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Kurzzusammenfassung

Hintergrund und Fragestellung: Inhibitoren der Natrium-Glukose-Cotransporter 2
(SGLT2i) fuhrten in klinischen Studien mit chronischer Herzinsuffizienz zu
besserem Outcome im Vergleich mit Placebo. Die EMMY-Studie bestatigte diesen
Zusammenhang nach einem akuten Myokardinfarkt (AMI) mit einer signifikanten
Reduktion des N-terminalen pro brain natriuretic peptide (NT-proBNP) durch
Empagliflozin. Diese Diplomarbeit soll die Evidenz zur Beteiligung des linken

Vorhofs an der systolischen und diastolischen myokardialen Dysfunktion erweitern.

Material und Methoden: Es wurden die verfugbaren Echokardiographie-Loops von
einem Kollektiv nach AMI (n = 219), welches im Rahmen der EMMY-Studie
entweder eine Standardbehandlung und Placebo oder eine Standardbehandlung
und Empagliflozin erhielt, zu drei Zeitpunkten (Woche 0, 6£2 und 26+2) hinsichtlich
linksatrialer Dimension und Funktion triple-blind ausgewertet. Die erhaltenen Werte
wurden statistisch Uber die Zeit und zwischen den Gruppen verglichen, sowie mit

weiteren echokardiographischen und chemischen Markern korreliert.

Ergebnisse: Die erhobenen linksatrialen Struktur- und Funktionsparameter
unterschieden sich zu keinem der Zeitpunkte zwischen Interventions- und
Placebogruppe signifikant. Nach 26 Wochen wurde in beiden Gruppen ein
signifikanter Anstieg des linksatrialen globalen longitudinalen Strain (LA GLS) (p =
.000) und des linksatrialen Volumenindex (LAVI) (p = .000) festgestellt. LA GLS
korrelierte stark mit dem linksatrialen globalen circumferentiellen Strain (LA GCS)
(p = .622), moderat mit der linksatrialen Ejektionsfraktion (LA EF) (p = .435),
linksventrikularen Ejektionsfraktion (LVEF) (p = .320) und NT-proBNP (p = - .372),
sowie schwach mit dem LAVI (p = - .221).

Konklusion: Empagliflozin flhrte zu keiner signifikanten Verbesserung
echokardiographischer linksatrialer Strain- und Volumenparameter im Vergleich zu
Placebo. Im Gegensatz dazu wurde eine signifikante Erhdhung des LA GLS und
des LAVI nach 26 Wochen in beiden Gruppen festgestellt. Da zwischen LAVI und
LA GLS nur eine schwache Korrelation festgestellt wurde, erscheint die weitere
klinische Erforschung der Strainparameter sinnvoll, um die Rolle des linken
Vorhofes in verschiedenen kardiologischen Krankheitsbildern besser zu verstehen.
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Abstract

Background and Aim: Clinical trials showed that sodium—glucose co-transporter 2
inhibitors (SGLT2i) lead to better outcomes in patients with symptomatic heart
failure compared to placebo. The EMMY-trial confirmed this result after acute
myocardial infarction (AMI) by a significant decrease of N-terminal pro-hormone of
brain natriuretic peptide (NT-proBNP) with Empagliflozin. This thesis aims to give a
better insight into the involvement of the left atrium (LA) as part of the myocardial

systolic and diastolic dysfunction.

Material and Methods: The echocardiographic loops of 219 patients after AMI, who
received standard treatment plus Placebo or standard treatment plus Empagliflozin
within the framework of the EMMY-trial, were assessed at three points in time (week
0, 6+2 und 26+2) regarding left atrial structure and function. The resulting data was
statistically compared over time and between the groups in a triple-blind approach.
Correlation analyses with other laboratory (e.g. NT-proBNP) and echocardiographic

markers (e.g. left ventricular ejection fraction) were conducted.

Results: The measured echocardiographic left atrial structural and functional
parameters did not significantly differ between the intervention and placebo group
at any time. Over time both groups demonstrated a significant increase in left atrial
global longitudinal strain (LA GLS) (p = .000) and left atrial volume index (LAVI) (p
= .000). LA GLS correlated strongly with left atrial circumferential strain (LA GCS)
(p = .622), moderately with left atrial ejection fraction (LA EF) (p = .435), left
ventricular ejection fraction (LVEF) (p = .320) and NT-proBNP (p = - .372), as well
as weakly with LAVI (p = - .221).

Conclusion: Empagliflozin did not result in a significant improvement of
echocardiographic left atrial strain and volume parameters compared to placebo.
However, after 26 weeks, a significant increase of LA GLS and LAVI became
evident in both groups. Since there was only a weak correlation between LAVI and
LA GLS, further clinical research of strain parameters is needed to get a better

understanding of the left atrial role in different cardiac conditions.
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1 Introduction
1.1 Mpyocardial Infarction

1.1.1 Background

The two most common entities of cardiovascular disease (CVD) are ischemic heart
disease (IHD) and stroke. The term IHD refers to different conditions which are the
result of an imbalance between the oxygen supply and demand of the heart. Its
spectrum ranges from angina pectoris to myocardial infarction (Ml), with the latter
being the most severe form. To outline the frequency of medical emergencies due
to direct ischemic damage of the heart muscle, the American Heart Association

strikingly states that approximately every 43 seconds an American has a MI".

Considering that the twenty-eight-day fatality of a Ml was observed to be between
19% in 35- to 64-year-olds and 84% in 85- to 94-year-olds in a European cohort?,
the overall relevance of what is colloquially known as “heart attack” becomes even
more apparent. In Europe IHD causes 19% of all deaths among men (862 000
deaths per year) and 20% among women (877 000 deaths per year), thus
representing the leading single cause of death3. Despite increasing efforts to
prevent CVD and major improvements in the prehospital and interventional therapy,
the overall heart disease mortality is still high, with one explanation being the

simultaneous increase in obesity and type 2 diabetes in the developed world.

Even though premature death represents the main consequence of IHD, many
acute MI patients survive. It is therefore necessary to also take all the years lived
with disability (YLD) because of a Ml into account. The YLD because of IHD can be
a result of heart failure, stable angina, or acute coronary syndrome (ACS).
Consequently, the more IHD death rates will decrease over time, the more attention
will need to be paid to the improved quality of life in patients with chronic IHD. The
so-called disability-adjusted life years (DALYs) combine the years of life lost (YLL)
due to premature death and the years lived with disability (YLD), resulting in one
DALY being equivalent to one lost year of a healthy life. In Central Europe the
number of DALY lost because of IHD were as high as 2608 per 100 000 People in
2010°.
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Another important factor that is directly related to the rising significance of IHD is the
demographic change with the rapidly aging population in Europe. The average age
of first Ml is relatively high, with 66 years in males and 72 years in females, even
though the age-standardized prevalence rate of CVD has decreased in Europe
overall by about 7 percent from 1990 to 2015. The absolute numbers of people
suffering from CVD were 7840 per 100 000 in 1990 and 7147 in 2015 in men, whilst
the figures for women were 5931 per 100 000 in 1990 and 5612 in 20153. The
epidemiologic significance is underlined by the fact that 200 million people aged 65
or above live in North America and Europe at the moment, and that this number is

expected to increase by 48 percent by 20506.

To put the overall burden of IHD, with its most dangerous correlate being M, into
perspective in the developed world, economic aspects must be addressed as well.
In fact, even though progress in the diagnostic and therapeutic measures for IHD
undoubtedly benefits the patients, it is connected to high costs in the health sector.
In average, more than 10% of the whole healthcare expenditure of European
countries is currently directly linked to CVD’. Keeping this growing relevance for
people as individuals in an acute and chronic setting and the world-wide

socioeconomic impact in mind, the need for further improvement seems necessary.

1.1.2 Diagnosis

The broad definition of a Ml is the occurrence of myocardial cell death due to
prolonged ischemia. To standardize the diagnosis of a Ml in patients, the European
Society of Cardiology (ESC) differentiates between myocardial injury and
myocardial infarction. A myocardial injury is present if cardiac troponin (cTn) enzyme
values are higher than the 99" percentile upper reference limité. If there is clinical
evidence (at least one of the following: typical symptoms, particular
electrocardiogram (ECG) changes, imaging evidence that is consistent with a Ml or
the direct detection of a coronary thrombus) in addition to the laboratory changes,
the ESC criteria for a MI are met®. Depending on the presence of ST-segment
elevations in at least two contiguous leads a MI can be clinically subdivided into a
ST-segment elevation myocardial infarction (STEMI) and a non-ST-segment
elevation myocardial infarction (NSTEMI).
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1.1.3 Therapy

In case of a MI, the main concern is to attempt to restore perfusion to reduce the
ischemic injury of the myocardium. The preferred method for this is a percutaneous
coronary intervention (PCI) and/or fibrinolysis. Periprocedurally, it is recommended
that patients undergoing primary PCI are given dual anti-platelet therapy (DAPT),
referring to aspirin and a P2Y12 inhibitor, and additionally a parenteral

anticoagulant®.

In later stages, long-term therapy can be seen as tertiary prevention. Besides all
pharmacological options, it is highly desirable that the patients improve their lifestyle
if possible. More specifically, it is suggested that they should stop smoking, watch
their diet, alcohol intake and weight, as well as implement regular physical activity
into their daily life. Pharmacologically, it is important to treat systolic blood pressures
>140 mmHg or even earlier’. Regarding antithrombotic therapy, low-dose aspirin
should be taken indefinitely from all patients with STEMI'. For patients with STEMI
undergoing PCI DAPT is recommended for up to 12 months. A proton pump inhibitor

(PPI) is beneficial for patients with a high risk of gastrointestinal bleeding".

To reduce the long-term risk of death after a MI, further pharmacological classes
are used. Among them are beta-blockers, lipid lowering agents, Angiotensin-
converting enzyme Inhibitors (ACEi) or angiotensin Il receptor blockers (ARB) if
ACE-inhibitors are not tolerated®. For all these medication classes research has
shown higher survival rates'>1314, At the same time, they have a high standing in

the hypertension and chronic heart failure (CHF) treatment regimes.

For uncomplicated hypertension, the ESC recommends ACEi or ARB + calcium
channel blockers (CCB) or a diuretic as initial dual therapy. At the same time beta-
blockers should be considered at any step if a certain indication is present, such as
in post-MI patients'. The cornerstone of the pharmacological treatment of heart
failure with reduced ejection fraction (HFrEF 1.1.4) consists of an ACEi or an
Angiotensin receptor-neprilysin inhibitor (ARNI), a beta-blocker, as well as a
Mineralocorticoid receptor antagonist (MRA) and a SGLT2i.

16



1.1.4 Connection to Heart Failure

Heart failure as a complication of a Ml leads to higher overall morbidity and mortality.
It was established in a large cohort that 13% of patients developed heart failure at
the time of the MI in the hospital and an additional 10% of patients within the
following months after a MI. Strikingly, post-discharge heart failure was associated
with a 239% higher 1-year mortality'®. Heart failure is defined as a clinical syndrome
with symptoms like breathlessness, ankle swelling or fatigue, in many cases
accompanied by signs such as elevated jugular venous pressure or pulmonary
crackles'. This is caused by abnormal structural or functional capacities leading to
higher intracardiac pressures than usual and/or inadequate cardiac output. The
prevalence of CHF in European adults is officially estimated to be around 1.5%"8.
The actual number might, however, be much higher, since it became apparent that
a lot of older people with shortness of breath suffer from unrecognized HF°.

The most common cause of CHF in Western societies is coronary artery disease
(CAD), which shows a close relation between IHD and HF. The ESC therefore even
recommends, that all patients with CHF should be examined closely for any signs
and symptoms of chronic coronary syndrome (CCS). Vice versa the probability of
CHF in patients that have presented with symptomatic CAD is higher than

average'”.

CHF can be subcategorized into heart failure with reduced ejection fraction (HFrEF),
mildly reduced ejection fraction (HFmrEF) and preserved ejection fraction (HFpEF).
Whereas in HFrEF (EF <40%) and HFmrEF (EF 40-50%) a decrease in ejection
fraction (EF) can be diagnosed, HFpEF is detected by signs and symptoms like
breathlessness, fatigue, and ankle swelling, with detection either of structural and/or
functional cardiac abnormalities and/or raised natriuretic peptides (NP). Aimost 60%
of CHF patients belong to the category HFrEF, 24% to HFmrEF and 16% to
HFpEF2°. While the pathogenic role of IHD in HFrEF is well-investigated, it has also
been shown that HFmrEF resembles HFrEF rather than HFpEF in terms of a higher
connection to IHD and a higher risk of new IHD events. Still, the presence of IHD

was shown to be an important prognostic factor for all three HF types?'.

The two natriuretic peptide hormones atrial NP and B-type NP have a high standing

in the diagnosis and observation of heart failure. They are secreted by the atrial
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cardiomyocytes in case of increased stretching of the atrium due to fluid overload.
They work by enhancing renal sodium secretion to decrease extra cellular fluid
levels. Due to the short half-lives of C-terminal atrial natriuretic peptide (ANP) or
brain natriuretic peptide (BNP) levels in the plasma, the plasma levels of cleaved
proteolytic products with a longer half-life are usually measured as their surrogates,
namely mid-regional proANP (MR-proANP) and N-terminal proBNP (NT-proBNP)?2.
The negative predictive value for HF is higher than 94% if the plasma concentration
of NT-proBNP is lower than 125 pg/mL or the MR-proANP is lower than 40
pmol/L?324 However, some conditions might lead to elevated NP unrelated to HF.
Among them are atrial fibrillation (AF), high age or kidney disease. Diagnostically, it
can be stated that the higher the NP, the higher the likelihood that the symptoms of
patients, primarily dyspnea, are due to HF?5,

In contrast to CHF, acute heart failure (AHF) describes a more rapid onset of signs
and symptoms of HF. The etiologies of AHF are combined in the acronym
CHAMPIT, which stands for (Acute) Coronary syndrome, hypertensive crisis,
arrythmias, mechanical causes, pulmonary embolism, infections, and tamponade.
AHF can be a new onset HF or even more frequently, representing an acute

decompensation of CHF .

