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REZUMAT

Introducere

Desi strategiile moderne de reperfuzie si terapiile farmacologice bazate pe dovezi au imbunatatit
semnificativ supravietuirea dupa sindromul coronarian acut (SCA), multi pacienti continua sa dezvolte
remodelare progresiva a ventriculului stang. Acest proces ramane unul dintre principalii determinanti ai
insuficientei cardiace, ai reinternarilor si al prognosticului nefavorabil pe termen lung dupa infarctul

miocardic.

Remodelarea ventriculara post-infarct nu reprezinta doar consecinta mecanica a necrozei miocardice,
ci este un proces biologic complex si dinamic, care implica inflamatie, activare neurohormonala, stres
oxidativ, disfunctie endoteliala, afectare mitocondriala, alterarea energeticii miocardice si dezechilibru
metabolic. Aceste mecanisme interactioneaza in timp si pot determina dilatare ventriculara, hipertrofie

miocardica, fibroza, afectarea contractilitatii si, in final, insuficienta cardiaca.

Tn ultimii ani, inhibitorii cotransportorului sodiu—glucoza de tip 2 (SGLT2i) au schimbat semnificativ
peisajul terapeutic al medicinei cardiovasculare. Introdusi initial ca medicamente antidiabetice orale,
acestia au devenit treptat agenti esentiali in tratamentul insuficientei cardiace si in protectia cardio-
renala, cu beneficii observate inclusiv la pacientii fara diabet. Efectele lor depasesc controlul glicemic si
includ natriureza, reducerea incarcarii ventriculare, imbunatatirea eficientei mitocondriale, modularea
metabolismului corpilor cetonici, reducerea stresului oxidativ, efecte antiinflamatorii si atenuarea

remodelarii fibrotice.

in acelasi timp, implementarea in practica reala a terapiei medicale ghidate de recomandari —
guideline-directed medical therapy (GDMT) — dupa infarctul miocardic ramane incompleta. Acest
aspect este deosebit de important in perioada precoce post-SCA, atunci cand remodelarea ventriculara
este inca biologic activa si potential modificabild. Prin urmare, teza de fatéa a urmarit sa investigheze
relatia dintre terapia cu inhibitori SGLT2, intensitatea GDMT, fenotipul metabolic si remodelarea
ventriculara post-SCA, utilizand evaluare ecocardiografica longitudinala in cohorte clinice din viata

reala.



Context fiziopatologic

Remodelarea ventriculului stang dupa SCA reprezinta o adaptare structurala si functionala progresiva
a miocardului dupa leziunea ischemica. In faza acutd predomina necroza cardiomiocitelor, infiltratul
inflamator, degradarea matricei extracelulare si expansiunea infarctului. in fazele subacuta si cronica,
formarea cicatricei, activarea fibroblastelor, depunerea de colagen, hipertrofia ventriculara si stimularea

neurohormonala persistenta modeleaza treptat fenotipul ventricular final.

Directia si severitatea remodelarii sunt influentate de mai multi factori. Dimensiunea si localizarea
infarctului raman determinanti importanti, insa factorii specifici pacientului sunt la fel de relevanti.
Diabetul zaharat, boala cronica de rinichi, hipertensiunea arteriala, hipertrofia ventriculara stanga
preexistenta si functia sistolica redusa la momentul initial sunt asociate cu remodelare mai agresiva si
recuperare mai slaba. Teza subliniaza astfel ca remodelarea nu este un proces uniform, ci o traiectorie

dependenta de fenotip, influentata atat de leziunea initiala, cat si de substratul biologic al pacientului.

