Ecocardiografia avansata in stratificarea riscului la
pacientii cu boala coronariana si disfunctie ventriculara
stanga

PARTEA |
Capitolul I - Introducere

Bolile cardiovasculare (BCV) raméan principala cauza de deces la nivel global, reprezentand
aproximativ o treime din toate decesele (1). In cazul bolilor cardiovasculare, boala coronarian duce
frecvent la insuficienta cardiaca (IC) ischemica, inrautatind substantial prognosticul (2). Prevalenta IC
este de aproximativ 1-2% la adulti, crescand odata cu varsta (3). Atat disfunctia sistolica, cat si cea
diastolica pot culmina cu IC, iar detectarea lor timpurie raméane esentiala pentru imbunatatirea
rezultatelor (4,5).

Ecocardiografia se remarca ca un instrument esential, neinvaziv, pentru evaluarea functiei cardiace
(6). Initial, ecografia Doppler s-a concentrat pe vitezele fluxului sanguin, dar progresele tehnologice au
permis adaptarea pentru a masura vitezele si deformarea tesutului miocardic (6,7). Doua tehnici
ecocardiografice moderne cheie, imagistica Doppler tisulara (IDT) si ecocardiografia bidimensionala
speckle tracking (EST), au permis detectarea mai sensibila a disfunctiei miocardice (8). In plus, apar
abordari tridimensionale, care ofera o rezolutie spatiala Tmbunatatita (6).

Aceasté teza de doctorat analizeaza IDT si STE 2D in cardiopatia ischemica, concentrandu-se in
special pe sindromul coronarian acut (SCA) fara supradenivelare a segmentului ST si IC in stadiu
incipient. In plus, introduce si investigheaza doi noi indici ecocardiografici: E/(e' x s'), un raport care
combina vitezele tesuturilor in diastola (E/e’) si sistola (s’) si deformarea longitudinala globala/dispersia
mecanica (GLS/MD), un raport 2D derivat din EST care reflecta atat dimensiunea infarctului (prin GLS),
cat si heterogenitatea in timpul contractiei (MD).

Rolurile clinice si prognostice ale acestor indici, in special Th ceea ce priveste evenimentele
cardiace (deces, reinternare, re-infarct si aritmii), sunt esentiale pentru aceasta teza.

Capitolul I - Imagistica Doppler tisulara

1. Miscarea si deformarea miocardica

Fibrele miocardice sufera atat deplasare (miscare), cat si deformare (strain). Deformarea se refera
la modificarea procentuala a lungimii miocardice sub fortd, notata ca strain (7). Deoarece fibrele
subendocardice sunt orientate longitudinal si de obicei afectate mai Tntéi in procesele ischemice sau
hipertrofice, parametrii longitudinali derivati din IDT pot detecta disfunctia subtila mai devreme (6,8).

2. Principii si metode

IDT modifica setarile Doppler standard pentru a masura semnalele de viteza mica si amplitudine
mare ale miocardului (6,9). Principalele abordari IDT includ:
e ITD pulsat: Un esantion este plasat in regiunile inelului mitral sau miocardice specifice, masurand

vitezele (de exemplu, s, €', a') pe mai multe cicluri cardiace (7,10).
e Color ITD: Ofera o harta bidimensionala a vitezelor medii ale tesuturilor suprapuse pe imagini 2D

standard, permitand evaluarea simultand a mai multor segmente (6,11).
¢ Deformarea derivata din ITD si rata de deformare: Masoara deformarea regionalé (strain) si rata

de deformare (strain rate), mai putin influentate de translatia cardiaca globala (9,10,12).

3. Valori normale

Vitezele longitudinale sunt mai mari la baza si de obicei scad spre varf si sunt mai mici la nivelul
peretelelui septal comparativ cu cel lateral (13-15). Vitezele sistolice (s') de 25,4 cm/s la inelul mitral,
indica de obicei fractia de ejectie (FE) normala (16). Viteza din timpul umplerii diastolice precoce rapide
(e") >8 cm/s sugereaza adesea o functie diastolica normala, in timp ce E/e’ >15 indica in mod obisnuit
presiuni ridicate de umplere a ventriculului stang (VS) (17).



Capitolul Ill = Aplicabilitatea ecocardiografiei Doppler tisulare in cardiologie

1. Evaluarea functiei sistolice a ventriculului stang

Viteza sistolica (s') la nivelul inelului mitral se coreleaza puternic cu FE si dP/dt (16,18). Chiar si in
FE conservata, s' scazut detecteaza disfunctia subendocardica precoce in boala hipertensiva sau in
cea ischemica (19,20). Un s’ scazut este legat de rezultate clinice mai proaste si de o mortalitate mai
mare (21,22).

2. Evaluarea functiei diastolice a ventriculului stdng

Viteza inelului mitralului Tn timpul umplerii diastolice precoce rapide (e') ajuta la masurarea
presiunilor de relaxare si umplere ale ventriculului stang (LV) (23). Raportul E/e’ raméane un marker bine
stabilit al unei presiuni telediastolice crescute ale VS si al prognosticului slab (17,24).

3. Evaluarea functiei ventriculului drept

Inelul tricuspidian s’ <9 cm/s implica de obicei disfunctie ventriculara dreapta (VD) (25-27). IDT
poate evalua presiunile pe partea dreapta a cordului (de exemplu, E/e' la inelul tricuspidian pentru a
estima presiunea din atriul drept) (28).

4. Evaluarea functiei atriale

IDT la nivelul atriilor poate caracteriza functiile de rezervor, de conduce si cea contractila, desi
utilizarea clinica de rutina este mai putin frecventa (29-37).

5. Aplicabilitatea imagisticii Doppler tisulare in cardiopatia ischemica

IDT detecteaza viteze longitudinale reduse, intarzieri in contractie (scurtarea post-sistolica) si poate
fi combinata cu ecocardiografia de stres pentru identificarea ischemiei (38,39,40). E/e' prezice
rezultatele adverse in infarctul miocardic, in timp ce viteza s’ ofera informatii prognostice incrementale
(41-43).

6. Extinderea aplicabilitatii clinice a imagisticii Doppler tisulare

IDT poate fi utila in detectarea precoce a disfunctiei subclinice in boala cardiaca valvulara, in
cardiomiopatii, in afectiuni sistemice (de exemplu, diabet zaharat) si alte setari (44-54).

Capitolul IV — Ecocardiografia 2D speckle tracking

1. Principii si metode

Speckle Tracking foloseste un software specializat pentru a urmari "speculi" unici din peretele
miocardic pe imagini standard 2D Tn tonuri de gri (6,55). Aceasta metoda este independenta de unghiul
fata de directia ultrasunetelor, permitand evaluarea deformarii longitudinale, radiale si circumferentiale
din ferestrele apicale si parasternale ax scurt (56-57).

Deformarea longitudinala globaléd (GLS) media strainului longitudinal al tutror segemntelor VS. Este
adesea mai sensibild decéat FE in detectarea disfunctiilor precoce (57,58,59).

Dispersia mecanica (MD) reflecta heterogenitatea in sincronizarea segmentara pana la deformarea
maxima (60). MD prelungita este asociata cu riscul de aritmii crescut in cardiomiopatiile ischemice si
non-ischemice (61-63).

o Imagistica 2D strain color: Aceastéa tehnica analizeaza imagini dinamice 2D n tonuri de gri pentru
a genera imagini de deformare cu coduri de culori, reflectdnd deformarea miocardica in timpul
ciclului cardiac. Un model uniform de culoare indica o contractie normala, ceea ce o face in primul
rand o metoda de evaluare calitativa.

e Curbe de deformare regionala (longitudinala, radiala, circumferentiala): Urmarirea speculilor
permite analiza deformarii miocardice in trei directii - longitudinala, radiala si circumferentiala - fara
dependenta de unghiul fata de directia ultrasunetelor. Deformarea longitudinala apare ca o unda
negativa in timpul sistolei, deformarea radiala ca o unda pozitivd datoratd ingrosarii peretilor si
deformarea circumferentiala ca o unda negativa care reflecta reducerea diametrului VS (6).

e Bull’s eye: Rezultatele finale sunt rezumate intr-o diagrama numita "Bull’s eye", care afiseaza
deformarea si alti parametri pentru toate segmentele VS. Software-ul calculeaza, de asemenea,
mediile globale pentru masuratorile cheie, oferind o evaluare generala a functiei miocardice (6).

2. Valori normale

Literatura de specialitate acopera pe larg analiza deformarii miocardice atat la persoanele
sanatoase, cat sila cele bolnave, dar variatiile sistemelor ecocardiografice si ale algoritmilor de software
impiedica standardizarea (55). Diferentele dintre valorile GLS, cuprinse intre -2,3% si 3,7%, in functie
de software-ul utilizat, evidentiaza o provocare in a stabili valori de referintd universale (64).



Capitolul V — Aplicabilitatea ecocardiografiei 2D Speckle Tracking in
cardiologie

1. Evaluarea deformairii sistolice a ventriculului stang

EST ofera o analiza cuprinzatoare a deformarii LV prin integrarea datelor de deformare in mai multe
directii, subliniind importanta intelegerii arhitecturii miocardice. Deformarea longitudinala este deosebit
de utild pentru detectarea disfunctiei miocardice timpurii (58), in timp ce strainul circumferential si
rasucirea (twist-ul) VS sunt afectate Th momente ale bolii mai avansate (65,66). Desi EST cuantifica in
mod eficient rotatia, variabilitatea sa raméane o provocare in comparatie cu masuratorile longitudinale
mai fiabile ale deformarii (58).

2. Evaluarea deformarii diastolice a ventriculului stang

Evaluarea ratei de torsiune si de rasucire poate completa parametrii diastolici conventionali; cu
toate acestea, aceste masuri sunt mai putin utilizate Tn mod obisnuit (67,68).

3. Aplicabilitatea ecocardiografiei 2D speckle tracking in cardiopatia ischemica

Urmarirea speculilor depaseste adesea IDT si FE in diagnosticarea ischemiei subtile sau in
delimitarea infarctului transmural vs. non-transmural (69). GLS < -17% pana la -18% prezice boala
coronariana sau intinderea infarctului (70,71).

4. Extinderea aplicabilitatii clinice a ecocardiografiei 2D speckle tracking

Diferentierea hipertrofiei fiziologice (de exemplu, cordul atletic) de hipertrofia patologica se bazeaza
pe modele distincte de strain (72-78). Cardiomiopatiile restrictive si bolile infiltrative prezinta adesea
deformari circumferentiala si radiala pastrate, dar cea longitudinala sever redusa (79).