Overall, CAD can cause HF in many ways. The most striking one seems to be ACS
leading all the way to cardiac shock due to the prompt loss of functioning
myocardium (acute MI, myocarditis). However, cardiogenic shock is an extreme
form and not common in patients with AHF and ACS. ACS can present as unstable
angina, non-ST-elevation myocardial infarction (NSTEMI), or ST-elevation
myocardial infarction (STEMI). The presence of ACS and AHF at the same time is
associated with a higher short-term mortality than ACS alone. It was observed that
the incidence of AHF complicating the management of patients with ACS may be
the case in 6-41%. The wide range might be explained by the different degrees of
severity of ACS, since many different clinical scenarios are known. They include
AHF patients with chest pain and normal cTn (possible angina pectoris), patients
without chest pain, but with elevated cTn (possible myocardial injury), patients with
chest pain and elevated cTn (possible MI) or even with an ACS in the first place and
later developing AHF?8. Measuring troponin may help to detect myocardial ischemia,

but diagnosis is difficult. Most patients with AHF present with elevated troponin
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levels and also AHF of other etiologies (CHAMPIT) may lead to ECG changes?®.
Like CHF, natriuretic peptides are a valuable tool for diagnosing AHF. If BNP is
lower than 100 pg/mL, NT-proBNP lower than 300 pg/mL and/or MR-proANP lower
than 120 pg/ mL AHF is unlikely?’.

Essentially all patients surviving a Ml are at risk of developing symptomatic HF or
premature death?. It is in fact possible that the ventricular dysfunction in post-MI
patients may resolve if the initial treatment was optimal, but in case of permanently
impaired cardiac function, the risk of progression to HF as result of cardiac
remodeling is remarkably high. Naturally, the bigger the infarct size and the more
remodeling has happened, the higher the degree of LV dysfunction. To prevent or
at least slow down this process after a MI, it is important to administer medications
that counteract and might even promote reverse remodeling early in the post-acute
phase. At this point those medications are beta blockers (BB), ACEi or ARB and
MRA?Z.

Studies for other medication classes in this context are ongoing. Sacubitril/valsartan
is investigated by the PARADISE-MI (Prospective ARNI vs. ACE inhibitor Trial to
Determine Superiority in Reducing Heart Failure Events After MI), to determine if it
benefits outcomes in post-MI patients with left ventricular dysfunction?®. The EMMY
trial (Impact of EMpagliflozin on cardiac function and biomarkers of heart failure in
patients with acute MYocardial infarction) evaluates the concept of SGLT2 inhibition
to improve cardiac remodeling, reduce pre- and afterload as well as the effect on
cardiac metabolism regardless of its antidiabetic effects?°.

1.2 SGLT2 Inhibitors

SGLT2i have shown to reduce mortality in patients with type 2 diabetes®® and
HFrEF3!, and also lower the risk of major cardiac events in patients with
atherosclerotic CVD, including cardiovascular death?®?, Initially developed as a blood
glucose lowering agent, their use is by far not limited to the treatment of type 2
diabetes anymore. In fact, it has been shown that SGLT2i lower the risk of worsening
and cardiovascular death in HFrEF patients, regardless of the patients being
diabetics or not33. The same applies for patients with diabetic and non-diabetic

chronic kidney disease®.
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SGLT2i were initially developed as oral anti-diabetic drugs to reduce blood glucose
by blocking the renal coupled reabsorption of sodium and glucose by inhibition of
the sodium-glucose cotransporters 2. Those transporters are expressed in the first
segment of the proximal convoluted tubule and are directly involved in
approximately 90% of the reabsorbed glucose®. Inhibiting those high-capacity
transporters consequently leads to iatrogenic glucosuria. Its extent depends on
plasma glucose concentration as well as on patients’ glomerular filtration rate.
Investigating further molecular mechanisms in mice, it was concluded that SGLT2i
have the potential to increase glucose tolerance despite reduced plasma insulin, to

improve plasma lipids and to have various catabolic effects?’.

With regard to their effects on the cardiovascular system, SGLT2i have been found
to lower preload by promoting osmotic diuresis through natriuresis and they can also
decrease afterload by lowering blood pressure (BP) and reducing arterial stiffness®.
One of the complex mechanisms that SGLT2i contribute to cardiovascular and renal
protection is the reduction of sympathetic nervous system overactivity®, which is a

key humoral mechanism in heart failure.

At the same time, SGLT2i have a direct positive effect on the heart, especially on
ventricular remodeling, cardiac metabolism, and direct cardioprotective
mechanisms®®. Ventricular remodeling has been shown to be partly reversible in an
animal model*. Cardiac metabolism is improved by reducing the consumption of
carbohydrates and at the same time increasing the utilization of fatty acids and
ketone bodies. Mechanisms that directly affect the myocardium are, among others,
the inhibition of Na*/Hydrogen exchanger 1 (increasing mitochondrial Calcium
(Ca*™) levels), reducing the activity of Ca**/calmodulin dependent kinase (improving
contractility as well, by reducing sarcoplasmic Ca* leak), increasing
phosphorylation levels of myofilament regulatory proteins (improving diastolic

function) and possibly even positive epigenetic modifications?®.

In theory, there are known positive molecular pathophysiologic effects of SGLT2i
that play a role before, during and after Ml regardless of the presence or absence
of diabetes. It has been shown in various animal models that taking SGLTi in
advance can reduce infarct size, improve ventricular contractibility and significantly

increase 48-hour survival in case of a MI*. It is suspected that the infarct-sparing
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effect of long-term treatment with SGLT2i is the result either of an effect independent
of glucose or of up-regulation of cellular survival pathways in the heart. These
effects demonstrate that chronic pre-treatment might benefit high-risk
cardiovascular patients irrespective of their diabetic status*?. Even investigations of
SGLT2i treatment shortly before a Ml, i.e. not allowing the medication to chronically
change the cardiac mechanisms, have shown a better outcome in infarct size and
contractility in animal models*3. Clinical data on the clinical setting of SGLT2i
treatment after myocardial infarction is rare, but the research on animal models
shows promising results. Even though administration after the ischemic event
naturally cannot reduce the infarct size per se, it preserves aerobic metabolism after
MI, improves long-term contractility and limits cardiac remodeling**. Based on these
favorable characteristics SGLT2i are currently being evaluated in the setting after

MI by several phase Il trials.

1.3 The role of the left atrium

The LA is physiologically very closely linked to the left ventricle (LV). It serves as a
blood reservoir during ventricular systole, conducts the blood to the LV in early
diastole and finally contributes around 15-30% of the LV volume by atrial contraction

in late diastole?.

The first standardized parameter to measure the LA was the anterior-posterior
diameter. For a long time, the clinical importance of LA size was perceived as low,
but this has changed with recent population-based studies showing LA size as a
prognostic parameter for long-term outcomes*6. The size of the LA is mainly the
reflection of LV filling and pressure over time*’, because of the equalizing of
pressure between the chambers in diastole. Alternative reasons for an enlarged LA
can be mitral valve disease or secondary impairment due to atrial myopathy. Larger
LA diameters and, therefore, larger volumes, have been shown to be sequentially
associated with all-cause mortality in both sexes*®. Hence, maximal LA volume
(LAmax) is an established prognostic predictor in different cardiac diseases

including post-MI“®.

Still, it has been suggested to incorporate more LA parameters than just LAmax to
better portray LA functionality especially in the context of ischemic cardiac events.

LA total ejection fraction ([LA pre-systolic volume — LAmin]/LA pre-systolic volume)
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and the very similar LA fractional change ([LAmax — LAmin]J/LAmax) were both
established as independent predictors of mortality in NSTEMI patients®®. The
different approaches are due to the various significations of the parameters. The
pre-systolic volume, meaning the LA volume immediately before atrial systole, also
called diastasis volume, is highly dependent on LV diastolic pressure and LV
function. The LAmin is a result of the intrinsic LA contractility, as well as the volume
load it encounters, determined by LV chamber compliance and pulmonary venous
capacitance. Fractional change, which simply uses the values LAmin and LAmax,

mirrors atrial and intrinsic ventricular conditions equally®°.

In contrast to NSTEMI patients, STEMI patients tend to be younger, have fewer co-
morbidities, and overall less extensive CAD, necessitating confirmation in this cohort
as well®'. This was done by showing that LAmax is a good indicator of long-standing
cardiovascular conditions like age, LV mass index, LV end-diastolic volume index,
and diastolic dysfunction grade, but not significantly related to the acute markers of
LV disease such as peak troponin T, area at risk, reduced LVEF, infarct size, and
the ratio between early mitral inflow velocity to early diastolic mitral annular
lengthening velocity (E/e'"). Parameters which can reflect preexisting cardiovascular
conditions as well as the occurrence of STEMI are LAmin, LA fractional change, and
LA passive fraction. For prediction of major adverse cardiovascular event (MACE)
only the two LA parameters LA stroke volume and LA fractional change have shown
to be the accurate, after adjusting for age, LVEF, hypertension, previous PCI and
diastolic dysfunction grade®2. The latter results were reached through
cardiovascular magnetic resonance imaging (CMR), which is considered to be the
most accurate method for obtaining LA function and size®3. More recently left atrial
strain analysis has come into focus as long-term prognostic parameters in STEMI
patients, giving a direct image of atrial function and allowing to differentiate between
the different atrial phases more easily%*.

The close relationship between LA and LV further shows in patients within the first
48 hours of admission after Ml by a comparison of left ventricular global longitudinal
strain (GLS), LA volumes, and peak atrial longitudinal strain (PALS). PALS has
shown to be a composite measure of left ventricular longitudinal systolic function
and maximal LA volume and it significantly correlates with hypertension, diabetes

mellitus and Killip class >1°°. At the same time it is evident, that the effects of ACS
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and especially STEMI on LA systolic function are not tracked by changes in LA
volumes alone®®, rather they can be identified through LA strain and strain rate®’.
Another advantage of LA strain measurements is that they are less preload-
dependent than the LAmax values®8.

1.4 Transthoracic Echocardiography (TTE)

Echocardiography is the most commonly used noninvasive cardiovascular imaging
modality, which uses harmless ultrasound waves and provides comprehensive data
regarding cardiac anatomy and structure, chamber size and function as well as
morphology and function of the heart valves besides intracardiac hemodynamics
evaluation®®. To obtain all the information needed from a complete Transthoracic
Echocardiographic Examination in adults it is recommended to stick to international
guidelines®. In every pre-defined imaging plane, the procedure starts with the
recording of plain two-dimensional images of the cardiac cycles, to record cardiac
anatomy and performance. In the next step, the standard grayscale views of two-
dimensional imaging are combined with color doppler imaging (CDI). It is
recommended that CDI be used in practically all imaging views, which is why it
should not be viewed as independent imaging technique®. To enable an even more
conclusive study especially regarding valves and blood flow spectral doppler should

be applied in predefined locations.

Like many fields in medicine, echocardiographic technology is constantly evolving,
with the two major recent developments being real-time three-dimensional (3D)
echocardiography (3DE) and myocardial deformation imaging. The use of 3D
algorithms, if available, is highly recommended, especially for calculating LV
volume, but it has not found its way into the clinical setting the same way

deformation imaging has.

1.4.1 Assessment of heart function

To assess heart function non-invasively, different parameters are currently available
with echocardiography. By far most of the research for the quantification of diastolic
and systolic function has been conducted on the left ventricle. This needs to be
considered since different parameters can have diverse validity in different heart

chambers.
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A quite common parameter, especially for LV performance, is ejection fraction (EF).
For the LA EF is not measured routinely. The calculation of this parameter is shown
in figure 1. Regrettably, the concept of EF comes with many disadvantages. First
and foremost, the intra- and interobserver variability is higher than commonly
believed. This limits the accuracy of EF measurements, but can be greatly reduced
by using information from multiple views, which is then combined into a conformal
3-dimensional surface model®'. Another particularly important drawback of EF is
that it is considerably influenced by hemodynamics. Depending on pre- and
afterload conditions the ventricle can be portrayed much better or worse than it is in
reality.

SV EDV —ESV
EDV EDV

Ef:

Ef = Ejection Fraction

SV = Stroke volume

EDV = End-diastolic volume
ESV = End-systolic volume

Figure 1: Calculation of the ejection fraction

Additionally, the concept of heart function can be divided into ventricular function
and myocardial function®?. While the ventricular function is based on the capability
of the heart working as a pump, the myocardial function is directly related to the
functionality of the muscle. Naturally, these two definitions overlap, but the two terms
should not be used as synonyms, since reduced pumping function might not be

directly caused by an impaired ability of the myocardium to contract.

