients. A
standard 12 lead ECG, that met the criteria, was used. The researcher used the
American Heart Association (AHA) electrocardiography and arrhythmias committee’s
recommendations for the standardisation and interpretation of the electrocardiogram
(Kligfield et al, 2007). The researcher analysed the entire ECG to exclude any
abnormalities. Thereafter the researcher used lead II to do the measurements. The
measurements included the P wave, P-R interval, QRS complex, J point, S-T segment,
the T wave, and the QT interval after which the QTc and Tp-e/QT were calculated.

4.2.3.3 Laboratory findings analysis

The researcher analysed the patients’ folders to retrieve all the laboratory reports.

The researcher focused on the following blood tests:
NT-proBNP:

Normal values <125 pg/mL (Du Plessis et al., 2016)
CRP:

Normal values < 5 mg/L (Du Plessis et al., 2016)
Troponin I:

Normal values 0-26.2 ng/L (Du Plessis et al., 2016)

The researcher retrieved all the biomarker results from the patients’ folders. All the

data obtained was entered into a data sheet.

The researcher created a datasheet consisting of all the ECG markers and pathology
cardiac biomarkers using Microsoft Office 365 Excel Worksheet®, and the computer
used was a DELL Inspiron 14 5000 2-in-1. The raw data together with accounted totals

were given to the statistician, Professor Dr Dirk van Schalkwyk.
See datasheets in appendix 5 and 6.
4.2.3.4 Apparatus

The researcher used a Vivid e 2013 model® ultrasound machine equipped with a 35

cardiac transducer from General Electronic® to do the echocardiograms. The machine

33



was already in use in the researchers’ practice. There was no need to purchase an
ultrasound machine to perform the echocardiograms.

ECG tracings were done with a QRS digital1999® ECG machine by Pulse Biomedical®.
Electrocardiograms were done at 25mm/s and calibration for the amplitude of 1mV/cm.
The ECG is conventionally standardised so that 1mV will result in 10mm deflection or
adjusted to 5mm/mV if necessary. All ECG's would be digitised at 500Hz.

4.2.3.5 Practice registration form
All patients attending the practice for the first time, completed a practice registration
form. An example can be seen in appendix 4. Data was retrieved from the different
tests and captured on Microsoft Excel spreadsheets (Appendix 5 and 6).

4.3 List of ECG variables

e P wave amplitude (mV) was measured in lead II

e P wave duration (sec) was measured in lead II

e P-R Interval (sec) was measured in lead II

e QRS duration (sec) was measured in lead II

e Presence of ] point elevation or not and was measured in lead II (mm)
e T wave duration (mm) was measured in lead II

e QT and QTc were calculated

4.4 Statistical analysis

The analysis commenced with a descriptive analysis of all the relevant variables to
determine the distribution of the continuous variables as well as the discrete variables.
This was followed by a stepwise logistic regression on the main dependent variable
(MVP with or without MR) against the possible predictor variables. The prior
probabilities for the proportions of observations in each of the two classes were set at
the observed ratios, namely 23% for the 'No' and 77% for the 'Yes' classes. The
analysis showed that QT Interval, P Wave Duration and QRS complex duration were
significant predictors. The prediction showed an 86.8% correct classification on the
existing data. Unfortunately, there were insufficient data to enable a split analysis with

an "Analysis" and 'Test' sets.

A Rate of Correct Diagnosis Curve (ROC curve) and a Probability of correct diagnosis

versus cut-off point curve was constructed using the above regression parameters.
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The latter shows the proportion correctly classified, patients as a range of cut-off points
for the maximum observed 'Probability correct' percentages. These assist the reader
in understanding how the stepwise regression was able to predict correct diagnosis of
MVP given a set of predicting factors (as outlined above).

Significance was tested for instances where data was arranged by class (frequency)
using Pearson’s Chi-squared analysis. In cases where the data sets of MVP patients
were directly compared to that of the Control group, One Way ANOVA was employed,
followed by a Bonferroni post hoc test.

4.5 Ethics

4.5.1 Subject information
Permission for the study was obtained from the resident (treating) physician and the
hospital. There were no financial implications for the patient since these tests form
part of their regular consultation and cardiac work up.