PARTEAII
Capitolul | — Introducere

Bolile cardiovasculare, in special insuficienta cardiaca, sunt principala cauza de deces in tara,
IC reprezentand aproape 50% din cazuri (1). SCA, in special cel fara supradenivelare de segment ST,
contribuie semnificativ la morbiditatea si mortalitatea cardiovasculara, necesitand stratificarea riscului
si interventia timpurie. Tehnicile ecocardiografice precum IDT si 2D-EST au imbunétatit diagnosticul si
managementul bolii cardiace ischemice, indicele E/(e' x s') si masuratori precum GLS si MD oferind
informatii valoroase despre functia miocardica, prognostic si rezultatele tratamentului (80,81). Aceasta
lucrare de cercetare, realizata la Institutul de Boli Cardiovasculare din Timisoara, evidentiaza potentialul
acestor instrumente avansate in imbunatatirea ingrijirii pacientilor si a rezultatelor.

Capitolul Il — Obiective

Aceasta lucrare de cercetare isi propune sa evalueze acuratetea si valoarea prognostica a
noilor parametri ecocardiografici derivati din IDT, in special raportul E/(e' x s'), in evaluarea functiei VS
n insuficienta cardiaca si in cardiopatia ischemica.

Acest raport integreaza vitezele masurate la nivelul inelului mitral in timpul diastolei (E/e’) si a

sistolei (s) pentru a produce un singur indice care reflecta presiunile de umplere ale VS si functia sa
longitudinala (80). Dupa cum sugereaza dovezile din literatura, raportul prezice presiunea telediastolica
a VS si evolutia IC mai bine decéat E/e’ izolat (80,8 1) si este asociat cu remodelarea in infarctul miocardic
anterior (82).
Studiul prezent va explora relatia dintre acest raport si evolutia bolii cardiace la pacientii cu SCA fara
supradenivelare de segment ST si IC in stadiu incipient, concentrandu-se pe capacitatea sa predictiva
pentru evenimente cardiace pe termen lung la pacientii NYHA clasele | si Il pe parcursul unei urmariri
de trei luni.

in plus, cercetarea va evalua raportul GLS/MD in prezicerea evenimentelor cardiace la pacientii
cu SCA fara supradenivelare de segment ST, in special Tn urma tratamentului invaziv, pentru a
imbunatati strategiile de management si de monitorizare. Acest raport combina strainul longitudinal
global (GLS), care reflectd performanta sistolicd generald sau extinderea infarctului, si dispersia
mecanica (MD), un predictor cunoscut al riscului de aritmii (60,61,218,83). Ipoteza este ca raportul
GLS/MD ar putea Tmbunatati stratificarea riscului in populatiile ischemice, in special la pacientii cu SCA
fara supradenivelare de segment ST.

Investigatia se bazeaza pe date obtinute de la pacientii din cadrul Departamentului de
Cardiologie a Institutului de Boli Cardiovasculare din Timisoara, Romania.



CAPITOLUL 1l
Valoarea prognostica incrementala a raportului E/(e'x s') la pacientii cu
sindrom coronarian acut fara supradenivalre de segment ST

Introducere

Pacientii cu SCAfara supradenivelare de segment ST au riscuri variate pentru evenimente cardiace
viitoare, iar stratificarea riscului este foarte importantd pentru identificarea acelor pacienti care pot
beneficia de un tratament mai agresiv si pentru reducerea spitalizarilor. Amploarea leziunili miocardice
si remodelarea VS au un impact semnificativ asupra rezultatelor, IDT aducand date valoroase in
prezicerea evenimentelor adverse. Parametri precum raportul E/(e' x s'), care combina markeri
diastolici si sistolici, evalueaza in mod eficient functia VS si imbunatatesc predictiile prognostice la
pacientii cu IC si boala cardiaca ischemica, inclusiv la cei cu infarct miocardic acut (80-82).

Obiectiv

Acest studiu Tsi propune sa investigheze semnificatia prognostica a raportului E/(e' x s') la pacientii
cu SCAfara supradenivelare de segment ST si sa evalueze modul in care modificarile acestui indice Tn
timpul urmaririi pot influenta rezultatele cardiace (84).

Materiale si metode

1. Populatia de studiu

in perioada noiembrie 2017 — ianuarie 2019, 2.758 de pacienti au fost internati in Sectia de
Cardiologie din cadrul Institutului de Boli Cardiovasculare din Timisoara, 439 de pacienti consecutivi cu
SCA fara supradenivelare de segment ST fiind supusi unui tratament coronarian percutan si au fost
inclusi intr-un registru clinic. Dupéa aplicarea criteriilor de excludere, 307 pacienti au ramas in cohorta
de studiu, iar studiul a fost realizat in conformitate cu standardele etice ale Declaratiei de la Helsinki,
cu aprobarea Comitetului de eticd institutional si obtinerea consimtamantului informat de la toti
participantii (84).

2. Variabile clinice

Urmatoarele variabile clinice au fost incluse Th modelul prognostic: varsta, sexul, tensiunea arteriala
medie, ritmul cardiac, indicele de masa corporala (IMC), nivelurile maxime de hs-cTnl si NT-proBNP si
prescriptile de medicamente terapeutice. Au fost definiti cinci factori de risc cardiovascular:
hipertensiune arteriala, istoric familial de boli cardiovasculare, fumat, diabet zaharat de tip 2 si
hipercolesterolemie (84).

3. Ecocardiografie

Ecocardiografia a fost efectuata dupa tratamentul coronarian percutan si dupa externare folosind
un sistem GE Vivid 9. Volumul atriului stang in valori absolute, valori indexate si FE a VS au fost
masurate conform ghidurilor, cu FEVS calculata folosind metoda Simpson modificata. Regurgitarea
mitrala a fost evaluatad prin masurarea suprafetei si volumului orificiului regurgitant. Parametrii fluxului
mitral au fost inregistrati folosind Dopplerul pulsat, cu vitezele E si A masurate pe parcursul a cinci
cicluri. Presiunea sistolica din artera pulmonara (PSAP) a fost estimata pe baza masurarii vitezei de
regurgitare tricuspidiana.

Pentru IDT, vitezele pentru €' si s' au fost inregistrate la nivelul inelului mitral lateral si septal. Au
fost calculate rapoartele E/e' si E/(e' x s'). Urmarirea a avut loc la sase saptaméani dupa externare, cu
inrautatirea raportului E/(e' x s') definitd ca o crestere de la externare. Variabilitatea inter- si intra-
observator a fost evaluatéa prin reevaluarea a 30 de pacienti.

4. Rezultate clinice

Pacientii au fost urmariti timp de 24 de luni, cu rezultate care au inclus moarte de cauza cardiaca,
reinternare in spital din cauza IC sau re-infarct. Datele de urmarire au fost obtinute din dosarele
medicale sau prin contactul telefonic cu pacientul sau familia acestuia (84).

5. Analiza statistica

Datele au fost analizate folosind teste t, teste Mann-Whitney U, teste chi-patrat si curbe ROC.
Modelele de regresie Cox au evaluat rezultatele, iar analiza Kaplan-Meier a estimat supravietuirea.
Variabilitatea intra- si inter-observator a fost evaluatd cu metodele Bland-Altman si ICC. Analiza
statistica a fost efectuata folosind STATA (versiunea MP 12.0) (84).

Rezultatele

in perioada noiembrie 2017 - ianuarie 2019, au fost inrolati 307 pacienti cu SCA fara
supradenivelare de segment ST, care au fost supusi unui tratament invaziv coronarian cu succes.
Véarsta medie a fost de 61 + 12 ani, iar 70,7% au fost barbati. Pe o medie de urmarire de 25,4 + 3 luni,
34,5% au prezentat evenimente cardiace, inclusiv 7,16% decese de cauza cardiaca, 23,4% respitalizari
legate de IC si 5,5% infarcte miocardice non-fatale. Niciun pacient nu a fost pierdut din urmarire (84).

1. Caracteristicile pacientilor



Pacientii cu evenimente cardiace au avut IMC mai mare, NT-proBNP, hs-cTnl si parametri
ecocardiografici mai slabi, inclusiv un raport E/(e' x s') mai mare (2,22 + 1,03 fata de 1,61 + 1,12, p <
0,001). Nu au fost gasite diferente in ceea ce priveste varsta, sexul, istoricul bolii coronariene sau
factorii de risc cardiovascular (84).

2. Curbele ROC pentru prezicerea evenimentelor cardiace

Indicele E/(e' x s') a avut cea mai mare acuratete predictiva pentru evenimentele cardiace (AUC =
0,769, p < 0,001), mai buna decéat valorile s’ (ASC = 0,724, p = 0,009) si E/e' (ASC = 0,673, p = 0,003).
Valoarea optima a E/(e' x s') la externare a fost de 1,63 (sensibilitate de 74%, specificitate de 67%)
(84).

3. Predictori ai rezultatelor

Numai indicele E/(e' x s') a prezis in mod independent evenimentele cardiace (HR = 2,621, p =
0,007) in analiza multivariata, ramanand semnificiativ statistic in toate modelele. Niciun parametru
ecocardiografic nu a prezis moartea cardiaca (84).

4. Randamentul prognostic incremental al lui E/(e' x s') determinat inainte de externarea

din spital pentru a prezice rezultatele clinice

Indicele E/(e' x s') a imbunatatit acuratetea predictiva Th compatatie cu s’ (p = 0,027) si a imbunatatit
semnificativ toate modelele (p < 0,05), fara alte adaugiri semnficative ale altor parametri (84).

5. Agravarea raportului E/(e' x s') in timpul urmaririi

La sase saptamani dupa externare, 45,6% dintre pacienti au prezentat o agravare a E/(e' x s'),
inclusiv 20,5% dintre pacienti cu un raport initial >1,63. Aceasta inrautatire a fost legatd de o
supravietuire fara evenimente mai mica (p = 0,001), cu rezultatele cele mai nefavorabile la cei cu un
raport initial >1,63 si o deteriorare suplimentara (84).

6. Reproductibilitate

La 30 de pacienti cu boli cardiace ischemice, raportul E/(e' x s'), raportul E/e' si viteza au aratat o
fiabilitate ridicata intra- si inter-observator (ICC: 0,89-0,93) (84).

Discutie

Acest studiu este primul care demonstreaza ca raportul E/(e' x s') ofera o valoare prognostica
superioara in prezicerea evenimentelor cardiace adverse, inclusiv decesul, reinternarea in spital si
reinfarctul, la pacientii cu SCA fara supradenivelare de segment ST post-tratament coronarian percutan,
cu agravarea raportului la sase saptamani asociata cu cele mai nefavorabile rezultate.