A more objective and better quantifiable way was introduced with Deformation
Imaging. Deformation Imaging is based on measuring the movement of the
myocardium itself. Due to its complex structure, the heart contracts in several
different directions. To measure these contractions, heart thickening and
lengthening is subdivided into radial, circumferential and longitudinal movements,

following a three-dimensional model. This is illustrated in figure 3.
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Figure 2: Echocardiographic Figure 3: Three dimensional movements of the heart muscle
apical two chamber view -
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The echo cardiac machine has two ways to pick up movement from the myocardium
itself. The historically older one is Tissue Doppler together with the use of
superimposed M-Mode or Spectral Doppler for better analysis. In reality, it is only
used routinely to quantify regional and diastolic parameters, such as for the e” in the
algorithm of diastolic dysfunction®. This is because the Doppler can detect high
tissue velocities in the diastole better than the second method called Speckle
tracking but has other limitations, such as its angle dependance. Speckle tracking
has, in fact, become a major technique used in echocardiographic analysis since its

introduction for clinical use in 200454,

1.4.2 Speckle tracking

Speckle-tracking echocardiography is an angle-independent method to obtain an
objective quantification of myocardial deformation. The displacement of small
speckles, which are the result of the interaction between the ultrasound waves and
the myocardium without an anatomical correlation, can be tracked by a software on
routine two-dimensional (2D) grayscale images with a framerate of sixty frames per

second or higher after image acquisition.

Due to the fact that speckle-tracking echocardiography is mainly performed by a
software, good intraobserver and interobserver reproducibility is achieved®. This
has been shown by comparing speckle-tracking echocardiography-derived

measurements with sonomicrometry and tagged MRI®®. On the other hand, the high
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dependence on the software causes a need for standardized data processing, as
the difference between vendors is still not insignificant, although they have already
been improved considerably®’. It is nevertheless important that the examiner
communicates the settings used to conduct a study, e.g., which region of interest
(ROI) was defined, since different software generations tend to have different ROI
defaults. These default settings can range from endocardial border to myocardial
midline or epicardial border. The progress in this area is fast and the indications of
using speckle-tracking are meanwhile not only limited to the left ventricle, but also

pertain to the right ventricle and LA®8.

Deformation Imaging parameters

In speckle tracking basically all the parameters to describe the heart movement
derive from the velocity of the tracked speckles measured. Since common speckle
tracking is done in 2D images, the velocity vectors are projected in two components
in an image plane. Those are in the long-axis, apical views, the longitudinal velocity
V| tangential to the endocardium and perpendicularly to it the radial velocity V. In
the short-axis, transversal views, the two components are Vr again perpendicular to
the endocardium and a circumferential velocity V¢ which is tangential to the heart

border in this plane.

The change in length can then be calculated using the integral of the velocity vector,
which has a total direction and amplitude in every plane at a specific time t. To obtain
longitudinal, circumferential, and radial displacements, the corresponding
component velocities Vi, V, and/or V. are integrated with the formula shown in table
1. Displacement itself is dependent on how much myocardium is viewed since the
displacement of the entire heart in one cycle is much more significant than the
displacement of a single segment due to their different initial lengths. To normalize
the displacement to an individual configuration, it is divided by the initial length of
the structure viewed. This results in the relative change in length of an object, which

is called deformation, and is commonly referred to as strain in echocardiography.

The default strain value is called Langangrian strain. It puts the length change at
any time in relation to the initial reference length Lo, which is usually the length at
end-diastole. The result is a dimensionless measure, usually displayed in percent.

Shortening has negative values and lengthening positive ones. Natural strain, also
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called Eulerian strain, is a parameter that compares the length change to the
instantaneous length. If strain is not further specified, it refers to Langangrian strain.
Another parameter is strain rate, which is a measure for the rate of deformation,

mathematically representing the temporal derivative of strain.

Quantities Symbols and formulas Unit
Velocity vV, Vi, V., Vi Cm/s
t
Displacement X() = f V(tHdt' mm
ED
Langangrian Strain L@ - L o
(=deformation) Su.(0) = Lo %
. _dsy(t)  1dL () y
Strain rate SR, (t) = Fran L_o It s

Vi=longitudinal velocity, V. = circumferential velocity, V: = radial velocity
ED = end diastolic
L = Length, t = time

Table 1: Deformation imaging parameters

Deformation of the Left Atrium

The mean LA thickness has been shown to be between 1.99 + 1.41 mm®°. In
echocardiography a standard region of interest (ROI) width of 3 mm s
recommended but should preferably be adjusted by the examiner to match
individual LA thickness and consequently excluding the pericardium at the same
time. Other programs only require the examiner to trace the endocardial line. They
work by measuring LA strain sub-endocardially, since a minimum wall width is
necessary to track its deformation. Due to the thin walls of the LA a subendocardial
speckle tracking measurement is assumed to be equally accurate as whole wall

measurements®8.

The border of the LA should be mapped from one mitral annulus, alongside the
endocardial border to the opposite mitral annulus, sparing out pulmonary veins or
the LA appendage. Doing this in the apical four-chamber view is recommended,
preferably using the apical two-chamber view additionally to obtain biplane
measurements. However, using only a single apical view is also a recognized

method?°. It is important to use non-foreshortened views and to check the accuracy
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of the superimposed tracking visually by comparing it to the underlying motion of the

atrial wall as well as the derived LA strain curve.

The LA strain curve represents the triform process of LA deformation for every heart
cycle. It involves the reservoir, the conduit, and the contraction phase. The reservoir
phase lasts over the course of the entire ventricular systole from mitral valve closure
to mitral valve opening. It corresponds to the filling of the LA. The conduit phase
starts at mitral valve opening and is equivalent to the passive filling of the LV. The
last phase in patients without atrial fibrillation is the contraction phase, which begins
at the onset of LA contraction and ends with mitral valve closure. These three

phases can be identified in the curves of figure 5.
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Figure 4: Left atrial strain tracing in TomTec
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Figure 5: Left atrial longitudinal strain curves with different phases

The three phases can be characterized with the three measurements LASr, LAScd
and LASct. LASr is the longitudinal atrial strain (LAS) during reservoir phase and
reflects the positive LAS difference from mitral valve opening (ventricular end-
systole) and ventricular end-diastole. LAScd is measured by subtracting LAS at
mitral valve opening from LAS at the onset of atrial contracting receiving a negative
value. Similarly, the LASct portrays the LAS strain difference from the onset of atrial
contraction and the ventricular end-diastole to complete the cycle. Furthermore, the
peak strains in each phase can be measured, resulting in the parameters pLAST,
pLAScd and pLASct. Technically end-systolic-strains (white circle in figure 5), peak
systolic strains (highest strain during ventricular systole) and (overall) peak strains
should be distinguished due to the different timing of the measurements. However,
since the longitudinal atrial strain (LAS) during reservoir phase has the highest
values of the whole cycle and the peak is physiologically at ventricular end-systole,
LASr and pLASTr are often used as synonyms or even simply referred to as LA global
longitudinal strain (LA GLS) or peak atrial longitudinal strain (PALS) neglecting

minor differences.

The best correlation marker of the LA is specified as LA global longitudinal strain,
defined as strain in the direction tangential to the endocardial atrial border in an
apical view, derived from the length change of the entire LA contour in the image
plane’®. Zero strain reference is usually set at ventricular end-diastole, which is

supposed to match the nadir of the strain curve. While in the left ventricle, the peak
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systolic strain value is often used, in the LA, the peak longitudinal strain has been
shown to correlate best with pulmonary capillary wedge pressure and with LV-end-
diastolic pressure”’. Assessing the individual LA segments or using radial or
transverse strain is therefore recommended due to the anatomical and

echocardiographic features’®.

To obtain comparative figures for atrial strain values 2017 a meta-analysis came to
the result of a normal reference range for reservoir strain (usually congruent with
PALS) of 39% (95% ClI, 38%-41%, from 40 articles), for conduit strain of 23% (95%
Cl, 21%-25%, from 14 articles), and for contractile strain of 17% (95% CI, 16%-19%,
from 18 articles), by using data from 2542 healthy subjects’?. In 2021, these results
were confirmed in 1641 healthy participants in the Copenhagen City Heart Study.
The median PALS was measured to be 39.4%, with a rather high deviation of

corresponding limits of normality being 23-67.6%"2.

1.5 Gaps in Evidence

SGLT2i are a relatively new class of drugs, which were approved in the EU about a
decade ago. They have already been shown to lead to a relative and absolute risk
reduction in death and hospitalization in patients with and without diabetes suffering
from heart failure with HFrEF74. SGLT2i are currently being investigated in IHD
patients, due to the high epidemiologic relevance of this patient group.
Notwithstanding that a benefit in lab markers has been shown e.g. in the EMMY
trial”®, the functional mechanisms, reflected by cardiac volume and function
parameters like strain, have yet not been sufficiently investigated. On top of that, the
assumed mechanisms responsible for the beneficial effect per se are still mainly the

result of animal models.

The left atrial role in different cardiac conditions is highly discussed. The question is
whether it is only a mirror image of the left ventricle volume and filling pressures or
whether it has a high pathophysiologic relevance on its own. Furthermore, it is
unclear which parameters are most appropriate to assess left atrial function. With
speckle tracking, more values, such as strain, have become available. But they need
to be compared to the clinical background of patients, as well as correlated with
already validated parameters, such as left atrial volume index (LAVI). It is equally

important to measure the effect of medications on cardiac function with functional
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parameters, to find out how and on which level they work, to further improve IHD

treatment and possibly find new starting points for further development.

1.6 Aim of the Thesis

The main aim of this thesis is to investigate the effect of the standard treatment plus
Empagliflozin compared with standard treatment plus Placebo after MI within the
framework of the EMMY-trial on the left atrial dimensions and function. At the same
time the thesis is aiming to give closer insights into the involvement of the LA after
Ml in general, which undergoes geometrical and functional change as result of

myocardial systolic and diastolic dysfunction.
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2 Methods

The data for this diploma thesis was gathered from a subgroup of all the patients
who were being examined at Medical University of Graz, Division of Cardiology, in
the framework of the EMMY trial (Impact of EMpagliflozin on cardiac function and

biomarkers of heart failure in patients with acute MYocardial infarction).

2.1 Study overview

The EMMY trial?® is a multicenter, randomized, double-blind, placebo-controlled,
phase 3b trial. The investigated hypothesis is that with the treatment of the SGLT-2
inhibitor empagliflozin in addition to the basic pharmaceutical treatment, starting
early after AMI, the biomarker NT-proBNP will be reduced more effectively, than

with a placebo within 6 months after the event.

It was registered on March 23, 2017, in the US National Library of Medicine Clinical
Trials.gov with the Identifier NCT03087773. The study was permitted by the Ethics
Committee of the Medical University of Graz (reference number 29-179 ex 16/17).

All patients needed to give informed consent before screening to participate.

Inclusion criteria encompass AMI with evidence of significant myocardial necrosis
defined as a rise in creatine kinase over 800 U/L and a troponin T-level (or troponin
I-level) ten times above the upper level of normal. These criteria have been defined
to increase the likelihood of a beneficial treatment effect with empagliflozin. In
addition, symptoms of ischemia and/or ECG changes indicative of new ischemia
and/or imaging evidence of new regional wall motion abnormality must be met.
Further necessary medical parameters were estimated glomerular filtration rate
(eGFR) higher than 45 mL/min per 1.73m?2, a systolic blood pressure before first
drug dosing over 110 mmHg and a diastolic blood pressure before first drug dosing
over 70 mmHg. The first intake of study medication had to be within the first 72 hours
after myocardial infarction or 72 hours after performance of a coronary angiography.
The required age was predefined as 18-80.

Exclusion criteria applied in case of any form of diabetes mellitus other than type 2
or a history of diabetic ketoacidosis, a blood pH lower than 7.32, a known allergy to
SGLT-2 inhibitors, presence of hemodynamic instability defined by intravenous

administration of catecholamine, calcium sensitizers or phosphodiesterase
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inhibitors, more than one episode of severe hypoglycemia within the last 6 months
under treatment with insulin or sulfonylurea, fertile females without adequate
contraceptive methods (i.e. sterilization, intrauterine device, vasectomized partner;
or medical history of hysterectomy), acute symptomatic urinary tract infection or
genital infection, as well as patients who are being treated with any SGLT-2 inhibitor
(dapagliflozin, canagliflozin, empagliflozin) or having received treatment with any

SGLT-2 inhibitor within the 4 weeks prior to the screening visit.

The eligible patients were randomized in a 1:1 ratio to empagliflozin (10 mg once
daily) or a matching placebo by a Randomizer Software (http://www.randomizer.at).
The randomization was stratified by site, the presence of diabetes mellitus type 2
and by sex. The primary endpoint was to investigate the effect of empagliflozin on
changes in NT-proBNP within 6 months (26 weeks) after AMI. Secondary endpoints
include short term changes (6 weeks) of NT-proBNP levels, changes in
echocardiographic parameters after 6 and 26 weeks, levels of ketone body
concentrations, HbA1c levels and body weight, number of hospital re-admissions
due to heart failure or other reasons, duration of hospital stay and all-cause

mortality.

In total, 219 people gave consent to the study protocol of the EMMY study. The
initial gender distribution was 181 male and 38 female subjects. Over time, 8 people
withdrew their consent. 4 people only completed one of the three study visits,
making it not possible to monitor any change in their clinical data. From another 21
participants only two instead of three ultrasound studies were available, respectively
useable, because either the did not come to one visit, their data was not stored

properly, or the image quality was not good enough to analyze.

2.2 Blood Sampling and Assessment of Laboratory Parameters

Every site that participated in the EMMY trial was required to ship NT-proBNP
biomarker samples from the patients each visit to the Biobank in Graz, regardless
of NT-proBNP level analysis in local labs. In Graz, the samples were stored
appropriately and finally measured at the KIMCL (Clinical Institute of Medical and
Chemical Laboratory Diagnostics, Medical University of Graz, Austria) on the

Elecsys proBNP platform (Roche Diagnostics, Mannheim, Germany) with
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chemiluminescence technology, to avoid minor discrepancies between different

laboratories.