Un element central al acestui cadru conceptual este metabolismul miocardic. Dupa infarct, miocardul
devine vulnerabil energetic. Disfunctia mitocondriala persista chiar si dupa reperfuzie, productia de
ATP devine ineficientd, iar stresul oxidativ creste. Rezistenta la insuling, inflexibilitatea metabolica,
utilizarea alterata a substraturilor energetice si disfunctia endoteliald contribuie suplimentar la afectarea
recuperdrii. In acest context, terapiile capabile s& imbunatateasca energetica miocardica si sa reduca

stresul metabolic pot avea implicatii importante pentru recuperarea structurala post-infarct.
Inhibitorii SGLT2 ca modulatori metabolici si cardiovasculari

Sectiunea farmacologica a tezei a analizat familia cotransportorilor sodiu—glucoza si evolutia
inhibitorilor SGLT, de la compusi timpurii precum phlorizina pana la gliflozinele moderne de tip C-
glucozid. Modificarile structurale ale acestor molecule influenteaza selectivitatea, farmacocinetica,
timpul de injumatatire si profilul clinic. Acest fundament farmacologic este important deoarece efectele
cardiovasculare ale inhibitorilor SGLT2 par legate nu doar de excretia renald a glucozei, ci si de

mecanisme sistemice si miocardice mai largi.

Inhibitorii SGLTZ2 induc glicozurie, natriureza si diurezd osmotica usoara, reducand astfel presarcina,
tensiunea arteriala si stresul parietal ventricular. Spre deosebire de diureticele traditionale, aceste
efecte apar fara activare neurohormonala compensatorie marcata. La nivel miocardic, SGLT2i pot
imbunatati eficienta mitocondriald, reduce stresul oxidativ, stabiliza homeostazia intracelulara a
sodiului si calciului, favoriza utilizarea corpilor cetonici si atenua inflamatia si fibroza. Aceste
mecanisme sunt extrem de relevante in contextul post-SCA, unde inflamatia, deficitul energetic si

instabilitatea structurala sunt factori centrali ai remodelarii adverse.
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Teza evidentiaza, de asemenea, ca efectele SGLT2i pot varia in functie de fenotipul metabolic. La
pacientii diabetici, reducerea glicemica, a rezistentei la insulina si a lipotoxicitatii poate fi deosebit de
importanta. La pacientii non-diabetici, beneficile pot depinde mai mult de reducerea incarcarii
hemodinamice, protectia mitocondriala, stabilizarea ionica si efectele antiinflamatorii. Acest lucru
sustine ideea ca inhibitorii SGLT2 trebuie priviti nu doar ca agenti hipoglicemianti, ci ca modulatori

metabolici cu relevanta cardiovasculara directa.
Studiul I: Terapia precoce cu inhibitori SGLT2 dupa SCA

Primul studiu clinic original a evaluat terapia precoce cu inhibitori SGLT2 intr-o cohorta de pacienti
internati cu SCA si tratati prin angioplastie coronariana percutana. Studiul a inclus 238 de pacienti cu
evaluare ecocardiografica initiala si de follow-up. Pacientii au fost impartiti intr-un grup tratat cu SGLT2i

si un grup fara SGLT2i.

Una dintre cele mai importante observatii ale acestei cohorte a fost prezenta unui dezechilibru initial
clar intre grupuri, reflectdnd un fenomen evident de ,confounding by indication”. Pacientii tratati cu
inhibitori SGLT2 nu au reprezentat o populatie cu risc mai mic. Dimpotriva, acestia au avut un profil
cardiometabolic semnificativ mai sever, incluzadnd o prevalentd mai mare a diabetului zaharat, fractie
de ejectie ventriculara stanga initiala mai redusa, masa ventriculara stanga indexata mai mare, volume
ventriculare mai mari si o frecventd numeric mai crescutd a bolii cronice de rinichi. Acest aspect
reflecta practica reald, in care clinicienii tind sa initieze SGLT2i la pacientii cu diabet, risc de

insuficienta cardiaca sau boala structurala mai avansata.

