UNIVERSITATEA DE MEDICINA S| FARMACIE
»VICTOR BABES” DIN TIMISOARA

FACULTATEA DE MEDICINA
DEPARTAMENTUL | - ANATOMIE $I| EMBRIOLOGIE

LUPU DIDUTA ALINA

j n
) L= <
-

et —

" UNIVERSITATEA
DE MEDICINA SI FARMACIE
VICTOR BABES“ DIN TIMISOARA

TEZA DE DOCTORAT

CORELATII CLINICE, ANATOMICE, IMAGISTICE
ALE RADACINEI AORTICE, ARCULUI AORTIC,
AORTEI TORACICE S| AORTEI ABDOMINALE

LA PACIENTII PROPUSI PENTRU
TEHNICI INTERVENTIONALE PERCUTANE

REZUMAT

Conducator de doctorat
~ Profesor Universitar Doctor Adelina Jianu

Timisoara
2025



CUPRINS

LISTA LUCRARILOR STIINTIFICE PUBLICATE ......coooiuiirierineeeieeieeeeenee v
LISTA CU ABREVIERI SI SIMBOLURI.ERROR! BOOKMARK NOT DEFINED.
LISTA FIGURILOR........cccoviiiieeeiieeene ERROR! BOOKMARK NOT DEFINED.
LISTA TABELELOR........coociiiiiiieees ERROR! BOOKMARK NOT DEFINED.
DEDICATIE ... ERROR! BOOKMARK NOT DEFINED.
MULTUMIRI ..o ERROR! BOOKMARK NOT DEFINED.
L INTRODUCERE.........oo e s s 1
Il. PARTEA GENERALA ...ttt et ensas e se e eneas s s ensas e enes 4
I.1. GENERALITATI DESPRE ANEVRISMELE AORTICE................... ERROR!
BOOKMARK NOT DEFINED.

[1.1.1. Epidemiologie..........cooviuiiiieeeeeinnnns Error! Bookmark not defined.

I1.1.2. Standarde anatomice de descriere a anevrismelor aortice....... Error!
Bookmark not defined.

I1.1.3. Clasificarea anatomica...........c.......... Error! Bookmark not defined.
[1.11.4. Etiologie ......ccvvviieeiiiiiieeeeeeeeee Error! Bookmark not defined.
11.1.5. Clasificare clinica ..........c.cccovveeeeeeennn.. Error! Bookmark not defined.

[1.1.6. Impactul anevrismelor aortice asupra sistemelor de sanatate .. Error!
Bookmark not defined.

I1.2. ANEVRISMELE TORACICE.......... ERROR! BOOKMARK NOT DEFINED.
[1.2.1. Generalitati...............cccocoeiiiiiis Error! Bookmark not defined.
11.2.2. Factoride risC......c.ccoeevvvveeeeiireeee, Error! Bookmark not defined.
[1.2.3. DiagnoStiC ........ceevvveeiiiiiiiiieeeeeeees Error! Bookmark not defined.
11.2.4. Tratament...........cccooeeiiiiiiieiee, Error! Bookmark not defined.

[1.3. ANEVRISMELE TORACO-ABDOMINALEERROR! BOOKMARK NOT
DEFINED.

[1.4. ANEVRISMELE ABDOMINALE .....ERROR! BOOKMARK NOT DEFINED.

[1.4.1. Generalitati...............ccocoeiiiiiinns Error! Bookmark not defined.
[1.4.2. Factori de riSC........ccccuevveeeiiiiiiiiiiinnes Error! Bookmark not defined.
11.4.3. Riscul de ruptura ...........ccccccvuuinnnnnnee Error! Bookmark not defined.
[1.4.4. Screening .......cccceeiiieeeeiiiiiee e Error! Bookmark not defined.
[1.4.5. Tratament medicamentos ................. Error! Bookmark not defined.

II



11.4.6 Repararea chirurgicala sau endovasculara a anevrismelor de aorta
abdominala...........ccoooiiiii e, Error! Bookmark not defined.