2.3 Transthoracic Echocardiography

Transthoracic echocardiography studies were obtained from each patient on visit 1,
2 and 4 in accordance with the current guidelines of the European Association of
Cardiovascular Imaging (EACVI) and the American Society of Echocardiography
(ASE). They were performed by experienced cardiologists using locally available
ultrasound devices like the Vivid 7 or Vivid E9 (GE Healthcare, Chalfont St Giles,
UK) and Siemens Acuson SC2000 with an image rate set to at least seventy frames

per second.

To avoid divergences between different locations, an Echo Manual written by Dr.
Ewald Kolesnik with the protocol number HS-2017-01 was distributed to all sites. In
this manual the execution and the information needed from a Transthoracic
Echocardiographic Examination in Adults is outlined schematically, following the

current Guideline of the American Society of Echocardiography®°.

The two-dimensional clips and images for a Standard Imaging Protocol are mainly
taken from three positions and include the parasternal long-axis view (PLAX),
parasternal short-axis views (PSAX), apical 4 chamber view (A4C), apical 5
chamber view (A5C), apical 2 chamber view (A2C), apical long-axis (A3C),
subcostal 4 chamber view (SC 4C) and in particular cases a suprasternal notch view
of the aortic arch (SSN aortic arch). The baseline of a few cardiac cycles of the plain
two-dimensional images should be stored, to record cardiac anatomy and
performance. ECG recording should be performed in every study, so that the
machine can recognize heart cycles more easily. In the EMMY trial at least three

cardiac cycles were recorded.

The recommended two-dimensional measurements from the different standard
views of every axis are listed in table 2. The 2D values needed for this thesis to
obtain LA volume values are highlighted in yellow. To correctly obtain the
measurements from table 1 and even more in postprocessing, different planes in
each axis must be acquired. In particular, PSAX Loops should be done at the level
of aortic valve and pulmonary artery, at the level of the mitral valve, at the level of
the papillary muscles and the apical segments. The apical 4-chamber view should
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be recorded with focus on the left ventricle, then with focus on the right ventricle and
one with focus on the atria. This is also applicable to the A2C, which should be
recorded with focus on the left ventricle and furthermore with focus on the LA. From
substernal the subcostal 4-chamber view and a loop of the inferior vena cava should

be assessed.

The diameter of the LA, which is usually measured from anterior to posterior, can
alternatively be obtained using the M-mode, but for routine linear dimension
measurements the classic two-dimensional loops are generally preferred over the
M-mode technique. Other specific M-Mode measurements that are recommended,
primarily include the tricuspid annular plane systolic excursion (TAPSE) for
assessing longitudinal systolic performance of the right ventricle and the IVC
diameter during respiration. In addition to the standard views various further views
can be obtained by small probe movements in order to display more structures and

details, but they are commonly bypassed in clinical praxis.

CDl is recommended to be used in practically all imaging views and should therefore
not be viewed as an independent imaging technique. Furthermore, CDI is also
helpful to align the spectral Doppler as parallel to the blood flow as possible. The
most common CDI positions are listed in table 2. It is important to store native loops
and loops with CDI separately to capture all the information. The intention of table
3 is to connect the standard grayscale views of two-dimensional imaging with color
doppler imaging (CDI) and spectral doppler images that should be obtained for a
conclusive study. If regurgitant jets or other abnormalities are found, it is important
to portray them as best as possible with grayscale and CDI imaging and to quantify

them by using various Spectral Dopplers (SDI) to record their entire extent.
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PLAX PSAX A4C A5C A2C A3C | SC4C
IVS end-diastole | oo @O v volume LV volume Ve
thickness P end-diastole end-diastole diameter
diameter
End-diastolic
LVIDd RVOT distal LV volume LV volume
. end-systole end-systole
diameter
LVPWd Main PA diameter LA length LA length
RV diameter end- LA area LA area
diastole
LA diameter R\./ bgse i
mid diameter
LVOT diameter
(midsystolic) RV length
AV annular
diameter R d?arzfoﬁand-
(midsystolic)
RV area end-
systole
RA length
RA area

AV = aortic valve, d = end-diastolic, IVC = inferior vena cava, IVS = interventricular septum, LA = left atrium, LV = left
ventricle, LVID = left ventricular internal dimension, LVOT = left ventricular outflow tract, LVPW = left ventricular

posterior wall, PA = pulmonary artery, RV = right ventricle, RVOT = right ventricular outflow tract

Table 2: Echocardiographic imaging planes with 2D measurements

MV flow
g ol AV flow
o | spi
TV and RV inflow
RVOT
é ol AV leaflets
g.> MV flow (Level of MV)
SDI PW Doppler in RVOT: Peak RVOT velocity, RVOT VTI
CW Doppler in RVOT: PV VTI, Peak PV velocity, End-diastolic PR velocity
cDI MV flow with LA and LV
Pulmonary veins
&r’ CW Doppler TV -> peak TR velocity
< SDI PW Doppler of MV -> E-wave velocity, A-wave velocity
PW on DTI MV lateral and medial annulus ->s’, e" and a’
PW on DTI TV lateral annulus ->s’, e” and a
I3 CDI | LVOT and AV flow
'2 SDI PW of LVOT -> LVOT VTI, LVOT peak velocity
CW Doppler through the AV -> AV VTI, Peak AV velocity
(&) CDI | MV flow with LA and LV
N
< | sDI
cDI MV flow with LA
Q LV, LVOT and AV flow
< | spi
0o CDI | IVC and Hepatic veins flow
0 < SDI | PW Doppler -> Hepatic veins flow: S-, D- and A-wave

AV = aortic valve, CW = continuous wave, IVC = inferior vena cava, LA = left atrium, LV =left
ventricle, MV = mitral valve, PV = pulmonary valve, PW = pulsed wave, RV = right ventricle,

RVOT = right ventricular outflow tract, TR = tricuspid regurgitation

Table 3: Echocardiographic imaging planes with Doppler measurements
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All studies for the secondary outcome analyses were archived in DICOM-format and
locally analyzed. The initial idea of the conductor was that all raw data of native
images and loops should be sent to an echocardiography core lab, in this case the
Echocardiography Core Lab of the Department of Cardiology, Medical University of
Graz, Austria for thorough and possible additional evaluation. However, it soon
became apparent that not all sites were able to provide loops for core lab analyses.
Therefore, the decision was made to only use local data from Graz. This can be
done, since there is a high enough number of studies available to achieve good
statistical power with core lab echocardiography data only. For this thesis all image
data was analyzed offline with the post-processing program TomTec (TOMTEC
Imaging Systems) in digitally saved, ECG triggered 2D TTE cine loops of the apical
two- and four-chamber views. The software accessed the studies directly from the

IntelliSpace Cardiovascular, where they were stored after acquisition.

2.3.1 Left atrial volume measurements

To receive end-systolic and end-diastolic measurements of the LA, the biplane area-
length-formula was used. Therefore, the areas and the length of the LA were
obtained in two independent heart cycles in both a 4-chamber view and a 2-chamber
view. The values of these areas and lengths were then entered into an Excel sheet.
Proceeding with the obtained values the arithmetic average of the two A4C areas,
two A2C and four length measurements each, for end-systole and for end-diastole
were calculated respectively. The results are diagnostically conclusive left atrial end-
diastolic and end-systolic values. Based on these values, EF and LAVI were
calculated. The LAVI is the left atrial volume indexed to the overall body surface
area and eliminates the high dispersion of atrial volumes due to the individual

physiques of different patients.

Agcn X Aycn
L

LAV = left atrial volume [ml], A = left atrial area [mL/m?],
L = left atrial major length axis [cm]

8
LAV=§XT[X

Figure 6: Calculation of left atrial volume
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2.3.2 Assessment of Strain

Strain was evaluated using a specific speckle-tracking based software tool called
2D Cardiac Performance Analysis (2D CPA) from TOMTEC Imaging Systems, also
analyzing cardiac deformation offline and vendor-independent. After starting 2D
CPA one corresponding A2C view with unobstructed view of the atrium, as advised
by the program instructions, was selected by the investigator. Since multiple cardiac
cycles were recorded as default, one cardiac cycle was chosen by the investigator.
Within this heart cycle end-systole (ES) and end-diastole (ED) were defined
manually via M-Mode through the mitral anulus to spot maximal contraction (end-
systole) and maximal relaxation (end-diastole) of the left ventricle. In general, the
software can generate the endomyocardial line by itself after placing three reference
points (anterior annulus, posterior annulus, apex). The investigator nevertheless
decided to trace the endocardial border end-systolic and end-diastolic completely
manually to ensure maximum validity, since the automatic editing has been shown
to have difficulties especially with poorer image quality. After the tracking was

completed, the analysis of the deformation by the program was initiated.

The result was a color-coded loop of longitudinal strain values, with strain and strain-
rate curves among other data respectively. The longitudinal strain is calculated as
Langangrian strain from the initial entire contour length. The circumferential strain
however, is derived from the shortening of the radius since it cannot be measured
directly in a long imaging view of the heart. Two heart cycles were examined from

every study to improve accuracy by limiting aberrations.

2.4 Data Analysis and Statistics

All retrieved 2D metric measurements were manually entered into Microsoft Excel
365 (Microsoft Office 365, Microsoft Corporation, Redmond, US). Strain data was
exported, merged by an appropriate macro, and cleaned in Excel and then imported
to IBM SPSS statistics 27 (IBM Corporation, Armonk/New York, US) for further
statistical analysis.

Descriptive statistics of simple baseline characteristics, such as gender and age,
were worked up with mean and standard deviation for continuous measures and

with frequency tables for categorical variables.
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All data were evaluated for normal distribution and variance homogeneity. For
normal distribution, histograms were evaluated graphically and a skewness of -1 to
+1 was checked to evade false negative results of the Shapiro-Wilk-test in larger
sample sizes. Endo GCS at visit 3 (V3), LA EF V3 and Endo GLS V3 + GCS V3
data of the individual groups were normally distributed initially, the parameters Endo
GLS V3, highest GLS and LAVI ED had at least one group where the absolute value
of the skewness was above 1. For these parameters normal distribution was
reached by logarithmizing (log10). To analyze the two separate groups (intervention
vs. placebo) at the last visit, unpaired t-test was used. To check equality of variances
Levene test was followed. For analysis of the trends of two main parameters Endo
GLS (logEndo GLS) and LAVI ED (log LAVI ED) between the two different groups
in more detail, a linear mixed model was used, in which the respective parameter
was the dependent variable. The fixed effects were visit, treatment, and
visit*treatment and as random factors the baseline value of the respective
parameter, the presence or absence of Type 2 diabetes and gender. The
parameters were analyzed in a per-protocol analysis for statistical reasons.
Therefore, no missing data were imputed for the analysis. Results were considered
statistically significant with p-values <0.05. As an additional approach the absolute
differences for Endo GCS, Endo GLS, highest GLS, Endo GLS + GCS, LAVI ED
and LA EF were calculated between visit 2 and visit 1 (V2-V1) and visit 3 and visit
1 (V3-V1), given that both values were available in each case. Spearman's rank-
order correlation was performed to analyze the coherences of echocardiographic
and laboratory data. For better illustration results are portrayed in tables (created
with Microsoft Word 365 and Microsoft Excel 365), box plots (created with SPSS
statistics 27) and graphs (created with Microsoft Excel 365).
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3 Results

3.1 Subjects

Table 5 illustrates patients’ demographic characteristics and descriptive statistics
regarding the analyzed variables. In total, 219 patients were included in the present
study. With respect to gender distribution 82.6% were males (n = 181) and 17,4%
females (n= 38). The age of the study participants ranged from 33 to 80 years with
a mean age of 58.35 + 9.43 years (males 57.92 + 9.34; females 60.37 £ 9.71).

The patients’ Body Mass Index (BMI) was on average 28.27 + 4.12 kg/m? (males
28.46 £ 3.84; females 27.37 + 5.26). According to the BMI-classification of the World
Health Organization (see table 4) 20.56% (n = 45) of study participants were of
normal weight, while 52.51% (n = 115) were assigned to the category pre-obesity.
20.09% (n = 44) of patients were assigned to the category obesity |, 5.94% (n = 13)
to obesity Il and two patients to obesity Ill. Among all patients 11.9% (n = 26) were
diagnosed with diabetes and hyperlipidemia was present in 8.7% (n = 19) of
patients. HbA1c was on average 5.84 + 1.03% in patients (males 5.88 + 1.08%,
females 5.66 + 0.72%).

BMI Nutritional status

Below 18.5 Underweight
18.5-24.9 | Normal weight
25.0-29.9 Pre-obesity
30.0-34.9 | Obesity class |
35.0-39.9 | Obesity class Il
Above 40 | Obesity class llI

Table 4: BMI classification. BMI = Body Mass Index

With regard to lifestyle-related risk factors, 69.4% (n = 152) of all patients were
smokers (males 70.2%; females 65.8%). The mean of smoking years among this
subgroup was 29 £ 11.49 years (males 29.69 + 11.42 years; females 25.61 + 11.61
years). Among smokers the average consumption of nicotine was 22 + 13.52
cigarettes per day (males 22.5 + 14.12 cigarettes per day; females 20.58 + 10.41

cigarettes per day).
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In total, 6.4% of subjects were previously diagnosed with coronary heart disease
(CAD), and 1.4% had already undergone percutaneous transluminal coronary

angioplasty (PTCA). Two patients had already been treated with bypass surgery.