Consent letters can be seen in appendix 1 and appendix 2.

4.5.2 Safety variables
This was a very safe study. No adverse effects were recorded during the course of this

research.

4.5.3 Accuracy of data and data analysis
The researcher who is a qualified clinical technologist with 14 years’ experience and
trained to do echocardiograms and ECGs and the analysis thereof, did all the
measurements herself and double checked the data when entering it on the computer.
The researcher asked Mr Abrahams to double check the data as well as for typing

errors.

4.5.4 Good clinical practice and quality insurance
The researcher’s dissertation is based on good clinical practice and guidelines,
according to the principles of the ICH GCP. Helsinki basic principle 3 was followed
(World Medical, 2001). The researcher is a registered clinical technologist at the HPCSA
(KT 0010294). It should be noted that the study was done under supervision of all the

study leaders.
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4.5.5 Confidentiality
The subjects’ confidentiality was of utmost importance and identification of the subjects
is secure, so as not to be disclosed.

4.5.6 Ethics approval
Ethics approval was granted by the Health and Wellness Sciences- REC for ethical
clearance on 5 December 2019: REC Approval Reference No: CPUT/HW-REC 2019/H30
(Appendix 3).

4.5.7 Financial implications
All the necessary infrastructure for this study was in place. All the electrocardiograms,
ECGs and cardiac biomarkers used in this research study, were obtained from patient
records of the consenting physician and hospital administrator. There were thus no
costs to the patient for this study since it was retrospective. It is also of note that
neither the researcher nor the physician, any other study leaders or the patients had

financial gain from the study.
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CHAPTER 5: RESULTS

5.1Results
5.1.1 Description of the study population

Following the study’s inclusion and exclusion criteria 89 subjects were selected. An
additional 30 subjects were selected to be observed as a Control group.

Subjects in the MVP group were used to determine the sensitivity and specificity of ECG
and pathology cardiac biomarkers in the diagnosis of MVP.

5.1.2 Description of the study data
Both groups had echocardiograms and ECG's done, 63 of the MVP subjects had
blood tests done and 17 subjects of the Control group had blood tests done. Data was
retrieved from the different tests and captured on Microsoft Excel spreadsheets
(Appendix 5 and 6).

5.1.3 Comparisons using frequency statistics
Significance was tested in the MVP and Control groups with a statistical graph pad,
Prism 5®. All values were represented as mean and standard error of the mean as
shown in tables 5.1 and 5.2.
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Table 5.1: Column statistics of ECG

Groups Mean Standard Error
P wave amplitude Control (n=30) 0.114 mVv 0.006
(=0.25 mV) Prolapse (n=89) 0.153 mV 0.003
P wave duration Control (n=30) 0.10 sec 0.0
(=0.12 sec) Prolapse (n=89) 0.104 sec 0.001
PR interval Control (n=30) 0.149 sec 0.004
(0.12 - 0.20 sec) Prolapse (n=89) 0.145 sec 0.002
QRS Complex Control (n=30) 0.093 sec 0.002
(=0.12 sec) Prolapse (n=89) 0.089 sec 0.001
T wave amplitude Control (n=30) 2.733 mm 0.151
(<5 mm) Prolapse (n=89) 2.843 mm 0.081
QT interval Control (n=30) 0.359 sec 0.004
(=0.44 sec) Prolapse (n=89) 0.368 sec 0.003
QTc interval Control (n=30) 0.411 sec 0.004
(=0.44 sec) Prolapse (n=89) 0.412 sec 0.003
Early repolarisation (J- Control (n=30) 0.0 mm 0.0
point) Prolapse (n=89) 0.202 mm 0.043
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Table 5.2: Column statistics of pathology cardiac biomarkers

Groups Mean Standard Error
NT-proBNP Control (n=16) 58.69 pg/mL 10.15
(<125 pg/mL) Prolapse (n=58) | 105.6 pg/mL 14.82
CRP Control (n=10) 3.500 mg/L 0.269
(<5 mg/L) Prolapse (n=41) 20.32 mg/L 7.416
Troponin I Control (n=17) 10.00 ng/L 0.0
(0-26.2ng/L) Prolapse (n=63) 10.75 ng/L 0.362

Of the MVP subjects, 63 had a Troponin I test done, 58 had a ProBNP test done and
41 had a CRP test done. Of the Control group subjects 17 had a Troponin I test done,
16 had a ProBNP test done and 10 had a CRP test done.