. PARTEA SPECIALA ........ooooeeeeerecereceressase s e s e s s s s e s s se e e e e nesensnenes 6

[1.1. STUDIUL 1. PREVALENTA ANEVRISMELOR AORTICE LA PACIENTI CU
ANGINA PECTORALA DE EFORT SI RISC CARDIOVASCULAR

INALT/FOARTE INALT IN PARTEA DE SUD-VEST A ROMANIEI................... 6

H.1.1. Introducere ......cc.ooooeviiiiiiiieieeeeeeeeeee, Error! Bookmark not defined.

11T B @ | o1 =Tex 11T 6

[11.1.3. Material i metoda............ccoooiiiiiiiiii 6

HI1.4A. REZURALE oo 8

[11.1.5. DisCutii.....ccooovvriiiiiiiiiiii e, Error! Bookmark not defined.
l1l.2. STUDIUL 2. FACTORI ANATOMICI CARE INFLUENTEAZA REPARAREA
ENDOVASCULARA A ANEVRISMELOR DE AORTA ABDOMINALA ............ 11

1.2.1. Introducere ..........ccoooviviiiiceeeieeeeeeeees Error! Bookmark not defined.

[1.2.2. ODIECHIVE ....uviiiiiiiiiiiiiieeeeee ettt e e e 11

[11.2.3. Material si metoda...........cccoociiiiiiiii 11

H1.2.4. REZURALE ..o 13

[11.2.5. Anevrisme de aorta abdominala - exemple.....Error! Bookmark not

defined.

[11.2.6. Anevrismele de aorta toracica - exemple........ Error! Bookmark not

defined.

11.2.7. DisCUtii.......coooceriiiiiiiiinci e, Error! Bookmark not defined.
[1.3. STUDIUL 3. CORELATIA DINTRE NIVELURILE MARKERILOR SERICI
MMP-9/D-DIMERI SI ANEVRISMUL DE AORTA ABDOMINALA ................... 14

1.3.1. Introducere ...........coooviviiiceeeieeeeeeeees Error! Bookmark not defined.

[1.3.2. ODIECHIVE ....uuviiiiiiiiiieeteeeeee ettt e e 14

[11.3.3. Material si metoda...........cccoociiiiiiiii 14

H1.3.4. REZURALE ..o 16

[11.3.5. DisCUtii........ccocvvriiiiiiiiiicieeiee e, Error! Bookmark not defined.
00 ] 0 10004 | 17
BIBLIOGRAFIE ........... s san s sssssnnssnnssnnssnnnnnnnnmnsmmnnmmnnmmnnmnnmnnnns 19

ARTICOLE PUBLICATE IN EXTENSO ERROR! BOOKMARK NOT DEFINED.

III



LISTA LUCRARILOR STIINTIFICE PUBLICATE

1Y%

Brie DA, Jianu AM, Popescu R, Marcovici T, Muntean |, Puscasiu D,
Mituletu M, Brie DM, Boruga M. A review of abdominal aortic aneurysms:
risk factors, screening, pharmacological approach. Farmacia, Issue 2, pg.
262-272, mar-apr 2024. DOI 10.31925/farmacia.2024.2.3

revista ISI- IF =1,4

Brie. DA, Jianu AM, Popescu R, Cerbulescu T, Brie DM, Boruga M.
Prevalence of Aortic Aneurysms in Patients with Exertional Angina Pectoris
and High/Very High cardiovascular Risk in the Southwestern Region of
Romania. Acta Scientific Women's Health 6.9 (2024): 14-18- DOI:
10.31080/ASWH.2024.06.0613

revista ISI- IF=0,894

Brie DA, Jianu AM, Popescu R, Cerbulescu T, Dema S, Brie DM, Boruga VM.
Aortic aneurysm in patients with atherosclerotic coronary artery disease in the
southwestern region of Romania-clinical and histopathological study. Rom J
Morphol Embryol. 2024 Apr-Jun;65(2):251-256.DOI: 10.47162/RJME.65.2.11
revista ISI- IF=1,2

Brie DA, Jianu AM, Popescu R, Brie DM, Boruga M. Is Serum Matrix
Metalloproteinase 9 and/or D-Dimer Levels a Marker for Identifying