Within the study population the median of c-reactive protein (CRP) was 5 mg/dI
(male 4.6; female 5.8). Based on standard values for GFR, patients showed normal
GFR values with a median of 93 mI/min/1.73 m? (male 92.27 ml/min/1.73 m?; female
94.52 ml/min/1.73 m?). 99.51% of study participants showed elevated values (= 125
pg/ml) in NT-proBNP with a median of 1344 pg/ml (n = 203) (male 1200 pg/ml;
female 2251 pg/ml). The overall median for hsTrop was 3791 ug/l, with slightly
higher values in males at 3843 pg/l than in females at 3661.5 ug/l.

On the first visit, patients showed blood pressure values with a median of 125/76
mmHg (males 126/76 mmHg; females 121.5/77 mmHg). Elevated systolic blood
pressure (> 140 mmHg) was present in 6.85% of patients. 7.31% (> 90 mmHg) of

all subjects showed elevated diastolic blood pressure values.

3.2 Endo GLS and highest GLS

Endo GLS at visit 3/3 was available in 199 subjects (100 in the empagliflozin group,
99 in the placebo group). The subjects in the empagliflozin group had a mean Endo
GLS value of 22.51 (95 % CI = 20.76 — 24.25), compared to 22.25 (95 % CI = 20.68
—23.83) in the placebo group. The mean TomTec parameter highest GLS was 25.63
(95 % CIl = 23.89 — 27.36) in the empagliflozin group and 24.82 (95 % Cl = 23.14 —
26.50) in the placebo group. The empagliflozin group thus had a positive mean Endo
GLS V3 difference of 0.25 + 1.19 and a positive mean highest GLS difference of
0.81 + 1.22. The null hypothesis that there is no significant difference between the
groups cannot be rejected, with p-values of 0.841 (log1o Endo GLS V3) and 0.642
(log1o highest GLS V3).

The linear mixed model shows a highly significant increase of Endo GLS in both
groups over time (p = .000 based on all three visits). Testing visit*treatment for a

fixed effect shows no significant outcome (p = .127).
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Variables Overall Male Female N
Gender [%] 82.6 17.4 219
Age [years] 58.35+9.43 57.92 +9.34 60.37 £ 9.71 219
BMI [kg/m2] 28.27 +4.12 28.46 + 3.84 27.37 +5.26 219

Smoking [%] 69.4 70.2 65.8 219
Smoking Years [years] 28.99 £ 11.53 28.57 £12.23 31.12+6.70 152
Cigarettes [total] 22.17 £ 13.56 22.87 £13.12 18.64 + 15.42 152
Arterial Hypertension 71 (32.4%) 54 (29.8%) 17 (44.7%) 219
CAD [n] 14 (6.4%) 11 (6.1%) 3 (7.9%) 219

PTCA [n] 3 (1.4%) 3(1.7) 0 (0%) 219

Bypass [n] 2 (0.9%) 2 (1.1%) 0 (0%) 219

STEMI 179 (81.7%) 147 (81.2%) 32 (84.2%) 219
Hyperlipidemia [n] 19 (8.7%) 16 (8.8%) 3 (7.9%) 219
Diabetes [n] 26 (11.9%) 22 (12.2%) 4 (10.5%) 219
HbA1c V1 [%] 5.84 +1.03 5.88 +1.11 5.63+0.39 209
hsTrop V1 [ug/l] median: 3791 median: 3843 rggg'fg 219
CRP_V1 [mg/dl] median 4.7 median: 4.6 median: 5.8 218
GFR_V1 [ml/min] median: 92.79 89.91+14.14 90.97 + 16.29 219
NT-proBNP [pg/ml] median: 1344 median: 1200 median: 2251 203
BP_sys [mmHg] 125.16 + 9.59 125.46 + 9.42 1213(’)'_6321 219
BP_dias [nmHg] 78.21+£6.25 78.17 £6.27 78.37 £6.22 219

Table 5: Descriptive statistics. Values are given as mean + standard deviation by default.

BMI = Body Mass Index, CAD = Coronary Artery disease, PTCA = percutaneous translumenal coronary angioplasty,
STEMI= ST elevation myocardial infarction, HbAlc = Hemoglobin Alc, hsTrop = high-sensitivity cardiac troponin, CRP = C-
reactive protein, GFR = Glomerular filtration rate, BP = Blood pressure.
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Figure 7: Boxplots of Endo GLS and highest GLS values at visit 3

-»-Empaglizofin -=-Placebo

2 4 6 8 10 12 14 16 18 20 22 24 26
Weeks

Figure 8: Absolute change in Endo GLS across all visits

---Empaglizofin -s-Placebo

2 4 6 8 10 12 14 16 18 20 22 24 26

Weeks
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43



3.3 Endo GCS and combined strain parameter

Endo GCS at visit 3/3 was assessed in 199 subjects (100 in the empagliflozin group,
99 in the placebo group). The subjects in the empagliflozin group had a mean Endo
GCS value of 26.41 (95 % CI = 24.24 — 28.57), compared to 25.67 (95 % Cl = 23.64
—27.70) in the placebo group. 48.91 (95 % CI = 45.32 — 52.50) is the mean artificial
total of Endo GLS and Endo GCS in the empagliflozin group, while it was 47.92 (95
% Cl =44.76 — 51.09) in the placebo group. In summary, the empagliflozin group
had a positive mean Endo GCS difference of 0.74 + 1.5 and a positive total Endo
GLS and Endo GCS difference of 0.99 + 2.4. The null hypothesis that there is no
significant difference between the groups cannot be rejected, with p-values of 0.623
(Endo GCS V3) and 0.682 (Endo GLS + GCS V3).

3.4 LAVIED and LA EF

LAVI ED and LA EF at visit 3/3 were evaluated in 199 subjects (100 in the
empagliflozin group, 99 in the placebo group). The mean LAVI ED in the
empagliflozin group was 33.44 (95 % CI = 30.87 — 36.01) and 34.52 (95 % CIl =
32.46 — 36.58) in the placebo group. The mean LA EF was 41.67 (95 % CI = 39.11
— 44.23) in the empagliflozin group and 40.89 (95 % Cl = 38.80 — 42.99) in the
placebo group. The empagliflozin group showed a lower mean LAVI EDV V3 by -
1.08 + 1.66 and a positive LA EF difference of 0.78 + 1.67. The null hypothesis that
there is no significant difference between the groups cannot be rejected, with p-
values of 0.294 (log1oLAVI EDV V3) and 0.641 (LA EF V3).

The linear mixed model shows a highly significant increase of LAVI ED in both
groups over time (p = .000 based on all three visits). Testing visit*treatment for a

fixed effect shows no significant outcome (p = .853).

44



Absolute Endo GCS change from baseline

500
450
40,0

350

Endo GCSV3

Endo GLS+GCSV3

250
200
150 —
100 b
50

Absolute Endo GLS + GCS change from baseline
(2
‘o

S o = » o »
(4] (4] (4] (4] (4] (4]

1
-
(4]

Empaglifiozin Placebo Empagliflozin Placebo

Treatment Treatment

Figure 10: Boxplots of Endo GCS and Endo GLS + GCS values at visit 3

-»-Empaglizofin -=-Placebo

B ———

2 4 6 8 10 12 14 16 18 20 22 24 26

Weeks
Figure 11: Absolute change in Endo GCS across all visits

-s-Empaglizofin -=-Placebo

IENNEEREES

2 4 6 8 10 12 14 16 18 20 22 24 26
Weeks
Figure 12: Absolute change in Endo GLS + GCS across all visits

45



80,0 700
75,0 85,0 =T
700 60,0 |
65,0 - 550
73 104 :
50,0 189 —*
50,0
550
450
E 00 2 400
o 450 th
= < 350
40,0
5 350 00
30I0 250
250 200
20,0 150 —1—
15,0 N 10,0
10,0 50
Empaglifiozin Placebo Empagliflozin Placebo
Treatment Treatment
Figure 13: Boxplots of LAVI ED and LA EF values at visit 3
5,5 .
-s-Empaglizofin -e-Placebo
o
£ 45
[7)
[}
m
a
E 3,5
[=]
-
&
@ 25
©
=
Q
8 15
3
3 05
=
&
2 -0,5
1,5
2 4 6 8 10 12 14 16 18 20 22 24 26
Weeks
Figure 14: Absolute change in LAVI ED across all visits
3,5 ;
-»-Empaglizofin -=-Placebo
3
(]
£
T 2,5
[}
3
E 2
2
=15
(=]
o
5 »
b 05
5
o 0 &—
3
=
805
£
<
-1
-1,5
2 4 6 8 10 12 14 16 18 20 22 24 26

Weeks
Figure 15: Absolute change in LA EF across all visits

46



Empagliflozin Placebo

mean t o N mean o N
V1| 20.03+£7.40 (102| 19.71+7.54 |97
Endo GLS V2| 22.23+8.10 99 20.58 +8.54 |98
V3| 2251+8.80 (100 2225+790 |99

V1| 23.40+11.44 |102| 23.32+11.14 |97
Endo GCS |V2| 25.34+1235 |99 | 23.53+9.64 |98
V3| 26.41+10.90 |100| 25.67 +10.19 |99

V1| 43.43+17.17 |102| 43.03 +16.73 |97
V2| 47.57£18.59 | 99 | 44.11+16.29 |98
V3| 48.91+18.10 |100| 47.92+15.87 |99

Endo GLS +
GCS

V1| 2337+811 |102| 22.38+7.67 |97
highest GLS |V2| 24.88 +8.23 99 23.48 +8.68 |98
V3| 25.63+8.74 |100| 24.82+8.43 |99

V1| 40.00 +12.22 |104| 40.52 +10.49 |98
LA EF V2| 42.20+10.86 | 99 | 40.74+10.03 |99
V3| 41.67 1291 |100| 40.89 +10.50 |99

V1| 30.20+9.24 |104| 31.28+8.51 |98
LAVI ED V2| 32.56 +9.73 99 33.04 £9.57 |99
V3| 33.44+1295 |100| 34.52+10.31 |99

Table 6: Explorative statistics of left atrial strain parameters by groups.
Values are given as mean * standard deviation by default.

3.5 Correlation analysis

According to Cohen, effect sizes above 0.5 are considered large, those above 0.3
are moderate, everything between 0.3 and 0.1 is considered weak, and anything
smaller than 0.1 are considered trivial’®. As can be seen in table 7, there were strong
correlations between LA GLS und LA GCS, moderate correlations between LA GLS
and LA EF, LA GLS and LVEF, LA GLS and NT-proBNP, as well as weak
correlations between LA GLS and LAVI.
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Endo GLS highest GLS Endo GCS E"dg fs"s * LAVI ED LA EF LVEF NT-proBNP

Endo GLS

highest GLS -0.267

Endo GCS

Endo GLS + GCS -0.218

LAVI ED -0.267 -0.218 -0.147 -0.164 0.154

LA EF -0.147 0.221 -0.235
LVEF 0.206 0.274 -0.164 0.221
NT-proBNP -0.277 -0.345 0.154 -0.235

. :

Table 7: Correlation table of left atrial strain, left ventricular and laboratory parameters
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4 Discussion

It has previously been established that atrial strain values encompass relevant
clinical data both in patients with NSTEMI’” as well as in STEMI patients®*. In both
cohorts LA longitudinal strain in particular was shown to be a significant marker for
the prediction of cardiovascular events. With this study, many structural and
functional parameters of the LA were measured meticulously in patients after
myocardial infarction. The ultrasound studies were therefore scheduled three times
(visit 1 at week 0, visit 2 at week 6 + 2 and visit 3 at week 12 £ 2). This made it
possible to monitor the development of these parameters closely and to get a better
picture of the suspected initial LA impairment after Ml and its subsequent expected

improvement.

Nonetheless, it must be taken into account that the ultrasound raw data was
obtained within the framework of the EMMY trial?®, meaning that half of the patients
received Empagliflozin in addition to standard treatment. The primary outcome was
a change in NT-proBNP. Additionally, major echocardiographic parameters for
diastolic dysfunction (E/e'), left-ventricular end-systolic (LVESV) and end-diastolic
volume (LVEDV) were gathered and analyzed simultaneously as secondary

outcomes.

The data of the echocardiography outcome parameters of the EMMY-trial suggest
an increase in EF, a decrease in E/e’ and an increase in LVEDV in both groups.
From a physiological standpoint, it seems reasonable that at the time of the initial
MI, the heart is abruptly impaired in its function as a pump by the loss of contractile
fibers leading to reduced systolic function. At the same time the diastolic function is
also compromised by such an event. In fact, after a MI, active relaxation of the heart
muscle is initially delayed, and the ventricle becomes stiffer based on the
remodeling of the infarction area, leading to higher diastolic pressures in the
ventricle. This is physically counteracted by the simultaneous dilatation of the heart

muscle’s.

Even though the connection of systolic and diastolic dysfunction as a result of Ml is
well established, sufficient treatment to stop or further decelerate the
pathophysiologic cascade, particularly regarding the diastolic function, is not

routinely available. As a promising next step, the EMMY-trial showed a significant
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greater NT-proBNP reduction with Empagliflozin by 15% (95% CI -4.4% to -23.6%,
p =.026) after adjusting for baseline NT-proBNP, sex and diabetes status compared
to placebo. It was shown that with Empagliflozin the absolute left ventricular EF was
improved significantly by 1.5% (95% CIl 0.2% to 2.9%, p = .029) in comparison to
the placebo. Mean E/e' reduction was also about 6.8% (95% CI 1.3% to 11.3%, p =
.015) better in the Empagliflozin group. Further, both left ventricular end-systolic and
end-diastolic volumes were lower in the empagliflozin group, compared with placebo
by 7.5 ml (95% CIl 3.4 to 11.5 ml, p = 0.000) and 9.7 ml (95% CI 3.7 to 15.7 ml, p =
.002). Therefore, the overall data of the EMMY trial suggest that there is significant
potential to improve the overall function of the heart, reflected by laboratory and

imaging parameters.