Prognosticul pentru pacientii cu SCA fara supradenivelare de segment ST este legat de leziunile
miocardice si de presiunile de umplere a VS, dimensiunea atriului stdng, indicii de volum ai VS si FEVS
fiind predictori cheie (85,86). Cu toate acestea, acesti parametri nu au fost retinuti in analiza noastra
multivariata, posibil din cauza sensibilitatii lor la factori precum volumul si presiunea din atriul stang,
sugerand ca parametrii IDT ofera un prognostic mai precis. Evaluarea doar a FEVS poate rata, de
asemenea, o disfunctie miocardica regionala (87).

Wang si colaboratorii au demonstrat ca intr-un grup de pacienti cardiaci, atat raportul ', cat si
raportul E/e' au oferit informatii pentru diagnostic mai bune decéat indicele scorului de miscare a peretelui
si FEVS (21). Un raport E/e' ridicat, care reflectd un gradient crescut la nivelul valvei mitrale si o unda
e' scazuta, indica o presiune telediastolica crescuta a VS si o presiune crescuta a atriului stang (88).
Raportul E/e' este un predictor puternic al evenimentelor cardiace adverse post-infarct miocardic (89)
si se coreleaza bine cu presiunea atriului stang (90). Desi analiza IDT ofera potentiale beneficii din
punct de vedere a costurilor pentru pacientii cu SCA fara supradenivelare de segment ST (42), o analiza
bazatéa exclusiv pe E/e' poate omite detalii despre disfunttia diastolica a VS (91). Vitezele €' si s' reduse
in ischemie sunt legate de rezultate mai nefavorabile, viteza s’ fiind un predictor mai puternic decéat
FEVS in SCA (92). Disfunctia longitudinala si evaluarea vitezelor la nivelul inelului mitrat prin IDT ar
putea imbunatati stratificarea si gestionarea riscului in cardiopatia ischemica (41).

Am introdus indicele E/(e' x s'), combinand functia diastolica (E/e") si sistolica (s'), ca predictor
robust al rezultatelor adverse la pacientii cardiaci. Acest indice evalueaza eficient presiunile de umplere
a ventriculului si imbunatateste predictia bolii in IC (80, 81), aliniindu-se cu studiile care arata o crestere
a remodelarii ventriculare la pacientii cu SCA cu presiuni ridicate de umplere a ventriculului (93).

Valorile E/(e' x s') post-infarct miocardic acut prezic remodelarea VS (82). Studiul nostru a constatat
ca acest raport, masurat inainte de externare, a prezis mai bine evenimentele cardiace adverse si
reinternarea in spital in pacientii cu SCA fara supradenivelare de segment ST comparativ cu alti
parametri ecocardiografici.

Studiul nostru a aratat ca raportul E/(e' x s') a depasit ca putere de predictie vaolorile NT-proBNP
si hs-cTnl in stratificarea riscului pentru pacientii cu SCA fara supradenivelare de segment ST, in ciuda
nivelurilor ridicate de NT-proBNP si hs-cTnl care prezic rezultate mai slabe in evenimentele ischemice.

Limitele



Acest studiu are mai multe limitari, inclusiv dimensiunea micéa a esantionului pacientilor si utilizarea
tehnicilor ecocardiografice standard, care pot limita sensibilitatea in comparatie cu metodele avansate.
De asemenea, ne-am concentrat pe doar doua nivele ale inelului mitral (lateral si septal), limitdnd o
evaluare mai vasta. In plus, studiul a fost efectuat intr-un centru tertiar, ceea ce poate afecta rezultatele
constatarilor noastre (84).

Concluzie

Pe scurt, cercetarea noastra sugereaza ca raportul E/(e' x s') este un indicator de prognostic
independent semnificativ pentru evenimentele cardiace la pacientii cu SCA fara supradenivelare de
segment ST post tratament coronarian percutan. Raportul a oferit o valoare prognostica imbunatatita
atunci cand a fost combinat cu alti predictori, pacientii care au prezentat un raport initial peste 1,63 si o
deteriorare dupa sase saptamani avand cel mai slab prognostic. Acest lucru evidentiaza potentialul
raportului E/(e' x s') in identificarea pacientilor cu risc ridicat si in orientarea procesului decizional clinic
(84).

Capitolul IV
Potentialul prognostic al E/(e' % s’) in insuficienta cardiaca in stadiu incipient

Introducere

IC are un prognostic similar cu bolile severe, cum ar fi boala cronica de rinichi si cancerul, cu rate
ridicate de mortalitate, indiferent de severitatea simptomelor sau de FEVS (2,94). Chiar si pacientii cu
FE pastrata si presiune crescuta in atriul stdng se confruntd cu riscuri crescute de deces si de
respitalizare (4,5). Pacientii cu IC in stadiu incipient prezinta, de asemenea, morbiditate si mortalitate
semnificativ crescute (94,95). Evaluarile ecocardiografice cuprinzatoare, inclusiv raportul E/e', sunt
importante pentru evaluarea functiei VS si ghidarea tratamentului (96). Raportul E/(e' x s'), care
combina functia diastolica si cea sistolica, este un predictor puternic al rezultatelor clinice in IC (80,81).

Obiectiv

Studiul nostru a avut ca scop evaluarea valorii predictive a raportului E/(e' x s') pentru evenimente
cardiace pe termen lung la pacienti cu IC in stadiu incipient (clasele NYHA I si Il) in timpul unei urmariri
de trei luni, pacienti ai Institutului de Boli Cardiovasculare din Timisoara, Romania (97).

Materiale si metode
1. Populatia de studiu

Grupul nostru de lucru a efectuat o analiza prospectiva a 500 de pacienti cu IC in ritm sinusal,
selectand 212 dintre acestia dupa aplicarea criteriilor de excludere, cu aprobarea comitetului de etica
institutional si aderarea la Declaratia de la Helsinki (97).
2. Variabilele clinice

Modelul prognostic a inclus caracteristici clinice nregistrate la internare, cum ar fi varsta, sexul,
IMC, ritmul cardiac, presiunea arterialda medie, cauza IC, clasa NYHA, nivelurile NT-proBNP si
medicamentele prescrise pentru IC (97).
3. Ecocardiografia

Ecocardiografia a fost efectuata in termen de 24 de ore de la internare folosind echipamentul GE
Vivid 9. Au fost masurate volumul atriului stang, FEVS si regurgitarea mitrala, impreuna cu fluxul
transmitral (vitezele E si A). IDT a fost folosita pentru a masura vitezele €' si s’, calculand rapoartele
E/e' si E/(e' x s'). Pacientii au fost Tmpartiti in doua grupuri in functie de raportul E/(e' x s'): Grupa | (<
1,6) si Grupa Il (> 1,6). Urmarirea a fost efectuata timp de 3 luni, agravarea fiind definitd de o crestere
a raportului. Variabilitatea intra si inter-observator au fost evaluate cu masuratori duplicate (97).
4. Rezultatele clinice

Evenimentele majore a fost definit ca moarte de cauza cardiaca sau internare in spital pentru
agravarea IC, cu datele de urmarire colectate din dosare medicale si prin interviuri telefonice cu paceintii
sau (97).
5. Analiza statistica

Datele au fost analizate folosind teste t, teste chi-patrat si modele Cox. Analiza Kaplan-Meier a
evaluat supravietuirea, iar decesele de cauza non-cardiaca au fost excluse. Variabilitatea intra- si inter-
observator au fost calculate cu CV si ICC, folosind SPSS versiunea 26.0 (97).

Rezultatele

Studiul a inclus 212 pacienti cu IC (clasa NYHA I/ll, varsta medie 61 + 11,4 ani, 64 femei), toti in
ritm sinusal. FEVS medie a fost de 46 + 14,3%. Cauzele IC au fost boala coronariana (148 pacienti),
cardiomiopatie non-ischemica (34 pacienti) si hipertensiune arteriala sistemica (30 pacienti) (97).

1. Caracteristicile pacientilor



Grupul Il a avut valori semnificativ mai mari ale SPAP, NT-proBNP si dimensiuni mai mari ale atriului
stang si VS. De asemenea, au prezentat valori mai ridicate ale undei E, raportului E/A si raportului E/e’,
in timp ce au aratat un timp redus de decelerare a undei E, valori mai mici ale FEVS, ale undelor e’ si
s’. Nu au fost gasite diferente semnificative intre grupuri in ceea ce priveste varsta, sexul, ritmul cardiac,
IMC, clasa NYHA, functia VD, aria orificiului regurgitant sau masa globala indexata a VS (97).

2. Curbele Kaplan-Meier pentru a prezice evenimentele cardiace

46,7% dintre pacienti au suferit un eveniment cardiac major. Clasa NYHA izolata nu a putut prezice
in mod semnificativ riscul (p = 0,42) (97).

3. Predictori ai rezultatelor

Analiza de regresie Cox univariata a identificat mai multe variabile predictive pentru evenimentele
cardiace (p < 0,05), inclusiv volumul atriului stéang, valoarile SPAP, E, E/A, raportul E/e', s' si raportul
E/(e' x s'), iImpreuna cu nivelurile NT-proBNP. Cu toate acestea, variabile precum varsta, sexul, ritmul
cardiac, tensiunea arteriala, clasa NYHA, etiologia IC, tratamentele prescrise, volumui atriului stang
indexat, FEVS si altele nu au prezentat corelatii semnificative. Analiza multivariata a aratat ca raportul
E/(e' x s') Tnainte de externare a fost cel mai puternic predictor independent al evenimentelor cardiace,
cu un HR de 1,55 (11 95%: 1,100-1,202, p = 0,012) (97).

4. Agravarea raportului E/(e’ x s") in timpul urmaririi

Dintre cei 212 pacienti, 92 (43,3%) au avut o inrautatire a raportului E/(e' x s') dupa trei luni.
Agravarea a fost legata de o supravietuire mai mica fara evenimente cardiace, cei care au avut initial
un raport > 1,6 avand o rata de supravietuire de 25%, comparativ cu 33,3% pentru cei cu un raport <
1,6 (rang logaritmic, p = 0,001). Pacientii cu valori crescute ale raportului au avut cele mai mari rate de
evenimente cardiace, respitalizari si decese. Decesele de cauza cardiaca au aparut la 52 de pacienti
(24,5%), in timp ce ratele mortalitatii de cauze non-cardiace au fost similare intre grupuri (p = 0,72)
(97).

5. Reproductibilitate

ICC intra-observator pentru E/e', s' si E/(e' x s') a fost de 0,94, 0,95 si, respectiv, 0,93. ICC inter-
observator a fost de 0,91, 0,92 si 0,90 (97).

Discutie

Acest studiu a constatat ca un raport E/(e' x s') > 1,6 poate prezice evenimentele cardiace la
pacientii cu IC clasa NYHA | sau Il, depasind alte masuratori precum clasa NYHA, starea bolii
coronariane si valorile NT-proBNP. Valoarea sa predictiva creste atunci cand este evaluat dupa trei luni.