Abdominal Aortic Aneurysms in Patients with Significant Coronary


https://doi.org/10.47162/rjme.65.2.11

\Y

Atherosclerosis? Curr Health Sci J. 2024 Jul-Sep;50(5):405-410- DOI:
10 12865/CHSJ.50.03.07
1 B + indexata PubMed


https://doi.org/10.12865/chsj.50.03.07




I. INTRODUCERE

(a) Motivatia alegerii temei de cercetare

Anevrismele de aorta (AA) sunt de regula asimptomatice fiind descoperite
intdmplator, de cele mai multe ori cu ocazia explorarilor imagistice (ecografie,
tomografie computerizata - CT, rezonanta magnetica nucleara - RMN) efectuate
pentru alte indicatii (1, 2). Una dintre complicatile cele mai de temut ale
anevrismelor aortice este ruptura anevrismului care este de obicei fatal3,
constituind una dintre cauzele de moarte subita cardiaca (3, 4). Mortalitatea totala
prin ruptura de AA este mare fiindde 80-90% (5, 6). Numai aproximativ 50% dintre
pacienti cu AA ajung la spital dupa ruptura, iar din acesti numai aproximativ 50%
mai supravietuiesc interventiei chirurgicale (7-10), cu o usoara imbunatatire a
situatiei, mai ales datoriti metodelor de screening (11, 12). In functie de
localizarea anatomica anevrismele aortice se clasifica in anevrisme toracice
(TAA), anevrisme toraco-abdominale (TAAA) si anevrisme aorto-abdominale
(AAA) (13). Relatia dintre arteoscleroza (ATS) si AA a fost si este una
controversata. Studiile din ultimii ani au aratat ca AA si ATS ar avea factori de risc

comuni si ca ATS ar fi cauza a peste 80% din AA, mai ales in cazul AAA (14, 15).

(b) Importanta si actualitatea temei

Un anevrism este definit ca dilatarea peretelui arterial, diametrul
peretelui depasind de 1,5 ori diametrul normal. Anevrismul de aorta se poate
dezvolta la orice nivel, dar este cel mai frecvent intalnit la nivel abdominal,
infrarenal si se intinde pana pe arterele iliace (16). Astfel ca la nivelul aortei
abdominale un diametru mai mare de 3 cm este definit ca anevrism de aorta
abdominala (AAA) (1). Anevrismul de aorta toracica (TAA) reprezinta o dilatare
cu minim 50% fatd de normal care cuprinde toate trei straturile din structura
peretelui (17). Anevrismele de aorta sunt de obicei asimptomatice fiind
descoperite la diverse investigatii imagistice efectuate pentru alte patologi (18-

20). Ruptura anevrismelor este de obicei dramatica, fiind una dintre cauzele de



moarte subita cardiaca (20-22). Astfel ca screening-ul pentru depistarea precoce
a acestora Tnainte de rupturd sau alte complicatii este foarte important (1, 23,
24). Tratamentul preventiv in cazul anevrismelor presupune un screening
adecvat pentru diagnosticarea, urmarirea prin metode imagistice si reparea
cand este cazul. Tratamentul medicamentos al anevrismelor nu este eficient in
stoparea evolutiei lor (25, 26). Tratamentul chirurgical si mai nou tratamentul
endovascular constituie singurele metode eficace de reparare a anevrismelor
(13, 26).

(c) Incadrarea temei in preocupdri internationale, nationale si zonale, ale
obiectivului de cercetare

Tratamentul endovascular reprezinta o metoda moderna, mai putin
invaziva pentru tratamentul anevrismelor toracice, cat si abdominale (27-29).
Anatomia anevrismului joaca un rol foarte important in succesul proceduri de
reparare endovasculara. Astfel cd o selectie adecvatd bazatd pe anatomia
anevrismului este foarte importantd Tnainte de interventie (30). In ultimii ani
tratamentul endovascular al anevrismelor a luat avant si in Romania, la fel ca in
Europa si SUA. Pentru acesta este extrem de importantd diagnosticarea
precoce a pacientilor cu anevrism de aorta inainte sa apara complicatiile, mai
ales ruptura sau disectia care se insotesc de mortalitate foarte mare. in acest
scop credem ca un program de screening adaptat nevoilor si realitatilor din tara

noastra este absolut necesar.