Although it has been established in this thesis that the LA is much more than a
simple holding chamber for blood and that its function clinically correlates with hard
outcomes, the question of which parameters should be used to describe it is
extensively debated. It is argued by some researchers that peak atrial longitudinal
strain (PALS) is basically a combined value of left ventricular longitudinal systolic
function and maximum LA volume before mitral valve opening and therefore adds
no further value®. In contrast, other studies have shown that people with signs of
diastolic dysfunction by estimated elevated LV filling pressures, showed a significant
higher rate of abnormal LA strain (LA reservoir strain <23%) compared with an
abnormal LAVI (LAVI >34 ml/m?) (62.4% vs. 33.6%, p < 0.01) and a higher
correlation with LV filling pressures than the LAVI?®. This suggests that LA strain
can indeed be a useful additional parameter to LAVI for evaluation of diastolic
dysfunction. This hypothesis was supported by findings in patients that underwent
primary percutaneous coronary intervention after MI, where LA strain provided
incremental value to LA maximal volume (p = .03) with regard to the prediction of
adverse outcomes (all-cause mortality, hospitalization for heart failure and

reinfarction)®°.

This study therefore compares Endo GLS (LASr), Endo GCS, a composite Endo
GLS + GCS value, as well as highest GLS, LA EF and LAVI ED parameters and
evaluates their development after a Ml. To assess these parameters, reliable normal
values would be helpful. At this point, reliable data is only available for LA GLS
(LASr) and LAVI ED. LA GLS was measured to be 39.4 (38-40.8) based on 40
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studies and 2542 healthy subjects without cardiac risk factors. The lower limit of
normal LA-Strain in healthy subjects was measured to be 23.1%"3. LA GLS values
below 23.1% were considered pathological. The mean GLS value cannot be used
since age itself is a significant determinant of LA function. With higher age, LA GLS
values showed a significant decrease in a large multicenter registry®!. LA GCS is a
parameter that is used considerably less frequently than LA GLS but might be a
more accurate index of left atrial pressure, since the latter is strongly influenced by
left ventricular long systolic strain®2. Still normal values have not yet been
established for LA GCS, even though in one of the few studies in which LA GCS
was used, it was found to be an independent high risk factor for thromboembolism
in patients with non-valvular atrial fibrillation®3. Abnormal LAVI was defined as over
34 ml/m? (using the biplane Simpson method) according to the 2016 ASE and
EACVI criteria for left ventricular diastolic dysfunction (LVDD)3.

4.1 Interpretation of results

The different descriptive parameters investigated in the subjects allow to conclude
that within the patient population unhealthy lifestyle-related behaviors are strongly
present. One of the most striking findings is a prevalence of smoking in 70% of the
population, with a daily cigarette consumption of 22 + 13.52. Evidently, the data was
gathered at the time of the hospitalization for Ml and therefore shows the known
connection between smoking and myocardial infarction in this cohort rather clearly.
Apart from high daily nicotine abuse, the average years of smoking of all smokers
(69.4%) was 29 + 11.49. This results in an average of over thirty pack years (i.e.
number of packs of cigarettes smoked per day multiplied by the number of years a
person has smoked; twenty cigarettes in one cigarette pack). What makes these
numbers even more problematic is that about 50% of the smokers continue smoking
after a MI, even though smoking cessation after Ml is known as one of the most
effective secondary prevention measures. The fact that most individuals who
stopped smoking did so during their stay in hospital, underlines the importance of

assistance and support during the initial hospitalization after a MI°.

Besides smoking, hypertension, diabetes, and dyslipidemia are major known risk
factors for MI. The blood pressures measured during initial hospitalization are

merely snapshots and do not reflect long-term blood pressure values due to the
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administered medication and the affected pump function of the heart. Still the mean
systolic blood pressure of 125.16 £ 9.59 mmHg and the mean diastolic blood
pressure of 78.21 £ 6.25 during hospitalization were within the normal range. 11.9%
suffered from diabetes and 8.7% of patients had hyperlipidemia. With a median
HbA1c of 5.6 many patients were under the commonly used threshold of 6.5%.
However, since it is well known that lowering blood pressure, blood glucose, and
lipid values are effective ways of reducing morbidity and mortality following a M,
improvements in these cohorts are evidently desirable.

The patients showed decreased left atrial echocardiographic parameters initially.
Compared with standard values in a healthy population 70.35% of patients showed
an abnormal LA GLS (<23%) and 31.19% an abnormal LAVI (>34ml/m?) at the time
of hospitalization. However, LA GLS parameters improved significantly over time.
This was shown using a linear mixed model for analysis of Endo GLS (see chapter
3.2). Significant differences between the Placebo and Empagliflozin group could not
be detected. What was noticeable were the initial faster improvements in the
empagliflozin group (which can be seen in Figure 8), although they were not

statistically significant.

At visit 3/3 all mean echocardiographic left atrial parameters were slightly improved
in the Empagliflozin group, even though none of these improvements were
significant. In summary, compared to the placebo group the empagliflozin group had
a positive mean Endo GLS V3 difference of 0.25 £ 1.19, a positive mean highest
GLS difference of 0.81 + 1.22, a positive mean Endo GCS difference of 0.74 £ 1.5
and a positive total Endo GLS and Endo GCS difference of 0.99 + 2.4 in the end.
Regarding the final volume parameters the empagliflozin group had a lower mean
LAVI EDV V3 of -1.08 £ 1.66 and a positive LA EF difference of 0.78 + 1.67.

Overall, the effect sizes of the strain improvements do not seem remarkably high.
Keeping in mind that a Ml can lead to ventricular diastolic dysfunction, which usually
leads to higher atrial volumes, the slight improvement of LA EF and the increase in
strain parameters can be put in a reasonable context from a pathophysiologic point

of view.

The strongest correlation could be observed between the almost identical values for
Endo GLS and highest GLS (p = .932). The correlations of Endo GLS + GCS must
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be treated with caution, since Endo GLS + GCS logically correlates strongly with
Endo GLS and Endo GCS, as it is the artificial composite of GLS and GCS. Given
that the mechanical processes of the LA have not been as extensively studied
compared to the left ventricle, it is a notable finding that the longitudinal strain
correlates strongly with the circumferential strain. This correlation can be interpreted
as connected longitudinal and circumferential extension and shortening. Between
the strain parameters and the LAVI, only a weak inverse correlation could be
observed. That means that as LAVI values increase, strain values decrease. It
needs to be kept in mind that Lagangrian strain is a relative parameter and is
therefore independent of absolute volumes and, hence, atrium sizes. However, if
the LAVI value is high as a result of diastolic dysfunction, decreasing left atrial strain
values can be interpreted as the fading function of the already impaired LA. A
stronger, namely moderate correlation can be found between Endo GLS and NT-
proBNP. This finding could be anticipated since NT-proBNP is released in response
to changes in pressure inside the heart chambers and especially the atria. Another
moderate, almost strong correlation became evident between the strain parameters
and LA EF. This finding, again, seems very plausible. In fact, the more volume the
atrium stores or, rather, ejects, the more it has to change in size, which is then
reflected in the strain values. Overall, many correlations between the different
parameters have become evident, confirming the interconnected and complex
pathophysiology of the LA in the context of cardiac conditions, more specifically after
MI.

4.2 Implications

This study has shown that strain parameters correlate with volume parameters, but
they ultimately provide different results and, therefore, information compared to
volume parameters. Additionally, GLS and GCS of the LA strongly correlate but are
still far from displaying the same values. In general, the different strain parameters
and their values support the complex theory of the heart as three-dimensional piston
and its not yet completely understood mechanisms regarding changing conditions.
Speaking of a three-dimensional movement, it makes sense to take all spatial axes

into account.
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In practice, it was first shown in cancer patients receiving cardiotoxic therapies that
with LV global longitudinal strain, cardiac dysfunction could be detected earlier than
with EF®. Since the atrium is directly linked to the ventricle through the valve plane,
a correlation between LV GLS and LA GLS seems obvious. However, the extent is
still unclear and the debates regarding the significance of LA GLS appear far from
solved. The same applies to LA GCS, even though it has been shown to have
relevance in clinical practice as well. To better understand these mechanisms and
parameters, it is clearly necessary to further collect data and compare them with
laboratory and volume markers on the one hand and with hard outcomes on the

other.

There is limited evidence regarding left atrial echocardiographic parameters
specifically after MI. One of the few pieces of evidence in this regard is the
echocardiographic sub-study of the PARADISE-MI trial, which investigated the
impact of Sacubitril/Valsartan compared with Ramipril on cardiac structure and
function after MI. In this trial, left atrial volumes did not differ significantly between
the groups after 8 months®’. However, further trials are needed to show if the
measurable function of the LA can indeed be influenced significantly by medication
after Ml.

It can be considered as a huge advantage of our time that strain parameters can be
gathered very easily in a predominantly automatic manner owing to advances in
technology. To the author further investigations of strain parameters appear as
promising avenue for future research, since they are ultimately a mirror image of the

complex dynamics of the heart.

4.3 Limitations and strengths

The major limitation of this study is its dependence on the post-processing software
by TOMTEC. As tends to be the case with such post-processing software, the
mechanisms behind it are not disclosed. It is therefore, for example, difficult to fully
understand the different values of Endo GLS and highest GLS. Additionally, even
though the endocardium was mapped out carefully manually for end-systolic and
end-diastolic stages, the tracing was frequently adjusted by the software
automatically and thus worsened the concordance of endocardium and the traced

line. In such cases, the tracing had to be adjusted manually again. For strain
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analysis, end-systole and end-diastole were defined manually by M-Mode over the
left ventricle. The gold standard for determining the heart phases would be the
closure of the aortic valve. However, for the purpose of comparing global maximal
strains and not the strains of each atrial phase, this minor inexactness should not
severely impact the results. In accordance with the software provided by TOMTEC,
left atrial strain parameters were only acquired in the two-chamber views. This has
the advantage of a good endocardial contour and hardly any relevant impairment of
the endocardial border by lung veins. Nevertheless, the gold standard of obtaining
left atrial strain measurements requires application in the two- as well as the four-

chamber view.

Although that strain analysis is a rather new technique, the strain analyses were
conducted without any visible technical difficulties. This might also be due to the
fact, that the same experienced cardiologist did almost all echocardiograms at three
separate times for every patient. Only four people solely completed one of the three
study visits, making it impossible to monitor any change in their clinical data. From
twenty-one participants, only two instead of three ultrasound studies were available
or useable, either because they did not come to one visit, because their data was
not stored properly, or because the image quality was not sufficient for the purpose
of the analysis.

Another strength of this study is the precise measurement of left atrial volumes. The
author of this study, who also performed all the echocardiographic measurements
himself, had been trained by the cardiologists beforehand until equal values for
sample patients were achieved. Afterwards, in the frames of the EMMY patients, all
measurements were done twice end-diastolic and end-systolic. The same is

applicable to the strain measurements with TOMTEC.

Various sources of bias were averted by a triple-blind approach. Only after the

completion of the data analysis did the final unblinding take place.
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4.4 Conclusion

The LA plays a key role in modulating left ventricular filling. Its role is therefore of
increasing interest with regard to different cardiac conditions, such as in the setting
of myocardial infarction. Based on the extensive progress in analysis software,
speckle-tracking-based echocardiographic parameters to describe left atrial function
can nowadays be obtained very consistently. However, sufficient data to reliably
interpret left atrial functional parameters are still missing. The findings of this thesis
indicate only a weak correlation between strain parameters and LAVI and a
moderate correlation between strain parameters and NT-proBNP, indicating that
various kinds of information are displayed with each parameter. Empagliflozin did
not influence strain, volume or laboratory parameters significantly compared with
placebo. Overall, strain, volume and laboratory values were significantly dependent
on the time after MI, likely reflecting physiological adaptations and rehabilitation after
the initial Ml and the positive impacts of modern medical therapies. To gain a better
understanding of the role of the LA in different cardiac conditions, further clinical

research of strain parameters is needed.

56



10

Bibliography

Benjamin Ej, Muntner P, Alonso A, Bittencourt Ms, Callaway Cw, Carson Ap et
al. Heart Disease and Stroke Statistics-2019 Update: A Report From the
American Heart Association. Circulation 2019; 139: 255.

Vazquez-Oliva G, Zamora A, Ramos R, Marti R, Subirana |, Grau M et al.
Acute Myocardial Infarction Population Incidence and Mortality Rates, and 28-
day Case-fatality in Older Adults. The REGICOR Study. Revista espanola de
cardiologia (English ed) 2018; 71. doi:10.1016/j.rec.2017.10.019.

Timmis A, Townsend N, Gale C, Grobbee R, Maniadakis N, Flather M et al.
European Society of Cardiology: Cardiovascular Disease Statistics 2017.
European Heart Journal 2018; 39: 508-579.

Fernandez de Larrea-Baz N, Morant-Ginestar C, Catala-Lopez F, Genova-
Maleras R, Alvarez-Martin E. Disability-adjusted Life Years Lost to Ischemic
Heart Disease in Spain. Rev Esp Cardiol 2015; 68: 968-975.