5.1.4 Correlation statistics
The statistician used Pearson’s Chi-square to do correlations and frequency
comparisons of the ECG markers, as well as and pathology results with a positive

echocardiographic diagnosis of MVP as shown in table 5.3.

Table 5.3: Probability and likelihood ratio of different markers

Pearson’s Probability | Likelihood | Probability
chi-square level ratio level
P-wave amplitude 48.64 0.00 53.09 0.00
(0.25mV)
P-wave duration 8.04 0.00 12.96 0.00
(=0.12 sec)
J-point 6.68 0.04 10.91 0.04
T wave 4.35 0.11 4.51 0.11
(<5mm)
Troponin I 1.54 0.21 2.68 0.10
(0-26.2ng/L)

Several iterations were done, and the following ECG markers shown in table 5.4 showed

a significant statistical correlation with echocardiographic diagnosis of MVP.
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Table 5.4: Statistically significant ECG markers

Wald Z-value | Wald P-value | R?2 value | R2 Change
P-wave amplitude 4.79 0.00 0.44 0.44
(<0.25 mV)
P-wave duration 498.85 0.00 0.54 0.10
(=0.12 sec)
QT-interval 15.62 0.00 0.57 0.03
(=0.44 sec)
QRS duration -107.83 0.00 0.58 0.01
(=0.12 sec)

The ECG values were in the normal range in both groups. Thus, the ECGs of the MVP

subjects were normal.

Subjects with a P-wave amplitude of 0.15mV had a 44% impact towards a positive
correlation. Subjects with a P-wave amplitude of 0.15mV and a P-wave duration <0.12
sec had a 54% impact towards a positive correlation. Subjects with a P-wave amplitude
of 0.15mV, a P-wave duration <0.12 sec and a QT-interval <0.44 sec had a 57% impact
towards a positive correlation. Subjects with a P-wave amplitude of 0.15mV a P-wave
duration <0.12 sec, a QT-interval <£0.44 sec and a QRS duration <0.12 sec had a 58%

impact towards a positive correlation.

Although these parameters showed statistical significance, it is not diagnostically

significant since all the findings were within the normal range of ECG parameters.

Both the yes and the no lines deviate significantly from the 45-degree line, indicating
a high level of correlation for both positive and negative diagnosis of MVP.
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Figure 5.1: Sensitivity and specificity for ECG diagnosis of MVP

For both positive and negative cases we have approximately an 80 - 85% ratio of

correct diagnosis.
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Figure 5.2: Odds Ratio of correct diagnosis

5.1.5 One-way Anova analysis

One-way Anova analysis was done on the MVP and Control groups to determine if a

statistical significance exists between the groups.
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Statistical significance in the Control vs Prolapse groups measured with a Bonferroni
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Statistical significance in the Control vs MVP groups measured with a Bonferroni post
hoc Test.
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Statistical significance in the Control vs MVP groups measured with a Bonferroni post

hoc Test.
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Statistical significance in the Control vs MVP groups.
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Table 5.5: Anova analysis of the ECG parameters and pathology cardiac
biomarkers that were not statically significant.

Groups Mean | P-value
PR interval (0.12 - 0.20 Control (n=30) 0.149 sec 0.05
>0.
sec) Prolapse (n=89) 0.145 sec
QRS duration (=0.12 sec) Control (n=30) 0.093 sec 0.05
>0.
Prolapse (n=89) 0.089 sec
T wave amplitude (<5mm) Control (n=30) 2.733 mm 0.05
>0.
Prolapse (n=89) 2.843 mm
QT-interval (<0.44 sec) Control (n=30) 0.359 sec 0.05
>0.
Prolapse (n=89) 0.368 sec
. Control (n=30) 0.411 sec
QTc interval (<0.44 sec) >0.05
Prolapse (n=89) 0.412 sec
NT-proBNP (<125 pg/mL) Control (n=16) 58.69 pg/mL 0.05
>0.
Prolapse (n=58) 105.6 pg/mL
Troponin I (0 — 26.2 ng/L) Control (n=17) 10.00 ng/L 0.05
>0.
Prolapse (n=63) 10.75 ng/L