(d) Obiectivele studiului-1. Primul obiectiv al studiului nostru este de investiga
prevalenta AA la pacienti cu boala coronariana aterosclerotica care au fost
adresati pentru investigatii invazive (angiocoronarografie) unui centru tertiar din
Romania. De asemenea scopul nostru a fost de a identifica factori de risc
cardiovasculari care se asociaza cu AA precum si legatura dintre severitatea

bolii coronariene si AA.



2. Un al doilea obiectiv si cel mai important al studiului a fost identificarea
anatomiei favorabile pentru repararea endovasculara a AAA si TAA la pacienti
cu boalad coronariand, ateroscleroza coronariana >50% pe cel putin o artera
epicardica mare care au fost diagnosticati si cu AAA si/sau TAA.

3. Un al treilea obiectiv a fost de a stabili o corelatie dintre nivelurile serice ale
metalo-proteinazei 9 din matrice (MMP-9) si/sau D-Dimeri si prevalenta AAA la
pacienti cu boala coronariana aterosclerotica. Acest lucru care ar putea duce la
imbunatatirea metodelor actuale de screening pentru diagnosticul AA, mai ales
la o populatie cu risc cardiovascular crescut cum sunt pacientii cu boala

coronariana aterosclerotica.

(e) Prezentare lucrarii - Studiul nostru a inclus pacienti cu angina pectorala de
efort care au fost adresati pentru explorare invaziva Institutului de Boli
Cardiovasculare Timisoara. Dupa explorare, la pacientii care au avut leziuni
aterosclerotice semnificative (definite prin prezenta a cel putin o placa de aterom
stenozanta mai mult de 50% la nivelul unui vas epicardic mare) s-a continuat
investigatia cu efectuare unei arteriografii aortice periferice. Scopul acesteia a
fost de a detecta pacienti care pe langa boala coronariana aterosclerotica au si
anevrism aortic. Stim ca pacienti cu boala coronariana aterosclerotica sunt la
risc cardiovascular Tnalt/foarte inalt si am vrut in prima faza sa stabilim la
aceasta categorie populationala care este incidenta anevrismelor de aorta
(anevrisme toracice, toraco-abdominale si abdominale). Practic am folosit
angiografia periferica ca metoda de screening la o populatie aflata la risc
cardiovascular crescut. Un aspect important al studiului a fost si corelarea dintre
diversi factori de risc cardiovascular si prezenta anevrismului de aortd. Dupa
diagnosticare a urmat clasificarea anevrismelor in functie de anatomie si in
functie de dimensiune. La cele cu dimensiuni mari care necesita interventie
conform ghidurilor in vigoare ne-a interesat factori anatomici care favorizeaza
repararea endovasculara a anevrsimului. De asemene am studiat cum anumiti
markeri biologici cum ar fi MMP-9 si/sau D-Dimeri se coreleaza cu diagnosticul

de anevrism de aorta abdominala



I. PARTEA GENERALA

1.1. INTRODUCERE

Anevrismele de aorta (AA) sunt de regula asimptomatice fiind descoperite
intamplator, de cele mai multe ori cu ocazia explorarilor imagistice (ecografie, CT,
RMN) efectuate pentru alte indicatii (1, 2). Una dintre complicatiile cele mai de temut
ale anevrismelor aortice este ruptura anevrismului care este de obicei fatala,
constituind una dintre cauzele de moarte subita cardiaca (3, 4). Mortalitatea totala
prin ruptura de AA este mare, fiind de 80-90% (5, 6). Numai aproximativ 50% dintre
pacienti cu AA ajung la spital dupa ruptura, iar din acesti numai aproximativ 50%
mai supravietuiesc interventiei chirurgicale (7-10), cu o usoara imbunatatire a
situatiei, mai ales datorita metodelor de screening (11, 12). in functie de localizarea
anatomica anevrismele aortice se clasifica in anevrisme toracice (TAA), anevrisme
toraco-abdominale (TAAA) si anevrisme aorto-abdominale (AAA) (13). Relatia
dintre arteroscleroza (ATS) si AA a fost si este una controversata. Studii din ultimii
ani au aratat ca AA si ATS ar avea factori de risc comuni si ca ATS ar fi cauza a
peste 80% din AA, mai ales in cazul AAA (14, 15).