Studiile anterioare au evidentiat valoarea prognostica a FEVS, dimensiunea atriului stédng si indicii
de volum a VS in rezultatele clinice ale pacientilor cu IC (22,98,99). Cu toate acestea, in analiza noastra
multivariata, variabile precum SPAP, volumul atriului stéang, viteza undei E si raportul E/A nu au fost
retinute, sugerand ca parametrii IDT pot fi mai putin influentati de factori precum vérsta, presiunea
atriului stdng, starea hemodinamica si relaxarea miocardica.

Mai multe studii au identificat viteza e’ si raportul E/e' ca predictori puternici ai evenimentelor
adverse post-infarct miocardic, dar descoperirile recente sugereaza ca raportul E/e' izolat nu poate
detecta intotdeauna disfunctia diastolica a VS (4,24,91,100-102). In plus, acuratetea raportului E/e' in
evaluarea presiunii de umplere a VS la pacientii cu FEVS paatrata, cum ar fi cei cu IC clasa NYHA |
sau ll, raméane incertd (103), posibil din cauza sensibilitatii similare la presarcina a undelor E si €',
provocand modificari minime ale raportului lor (91).

Disfunctia diastolica, adesea alaturi de disfunctia sistolica, este foarte importanta in IC. IDT,
evaluand atat viteza undei €', cat si a undei s’, ofera un instrument prognostic mai modern si mai eficient.
Studiul nostru arata ca raportul E/(e' x s'), combinand atat functia sistolica, cat si cea diastolica, ofera
o predictie mai buna a prognosticului decat parametrii individuali. Indicele E/(e' x s') depaseste unda s'
izolata, Tn special la pacientii cu FEVS pastrata (81).

Tn studiul nostru, raportul E/(e' x s'), in special cu modificarile sale pe parcursul a trei luni, a fost cel
mai puternic predictor al evenimentelor cardiace, agravarea IC si deces de cauza cardiaca la pacientii
cu IC clasa NYHA | sau Il. in ciuda unei prevalente ridicate a bolii coronariene in grupul de studiu, care
este cunoscuta pentru contributia sa la remodelarea VS, aceasta nu a fost un predictor semnificativ al
evenimentelor cardiace in cohorta noastra. Studiile anterioare au aratat valoarea predictiva a undelor
e' si s'in IC ischemica (43,82), dar constatarile noastre sugereaza ca indicele E/(e' x s') poate oferi o
evaluare mai robusta in acest context.

Studiul nostru a constatat ca, in timp ce nivelurile de NT-proBNP se coreleaza cu prognosticul in
IC, raportul E/(e' x s') este un predictor mai precis al rezultatelor clinice, Th concordanta cu constatarile
lui Lim si colaboratorii (2,96).

Limitele

Acest studiu are limitari, inclusiv dimensiunea mica a esantionului pacientilor, clasificarea subiectiva
pe clase NYHA, dependenta de masuratorile ecocardiografice standard in loc de cele ale imagisticii



avansate si limitarea maruratorilor IDT la doar doua la nivelul inelului mitral. Tn plus, studiul a fost
efectuat intr-un centru tertiar invaziv, limitand aplicabilitatea mai larga (97).

Concluziile

Indicele E/(e' x s') derivat din IDT este un predictor independent puternic pe termen lung la pacientii
cu IC (clasa NYHA I/l in ritm sinusal), cu raportul E/(e' x s') > 1,6, in special atunci cand se agraveaza
pe parcursul a trei luni, identificand persoanele cu risc ridicat pentru evenimente cardiace adverse (97).

Capitolul V
Combinarea GLS si MD pentru valoarea prognostica in SCA fara
supradenivelare de segment ST

Introducere

SCA fara supradenivelare de segment ST are un prognostic mai nefavorabil decat cel cu
supradenivelare de segment ST, ceea ce face ca stratificarea riscului sa fie foarte importanta pentru
ghidarea tratamentului si reducerea reinternarilor (104). Remodelarea VS precede adesea IC, IDT si
STE 2D jucénd roluri vitale in prognostic. Raportul E/e' este un predictor puternic al rezultatelor adverse
(42,43), iar s' ajuta la evaluarea leziunilor ischemice (105). STE 2D, care masoara GLS si MD, ofera o
precizie mai mare fatd de masuratorile Doppler si este un instrument puternic pentru prezicerea
remodelarii VS, a aritmiilor si a rezultatelor nefavorabile (105). In ciuda rezultatelor promitatoare, sunt
necesare mai multe cercetari, in special la pacientii cu SCA fara supradenivelare de segment ST (105).

Obiectiv

Studiul Tsi propune sa evalueze raportul GLS/MD ca predictor al evenimentelor cardiace la pacientii
cu SCA fara supradenivelare de segment ST si potentialul sdu pentru managementul si monitorizarea
post tratament coronarian invaziv (106).

Materiale si metode

1. Populatia de studiu

in perioada dintre ianuarie 2018 si mai 2019, au fost studiati 402 pacienti consecutivi cu SCA fara
supradenivelare de segment ST in ritm sinusal, care au fost supusi unui tratament coronarian percuran
cu succes, cu o cohorta finala de 310 dupa excluderea acelor pacienti cu imagini ecocardiografice
inadecvate sau cu comorbiditati specifice, iar studiul a fost aprobat de comitetul de etica institutional
(106).

2. Variabilele clinice

Modelul predictiv pentru acest studiu a inclus caracteristici clinice precum varsta, sexul, presiunea
arteriala medie, ritmul cardiac, IMC, nivelurile maxime de hs-cTnl si NT-proBNP, impreuna cu date de
tratament si cinci factori cheie de risc cardiovascular: hipertensiune arteriala, ereditate cardiovasculara,
fumat, diabet de tip 2 si hipercolesterolemie (106).

3. Ecocardiografia 2D STE

Dupa efectuarea tratamentului invaziv, ecocardiografia a fost efectuata inainte de externarea din
spital folosind sistemul GE Vivid 9, efectudndu-se inclusiv masuratori ale volumului atriului stang, FEVS,
aria orificiului si volumului regurgitant al regurgitarii mitrale. Au fost efectuate masuratori Doppler ale
fluxului transmitral (vitezele undelor E si A) si valori PSAP, iar IDT a fost utilizatéd pentru a masura
vitezele de varf ale undelor €' si s’. Imaginile ecocardiografice 2D au fost analizate pentru GLS si MD,
cu raportul GLS/MD calculat. Patru pana la sase sdptamani mai tarziu, masuratorile au fost repetate si
variabilitatea inter si intra-observator au fost evaluate Tntr-un esantion de 35 de pacienti pentru a asigura
consistenta masuratorilor (106).

4. Rezultatele clinice

Pacientii au fost monitorizati timp de 24 de luni pentru rezultate precum decesul de cauza cardiaca,
aritmii, reinternarea datorata IC si reinfarctul, cu date de urmarire colectate din dosarele medicale sau
prin contactul cu pacientii sau rudele acestora (106).

5. Analiza statistica

Variabilele continue au fost prezentate ca medii cu SD iar variabilele categorice ca proportii. Pentru
comparatii au fost utilizate testele t nepereche, testele U Mann-Whitney, x? sau testele exacte ale lui
Fisher. Regresia Cox si analiza Kaplan-Meier au evaluat factorii predictivi si supravietuirea fara
evenimente. Variabilitatea intra si inter-observator au fost mésurate folosind ICC. Analiza statistica a
fost efectuata cu SPSS (versiunea 21.0) (106).

Rezultatele

Acest studiu a inclus 310 pacienti cu SCA fara supradenivelare de segment ST care au fost supusi
cu succes unui tratament coronarian percutan. In timpul urméririi medii de 34,7 + 8 luni, 35,16% dintre



pacienti au prezentat evenimente de cauze cardiace, inclusiv 6 decese, 103 reinternari (28 cu ischemie
non-fatala si 75 pentru IC) si 29 decese de cauza cardiace (106).

1. Caracteristicile pacientilor

Pacientii cu evenimente de cauze cardiace au avut valori NT-proBNP, PSAP, ale undei E, raportul
E/A, raportul E/e', GLS si raportul GLS/MD mai mari, impreuna cu dimensiunile atriului stang mai mari
si MD mai lungi, in timp ce au prezentat valori FEVS, ale undelor A, €' si s' mai mici. Nu au fost gasite
diferente semnificative Tntre alti factori, cum ar fi sexul, IMC sau utilizarea medicamentelor pentru IC.
Raportul mediu GLS/MD la externare a fost semnificativ mai mic la pacientii cu evenimente de cauza
cardiaca (-0,239 + 0,13 vs. -0,418 £ 0,2, p < 0,001) (106).

2. Curbele ROC pentru a prezice evenimentele de cauza cardiaca

Indicele GLS/MD a avut cea mai mare acuratete predictiva pentru evenimentele de cauza cardiaca
(ASC =0,849), urmat de raportul E/e', de valorile MD si GLS. Limita optima pentru GLS/MD la externare
a fost de -0,229, cu o sensibilitate de 82% si o specificitate de 73% (106).

3. Predictori de rezultat

Analiza univariata a identificat mai multi parametri ecocardiografici, inclusiv volumul indexat al
atriului stang, FEVS, PSAP, orificiul de regurgitare a insuficientei mitrale, E, A, E/A, raportul E/e', GLS,
MD si raportul GLS/MD, ca predictori semnificativi ai evenimentelor de cauze cardiace. Cu toate
acestea, timpul de decelerare al undei E, parametrii VD si TAPSE nu au fost asociate cu rezultatele.
Analiza multivariata a aratat ca raportul GLS/MD Tnainte de externare a fost cel mai puternic predictor
independent al rezultatelor clinice (HR 3,621, 11 95%: 2,167-5,075, p < 0,001) (106).

4. Agravarea raportului GLS/MD in timpul urmaririi

Tn timpul urmaririi de 4-6 saptdmani, 100 de pacienti (30,1%) au prezentat o inrdutatire a raportului
GLS/MD, 33 dintre ei avand initial un raport mai mare de -0,229. Agravarea raportului GLS/MD a fost
legatd de rate de supravietuire faré evenimente semnificativ mai mici, indiferent de valoarea initiala.
Pacientii cu un raport GLS/MD agravat si o valoare initialda mai mare de -0,229 au avut cel mai
nefavorabil prognostic, prezentand cea mai mare incidenta a rezultatelor compuse, inclusiv deces de
cauza cardiaca, aritmii ventriculare si reinternari (106).

5. Reproductibilitatea

Intr-un studiu efectuat pe 35 de pacienti cu boala cardiaca ischemica, s-a constatat o fiabilitate
ridicata intra si inter-observator pentru masuratorile GLS/MD, GLS si MD, cu ICC variind de la 0,89 la
0,94 (106).