Moran Ae, Forouzanfar Mh, Roth Ga, Mensah Ga, Ezzati M, Flaxman A et al.
The global burden of ischemic heart disease in 1990 and 2010: the Global
Burden of Disease 2010 study. Circulation 2014; 129.
doi:10.1161/CIRCULATIONAHA.113.004046.

United Nations D of E and SA Population Division. World Population Ageing
2019. UN, 2019https://digitallibrary.un.org/record/3846855 (accessed 28
Mar2022).

Timmis A, Vardas P, Townsend N, Torbica A, Katus H, De Smedt D et al.
European Society of Cardiology: cardiovascular disease statistics 2021.
European Heart Journal 2022; 43: 716—799.

Ibanez B, James S, Agewall S, Antunes M;j, Bucciarelli-Ducci C, Bueno H et al.
2017 ESC Guidelines for the management of acute myocardial infarction in
patients presenting with ST-segment elevation: The Task Force for the
management of acute myocardial infarction in patients presenting with ST-
segment elevation of the European Society of Cardiology (ESC). European
heart journal 2018; 39. doi:10.1093/eurheartj/ehx393.

Thygesen K, Alpert Js, Jaffe As, Chaitman Br, Bax Jj, Morrow Da et al. Fourth
Universal Definition of Myocardial Infarction (2018). Journal of the American
College of Cardiology 2018; 72. doi:10.1016/j.jacc.2018.08.1038.

Baigent C, Blackwell L, Collins R, Emberson J, Godwin J, Peto R et al. Aspirin
in the primary and secondary prevention of vascular disease: collaborative
meta-analysis of individual participant data from randomised trials. Lancet
(London, England) 2009; 373. doi:10.1016/S0140-6736(09)60503-1.

57



11

12

13

14

15

16

17

18

19

20

Agewall S, Cattaneo M, Collet Jp, Andreotti F, Lip Gy, Verheugt Fw et al.
Expert position paper on the use of proton pump inhibitors in patients with
cardiovascular disease and antithrombotic therapy. European heart journal
2013; 34. doi:10.1093/eurheartj/eht042.

Freemantle N, Cleland J, Young P, Mason J, Harrison J. beta Blockade after
myocardial infarction: systematic review and meta regression analysis. BMJ
1999; 318: 1730-1737.

Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C et al.
Efficacy and safety of cholesterol-lowering treatment: prospective meta-
analysis of data from 90,056 participants in 14 randomised trials of statins.
Lancet 2005; 366: 1267—1278.

Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, Dagenais G. Effects of an
angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular events in
high-risk patients. N Engl J Med 2000; 342: 145-153.

Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M et al.
2018 ESC/ESH Guidelines for the management of arterial hypertension: The
Task Force for the management of arterial hypertension of the European
Society of Cardiology (ESC) and the European Society of Hypertension (ESH).
European Heart Journal 2018; 39: 3021-3104.

Sulo G, Sulo E, Jargensen T, Linnenberg A, Prescott E, Tell Gs et al. Ischemic
heart failure as a complication of incident acute myocardial infarction: Timing
and time trends: A national analysis including 78,814 Danish patients during
2000-2009. Scandinavian journal of public health 2020; 48.
doi:10.1177/1403494819829333.

McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Béhm M et al.
2021 ESC Guidelines for the diagnosis and treatment of acute and chronic
heart failure: Developed by the Task Force for the diagnosis and treatment of
acute and chronic heart failure of the European Society of Cardiology (ESC)
With the special contribution of the Heart Failure Association (HFA) of the
ESC. European Heart Journal 2021; 42: 3599-3726.

Conrad N, Judge A, Tran J, Mohseni H, Hedgecott D, Crespillo Ap et al.
Temporal trends and patterns in heart failure incidence: a population-based
study of 4 million individuals. Lancet (London, England) 2018; 391.
doi:10.1016/S0140-6736(17)32520-5.

van Riet Ee, Hoes Aw, Limburg A, Landman Ma, van der Hoeven H, Rutten
Fh. Prevalence of unrecognized heart failure in older persons with shortness of
breath on exertion. European journal of heart failure 2014; 16.
doi:10.1002/ejhf.110.

Chioncel O, Lainscak M, Seferovic Pm, Anker Sd, Crespo-Leiro Mg, Harjola Vp
et al. Epidemiology and one-year outcomes in patients with chronic heart
failure and preserved, mid-range and reduced ejection fraction: an analysis of

58



21

22

23

24

25

26

27

28

29

the ESC Heart Failure Long-Term Registry. European journal of heart failure
2017; 19. doi:10.1002/ejhf.813.

Vedin O, Lam Csp, Koh As, Benson L, Teng Thk, Tay Wt et al. Significance of
Ischemic Heart Disease in Patients With Heart Failure and Preserved,
Midrange, and Reduced Ejection Fraction: A Nationwide Cohort Study.
Circulation Heart failure 2017; 10.
doi:10.1161/CIRCHEARTFAILURE.117.003875.

Goetze Jp, Bruneau Bg, Ramos Hr, Ogawa T, de Bold Mk, de Bold Aj. Cardiac
natriuretic peptides. Nature reviews Cardiology 2020; 17. doi:10.1038/s41569-
020-0381-0.

Gohar A, Rutten Fh, den Ruijter H, Kelder Jc, von Haehling S, Anker Sd et al.
Mid-regional pro-atrial natriuretic peptide for the early detection of non-acute
heart failure. European journal of heart failure 2019; 21. doi:10.1002/ejhf.1495.

Zaphiriou A, Robb S, Murray-Thomas T, Mendez G, Fox K, McDonagh T et al.
The diagnostic accuracy of plasma BNP and NT-proBNP in patients referred
from primary care with suspected heart failure: results of the UK natriuretic
peptide study. European journal of heart failure 2005; 7.
doi:10.1016/j.ejheart.2005.01.022.

Mueller C, McDonald K, de Boer Ra, Maisel A, Cleland Jgf, Kozhuharov N et
al. Heart Failure Association of the European Society of Cardiology practical
guidance on the use of natriuretic peptide concentrations. European journal of
heart failure 2019; 21. doi:10.1002/ejhf.1494.

Harjola Vp, Parissis J, Bauersachs J, Brunner-La Rocca Hp, Bueno H,
Celutkiené J et al. Acute coronary syndromes and acute heart failure: a
diagnostic dilemma and high-risk combination. A statement from the Acute
Heart Failure Committee of the Heart Failure Association of the European
Society of Cardiology. European journal of heart failure 2020; 22.
doi:10.1002/ejhf.1831.

Arrigo M, Parissis JT, Akiyama E, Mebazaa A. Understanding acute heart
failure: pathophysiology and diagnosis. European Heart Journal Supplements
2016; 18: G11-G18.

Jering Ks, Claggett B, Pfeffer Ma, Granger C, Kgber L, Lewis Ef et al.
Prospective ARNI vs. ACE inhibitor trial to Determlne Superiority in reducing
heart failure Events after Myocardial Infarction (PARADISE-MI): design and
baseline characteristics. European journal of heart failure 2021; 23.
doi:10.1002/ejhf.2191.

Tripolt Nj, Kolesnik E, Pferschy Pn, Verheyen N, Ablasser K, Sailer S et al.
Impact of EMpagliflozin on cardiac function and biomarkers of heart failure in
patients with acute MYocardial infarction-The EMMY trial. American heart
journal 2020; 221. doi:10.1016/j.ahj.2019.12.004.

59



30

31

32

33

34

35

36

37

38

39

Palmer Sc, Tendal B, Mustafa Ra, Vandvik Po, Li S, Hao Q et al. Sodium-
glucose cotransporter protein-2 (SGLT-2) inhibitors and glucagon-like peptide-
1 (GLP-1) receptor agonists for type 2 diabetes: systematic review and
network meta-analysis of randomised controlled trials. BMJ (Clinical research
ed) 2021; 372. doi:10.1136/bm|.m4573.

Zannad F, Ferreira Jp, Pocock Sj, Anker Sd, Butler J, Filippatos G et al.
SGLT2 inhibitors in patients with heart failure with reduced ejection fraction: a
meta-analysis of the EMPEROR-Reduced and DAPA-HF trials. Lancet
(London, England) 2020; 396. doi:10.1016/S0140-6736(20)31824-9.

Zelniker Ta, Wiviott Sd, Raz I, Im K, Goodrich El, Bonaca Mp et al. SGLT2
inhibitors for primary and secondary prevention of cardiovascular and renal
outcomes in type 2 diabetes: a systematic review and meta-analysis of
cardiovascular outcome trials. Lancet (London, England) 2019; 393.
doi:10.1016/S0140-6736(18)32590-X.

McMurray Jjv, Solomon Sd, Inzucchi Se, Kgber L, Kosiborod Mn, Martinez Fa
et al. Dapagliflozin in Patients with Heart Failure and Reduced Ejection
Fraction. The New England journal of medicine 2019; 381.
doi:10.1056/NEJMoa1911303.

Wheeler Dc, Stefansson Bv, Jongs N, Chertow Gm, Greene T, Hou Ff et al.
Effects of dapagliflozin on major adverse kidney and cardiovascular events in
patients with diabetic and non-diabetic chronic kidney disease: a prespecified
analysis from the DAPA-CKD trial. The lancet Diabetes & endocrinology 2021;
9. doi:10.1016/S2213-8587(20)30369-7.

Zelniker Ta, Braunwald E. Mechanisms of Cardiorenal Effects of Sodium-
Glucose Cotransporter 2 Inhibitors: JACC State-of-the-Art Review. Journal of
the American College of Cardiology 2020; 75. doi:10.1016/j.jacc.2019.11.031.

Cherney Dzi, Cooper Me, Tikkanen I, Pfarr E, Johansen Oe, Woerle Hj et al.
Pooled analysis of Phase Il trials indicate contrasting influences of renal
function on blood pressure, body weight, and HbA1c reductions with
empagliflozin. Kidney international 2018; 93. doi:10.1016/j.kint.2017.06.017.

Osataphan S, Macchi C, Singhal G, Chimene-Weiss J, Sales V, Kozuka C et
al. SGLT2 inhibition reprograms systemic metabolism via FGF21-dependent
and -independent mechanisms. JCI insight 2019; 4.
doi:10.1172/jci.insight.123130.

Lytvyn Y, Bjornstad P, Udell Ja, Lovshin Ja, Cherney Dzi. Sodium Glucose
Cotransporter-2 Inhibition in Heart Failure: Potential Mechanisms, Clinical
Applications, and Summary of Clinical Trials. Circulation 2017; 136.
doi:10.1161/CIRCULATIONAHA.117.030012.

Sano M. A new class of drugs for heart failure: SGLT2 inhibitors reduce
sympathetic overactivity. Journal of cardiology 2018; 71.
doi:10.1016/j.jjcc.2017.12.004.

60



40

41

42

43

44

45

46

47

48

49

Zhang N, Feng B, Ma X, Sun K, Xu G, Zhou Y. Dapagliflozin improves left
ventricular remodeling and aorta sympathetic tone in a pig model of heart
failure with preserved ejection fraction. Cardiovascular diabetology 2019; 18.
doi:10.1186/s12933-019-0914-1.

von Lewinski D, Benedikt M, Tripolt N, Wallner M, Sourij H, Kolesnik E. Can
sodium-glucose cotransporter 2 inhibitors be beneficial in patients with acute
myocardial infarction? Kardiologia polska 2021; 79. doi:10.33963/KP.15969.

Lim Vg, Bell Rm, Arjun S, Kolatsi-dJoannou M, Long Da, Yellon Dm. SGLT2
Inhibitor, Canagliflozin, Attenuates Myocardial Infarction in the Diabetic and
Nondiabetic Heart. JACC Basic to translational science 2019; 4.
doi:10.1016/j.jacbts.2018.10.002.

Lahnwong S, Palee S, Apaijai N, Sriwichaiin S, Kerdphoo S, Jaiwongkam T et
al. Acute dapagliflozin administration exerts cardioprotective effects in rats with
cardiac ischemia/reperfusion injury. Cardiovascular diabetology 2020; 19.
doi:10.1186/s12933-020-01066-9.

Santos-Gallego Cg, Requena-lbanez Ja, San Antonio R, Ishikawa K,
Watanabe S, Picatoste B et al. Empagliflozin Ameliorates Adverse Left
Ventricular Remodeling in Nondiabetic Heart Failure by Enhancing Myocardial
Energetics. Journal of the American College of Cardiology 2019; 73.
doi:10.1016/j.jacc.2019.01.056.

Lang Rm, Badano Lp, Mor-Avi V, Afilalo J, Armstrong A, Ernande L et al.
Recommendations for cardiac chamber quantification by echocardiography in
adults: an update from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. Journal of the American
Society of Echocardiography : official publication of the American Society of
Echocardiography 2015; 28. doi:10.1016/j.ech0.2014.10.003.

Tops LF, van der Wall EE, Schalij MJ, Bax JJ. Multi-modality imaging to
assess left atrial size, anatomy and function. Heart 2007; 93: 1461-1470.

Guron Cw, Hartford M, Rosengren A, Thelle D, Wallentin |, Caidahl K.
Usefulness of atrial size inequality as an indicator of abnormal left ventricular
filling. The American journal of cardiology 2005; 95.
doi:10.1016/j.amjcard.2005.02.011.

Bouzas-Mosquera A, Broulldn Fj, Alvarez-Garcia N, Méndez E, Peteiro J, T G-
S et al. Left atrial size and risk for all-cause mortality and ischemic stroke.
CMAUJ : Canadian Medical Association journal = journal de I’Association
medicale canadienne 2011; 183. doi:10.1503/cmaj.091688.