Un anevrism este definit ca dilatarea peretelui arterial, diametrul
peretelui depasind de 1,5 ori diametrul normal. Anevrismul de aorta se poate
dezvolta la orice nivel, dar este cel mai frecvent intalnit la nivel abdominal,
infrarenal si se intinde pana pe arterele iliace (16). Astfel ca la nivelul aortei
abdominale un diametru mai mare de 3 cm este definit ca anevrism de aorta
abdominala (AAA) (1). Anevrismul de aorta toracica (TAA) reprezinta o dilatare
cu minim 50% fatd de normal, care cuprinde toate trei straturile din structura
peretelui (17). Anevrismele de aorta sunt de obicei asimptomatice fiind
descoperite la diverse investigatii imagistice efectuate pentru alte patologi (18-
20). Ruptura anevrismelor este de obicei dramatica, fiind una dintre cauzele de
moarte subita cardiaca (20-22). Astfel ca screening-ul pentru depistarea precoce

a acestora Tnainte de rupturd sau alte complicatii este foarte important (1, 23,



24). Metodele actuale de screening si tratament pot scapa la diagnostic anumite
anevrisme de mari dimensiuni la categorii populationale cu risc mai mic, precum
si pe cele cu rata de crestere accelerata. Nu toate AA au aceiasi rata de crestere,
precum si riscul de ruptura difera foarte mult (31).

Sunt putine date in literatura care sa ne arate prevalenta anevrismelor
de aorta n populatia Romaniei, cu atat mai mult prevalenta la o populatie aflata
la risc cardiovascular inalt/foarte Tnhalt, cum sunt pacientii cu boala coronariana

aterosclerotica.



Il. PARTEA SPECIALA

I1.1. STUDIUL 1. PREVALENTA ANEVRISMELOR AORTICE
LA PACIENTI CU ANGINA PECTORALA DE EFORT SIRISC
CARDIOVASCULAR INALT/FOARTE INALT iN PARTEA DE
SUD-VEST A ROMANIEI

1.1.1. OBIECTIVE

Primul obiectivul al studiului nostru este de a investiga prevalenta AA la
pacienti cu boald coronariand ateroscleroticid care au fost adresati pentru
investigatii invazive (angiocoronarografie) unui centru tertiar din Roméania. De
asemenea scopul nostru a fost de a identifica factori de risc cardiovasculari care
se asociaza cu anevrismele aortice precum si legatura dintre severitatea bolii
coronariene si anevrismele aortice.

Stabilirea prevalentei anevrismelor aortice la o populatie cu factori de risc
cardiovascular, simptomatologie anginoasa si leziuni aterosclerotice coronariene
este importanta din mai multe motive. Pe de o parte, ne ajuta sa stabilim un link
intre ateroscleroza coronariana, factori de risc cardiovasculari si anevrismele
aortice. De asemenea ea ar duce la stabilirea incidentei anevrismelor aortice la o
populatie cu risc cardiovascular crescut, cum sunt pacientii cu ateroscleroza
coronariand. Acest lucru ar putea duce la rafinarea metodelor actuale de
screening pentru diagnosticul anevrismelor de aorta abdominala, mai ales la o

populatie cu risc cardiovascular crescut, cum este zona de SV a Romaniei.

I.1.2. MATERIAL S| METODA

in perioada 01.01.2021-01.06.2023, am realizat un studiu prospectiv in

care a fost investigaté prevalenta anevrismelor aortice la pacienti cu angina



pectorala de efort (clasa canadiana I-Ill) care au fost adresati Institutului de Boli
Cardiovasculare din Timisoara pentru explorarea invaziva (angio-
coronarografie). Am inclus in studiul pacienti cu sindrom coronarian cronic,
angina pectorala de efort stabila (Clasa Canadiana I-lll (32, 33)) care au fost
adresati spitalului nostru pentru angiocoronarografie invaziva.

Criterii de excludere:

- pacientii cu sindrom coronarian acut (angina instabild, NSTEMI sau
STEMI), incluzénd pe cei cu modificari ECG in dinamica (supradenivelare sau
subdenivelare de segment ST, unde T negativ) la care s-au adaugat modificari
enzimatice (troponina pozitiva). De asemene au fost exclusi cei cu angina de
Nnovo sau angina agravata

- patologie acuta a aortei (disectie de aorta de orice tip, ruptura de perete
aortic, ulcer penetrant aortic sau hematom intramural)

- boala cronicéa de rinichi (RFG <30 ml/min/1,73m?)