Discutie

Acest studiu este primul care evalueaza indicele GLS/MD ca predictor al evenimentelor cardiace la
pacientii cu SCA fara supradenivelare de segment ST post tratament coronarian invaziv, constatand ca
un raport initial peste -0,229 prezice riscuri mai mari de deces de cauza cardiaca, aritmii si reinternari,
cu rezultate nefavorabile la pacientii care se deterioreaza in patru pana la sase saptamani. Aceste
descoperiri sustin cercetéarile anterioare privind importanta indicilor de remodelare miocardica in
prezicerea rezultatelor SCA (105).

Studiul nostru nu a gasit diferente semnificative in ceea ce priveste sexul, bolile cardiovasculare
anterioare sau factorii de risc cardiovascular intre grupurile cu si fara evenimente cardiace, ceea ce
este contrar constatérilor comune din literaturd (53). In timp ce factori precum dimensiunea atriului
stang, indicii de volum ai VS si FEVS sunt bine stabiliti ca predictori ai riscului cardiovascular si ai
supravietuirii la pacientii cu SCA (217,85,86), doar volumul indexat al atriului stang, PSAP si raportul
E/A au fost identificati ca predictori ai rezultatelor in analiza univariata, dar au fost exclusi din analiza
multivariata, in concordanta cu studiile care sugereaza ca parametrii mai complecsi, la fel ca indicii de
deformare miocardica, pot oferi o valoare prognostica mai buna (107).

Ghidurile actuale recomanda repetarea ecocardiografiei la pacientii cu SCA cu disfunctie sistolica
a VS dupa 6-12 saptamani, folosind FEVS ca parametru de evaluare. Cu toate acestea, GLS s-a
dovedit mai precis in prezicerea riscului de dezvoltare a IC si In evaluarea leziunilor miocardice,
detectand disfunctia subclinicd mai devreme si fiind mai sensibil decat FEVS (53).

La pacientii cu SCA cu supradenivelare de segment ST, MD se coreleaza cu functia sistolica si
diastolica (GLS, E/e'), dimensiunea infarctului si dispersia electrica (durata QRS), toti acesti parametri
fiind predictori puternici ai IC (108-109). In plus, MD este un predictor robust al evenimentelor aritmice,
GLS oferind o stratificare valoroasa a riscului (61).

Cercetarile arata ca analiza strainului STE 2D, in special GLS, este mai eficienta decat FEVS in
evaluarea functiei miocardice dupa un SCA (53), GLS dovedindu-se fiabila pentru stratificarea riscului,
chiar si la pacientii cu FE pastrata (110). Studiul nostru a constatat ca un raport GLS/MD mai mare de
-0,229 inainte de externare, Tmpreuna cu agravarea in saptamanile urmatoare, prezice in mod
independent un risc mai mare de evenimente cardiace, inclusiv deces, aritmii si reinternare n spital
(106).



Limitele

Acest studiu are limitari, inclusiv o dimensiune mica a esantionului, un design unic si o perioada de
urmarire scurta de 24 de luni, care poate afecta evaluarea rezultatelor pe termen lung (106).

Concluzie

Tn concluzie, raportul GLS/MD poate fi un predictor independent puternic al evenimentelor cardiace
la pacientii cu SCA fara supradenivelare de segment ST post tratament coronarian invaziv. Un raport
initial mai mare de 0,229, in special daca se agraveaza Tn saptaméanile urmatoare, identifica pacientii
cu risc ridicat pentru rezultate nefavorabile, inclusiv de aritmii si reinternari, si poate ghida monitorizarea
si interventia medicala mai intensiva (106).

Capitolul VI
Concluzii finale

Pe scurt, cercetarea noastra evidentiaza valoarea prognostica a parametrilor ecocardiografici
in evaluarea riscului cardiac la pacientii cu SCA fara supradenivelare de segment ST si IC. Raportul
E/(e' x s"), derivat din IDT, este un predictor puternic al rezultatelor pe termen lung Th ambele grupuri.
La pacientii cu SCA fara supradenivelare de segment ST post tratament coronarian invaziv., un raport
initial mai mare de 1,63, in special daca se agraveaza pe parcursul a sase saptamani, indica un risc
mai mare de evenimente adverse de cauza cardiaca, inclusiv deces de cauza cardiac si reinternare.
La pacientii cu IC (clasa NYHA I/ll), un raport E/(e' x s') peste 1,6, in special cu agravarea pe parcursul
a trei luni, 1i identifica pe cei cu risc mai mare de deces de cauza cardiac si respitalizare.

in plus, raportul GLS/MD din imagistica STE 2D este un predictor semnificativ la pacientii cu
SCA fara supradenivelare de segment ST, cu o valoare mai mare de 0,229 legata de o incidenta mai
mare a reinternarii si a aritmiilor ventriculare. Aceste constatari sustin utilitatea raporturilor E/(e' x s') si
GLS/MD in stratificarea riscului, ghidand deciziile clinice pentru monitorizare si tratamente mai
intensive.

In general, integrarea parametrilor ecocardiografici avansati in practica clinicd de rutina
imbunatateste evaluarea si managementul riscurilor pentru pacientii cu SCA fara supradenivelare de
segment ST si cu IC. Cercetarile viitoare ar putea sa valideze acesti parametri in diverse populatii
pentru a consolida rolul lor Tn Tmbunatatirea ingrijirii pacientilor. IDT si STE completeaza tehnicile
ecocardiografice conventionale, oferind o intelegere mai cuprinzatoare a functiei ventriculare si oferind
instrumente valoroase pentru gestionarea personalizata a IC si a bolii cardiace ischemice.
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Advanced echocardiograpy in risk stratification of patients
with coronary artery disease and left ventricular
dysfunction

PART |
Chapter | - Introduction

Cardiovascular diseases (CVD) remain the leading cause of death globally, accounting for roughly
one-third of all fatalities (1). Among CVD, coronary artery disease (CAD) frequently leads to ischemic
heart failure (HF), substantially worsening prognosis (2). The prevalence of HF is approximately 1-2%
in adults, rising with age (3). Both systolic and diastolic dysfunction can culminate in HF, and their early
detection remains pivotal for improving outcomes (4,5).

Echocardiography stands out as an essential, non-invasive tool for assessing cardiac function (6).
Initially, Doppler ultrasound focused on blood flow velocities, but advances in technology allowed
adaptation to measure myocardial tissue velocities and deformation (6,7). Two key modern
echocardiographic techniques, Tissue Doppler Imaging (TDI) and Two-Dimensional Speckle Tracking
Echocardiography (2D STE), have enabled more sensitive detection of myocardial dysfunction (8).
Furthermore, three-dimensional approaches are emerging, offering enhanced spatial resolution (6).

This doctoral thesis analyzes TDI and 2D STE in ischemic heart disease, particularly focusing on
non-ST-segment elevation acute coronary syndrome (NSTE-ACS) and early-stage HF. Additionally, it
introduces and investigates two new echocardiographic indices: E/(e' x s'), a ratio which combines
diastolic (E/e") and systolic (s') tissue velocities, and Global Longitudinal Strain/Mechanical Dispersion
(GLS/MD), a 2D STE—-derived ratio reflecting both infarct size (via GLS) and heterogeneity in contraction
timing (MD).

These indices’ clinical and prognostic roles, specifically regarding cardiac events (death,
readmission, re-infarction, and arrhythmias), are central to this thesis.

Chapter Il - Tissue Doppler Imaging

1. Myocardial movement and deformation

Myocardial fibers undergo both displacement (movement) and deformation (strain). Deformation
refers to the percentage change in myocardial length under force, denoted as strain (7). Since
subendocardial fibers are longitudinally oriented and typically affected first in ischemic or hypertrophic
processes, TDI-derived longitudinal parameters can detect subtle dysfunction early (6,8).

2. Principles and methods

TDI alters standard Doppler settings to measure low-velocity, high-amplitude signals from the
myocardium (6,9). Main TDI approaches include:
o Pulsed TDI: A small sample volume is placed at specific annular or myocardial regions, measuring

velocities (e.g., s', €', a') over multiple cardiac cycles (7,10).
e Color TDI: Provides a two-dimensional map of average tissue velocities superimposed on standard

2D images, allowing simultaneous evaluation of multiple segments (6,11).
e TDI-Derived Strain and Strain Rate: Measure regional deformation (strain) and deformation rate

(strain rate), relatively less influenced by the global cardiac translation (9,10,12).

3. Normal Values

Longitudinal velocities are higher basally and typically diminish toward the apex, and are lower at
the septal wall compared to the lateral (13-15). Systolic velocities (s') of 25.4 cm/s at the mitral annulus
usually indicate normal ejection fraction (EF) (16). Early diastolic velocity (e') >8 cm/s often suggests
normal diastolic function, whereas E/e' >15 commonly indicates elevated left ventricular (LV) filling
pressures (17).



Chapter Il — Applicability of Tissue Doppler Echocardiography in Cardiology

1. Left ventricular systolic function evaluation

Systolic annular velocity (s') strongly correlates with EF and dP/dt (16,18). Even in preserved EF,
decreased s’ detects early subendocardial dysfunction in hypertensive or ischemic disease (19,20). A
low s’ is linked with worse clinical outcomes and higher mortality (21,22).

2. Left ventricular diastolic function evaluation

Early diastolic mitral annulus velocity (e') helps gauge left ventricular (LV) relaxation and filling
pressures (23). The E/e' ratio remains a well-established marker of raised LV end-diastolic pressure
and poor prognosis (17,24).

3. Right ventricular function evaluation

Tricuspid annular s' <9 cm/s usually implies right ventricular (RV) dysfunction (25-27). TDI can
evaluate right-sided pressures (e.g., E/e’ at the tricuspid annulus to estimate right atrium pressure) (28).

4. Atrial function evaluation

TDI of the atria can characterize reservoir, conduit, and contractile functions, although routine
clinical usage is less common (29-37).

5. Applicability of tissue Doppler imaging in ischemic heart disease

TDI detects reduced longitudinal velocities, delays in contraction (post-systolic shortening), and can
be combined with stress echocardiography for identifying ischemia (38,39,40). E/e’ predicts adverse
outcomes in myocardial infarction, while s’ velocity offers incremental prognostic information (41—-43).

6. Expanding clinical applicability of tissue Doppler imaging

TDI can be useful in early detection of subclinical dysfunction in valvular heart disease,
cardiomyopathies, systemic conditions (e.g., diabetes mellitus), and other settings (44-54).

Chapter IV — 2D Speckle Tracking Echocardiography

1. Principles and Methods

Speckle Tracking uses specialized software to track unique “speckles” within the myocardial wall
on standard 2D gray-scale images (6,55). This method is angle-independent, allowing the assessment
of longitudinal, radial, and circumferential strain from apical and parasternal short-axis views (56-57).