Beinart R, Boyko V, Schwammenthal E, Kuperstein R, Sagie A, Hod H et al.
Long-term prognostic significance of left atrial volume in acute myocardial
infarction. Journal of the American College of Cardiology 2004, 44.
doi:10.1016/j.jacc.2004.03.062.

61



50

51

52

53

54

95

56

57

58

59

Kahl Jt, Mgller Je, Kristensen Ts, Kelbaek H, Kofoed Kf. Left atrial function and
mortality in patients with NSTEMI an MDCT study. JACC Cardiovascular
imaging 2011; 4. doi:10.1016/j.jcmg.2011.08.008.

Abbott Jd, Ahmed Hn, Vlachos Ha, Selzer F, Williams Do. Comparison of
outcome in patients with ST-elevation versus non-ST-elevation acute
myocardial infarction treated with percutaneous coronary intervention (from the
National Heart, Lung, and Blood Institute Dynamic Registry). The American
journal of cardiology 2007; 100. doi:10.1016/j.amjcard.2007.02.083.

Lanborg JT, Engstrem T, Mgller JE, Ahtarovski KA, Kelbaek H, Holmvang L et
al. Left atrial volume and function in patients following ST elevation myocardial
infarction and the association with clinical outcome: a cardiovascular magnetic
resonance study. European Heart Journal - Cardiovascular Imaging 2013; 14:
118-127.

Grothues F, Smith Gc, Moon Jc, Bellenger Ng, Collins P, Klein Hu et al.
Comparison of interstudy reproducibility of cardiovascular magnetic resonance
with two-dimensional echocardiography in normal subjects and in patients with
heart failure or left ventricular hypertrophy. The American journal of cardiology
2002; 90. doi:10.1016/s0002-9149(02)02381-0.

Leng S, Ge H, He J, Kong L, Yang Y, Yan F et al. Long-term Prognostic Value
of Cardiac MRI Left Atrial Strain in ST-Segment Elevation Myocardial
Infarction. Radiology 2020; 296. doi:10.1148/radiol.2020200176.

Ersball M, Andersen M;j, Valeur N, Mogensen Um, Waziri H, Mgller Je et al.
The prognostic value of left atrial peak reservoir strain in acute myocardial
infarction is dependent on left ventricular longitudinal function and left atrial
size. Circulation Cardiovascular imaging 2013; 6.
doi:10.1161/CIRCIMAGING.112.978296.

Economou D, Xanthopoulos A, Papamichalis M, Chamaidi A, Dimos A,
Tavoularis D et al. Left atrial systolic function in acute coronary syndromes.
Hellenic journal of cardiology : HIC = Hellenike kardiologike epitheorese 2020;
61. doi:10.1016/j.hjc.2019.10.005.

Liu Yy, Xie Mx, Xu Jf, Wang Xf, Lv Q, Lu Xf et al. Evaluation of left atrial
function in patients with coronary artery disease by two-dimensional strain and
strain rate imaging. Echocardiography (Mount Kisco, NY) 2011; 28.
doi:10.1111/j.1540-8175.2011.01513.x.

Genovese D, Singh A, Volpato V, Kruse E, Weinert L, Yamat M et al. Load
Dependency of Left Atrial Strain in Normal Subjects. Journal of the American
Society of Echocardiography : official publication of the American Society of
Echocardiography 2018; 31. doi:10.1016/j.ech0.2018.07.016.

Sadeghpour A, Alizadehasl A. Echocardiography. In: Practical Cardiology.
Elsevier, 2022, pp 67-110.

62



60

61

62

63

64

65

66

67

68

Mitchell C, Rahko Ps, Blauwet La, Canaday B, Finstuen Ja, Foster Mc et al.
Guidelines for Performing a Comprehensive Transthoracic Echocardiographic
Examination in Adults: Recommendations from the American Society of
Echocardiography. Journal of the American Society of Echocardiography :
official publication of the American Society of Echocardiography 2019; 32.
doi:10.1016/j.echo.2018.06.004.

O’Dell Wg. Accuracy of Left Ventricular Cavity Volume and Ejection Fraction
for Conventional Estimation Methods and 3D Surface Fitting. Journal of the
American Heart Association 2019; 8. doi:10.1161/JAHA.118.009124.

Krayenbuehl HP. Chapter 7: Myocardial Function. European Heart Journal
1985; 6: 33-39.

Pieske B, Tschope C, de Boer Ra, Fraser Ag, Anker Sd, Donal E et al. How to
diagnose heart failure with preserved ejection fraction: the HFA-PEFF
diagnostic algorithm: a consensus recommendation from the Heart Failure
Association (HFA) of the European Society of Cardiology (ESC). European
heart journal 2019; 40. doi:10.1093/eurheartj/ehz641.

Leitman M, Lysyansky P, Sidenko S, Shir V, Peleg E, Binenbaum M et al. Two-
dimensional strain-a novel software for real-time quantitative
echocardiographic assessment of myocardial function. Journal of the American
Society of Echocardiography : official publication of the American Society of
Echocardiography 2004; 17. doi:10.1016/j.ech0.2004.06.019.

Mondillo S, Galderisi M, Mele D, Cameli M, Lomoriello Vs, Zaca V et al.
Speckle-tracking echocardiography: a new technique for assessing myocardial
function. Journal of ultrasound in medicine : official journal of the American
Institute of Ultrasound in Medicine 2011; 30. doi:10.7863/jum.2011.30.1.71.

Amundsen Bh, Helle-Valle T, Edvardsen T, Torp H, Crosby J, Lyseggen E et
al. Noninvasive myocardial strain measurement by speckle tracking
echocardiography: validation against sonomicrometry and tagged magnetic
resonance imaging. Journal of the American College of Cardiology 2006; 47.
doi:10.1016/j.jacc.2005.10.040.

Unli S, Mirea O, Bézy S, Duchenne J, Pagourelias Ed, Bogaert J et al. Inter-
vendor variability in strain measurements depends on software rather than
image characteristics. The international journal of cardiovascular imaging
2021; 37. doi:10.1007/s10554-020-02155-2.

Voigt Ju, Pedrizzetti G, Lysyansky P, Marwick Th, Houle H, Baumann R et al.
Definitions for a common standard for 2D speckle tracking echocardiography:
consensus document of the EACVI/ASE/Industry Task Force to standardize
deformation imaging. Journal of the American Society of Echocardiography :
official publication of the American Society of Echocardiography 2015; 28.
doi:10.1016/j.echo.2014.11.003.

63



69

70

71

72

73

74

75

76

77

78

79

JyS,ChY,GspM,YhL,CIH, ThW et al. Left Atrium Wall-mapping
Application for Wall Thickness Visualisation. Scientific reports 2018; 8.
doi:10.1038/s41598-018-22089-z.

Badano Lp, Kolias Tj, Muraru D, Abraham Tp, Aurigemma G, Edvardsen T et
al. Standardization of left atrial, right ventricular, and right atrial deformation
imaging using two-dimensional speckle tracking echocardiography: a
consensus document of the EACVI/ASE/Industry Task Force to standardize
deformation imaging. European heart journal Cardiovascular Imaging 2018;
19. doi:10.1093/ehjci/jey042.

Cameli M, Mandoli Ge, Loiacono F, Dini FI, Henein M, Mondillo S. Left atrial
strain: a new parameter for assessment of left ventricular filling pressure. Heart
failure reviews 2016; 21. doi:10.1007/s10741-015-9520-9.

Pathan F, D’Elia N, Nolan Mt, Marwick Th, Negishi K. Normal Ranges of Left
Atrial Strain by Speckle-Tracking Echocardiography: A Systematic Review and
Meta-Analysis. Journal of the American Society of Echocardiography : official
publication of the American Society of Echocardiography 2017; 30.
doi:10.1016/j.echo.2016.09.007.

Nielsen Ab, Skaarup Kg, Hauser R, Johansen Nd, Lassen Mch, Jensen Gb et
al. Normal values and reference ranges for left atrial strain by speckle-tracking
echocardiography: the Copenhagen City Heart Study. European heart journal
Cardiovascular Imaging 2021; 23. doi:10.1093/ehjci/jeab201.

Kosiborod Mn, Jhund Ps, Docherty Kf, Diez M, Petrie Mc, Verma S et al.
Effects of Dapagliflozin on Symptoms, Function, and Quality of Life in Patients
With Heart Failure and Reduced Ejection Fraction: Results From the DAPA-HF
Trial. Circulation 2020; 141. doi:10.1161/CIRCULATIONAHA.119.044138.

von Lewinski D, Kolesnik E, Tripolt NJ, Pferschy PN, Benedikt M, Wallner M et
al. Empagliflozin in acute Myocardial Infarction: the EMMY trial. Eur Heart J
2022; : ehac494.

Cohen J. Set Correlation and Contingency Tables. Applied Psychological
Measurement 1988; 12: 425-434.

Shao C, Zhu J, Chen J, Xu W. Independent prognostic value of left atrial
function by two-dimensional speckle tracking imaging in patients with non -ST-
segment-elevation acute myocardial infarction. BMC Cardiovasc Disord 2015;
15: 145.

Thune JJ, Solomon SD. Left ventricular diastolic function following myocardial
infarction. Curr Heart Fail Rep 2006; 3: 170-174.

Morris DA, Belyavskiy E, Aravind-Kumar R, Kropf M, Frydas A, Braunauer K et
al. Potential Usefulness and Clinical Relevance of Adding Left Atrial Strain to
Left Atrial Volume Index in the Detection of Left Ventricular Diastolic
Dysfunction. JACC Cardiovasc Imaging 2018; 11: 1405-1415.

64



80

81

82

83

84

85

86

87

Antoni ML, ten Brinke EA, Atary JZ, Marsan NA, Holman ER, Schalij MJ et al.
Left atrial strain is related to adverse events in patients after acute myocardial
infarction treated with primary percutaneous coronary intervention. Heart 2011,
97: 1332-1337.

Sun BJ, Park JH, Lee M, Choi JO, Lee JH, Shin MS et al. Normal Reference
Values for Left Atrial Strain and Its Determinants from a Large Korean
Multicenter Registry. J Cardiovasc Imaging 2020; 28: 186—198.

Tsujiuchi M, Ebato M, Fujimoto R, Nagumo S, Mizukami T, Maezawa H et al.
Left Atrial Circumferential Strain is More Sensitive Index of Left Atrial Pressure
Than Longitudinal Strain. Journal of Cardiac Failure 2016; 22: S175.

Chen L, Zhang C, Wang J, Guo L, Wang X, Liu F et al. Left atrial strain
measured by 4D Auto LAQ echocardiography is significantly correlated with
high risk of thromboembolism in patients with non-valvular atrial fibrillation.
Quant Imaging Med Surg 2021; 11: 3920-3931.

Nagueh SF, Smiseth OA, Appleton CP, Byrd BF, Dokainish H, Edvardsen T et
al. Recommendations for the Evaluation of Left Ventricular Diastolic Function
by Echocardiography: An Update from the American Society of
Echocardiography and the European Association of Cardiovascular Imaging.
Eur Heart J Cardiovasc Imaging 2016; 17: 1321-1360.

Hopner J, Junge U, Schmidt-Pokrzywniak A, Fischer C, Mikolajczyk R.
Determinants of persistent smoking after acute myocardial infarction: an
observational study. BMC Cardiovasc Disord 2020; 20: 384.

Celutkiené J, Pudil R, Lépez-Fernandez T, Grapsa J, Nihoyannopoulos P,
Bergler-Klein J et al. Role of cardiovascular imaging in cancer patients
receiving cardiotoxic therapies: a position statement on behalf of the Heart
Failure Association (HFA), the European Association of Cardiovascular
Imaging (EACVI) and the Cardio-Oncology Council of the European Society of
Cardiology (ESC). Eur J Heart Fail 2020; 22: 1504-1524.

Shah AM, Claggett B, Prasad N, Li G, Volquez M, Jering K et al. Impact of
Sacubitril/Valsartan Compared With Ramipril on Cardiac Structure and
Function After Acute Myocardial Infarction: The PARADISE-MI
Echocardiographic Substudy. Circulation 2022; 146: 1067—-1081.

65



	Statutory Declaration
	Table of contents
	Abbreviations and Definitions
	List of Figures
	List of Tables
	Kurzzusammenfassung
	Abstract
	1 Introduction
	1.1 Myocardial Infarction
	1.1.1 Background
	1.1.2 Diagnosis
	1.1.3 Therapy
	1.1.4 Connection to Heart Failure

	1.2 SGLT2 Inhibitors
	1.3 The role of the left atrium
	1.4 Transthoracic Echocardiography (TTE)
	1.4.1 Assessment of heart function
	1.4.2 Speckle tracking
	Deformation Imaging parameters
	Deformation of the Left Atrium


	1.5 Gaps in Evidence
	1.6 Aim of the Thesis

	2 Methods
	2.1 Study overview
	2.2 Blood Sampling and Assessment of Laboratory Parameters
	2.3 Transthoracic Echocardiography
	2.3.1 Left atrial volume measurements
	2.3.2 Assessment of Strain

	2.4 Data Analysis and Statistics

	3 Results
	3.1 Subjects
	3.2 Endo GLS and highest GLS
	3.3 Endo GCS and combined strain parameter
	3.4 LAVI ED and LA EF
	3.5 Correlation analysis

	4 Discussion
	4.1 Interpretation of results
	4.2 Implications
	4.3 Limitations and strengths
	4.4 Conclusion

	5 Bibliography