- insuficienta cardiaca cu FEVS<40%

- anemie

- sarcina

- alergie la substanta de contrast.

De asemenea nu au fost inclusi pacienti care erau cunoscuti cu anevrism
de aorta abdominala sau toracica.

Pacienti cu artere coronare fara leziuni aterosclerotice semnificative la
nivelul arterelor coronare (stenoze <50% la nivelul arterelor coronare (34),
estimata vizual la angiocoronarografie si confirmate prin quantitative coronary
angiography (QCA)) au fost de asemenea exclusi din analiza finala.

Tuturor pacientilor care au avut boala coronariana ATS (stenoza >50% la
nivelul a cel putin unei artere coronare epicardice mari) s-a efectuat arteriografie
aortica. Arteriografia aortica a fost efectuata folosind un cateter pigtail de 6F prin
care s-au realizat doua injectari de substanta de contrast (20 ml cu 25 ml/min)
cu ajutorul unui angiomat la la nivelul crosei aortice (pentru a defini aorta la inel,

aorta ascendenta, cros aortica si aorta descendenta pana la nivelul diafragmului)



si la nivelul aortei abdominale suprarenal (pentru a defini aorta abdominala si
arterele iliace bilateral). Au fost diagnosticatii cu AAA cei cu diametru mai mare
de 3 cm (35). La nivelul aortei toracice un diametru de peste 4 cm a fost denumit
dilatarea aortei toracice (TAD), iar peste 4,5 cm anevrism de aorta toracica
(TAA) (35).

La cei care a fost identificat un diametru mai mare de 4 cm la nivelul
aortei abdominale, respectiv 4,5 cm pentru aorta toracica, au fost adresati sa
efectueze angio CT pentru o mai buna definire si caracterizare anatomica a AA.
inainte de efectuarea angiocoronarografiei si arteriografiei aortice pacientii au
semnat un consimtamant informat. Studiul a fost aprobat de catre comitetul de

etica al IBCV Timisoara.

1.1.3. REZULTATE

Dupa efectuarea coronarografiei la 2458 pacienti cu angina pectorala,
adresati IBCV Timisoara s-a constatat ca 1844 pacienti (75%, figura 3) au avut
cel putin o placa de aterom stenozanta >50% la nivelul arterelor coronare (686
pacienti, 37%) cu boala coronariana monovasculara, 623 pacienti (34%) cu boala
coronariana bivasculara, 535 pacienti (29%) cu boala coronariana trivascular. La
cei 1844 pacienti cu boald coronariana ATS semnificativd s-a efectuat si
arteriografie periferica (injectare de substanta de contrast la nivelul aortei toracice
si abdominale) pentru depistarea anevrismelor de aorta.

Varsta medie la cei 1844 de pacienti care au fost supusi
angiocoronarografiei a fost de 63 + 12,5 ani. Acesta a fost mai mare la cei care
au fost diagnosticati cu anevrism de aorta (70 + 7,5 ani) comparativ cu cei fara
anevrism de aorta (62 + 8,5 ani, p <0,005). in grupul pacientilor care au fost
diagnosticati cu anevrism de aorta s-a constatat o proportie mai mare a celor
peste 65 ani comparativ cu pacienti fara anevrism de aorta (60% vs 46,7%,
p<0,001). Daca luam in considerare factori de risc cardiovascular, pacienti cu

anevrism de aorta au fost mai degraba barbati (75% vs 68,9%, p <0,005), fumatori
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(61% vs 48,5, p <0,001), dislipidemici (60% vs 52,8%, p<0,005). in grupul
pacientilor fara anevrism de aorta s-a constatat o incidenta mai mare a pacientilor
cu diabet zaharat, fara a atinge insa semnificatia statistica (21% vs 15%,
P=0,694). Nu au existat diferente semnificative referitor la pacienti cu HTA intre
pacienti cu anevrism de aorta si cei fara anevrism (70,2% vs 67,5%, P=0,730).