In ciuda acestui profil initial nefavorabil, pacientii tratati cu SGLT2i au obtinut la follow-up rezultate
structurale si functionale comparabile cu cele ale pacientilor cu risc mai redus. Analizele neajustate au
sugerat o regresie mai importanta a masei ventriculare stangi in grupul SGLT2i. Dupa ajustarea pentru
severitatea ecocardiografica initiala si durata follow-up-ului, asocierea independentd s-a atenuat,
indicand ca fenotipul structural initial a fost un determinant dominant al remodelarii. Totusi, acest
rezultat nu trebuie interpretat ca absenta a relevantei clinice. Mai degraba, sugereaza ca pacientii
tratati cu SGLT2i, desi mai vulnerabili initial, au urmat o traiectorie de remodelare similaré cu cea a

pacientilor cu risc mai scazut.

Aceasta observatie sustine conceptul de stabilizare structurald. In practica reald post-SCA, inhibitorii
SGLT2 au fost prescrisi preferential pacientilor la care ne-am fi asteptat la o remodelare mai
nefavorabila, insa acestia nu au prezentat evolutia structurald adversa anticipata. Analizele de
interactiune nu au evidentiat o modificare semnificativa in functie de statusul diabetic, sugerénd ca
modelul de remodelare asociat cu SGLT2i a fost in linii mari similar la pacientii diabetici si non-

diabetici.



6

Concluzia principala a acestui studiu este ca terapia precoce cu inhibitori SGLT2 poate contribui la
stabilizarea remodelarii ventriculare la pacientii cu SCA si fenotip de risc inalt. Rezultatele sunt
asociative si generatoare de ipoteze, dar raman biologic plauzibile si clinic relevante, in special la

pacientii cu diabet, functie sistolica redusa, hipertrofie ventriculara si incarcatura metabolica crescuta.
Studiul II: Intensitatea GDMT, remodelarea ventriculara si prognosticul clinic

Al doilea studiu clinic original a mutat accentul de la o singura clasa farmacologica la conceptul mai
larg de terapie multi-pilon GDMT. Studiul a inclus 186 de pacienti post-infarct miocardic acut, tratati prin
PCI si evaluati ecocardiografic longitudinal. Intensitatea GDMT a fost definita prin numarul de piloni
terapeutici fundamentali prescrisi la externare: inhibitori ai sistemului renina—angiotensina, beta-

blocante, antagonisti ai receptorilor mineralocorticoizi si inhibitori SGLT2.

Studiul a demonstrat existenta unei discrepante semnificative intre recomandarile ghidurilor si practica
reald. Desi inhibitorii RAAS, beta-blocantele si antagonistii receptorilor mineralocorticoizi au fost
prescrisi relativ frecvent, inhibitorii SGLT2 au ramas subultilizati. Doar 18,8% din cohorta totala si 26,2%
dintre pacientii cu FEVS =40% au fost externati cu toti cei patru piloni GDMT. Acest aspect este
important clinic, deoarece pacientii cu fractie de ejectie redusa reprezinta grupul cu indicatia cea mai

puternica pentru terapie cvadrupla completa.

O constatare centrala a fost relatia doza—raspuns dintre intensitatea GDMT si remodelarea ventriculara
inversa. Fiecare pilon suplimentar de GDMT a fost asociat independent cu o reducere mai mare a
diametrului telediastolic al ventriculului stang. Aceasta asociere a fost mai puternica in subgrupul
HFrEF, unde fiecare pilon suplimentar a avut o relatie mai pronuntatd cu remodelarea structurala
favorabila. Intensitatea mai mare a GDMT a fost, de asemenea, asociatd cu sanse mai mici de

reinternare pentru insuficienta cardiaca in timpul follow-up-ului.

Aceste rezultate sugereaza ca GDMT nu trebuie inteleasa doar ca o listd de medicamente prescrise, ci
ca o expunere biologica gradata. Fiecare pilon terapeutic tinteste mecanisme complementare implicate
in remodelarea post-infarct. Inhibitia RAAS reduce post-sarcina si fibroza, beta-blocantele atenueaza
activarea simpatica si consumul miocardic de oxigen, MRA limiteaza fibroza mediata de aldosteron si
remodelarea matricei extracelulare, iar inhibitorii SGLT2 influenteaz& energetica miocardica, congestia,

inflamatia si stresul metabolic.