Anova analysis of the PR interval, QRS complex duration, T-wave amplitude, QT
interval, QTc interval, NT-proBNP and Troponin I were not significant, as shown in
table 5.5.
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CHAPTER 6: DISCUSSION

6.1 Discussion

Can ECG and certain pathology cardiac biomarkers assist in the diagnosis of MVP? This
study demonstrated that ECG and pathology cardiac biomarkers would not currently be

recommended to use in the diagnosis of MVP.

Previous studies have been done on the ECG findings of MVP patients in children and
adults. There have been studies done in other developing countries, such as Iran and
Turkey, and developed countries like The Netherlands. Upon inspection of the sample
sizes, it did not appear that any of these studies would meet the criteria of a double-
blind clinical trial (Peighambari et a/., 2014; Tieleman et al., 1995).

In a cross-sectional study done at the Iran University of Medical Sciences, Peighambari
et a/ 2014 studied the ECGs of 100 individuals with MVP and compared it with those of
healthy individuals. Their results showed that early repolarisation was present in 74%
of patients with MVP (Peighambari et al., 2014).

The current population of Iran reflects as 85.25 million (Worldometers, 2021). South
Africa’s population reflects as 60.18 million (Worldometers, 2021). Iran is classed as a
semi-developed country. Compared to a developed country such as the Netherlands,
with a current population of 17.18 million, it may be assumed that more resources are
available in terms of healthcare, and as a developed country, the latter would have a
more favorable Gross Domestic Product (GDP) (Worldometers, 2021).

A family investigation study consisting of 30 patients with MVP done by Digeos-Hasnier
et a/ 2005, demonstrated changes in ventricular repolarisation, such as increased QT
and QTc dispersions in patients with MVP (Digeos-Hasnier et al., 2005). Zouridakis et
al 2001 reported that leaflet thickness and the severity of prolapse play a role in QT
dispersion prolongation (Zouridakis et al., 2001). A 2016 study done by Demirol et a/
2016 revealed significantly higher ratios of QT and QTc dispersions among children
diagnosed with MVP (p < 0.001), compared to children with no underlying diseases,
but showed no difference in the QT and QTc intervals between the two groups
(p>0.005). (Demirol et al., 2016)

A study done at the University Hospital in Groningen in Netherlands where data of 220
patients with MVP were retrieved from the Hospital’s computerised diagnosis databank,
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showed that QT dispersion ratios were markedly higher in MVP patients compared to
the control group (Tieleman et a/., 1995).

Currently there is no information about the ECG changes of MVP patients in the Cape
Town, South African context. Since echocardiogram services are not available at all
the different healthcare sectors, the researcher wanted to investigate the possibility of
using an ECG criteria as a potential diagnostic methodology for MVP, and to determine
if ProBNP, Troponin I and CRP could assist in the diagnosis of MVP.

In this study, early repolarisation was shown as an independent factor and had a
significant impact in terms of the prediction of MVP (44%). However, early
repolarisation has to be used in conjunction with other analytic factors to assist in the
diagnosis of MVP. This study’s subjects showed normal QT (<0.44 sec) and QTc
interval (£0.44 sec) findings in accordance with the QT and QTc interval findings of
Demirol et al 2016, but in contrast with the other studies. This research study only
represents a small population group. It is of significance that subjects were seen at a
private practice at a hospital in Cape Town, South Africa, thus only representing
subjects with a high socioeconomic status. Since most of the subjects in this group
are on a medical aid plan or can afford private medical care, they are usually diagnosed
early. Therefore, although this study is set in a semi-developed country without
universal healthcare, it may be comparable to both the Iranian and Netherlands study.

The findings might have been different if it was a more generalised group inclusive of
subjects in primary and secondary healthcare. It might have been challenging to find
subjects in these settings that met the inclusion criteria. From a socioeconomic
perspective, communities in rural areas would not have access to good and consistent
healthcare. Therefore, there would be no early intervention and diagnosis, resulting
in an aggravation of the patient’s condition.