The Global Longitudinal Strain (GLS) is the average peak longitudinal strain across all LV
segments. Often more sensitive than EF in detecting subtle dysfunction (57,58,59).

The Mechanical Dispersion (MD) reflects heterogeneity in segmental timing to peak strain (60).
Prolonged MD is associated with arrhythmic risk in ischemic and non-ischemic cardiomyopathies (61—
63).

e 2D strain color imaging : This technique analyzes dynamic 2D greyscale images to generate
color-coded strain images, reflecting myocardial deformation during the cardiac cycle. A uniform
color pattern indicates normal contraction, making it primarily a qualitative assessment method.

¢ Longitudinal, radial, circumferential regional strain curves: Speckle tracking enables the
analysis of myocardial deformation in three directions —longitudinal, radial, and circumferential —
without angle dependency. Longitudinal strain appears as a negative wave during systole, radial
strain as a positive wave due to wall thickening, and circumferential strain as a negative wave
reflecting LV diameter reduction (6).

e Bull’s eye: The final results are summarized in a “bull’'s eye” diagram, which displays strain and
other parameters for all LV segments. The software also calculates global averages for key
measures, providing an overall assessment of myocardial function (6).

2. Normal values

The literature extensively covers myocardial deformation analysis in both healthy and diseased
individuals, but variations in echocardiographic systems and software algorithms hinder standardization
(55). Differences in GLS values, ranging from -2.3% to 3.7% depending on the software used, highlight
the challenge of establishing universal reference values (64).



Chapter V — Applicability of 2D Speckle Tracking Echocardiography in
Cardiology

1. Left ventricular systolic deformation evaluation

STE provides a comprehensive analysis of the LV deformation by integrating strain data across
multiple directions, emphasizing the importance of understanding myocardial architecture. Longitudinal
strain is particularly useful for detecting early myocardial dysfunction (58) while circumferential strain
and LV twist are affected in more advanced disease states (65,66). Although STE effectively quantifies
rotation, its variability remains a challenge compared to the more reliable longitudinal strain
measurements (58).

2. Left ventricular diastolic deformation evaluation

Assessment of torsion and untwist rate can complement conventional diastolic parameters;
however, these measures are less routinely used (67,68).

3. Applicability of 2D speckle tracking echocardiography in ischemic heart disease

Speckle tracking often outperforms TDI and EF in diagnosing subtle ischemia or delineating
transmural vs. non-transmural infarction (69). GLS < —17% to —18% robustly predicts significant
coronary disease or infarct burden (70,71).

4. Expanding clinical applicability of 2D speckle tracking echocardiography

Differentiation of physiologic (e.g., athletic) from pathologic hypertrophy relies on distinct strain
patterns (72—78). Restrictive cardiomyopathies and infiltrative diseases often show preserved
circumferential and radial strain but severely reduced longitudinal strain (79).

PART II
Chapter | — Introduction

Cardiovascular diseases, particularly heart failure, are the leading cause of death in the country,
with HF accounting for nearly 50% of cases (1). ACS, especially NSTE-ACS, is a significant contributor
to cardiovascular morbidity and mortality, requiring early risk stratification and intervention.
Echocardiographic techniques like TDI and 2D-STE have improved the diagnosis and management of
ischemic heart disease, with the E/(e' x s') index and measures like GLS and MD providing valuable
insights into myocardial function, prognosis, and treatment outcomes (80,81). This research, conducted
at the Timisoara Institute of Cardiovascular Diseases, highlights the potential of these advanced tools
in enhancing patient care and outcomes.

Chapter Il — Objectives

This thesis aims to evaluate the accuracy and prognostic value of novel echocardiographic
parameters derived from TDI, particularly the E/(e' x s') ratio, in assessing LV function in HF and
ischemic heart disease.

This ratio integrates diastolic (E/e’) and systolic (s") components to yield a single index reflective
of LV filling pressures and longitudinal function (80). As prior evidence suggests, it predicts LV end-
diastolic pressure and HF outcomes better than E/e’ alone (80,81) and it is associated with post-
infarction remodeling in anterior myocardial infarction (82).

The study will explore the relationship between this ratio and cardiac outcomes in patients with NSTE-
ACS and early-stage HF, focusing on its predictive ability for long-term cardiac events in NYHA class |
and |l patients over a three-month follow-up.

Additionally, the research will assess the GLS/MD ratio in predicting cardiac events in NSTE-
ACS patients, specifically post-percutaneous coronary intervention, to enhance management and
monitoring strategies. This ratio Combines Global Longitudinal Strain (GLS), reflecting overall systolic
performance or infarct extent, and Mechanical Dispersion (MD), a known predictor of arrhythmic risk
(60,61,218,83). The hypothesis is that the GLS/MD ratio might refine risk stratification in ischemic
populations, especially in NSTE-ACS patients.

The investigation is based on data from patients at the Cardiology Department of the Institute
of Cardiovascular Diseases in Timisoara, Romania.



CHAPTER 1l
The Incremental Prognostic Value of E/(e’x s’) Ratio in patients with Non-ST-
Segment Elevated Acute Coronary Syndrome

Introduction

Patients with NSTE-ACS have varying risks for future cardiac events, and risk stratification is crucial
for identifying those who may benefit from aggressive treatment and reducing readmissions. The extent
of myocardial damage and LV remodeling significantly impact outcomes, with TDI proving valuable data
in predicting adverse events. Parameters like the E/(e' x s') ratio, which combines diastolic and systolic
markers, effectively assess LV function and improve prognostic predictions in patients with HF and
ischemic heart disease, including those with acute myocardial infarction (80-82).

Objective

This study aims to investigate the prognostic significance of the E/(e’ x s’) ratio in patients with
NSTE-ACS and assess how changes in this index during follow-up may influence cardiac outcomes
(84).

Materials and methods

1. Study population

Between November 2017 and January 2019, 2,758 patients were admitted to the Cardiology
Department at the Timisoara Institute of Cardiovascular Diseases for PCI, with 439 consecutive patients
with NSTE-ACS undergoing successful PCl and being included in a clinical registry. After applying
exclusion criteria, 307 patients remained in the study cohort, and the study was conducted in
accordance with the ethical standards of the Declaration of Helsinki, with approval from the Institutional
Ethics Committee and informed consent obtained from all participants (84).

2. Clinical variables

The following clinical variables were included in the prognostic model: age, sex, mean arterial
pressure, heart rate, BMI, peak hs-cTnl and NT-proBNP levels, and major therapeutic drug
prescriptions. Five cardiovascular risk factors were defined: hypertension, family history of CVD,
smoking, type 2 diabetes mellitus, and hypercholesterolemia (84).

3. Echocardiography

Echocardiography was performed after PCI and after discharge using a Vivid 9 system. LA volume,
LAVI, and LVEF were measured according to guidelines, with LVEF calculated using the modified
Simpson’s method. Mitral regurgitation was assessed by measuring the regurgitant orifice area and
volume. Transmitral flow patterns were recorded using pulsed Doppler, with peak early (E) and late (A)
velocities measured over five cycles. SPAP was estimated from tricuspid regurgitation velocity.

For TDI, velocities for €’ and s’ were recorded at the lateral and septal mitral annulus. The E/e’ and
E/(e’ x s’) ratios were calculated. Follow-up occurred six weeks post-discharge, with worsening of the
E/(e’ x s’) ratio defined as an increase from discharge. Inter- and intra-observer variability were
assessed by re-evaluating 30 patients.

4. Clinical outcomes

Patients were followed for 24 months, with outcomes including cardiac death, HF-related hospital
readmission, or re-infarction. Follow-up data were obtained from medical records or through
patient/family contact by phone (84).

5. Statistical analysis

Data were analyzed using t-tests, Mann-Whitney U tests, chi-square tests, and ROC curves. Cox
regression models assessed outcomes, and Kaplan-Meier analysis estimated survival. Intra- and inter-
observer variability were evaluated with Bland-Altman and ICCs. Statistical analysis was performed
using STATA (version MP 12.0) (84).

Results

Between November 2017 and January 2019, 307 NSTE-ACS patients who underwent successful
PCI were enrolled. The mean age was 61 + 12 years, and 70.7% were male. Over a median follow-up
of 25.4 + 3 months, 34.5% experienced cardiac events, including 7.16% cardiac deaths, 23.4% HF-
related rehospitalizations, and 5.5% non-fatal MIs. No patients were lost to follow-up (84).

1. Patients’ characteristics

Patients with cardiac events had higher BMI, NT-proBNP, hs-cTnl, and worse echocardiographic
parameters, including a higher E/(e’ x §’) ratio (2.22 £ 1.03 vs. 1.61 £ 1.12, p < 0.001). No differences
were found in age, gender, CAD history, or cardiovascular risk factors (84).

2. ROC curves to predict cardiac events



The E/(e’ x s’) index had the highest predictive accuracy for cardiac events (AUC = 0.769, p <
0.001), outperforming s’ velocity (AUC = 0.724, p = 0.009) and E/e’ (AUC = 0.673, p = 0.003). The
optimal E/(e’ x s’) cut-off at discharge was 1.63 (74% sensitivity, 67% specificity) (84).

3. Predictors of outcome

Only the E/(e’ x s’) index independently predicted cardiac events (HR = 2.621, p = 0.007) in
multivariate analysis, remaining significant across all models. No echocardiographic parameter
predicted cardiac death (84).

4. Incremental prognostic yield of E/(e’ x s’) determined before hospital discharge to

predict composite outcome

The E/(e’ x s’) index improved predictive accuracy over s’ velocity (p = 0.027) and significantly
enhanced all models (p < 0.05), with no further gains from other parameters (84).

5. Worsening of E/(e’ x s’) ratio during follow-up

Six weeks post-discharge, 45.6% of patients showed worsening E/(e’ x '), including 20.5% with an
initial ratio >1.63. This worsening was linked to lower event-free survival (p = 0.001), with the worst
outcomes in those with an initial ratio >1.63 and further deterioration (84).

6. Reproducibility

In 30 ischemic heart disease patients, the E/(e’ x s’) ratio, E/e’ ratio, and s’ velocity showed high
intra- and inter-observer reliability (ICC: 0.89-0.93) (84).

Discussion

This study is the first to demonstrate that the E/(e’ x s’) ratio provides superior prognostic value in
predicting adverse cardiac events, including death, hospital readmission, and reinfarction, in NSTE-
ACS patients post-PClI, with worsening of the ratio at six weeks associated with the worst outcomes.

The prognosis for NSTE-ACS patients is linked to myocardial damage and LV filling pressures, with
LA size, LV volume indices, and LVEF being key predictors (85,86). However, these parameters were
not retained in our multivariate analysis, possibly due to their sensitivity to factors like volume status
and LA pressure, suggesting TDI parameters provide a more accurate prognosis. LVEF assessment
may also miss regional myocardial function due to loading conditions (87).