Prin urmare, rezultatele sustin conceptul ca terapia partiald poate fi insuficienta pentru a contracara
complet cascada remodelarii. Terapia completa sau aproape completa pare sa ofere un beneficiu

cumulativ, mai ales la pacientii cu fractie de ejectie redusa, la care riscul de remodelare este cel mai

medicale, ci si ca un posibil determinant al vindecarii miocardice.

Studiul experimental complementar: stres oxidativ si injurie metabolica
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Teza a inclus si un studiu experimental complementar axat pe modularea stresului oxidativ intr-un
model animal de hiperlipidemie tratat cu atorvastatina si fitoterapie bogata in polifenoli. Desi acest
studiu nu a fost realizat intr-un model cardiac post-infarct direct, el a abordat mecanisme biologice
strans legate de cadrul general al tezei.

Hiperlipidemia indusa prin dieta bogata in grasimi este asociata cu stres oxidativ, peroxidare lipidica,
afectare hepatica, modificari renale si disfunctie metabolica sistemica. Aceste mecanisme se suprapun
cu cele implicate in injuria cardiovasculara si remodelarea post-SCA. Studiul a evaluat daca extractele
de catina si struguri pot reduce injuria oxidativa si sustine mecanismele antioxidante endogene atunci

cand sunt administrate singure sau in combinatie cu atorvastatina.

Rezultatele au aratat ca fitoterapia a imbunatatit markerii stresului oxidativ, inclusiv malondialdehida,
glutation peroxidaza, glutationul si capacitatea antioxidanta totala. Analiza histologica a sugerat ca
asocierea dintre atorvastatina si extractele vegetale a pastrat mai eficient arhitectura hepatica si renala
comparativ cu expunerea la dieta hiperlipidica. Aceste rezultate sustin conceptul mai larg conform

caruia echilibrul metabolic si redox poate influenta recuperarea tisulara in conditii de stres sistemic.

In cadrul tezei, aceastd components experimental intareste ideea ca vindecarea post-ischemica este
influentata nu doar de reperfuzia coronariana si de hemodinamica, ci si de mediul metabolic sistemic.
Stresul oxidativ, inflamatia si disfunctia mitocondriala reprezintd cai comune care leaga boala

metabolica, injuria vasculara si remodelarea adversa.
Interpretare integrativa

Conceptul principal care rezultd din aceasta teza este ca remodelarea ventriculara post-SCA nu este
liniara, omogena sau determinata exclusiv de leziunea ischemica. Ea reprezinta un proces dinamic si
dependent de fenotip, modelat de interactiunea dintre injuria miocardica, rezerva sistolica restanta,

fenotipul metabolic, functia renala, inflamatie, stres oxidativ si interventia farmacologica precoce.

In acest cadru, inhibitorii SGLT2 par sa aiba un rol important ca parte a terapiei moderne post-SCA.
Contributia lor nu se limiteaza la controlul glicemic. Prin mecanisme hemodinamice, metabolice,
mitocondriale, antiinflamatorii si antifibrotice, acesti agenti pot ajuta la stabilizarea miocardului

vulnerabil in perioada precoce de remodelare.

in acelasi timp, teza arata ca intensitatea implementarii GDMT conteaza. Numarul de piloni terapeutici
prescrisi la externare a fost direct asociat cu remodelarea structurala si cu evenimentele legate de
insuficienta cardiaca. Acest lucru sugereaza ca terapia precoce si completd poate redirectiona
adaptarea ventriculara catre recuperare, in timp ce terapia incompleta poate permite persistenta

mecanismelor de remodelare adversa.
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Lucrarea sustine astfel un nou model terapeutic in care ingrijirea post-SCA trebuie sa fie precoce,
intensiva, adaptata fenotipului si constienta de dimensiunea metabolica a bolii. Tratamentul nu ar trebui
amanat pana cand remodelarea devine clinic evidenta. Perioada precoce post-infarct reprezinta o

fereastra critica in care interventia farmacologica completa poate avea cel mai mare impact structural.
Concluzii generale

Aceasta tezd demonstreaza ca remodelarea ventriculara dupa SCA este un proces complex,
heterogen si modificabil. Studiile clinice au aratat ca pacientii cu risc cardiometabolic si structural
crescut pot obtine totusi traiectorii favorabile sau stabilizate de remodelare atunci cand sunt expusi
terapiei farmacologice adecvate.