It is noted that communities in the Netherlands have access to universal healthcare,
and children under 18 can be covered without any additional cost under any
supplementary health insurance policy of their parents, whereas adults have access to
basic health insurance. Basically, this means that all citizens and communities have
access to a good level of healthcare, and this is relevant as early detection of

pathologies and diseases affects diagnoses (Expatica, 2021).
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According to a 2016 list of countries ranked by the proportion of the population that is
obese, South Africa was ranked 30 with an obesity rate of 28.30%. Iran was ranked
47 with an obesity rate of 25.80% and The Netherlands was ranked 99 with an obesity
rate of 20.40% (The World Factbook, 2021).

Numerous ECG abnormalities have been observed in obese patients. Obesity
complicates the evaluation of ECG features, since it pushes the diaphragm upwards
and the amount of thoracic and adipose tissue, which acts as electric insulation layers,
lowers the electric potentials from unipolar leads (Simonyi, 2014).

This study also represented statistical significance with other ECG markers, namely a
P-wave amplitude of 0.15mV a P-wave duration <0.12 sec, a QT-interval <0.44 sec
and a QRS duration <0.12 sec.

All the ECG findings of this study were within the normal range of the different ECG
markers, indicating that it would not be recommended to use as a diagnostic model for
MVP. Both the yes and the no lines of the ROC Curve deviate significantly from the
45-degree line, indicating a high level of correlation for both positive and negative
diagnosis of MVP as shown in figure 5.1. For both positive and negative cases
approximately an 80 - 85% ratio of correct diagnosis is indicated, as shown in figure
5.2. With such a high ratio of correct predictability it would be recommended that such
a study should be conducted on a larger scale setting, focusing on a more generalised

group inclusive of subjects in the public healthcare sector and rural areas.

CRP showed statistical significance in the MVP group, and 50% of the MVP subjects
had elevated CRP levels. CRP is a non-specific marker of inflammation, for example
infective endocarditis. This finding, like that of Turker and co-workers (2014) suggests
that it might be beneficial to test CRP levels in MVP patients in general. A study done
on baseline CRP levels and prognosis in patients with infective endocarditis, showed
that CRP levels at admission were the most powerful predictor of poor outcomes
(Mohanan et al., 2018). This could lead to early treatment. Increased CRP levels in
MVP patients may also be suggestive of inflammatory processes involved in the

pathology of MVP.
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6.2

6.3

Limitations of the study and future recommendations

Convenient sampling was done, thus representing only a small proportion of the
population. Therefore, results cannot be generalised. Not all the subjects had
pathology laboratory tests done.

Future recommendations would be to do a similar study on a larger scale setting and
to focus on a more generalised group.

Height, weight and chest circumference of the subjects were not included. This is a
shortcoming and future research in this field should include it.

Another shortcoming of this study was that only single separate ECG measurements
were used. This study only measured QT and QTc intervals and not QT and QTc
dispersion ratios which were done in other studies. Future studies may also investigate
the possibility of developing a mathematical criteria or formula to use as a potential
measure for referring patients suspected of having MVP for echocardiography, and to
find possible reasons why CRP levels were elevated in 50% of MVP subjects. Was it
due to inflammation, more likely than infective endocarditis, in all the cases? In this
case one might need to look at the cause of inflammation. Another concern is: can

the inflammation cause MVP?

Conclusion

No ECG parameters were diagnostically significant, because all the ECG parameters
were within the normal range. Even though there were statistical significance it was
not diagnostically significant.

The pathology cardiac biomarkers were also not diagnostically significant. CRP levels
were elevated in 50% of the subjects with MVP. This finding suggests that it might be
beneficial to test CRP levels in MVP subjects in general, since CRP levels play a
significant role in the prognosis of patients with infective endocarditis and MVP patients

are at risk of infective endocarditis. This can lead to early treatment.

This study demonstrated that ECG and pathology cardiac biomarkers would not currently
be recommended to use in the diagnosis of MVP and that echocardiography remains the
gold standard for the diagnosis of MVP, but with an 80% predictability in the current
population it may indeed be warranted to do a clinical trial of this nature that is more

representative of the South African demography.
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