Wang et al. found that in a diverse group of cardiac patients, both €’ and the E/e’ ratio provided
better diagnostic information than the wall motion score index and LVEF (21). An elevated E/e’ ratio,
reflecting high transmitral gradient and low e’ wave, indicates increased LV diastolic pressure and
elevated LA pressure (88). The E/e’ ratio is a strong predictor of adverse cardiac events post-myocardial
infarction (89) and correlates well with LA pressure (90). Although TDI analysis offers potential cost
savings for NSTE-ACS patients (42), relying solely on E/e’ may miss LV diastolic dysfunction (91).
Reduced e’ and s’ velocities in ischemia are linked to worse outcomes, with s’ velocity being a stronger
predictor than LVEF in ACS (92). Longitudinal dysfunction and enhanced velocity assessment could
improve risk stratification and management in ischemic heart disease (41).

We introduced the E/(e’ x s’) index, combining diastolic (E/e’) and systolic (s’) function, as a robust
predictor of adverse outcomes in cardiac patients. It effectively assesses LV filling pressures and
enhances outcome predictions in heart failure (80, 81), aligning with studies showing increased
ventricular remodelling in ACS patients with elevated LV filling pressures (93).

E/(e’ x s’) values post-acute Ml predict LV remodeling (82). Our study found that this ratio, measured
before discharge, better predicted adverse cardiac events and hospital readmission in NSTE-ACS
compared to other echocardiographic parameters.

Our study showed that the E/(e’ x s’) ratio outperformed NT-proBNP and hs-cTnl in risk stratification
for NSTE-ACS patients, despite elevated levels of NT-proBNP and troponin being linked to poorer
outcomes in ischemic events.

Limits

This study has several limitations, including a small sample size and the use of standard
echocardiographic techniques, which may limit sensitivity compared to advanced methods. We also
focused on two mitral annulus sites and excluded others, limiting regional insights. Additionally, the
study was conducted at a tertiary center, which may affect the generalizability of our findings (84).

Conclusion

In summary, our findings suggest that the E/(e’ x s’) ratio is a significant independent prognostic
indicator for cardiac events in NSTE-ACS patients post-PCI. It provided enhanced prognostic value
when combined with other predictors, with patients showing an initial ratio above 1.63 and deterioration
after six weeks having the poorest prognosis. This highlights the potential of the E/(e’ x s’) ratio in
identifying high-risk patients and guiding clinical decision-making (84).



Chapter IV
Prognostic Potential of E/(e’' x s') in Early Heart Failure

Introduction

HF has a prognosis similar to severe diseases like chronic kidney disease and cancer, with high
mortality rates regardless of symptom severity or LVEF (2,94). Even patients with preserved LVEF and
elevated LA pressure face increased risks of death and rehospitalization (4,5). Early-stage HF patients
also experience significant morbidity and mortality (94,95). Comprehensive echocardiographic
evaluations, including the E/e’ ratio, are crucial for assessing LV function and guiding treatment (96).
The E/(e’ x s') ratio, which combines diastolic and systolic function, is a strong predictor of HF outcomes
(80,81).

Objective

Our study aimed to evaluate the predictive value of the E/(e’ x s’) ratio for long-term cardiac events
in early-stage HF patients (NYHA class | and Il) during a three-month follow-up at the Institute of
Cardiovascular Diseases in Timisoara, Romania (97).

Materialis and methods
1. Study population

We conducted a prospective analysis of 500 HF patients in sinus rhythm, selecting 212 after
applying exclusion criteria, with approval from the ethics committee and adherence to the Declaration
of Helsinki (97).
2. Clinical variables

The prognostic model included clinical characteristics at admission, such as age, sex, BMI, heart
rate, mean arterial pressure, HF cause, NYHA class, NT-proBNP levels, and prescribed HF medications
(97).
3. Echocardiography

Echocardiography was performed within 24 hours of admission using Vivid 9 equipment. LAvolume,
LVEF, and mitral regurgitation were measured, along with transmitral flow (E and A velocities). TDI was
used to measure €’ and s’ velocities, calculating the E/e’ and E/(e’ x s’) ratios. Patients were divided
into two groups based on the E/(e’ % s’) ratio: Group | (£ 1.6) and Group Il (> 1.6). Follow-up was
conducted 3 months later, with worsening defined by an increase in the ratio. Intra- and inter-observer
variability were assessed with duplicate measurements (97).
4. Clinical outcomes

A major event was defined as cardiac death or hospital admission for worsening HF, with follow-up
data collected through medical records and phone interviews (97).
5. Statistical analysis

Data were analyzed using t-tests, chi-square tests, and Cox models. Kaplan-Meier analysis
assessed survival, and non-cardiac deaths were censored. Intra- and inter-observer variability were
calculated with CV and ICC, using SPSS version 26.0 (97).

Results

The study included 212 patients with HF (NYHA class I/ll, mean age 61 = 11.4 years, 64 women),
all in sinus rhythm. The average LVEF was 46 + 14.3%. Causes of HF were CAD (148 patients), non-
ischemic cardiomyopathy (34 patients), and systemic hypertension (30 patients) (97).

1. Patients’ characteristics

Group Il had significantly higher SPAP, NT-proBNP levels, and larger LA and LV dimensions. They
also exhibited elevated E wave velocity, E/A ratio, and E/e’ ratio, while showing reduced E-deceleration
time, LVEF, €’ velocity, and s’ velocity. No significant differences were found between the groups in
terms of age, sex, heart rate, BMI, NYHA class, RV function, ROA, or GMI (97).

2. Kaplan-Meier curves to predict cardiac events

46.7% experienced a major cardiac event. NYHA class alone did not significantly discriminate risk
(p=0.42) (97).

3. Predictors of outcome

Univariate Cox regression analysis identified several predictive variables for cardiac events (p <
0.05), including LA volume, SPAP, E, E/A ratio, E/e’ ratio, s’, and the E/(e’ x §’) ratio, along with NT-
proBNP levels. However, variables like age, sex, heart rate, blood pressure, NYHA class, HF etiology,
treatments, LAVI, LVEF, and others did not show significant correlations. Multivariate analysis revealed
that the E/(e’ x §’) ratio prior to discharge was the strongest independent predictor of cardiac events,
with a HR of 1.55 (95% CI: 1.100-1.202, p = 0.012) (97).

4. Worsening of E/(e’ x s") ratio during follow-up



Of the 212 patients, 92 (43.3%) had a worsening of the E/(e’ x s’) ratio after three months.
Worsening was linked to a lower cardiac event-free survival, with those initially having a ratio > 1.6
having a survival rate of 25% compared to 33.3% for those with a ratio < 1.6 (log-rank, p = 0.001).
Patients with worsening ratios had the highest rates of cardiac events, rehospitalizations, and death.
Cardiac deaths occurred in 52 patients (24.5%), while non-cardiac death rates were similar between
groups (p = 0.72) (97).

5. Reproducibility

The intra-observer ICC for E/e’, s’, and E/(e’ x s’) were 0.94, 0.95, and 0.93, respectively. The inter-
observer ICC were 0.91, 0.92, and 0.90 (97).

Discussion

This study found that an E/(e’ x s’) ratio > 1.6 predicts future cardiac events in HF patients with
NYHA class | or Il, outperforming other measures like NYHA class, CAD status, and NT-proBNP. Its
predictive value increases when assessed after three months.

Previous studies have highlighted the prognostic value of LVEF, LA size, and LV volume indices in
HF outcomes (22,98,99). However, in our multivariate analysis, variables like SPAP, LA volume, E wave
velocity, and the E/A ratio were not retained, suggesting that TDI parameters may be less influenced by
factors such as age, LA pressure, volume status, and myocardial relaxation.

Several studies have identified €’ velocity and the E/e’ ratio as strong predictors of adverse events
post-myocardial infarction, but recent findings suggest that the E/e’ ratio alone may not detect LV
diastolic dysfunction in patients with LV dysfunction (4,24,91,100-102). Additionally, the E/e’ ratio's
accuracy in assessing LV filling pressure in patients with preserved LVEF, such as those in NYHA class
| or Il, remains uncertain (103), potentially due to the similar preload sensitivity of E and e’, causing
minimal changes in their ratio (91).

Diastolic dysfunction, often alongside systolic impairment, is crucial in HF. TDI, assessing both €’
and s’ velocities, offers a modern, more effective prognostic tool. Our study shows that the E/(e’ x s’)
ratio, combining both systolic and diastolic functions, provides better prognosis prediction than
individual parameters. The E/(e’ x s’) index outperforms s’ alone, especially in patients with preserved
LVEF (81).

In our study, the E/(e’ x s’) ratio, especially with its changes over three months, was the strongest
predictor of cardiac events, worsening HF, and cardiac death in patients with HF NYHA class | or IlI.
Despite a high prevalence of CAD in the study group, which is known to contribute to LV remodeling
and prognosis, CAD was not a significant predictor of cardiac events in our cohort. Previous studies
have shown the predictive value of € and s’ in ischemic HF (43,82), but our findings suggest that the
E/(e’ x s’) index may provide a more robust evaluation in this context.

Our study found that while NT-proBNP levels correlate with prognosis in HF, the E/(e’ x §’) ratio is
a more accurate predictor of outcomes, consistent with findings by Lim et al. (2,96).

Limits

This study has limitations, including a small sample size, subjective NYHA classification, reliance
on standard echocardiography instead of advanced imaging, and focusing on TDI at only two mitral
annulus sites. Additionally, it was conducted in a tertiary invasive center, limiting broader applicability
(97).

Conclusions

The TDI-derived E/(e’ x s’) index is a strong independent predictor of long-term cardiac outcomes
in HF patients (NYHA class l/ll, sinus rhythm), with an E/(e’ x s’) ratio > 1.6, particularly when worsening
over three months, identifying high-risk individuals for adverse events (97).

Chapter V
Considering Both GLS and MD for Prognostic Value in NSTE-ACS

Introduction

NSTE-ACS carries a worse prognosis than STEMI, making risk stratification crucial for guiding
treatment and reducing readmissions (104). LV remodeling often precedes HF, with TDI and 2D STE
playing vital roles in prognosis. The E/e' ratio is a strong predictor of adverse outcomes (42,43), and s'
helps assess ischemic damage (105). 2D STE, which measures GLS and MD, offers greater accuracy
over Doppler and is a powerful tool for predicting LV remodeling, arrhythmias, and poor outcomes (105).
Despite promising results, more research is needed, particularly in NSTE-ACS patients (105).

Objective



The study aims to assess the GLS/MD ratio as a predictor of cardiac events in NSTE-ACS patients
and its potential for post-PCl management and monitoring (106).