Primul studiu clinic a sugerat ca terapia precoce cu inhibitori SGLT2 a fost asociata cu stabilizare
structurald la pacientii cu SCA si risc inalt, in ciuda unor dezavantaje initiale importante. Al doilea
studiu a demonstrat ca o intensitate mai mare a GDMT a fost asociatd independent si dependent de
doza cu o remodelare ventriculara inversd mai favorabila si cu sanse mai mici de rehospitalizare pentru

insuficienta cardiaca.

Componentele farmacologice si experimentale au oferit suport mecanistic pentru aceste observatii,
subliniind importanta reglarii metabolice, modularii stresului oxidativ, functiei mitocondriale si inflamatiei

Th recuperarea post-infarct.

n ansamblu, teza sustine ideea ca reducerea diferentei dintre recomandarile ghidurilor si practica real&
nu este doar un obiectiv administrativ. Ea poate influenta direct biologia remodelarii si prognosticul
pacientului. Implementarea precoce si completa a GDMT, inclusiv a inhibitorilor SGLT2 atunci cand
sunt indicati, ar trebui considerata o strategie centrala pentru imbunatatirea recuperarii ventriculare

dupa infarctul miocardic.

Rezultatele raman observationale si trebuie interpretate cu prudenta, in special din cauza confounding
by indication si a heterogenitatii follow-up-ului. Totusi, ele ofera un cadru translational coerent si sustin
necesitatea unor studii prospective viitoare care sa includa ecocardiografie standardizata, rezonanta
magnetica cardiaca, biomarkeri si follow-up pe termen mai lung, pentru a identifica mai precis pacientii

care pot beneficia cel mai mult de interventie terapeutica metabolica si multi-pilon precoce.
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ABSTRACT

Introduction

Although modern reperfusion strategies and evidence-based pharmacological therapies have
significantly improved survival after acute coronary syndrome (ACS), many patients continue to
develop progressive left ventricular remodeling. This process remains one of the major determinants of

heart failure, recurrent hospitalization, and adverse long-term prognosis after myocardial infarction.

Post-infarction ventricular remodeling is not simply the mechanical consequence of myocardial
necrosis. It is a complex and dynamic biological process involving inflammation, neurohormonal
activation, oxidative stress, endothelial dysfunction, mitochondrial impairment, altered myocardial
energetics, and metabolic imbalance. These mechanisms interact over time and may lead to ventricular

dilatation, myocardial hypertrophy, fibrosis, impaired contractility, and ultimately heart failure.

In recent years, sodium—glucose cotransporter 2 inhibitors (SGLT2i) have changed the therapeutic
landscape of cardiovascular medicine. Initially introduced as antidiabetic drugs, they have
progressively become essential agents in heart failure and cardiorenal protection, with benefits
observed even in patients without diabetes. Their effects extend beyond glucose lowering and include
natriuresis, ventricular unloading, improved mitochondrial efficiency, modulation of ketone body
metabolism, reduction of oxidative stress, anti-inflammatory effects, and attenuation of fibrotic

remodeling.

At the same time, the real-world implementation of guideline-directed medical therapy (GDMT) after
myocardial infarction remains incomplete. This is particularly important during the early post-ACS
period, when ventricular remodeling is still biologically active and potentially modifiable. The present
thesis therefore aimed to investigate the relationship between SGLT2 inhibitor therapy, GDMT
intensity, metabolic phenotype, and post-ACS ventricular remodeling using longitudinal
echocardiographic assessment in real-world clinical cohorts. The thesis objectives included
characterizing post-ACS ventricular changes, evaluating early SGLT2i therapy, quantifying the GDMT

implementation gap, and assessing whether metabolic phenotype modifies remodeling trajectories.

Pathophysiological Background

Left ventricular remodeling after ACS represents a progressive structural and functional adaptation of
the myocardium after ischemic injury. In the acute phase, cardiomyocyte necrosis, inflammatory cell

infiltration, extracellular matrix degradation, and infarct expansion predominate. During the subacute
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and chronic phases, scar formation, fibroblast activation, collagen deposition, ventricular hypertrophy,
and persistent neurohormonal stimulation gradually shape the final ventricular phenotype.

The direction and severity of remodeling depend on multiple factors. Infarct size and location remain
major determinants, but patient-specific factors are equally important. Diabetes mellitus, chronic kidney
disease, hypertension, pre-existing left ventricular hypertrophy, and reduced baseline systolic function
are associated with more aggressive remodeling and poorer recovery. The thesis emphasizes that
remodeling is therefore not a uniform process, but a phenotype-dependent trajectory influenced by both

the initial injury and the biological background of the patient.

A central element of this framework is myocardial metabolism. After infarction, the myocardium
becomes energetically vulnerable. Mitochondrial dysfunction persists even after reperfusion, ATP
generation becomes inefficient, and oxidative stress increases. Insulin resistance, metabolic inflexibility,
altered substrate utilization, and endothelial dysfunction further contribute to impaired recovery. In this
context, therapies capable of improving myocardial energetics and reducing metabolic stress may have

important implications for post-infarction structural recovery.
SGLT2 Inhibitors as Metabolic and Cardiovascular Modulators

The pharmacological section of the thesis reviewed the sodium—glucose cotransporter family and the
evolution of SGLT inhibitors from early compounds such as phlorizin to modern C-glucoside gliflozins.
Structural changes in these molecules influence their selectivity, pharmacokinetics, half-life, and clinical
profile. This pharmacological background is important because the cardiovascular effects of SGLT2
inhibitors appear to be linked not only to renal glucose excretion, but also to broader systemic and

myocardial mechanisms.

SGLT2 inhibitors induce glycosuria, natriuresis, and mild osmotic diuresis, which reduce preload, blood
pressure, and ventricular wall stress. Unlike traditional diuretics, these effects occur without marked
compensatory neurohormonal activation. At the myocardial level, SGLT2i may improve mitochondrial
efficiency, reduce oxidative stress, stabilize intracellular sodium and calcium handling, promote ketone
body utilization, and attenuate inflammation and fibrosis. These mechanisms are highly relevant in the
post-ACS setting, where inflammation, energetic failure, and structural instability are central drivers of

adverse remodeling.

The thesis also highlights that SGLT2i effects may differ according to metabolic phenotype. In diabetic
patients, reductions in glucotoxicity, insulin resistance, and lipotoxicity may be particularly important. In
non-diabetic patients, benefits may be more dependent on hemodynamic unloading, mitochondrial
protection, ionic stabilization, and anti-inflammatory effects. This supports the idea that SGLT2
inhibitors should be viewed not only as glucose-lowering agents, but as metabolic modulators with

direct cardiovascular relevance.



Study I: Early SGLT2 Inhibitor Therapy After ACS

The first original clinical study evaluated early SGLT2 inhibitor therapy in a real-world cohort of patients
admitted with ACS and treated by percutaneous coronary intervention. The study included 238 patients
with available baseline and follow-up echocardiography. Patients were divided into an SGLT2i group

and a non-SGLT2i group.

A key finding was the presence of clear confounding by indication. Patients treated with SGLT2
inhibitors were not a lower-risk population. On the contrary, they had a significantly higher burden of
cardiometabolic risk, including more diabetes mellitus, lower baseline left ventricular ejection fraction,
higher indexed left ventricular mass, larger ventricular volumes, and numerically more chronic kidney
disease. This reflects real-world prescribing patterns, where clinicians tend to initiate SGLT2 inhibitors
in patients with diabetes, heart failure risk, or more advanced structural disease.