Materials and methods

1. Study Population

Between January 2018 and May 2019, 402 consecutive NSTE-ACS patients who underwent
successful PCI in sinus rhythm were studied, with a final cohort of 310 after excluding those with
inadequate echocardiographic images or specific comorbidities, and the study was approved by the
Institutional Ethics Committee (106).

2. Clinical variables

The predictive model for this study included clinical characteristics such as age, sex, mean arterial
pressure, heart rate, BMI, peak hs-cTnl, and NT-proBNP levels, along with treatment data, and five key
cardiovascular risk factors: hypertension, CVD heredity, smoking, type 2 diabetes, and
hypercholesterolemia (106).

3. Echocardiography 2D STE

Following PCI, echocardiography was performed before hospital discharge using the Vivid 9
system, including measurements of LA volume, LAVI, LVEF, ROA, and regurgitant volume of mitral
regurgitation. Doppler measurements of transmitral flow (E and A velocities) and SPAP were taken, and
TDI was used to measure peak e’ and s’ velocities. 2D echocardiographic images were analyzed for
GLS and MD, with the GLS/MD ratio calculated. Four to six weeks later, measurements were repeated,
and inter- and intra-observer variability were assessed in a sample of 35 patients to ensure
measurement consistency (106).

4. Clinical outcomes

Patients were monitored for 24 months for outcomes like cardiac mortality, arrhythmias, HF
readmission, and reinfarction, with follow-up data gathered via medical records or contact with patients
or their relatives (106).

5. Statistical analysis

Continuous variables were presented as means with SD, categorical variables as proportions.
Unpaired t-tests, Mann-Whitney U tests, x2 or Fisher's exact tests were used for comparisons. Cox
regression and Kaplan-Meier analysis assessed predictive factors and event-free survival. Intra- and
inter-observer variability were measured using ICCs. Statistical analysis was done with SPSS (Version
21.0) (106).

Results

This study included 310 NSTE-ACS patients who underwent successful PCIl. Over a mean follow-
up of 34.7 + 8 months, 35.16% experienced cardiac events, including 6 deaths, 103 readmissions (28
with non-fatal ischemia and 75 for HF), and 29 cardiac deaths (1086).

1. Patients’ characteristics

Patients with cardiac events had higher NT-proBNP, SPAP, E-wave, E/A ratio, E/e’ ratio, GLS, and
GLS/MD ratio, along with larger LA dimensions and longer MD, while showing lower LVEF, A-wave, €/,
and s’ velocities. No significant differences were found in other factors like gender, BMI, or medication
use. The mean GLS/MD ratio at discharge was significantly lower in patients with events (-0.239 £ 0.13
vs. -0.418 £ 0.2, p < 0.001) (106).

2. ROC curves to predict cardiac events

The GLS/MD index had the highest predictive accuracy for cardiac events (AUC = 0.849), followed
by the E/e’ ratio, MD, and GLS. The optimal cut-off for GLS/MD at discharge was -0.229, with 82%
sensitivity and 73% specificity (106).

3. Predictors of outcome

Univariate analysis identified several echocardiographic parameters, including LA volume, LAVI,
LVEF, SPAP, ROA, E, A, E/A ratio, E/e’ ratio, GLS, MD, and GLS/MD ratio, as significant predictors of
cardiac events. However, E-deceleration time, RV parameters, and TAPSE were not associated with
outcomes. Multivariate analysis showed that the GLS/MD ratio before discharge was the strongest
independent predictor of composite outcomes (HR 3.621, 95% CI: 2.167-5.075, p < 0.001) (106).

4. Worsening of GLS/MD ratio during follow-up

During the 4-6 week follow-up, 100 patients (30.1%) showed worsening of the GLS/MD ratio, with
33 of them initially having a ratio greater than -0.229. Worsening of the GLS/MD ratio was linked to
significantly lower event-free survival rates, regardless of the initial value. Patients with a worsening
GLS/MD ratio and an initial value greater than -0.229 had the worst prognosis, experiencing the highest
incidence of composite outcomes, including cardiac mortality, ventricular arrhythmias, and hospital
readmissions (106).

5. Reproducibilty



In a study of 35 patients with ischemic heart disease, high intra- and inter-observer reliability was
found for GLS/MD, GLS, and MD measurements, with ICCs ranging from 0.89 to 0.94 (106).

Discussion

This study is the first to evaluate the GLS/MD index as a predictor of cardiac events in NSTE-ACS
patients post-PCI, finding that an initial ratio above -0.229 predicts higher risks of cardiac death,
arrhythmias, and readmissions, with worsened outcomes in patients who deteriorate within four to six
weeks. These findings support previous research on the importance of myocardial deformation indices
in predicting ACS outcomes (105).

Our study found no significant differences in gender, prior CVD, or cardiovascular risk factors
between groups with and without cardiac events, which is contrary to common findings in the literature
(53). While factors such as LA size, LV volume indices, and LVEF are well-established as predictors of
cardiovascular risk and survival in ACS patients (217,85,86), only LAVI, SPAP, and the E/A ratio were
identified as predictors of outcomes in univariate analysis, but were excluded in the multivariate
analysis, consistent with studies suggesting that more complex parameters, like myocardial deformation
indices, may offer better prognostic value (107).

Current guidelines recommend repeating echocardiography in ACS patients with LV systolic
dysfunction after 6-12 weeks, using LVEF. However, GLS has proven more accurate in predicting heart
failure risk and assessing myocardial damage, detecting dysfunction earlier and more sensitively than
LVEF (53).

In STEMI patients, MD correlates with systolic and diastolic function (GLS, E/e’), infarct size, and
electrical dispersion (QRS duration), all of which are strong predictors of heart failure outcomes (108-
109). Additionally, MD is a robust predictor of arrhythmic events, with GLS providing valuable risk
stratification (61).

Research shows that 2D STE strain analysis, especially GLS, is more effective than LVEF in
evaluating myocardial function after ACS (53), with GLS proving reliable for risk stratification, even in
patients with preserved EF (110). Our study found that a GLS/MD ratio greater than -0.229 before
discharge, along with worsening in the following weeks, independently predicts a higher risk for cardiac
events, including death, arrhythmias, and hospital readmission (106).

Limits

This study has limitations, including a small sample size, single-center design, and a 24-month
follow-up period, which may affect generalizability and long-term outcome assessment (106).

Conclusion

In conclusion, the GLS/MD ratio is a strong independent predictor of cardiac events in NSTE-ACS
patients post-PCl. An initial ratio greater than 0.229, particularly if it worsens in the following weeks,
identifies high-risk patients for poor outcomes, including arrhythmias and readmissions, and may guide
more intensive monitoring and intervention (106).

Chapter VI
Final Conclusions

In summary, our research highlights the prognostic value of echocardiographic parameters in
assessing cardiac risk in NSTE-ACS and HF patients. The E/(e’ x s’) ratio, derived from TDI, is a strong
predictor of long-term outcomes in both groups. In NSTE-ACS patients post-PCl, an initial ratio greater
than 1.63, particularly if it worsens over six weeks, indicates a higher risk of adverse events, including
cardiac death and readmission. In HF patients (NYHA class l/ll), an E/(e’ x s’) ratio above 1.6, especially
with worsening over three months, identifies those at higher risk of cardiac death and hospitalization.

Additionally, the GLS/MD ratio from 2D STE is a significant predictor in NSTE-ACS patients,
with a value greater than 0.229 linked to a higher incidence of readmission and ventricular arrhythmias.
These findings support the utility of the E/(e’ x s’) and GLS/MD ratios in risk stratification, guiding clinical
decisions for more intensive monitoring and interventions.

Overall, integrating advanced echocardiographic parameters into routine clinical practice
enhances risk assessment and management for NSTE-ACS and HF patients. Future research should
validate these parameters across diverse populations to solidify their role in improving patient care. TDI
and STE complement conventional techniques, offering a more comprehensive understanding of
ventricular function and providing valuable tools for personalized management of HF and ischemic heart
disease.
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	• Imagistica 2D strain color: Această tehnică analizează imagini dinamice 2D în tonuri de gri pentru a genera imagini de deformare cu coduri de culori, reflectând deformarea miocardică în timpul ciclului cardiac. Un model uniform de culoare indică o c...
	• Curbe de deformare regională (longitudinală, radială, circumferențială): Urmărirea speculilor permite analiza deformării miocardice în trei direcții - longitudinală, radială și circumferențială - fără dependență de unghiul față de direcția ultrasune...
	• Bull’s eye: Rezultatele finale sunt rezumate într-o diagramă numită "Bull’s eye", care afișează deformarea și alți parametri pentru toate segmentele VS. Software-ul calculează, de asemenea, mediile globale pentru măsurătorile cheie, oferind o evalua...
	Valoarea prognostică incrementală a raportului E/(e'( s') la pacienții cu sindrom coronarian acut fără supradenivalre de segment ST
	5. Agravarea raportului E/(e' ( s') în timpul urmăririi
	La șase săptămâni după externare, 45,6% dintre pacienți au prezentat o agravare a E/(e' × s'), inclusiv 20,5% dintre pacienți cu un raport inițial >1,63. Această înrăutățire a fost legată de o supraviețuire fără evenimente mai mică (p = 0,001), cu rez...
	6. Reproductibilitate
	La 30 de pacienți cu boli cardiace ischemice, raportul E/(e' × s'), raportul E/e' și viteza au arătat o fiabilitate ridicată intra- și inter-observator (ICC: 0,89-0,93) (84).

	• 2D strain color imaging : This technique analyzes dynamic 2D greyscale images to generate color-coded strain images, reflecting myocardial deformation during the cardiac cycle. A uniform color pattern indicates normal contraction, making it primaril...
	• Longitudinal, radial, circumferential regional strain curves: Speckle tracking enables the analysis of myocardial deformation in three directions —longitudinal, radial, and circumferential — without angle dependency. Longitudinal strain appears as a...
	• Bull’s eye: The final results are summarized in a “bull’s eye” diagram, which displays strain and other parameters for all LV segments. The software also calculates global averages for key measures, providing an overall assessment of myocardial func...
	The Incremental Prognostic Value of E/(e’( s’) Ratio in patients with Non-ST-Segment Elevated Acute Coronary Syndrome
	5. Worsening of E/(e’ ( s’) ratio during follow-up
	Six weeks post-discharge, 45.6% of patients showed worsening E/(e’ × s’), including 20.5% with an initial ratio >1.63. This worsening was linked to lower event-free survival (p = 0.001), with the worst outcomes in those with an initial ratio >1.63 and...
	6. Reproducibility
	In 30 ischemic heart disease patients, the E/(e’ × s’) ratio, E/e’ ratio, and s’ velocity showed high intra- and inter-observer reliability (ICC: 0.89–0.93) (84).