Despite this unfavorable baseline profile, SGLT2i-treated patients achieved follow-up structural and
functional outcomes comparable to those of lower-risk controls. Unadjusted analyses suggested
greater regression of left ventricular mass in the SGLT2i group. After adjustment for baseline
echocardiographic severity and follow-up duration, the independent association was attenuated,
indicating that baseline structural phenotype was a dominant determinant of remodeling. However, this
should not be interpreted as absence of clinical relevance. Rather, it suggests that SGLT2-treated
patients, despite being more vulnerable at baseline, followed a remodeling trajectory similar to lower-

risk patients.

This finding supports the concept of structural stabilization. In routine post-ACS practice, SGLT2
inhibitors were preferentially prescribed to patients expected to have worse remodeling outcomes, yet
these patients did not show the unfavorable evolution that might have been anticipated. Interaction
analyses showed no significant modification by diabetes status, suggesting that the remodeling pattern

associated with SGLT2i was broadly consistent in diabetic and non-diabetic patients.

The main conclusion of this study is that early SGLT2 inhibitor therapy may contribute to stabilization of
ventricular remodeling in high-risk ACS phenotypes. The results are associative and hypothesis-
generating, but they are biologically plausible and clinically relevant, especially in patients with

diabetes, reduced systolic function, ventricular hypertrophy, and increased metabolic burden.
Study Il: GDMT Intensity, Ventricular Remodeling, and Clinical Outcomes

The second original clinical study shifted the focus from one pharmacological class to the broader
concept of multi-pillar GDMT. The study included 186 post-AMI patients who underwent successful PCI
and had baseline and follow-up echocardiographic assessment. GDMT intensity was defined as the
number of foundational therapies prescribed at discharge: RAAS inhibitors, beta-blockers,

mineralocorticoid receptor antagonists, and SGLT2 inhibitors.
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The study demonstrated a significant real-world implementation gap. Although MRAs, RAAS inhibitors,
and beta-blockers were prescribed relatively frequently, SGLT2 inhibitors remained underused. Only
18.8% of the overall cohort and 26.2% of patients with baseline LVEF <40% were discharged on all
four GDMT pillars. This is clinically important because patients with reduced ejection fraction represent
the group with the strongest indication for complete quadruple therapy.

A central finding was the dose-response relationship between GDMT intensity and ventricular reverse
remodeling. Each additional GDMT pillar was independently associated with greater reduction in left
ventricular end-diastolic diameter. This association was stronger in the HFrEF subgroup, where each
additional pillar had a more pronounced relationship with favorable structural remodeling. Higher

GDMT intensity was also associated with lower odds of heart failure-related rehospitalization.

These results suggest that GDMT should not be understood only as a checklist of prescriptions, but as
a graded biological exposure. Each therapeutic pillar targets complementary pathways involved in post-
infarction remodeling. RAAS inhibition reduces afterload and fibrosis, beta-blockers attenuate
sympathetic activation and myocardial oxygen demand, MRAs limit aldosterone-mediated fibrosis and
extracellular matrix remodeling, while SGLT2 inhibitors influence myocardial energetics, congestion,

inflammation, and metabolic stress.

The findings therefore support the concept that partial therapy may be insufficient to fully counteract the
remodeling cascade. Complete or near-complete GDMT appears to provide cumulative benefit,
particularly in patients with reduced ejection fraction, where remodeling risk is highest. The
implementation gap should therefore be regarded not only as a healthcare delivery problem, but also
as a potential determinant of myocardial healing.

Complementary Experimental Study: Oxidative Stress and Metabolic Injury

The thesis also included a complementary experimental study focused on oxidative stress modulation
in a hyperlipidemic animal model treated with atorvastatin and polyphenol-rich plant extracts. Although
this study was not performed in a direct post-infarction cardiac model, it addressed biological pathways

directly connected to the broader thesis framework.

High-fat diet-induced hyperlipidemia is associated with oxidative stress, lipid peroxidation, hepatic
injury, renal alterations, and systemic metabolic dysfunction. These mechanisms overlap with those
involved in cardiovascular injury and post-ACS remodeling. The study evaluated whether sea
buckthorn and grape extracts could reduce oxidative injury and support endogenous antioxidant

defenses when administered alone or in combination with atorvastatin.
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The findings showed that phytotherapy improved oxidative stress markers, including malondialdehyde,
glutathione peroxidase, glutathione, and total antioxidant capacity. Histological analysis suggested that
the combination of atorvastatin and plant extracts preserved hepatic and renal architecture more
effectively than high-fat diet exposure alone. These results support the broader concept that metabolic

and redox balance may influence tissue recovery under conditions of systemic stress.

Within the thesis, this experimental component reinforces the idea that post-ischemic healing is
influenced not only by coronary reperfusion and hemodynamics, but also by the systemic metabolic
environment. Oxidative stress, inflammation, and mitochondrial dysfunction represent common

pathways linking metabolic disease, vascular injury, and adverse remodeling.
Integrative Interpretation

The main concept emerging from this doctoral thesis is that post-ACS ventricular remodeling is not
linear, homogeneous, or determined by ischemic injury alone. Instead, it represents a dynamic and
phenotype-dependent process shaped by the interaction between myocardial damage, residual systolic
reserve, metabolic phenotype, renal function, inflammation, oxidative stress, and early pharmacological

intervention.

Within this framework, SGLT2 inhibitors appear to have a meaningful role as part of modern post-ACS
therapy. Their contribution is not limited to glycemic control. Through hemodynamic, metabolic,
mitochondrial, anti-inflammatory, and antifibrotic mechanisms, they may help stabilize the vulnerable

myocardium during the early remodeling period.

At the same time, the thesis shows that the intensity of GDMT implementation matters. The number of
therapeutic pillars prescribed at discharge was directly associated with structural remodeling and heart
failure-related outcomes. This suggests that early comprehensive therapy may actively redirect
ventricular adaptation toward recovery, while incomplete therapy may allow adverse remodeling

mechanisms to persist.

The work therefore supports an updated therapeutic paradigm in which post-ACS care should be early,
intensive, phenotype-informed, and metabolically aware. Treatment should not be delayed until
remodeling becomes clinically evident. The early post-infarction period represents a critical window

where complete pharmacological intervention may have the greatest structural impact.
General Conclusions

This doctoral thesis demonstrates that ventricular remodeling after ACS is a complex and modifiable
process. The clinical studies showed that patients with higher cardiometabolic and structural risk may
still achieve favorable or stabilized remodeling trajectories when exposed to appropriate

pharmacological therapy.
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The first clinical study suggested that early SGLT2 inhibitor therapy was associated with structural
stabilization in high-risk ACS patients, despite important baseline disadvantages. The second study
demonstrated that increasing GDMT intensity was independently and dose-dependently associated

with more favorable ventricular reverse remodeling and lower odds of heart failure rehospitalization.

The pharmacological and experimental components provided mechanistic support for these findings,
emphasizing the importance of metabolic regulation, oxidative stress modulation, mitochondrial

function, and inflammation in post-infarction recovery.

Taken together, the thesis supports the idea that closing the gap between guidelines and real-world
practice is not only an administrative objective. It may directly influence remodeling biology and patient
prognosis. Early and complete implementation of GDMT, including SGLT2 inhibitors when appropriate,
should be considered a central strategy for improving ventricular recovery after myocardial infarction.

The findings remain observational and should be interpreted cautiously, especially because of
confounding by indication and heterogeneity of follow-up. However, they provide a coherent
translational framework and support the need for future prospective studies using standardized
echocardiography, cardiac magnetic resonance, biomarkers, and longer follow-up to better identify

patients most likely to benefit from early metabolic and multi-pillar therapeutic intervention.