S-a observat o incidentd mai crescuta a anevrismelor de aorta la pacienti
cu boala coronariana trivasculara (40% vs 26,75%, p <0,001) si nu la cei cu
boala coronariand monovasculara (38,14% vs 37%, p=0,823) sau boala
coronariana bivasculara (35% vs 33,5%, p=0,674).

Prevalenta anevrismelor de aorta a fost de 17% (312 pacienti). Dintre
anevrismele de aorta (312 pacienti) cele mai multe au fost anevrismele de aorta
abdominala (AAA-173 pacienti, 9,4%), urmate de dilatari ale aortei toracice
(DAT-88 pacienti, 4,8%), anevrisme toracice (AAT-38 pacienti, 2,1%) si
anevrisme toracoabdominale (AATA-13 pacienti, 0,7%). Dilatarea aortei toracice
a fost denumita daca aorta toracica are mai mult de 4 cm, iar daca a avut peste
4,5 cm s-a folosit termenul de anevrism de aorta toracica.

Dilatarea aortei toracice (diametru intre 4-4,5 cm) a fost diagnosticata la
88 de pacienti (prevalenta de 4,8%) - figura 7,8,9, anevrismul de aorta toracica
(diametru peste 4,5 cm) la 38 de pacienti (prevaleta de 2,1%) - dintre care 5
pacienti au avut diametru peste 5 cm (prevalenta 0,27%).

Dintre anevrismele de aortd abdominala 59 pacienti (34,1%) au avut
diametru intre 3,0-3,9 cm, 60 pacienti (34,6%) au avut diametru intre 4,0-4,9 mm
si 54 pacienti (31%), au avut diametru >5,0 mm.

Pentru cei cu anevrism toracic prevalenta a fost mai mare la femei
(3,43% vs 1,47%, p <0.005), iar la AAA incidenta mai mare a fost la barbati
(11,38% vs 4,7%, p <0.0001).

Anevrismele de aorta abdominala au avut o prevalenta mai mare la cei
peste 65 ani (12,5% vs 3,25%, p <0,001), barbati (11,38% vs 4,7%, p <0,001),
fumatori (12,5% vs 3,25%, p <0,0001), dislipidemie (11% vs 7,4%, p < 0,005)
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precum si la cei cu boala coronariana trivasculara (13,6% vs 6,7% la cei cu boala
monovasculara, p <0,005).

La anevrismele de aorta toracicd nu s-a constat o prevalenta mai
crescuta in functie de factori de risc cardiovasculari cu exceptia hipertensiuni
arteriale. Astfel la pacienti hipertensivi prevalenta anevrismelor de aorta toracica
a fost de 2,4% vs 1,35% la cei fara HTA, p <0,005.

Un numar de 13 pacienti au fost diagnosticati cu anevrisme toraco-
abdominale (o prevalenta de 0,76%). Dintre factori de risc la aceasta categorie
s-a remarcat incidenta crescuta a hipertensiuni arteriale si a dislipidemiei.

in analiza multivariatd efectuata prezenta anevrismele de aorta
abdominala a fost corelata pozitiv cu varsta de peste 65 ani (OR=2,1, 95% CI
1,51-2,91), sexul masculin (OR=2,6, 95% CI 1,69-4,00), statutul de fumator
(OR=2, 95% CI 1,44-2,78) si boala coronariana trivasculara (OR=1,91, 95% CI
1,38-2,61). AAA nu au fost asociate cu HTA (OR=0,66, 95% CI 0,48-0,91) sau
cu diabetul zaharat (OR=0,82, 95% CI 0,56-1,24). Tot in aceasta analiza TAA
s-a asociat pozitiv cu HTA (OR=1,78, 95% CI 0,81-3,91), fara asociere cu varsta
de peste 65 ani (OR=0,9, 95% CI 0,47-1,73), sexul masculin (OR=0,41, 95% CI
0,22-0,79), statusul de fumator (OR=0,8, 95% CI 0,42-1,53), dislipidemie
(OR=0,61, 95% CI 0,31-1,1), boala coronariana trivasculara (OR=0,72, 95% CI
0,34-1,54), diabetul zaharat (OR=0,74, 95% CI 0,30-1,79).

10
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2. STUDIUL 2. FACTORI ANATOMICI CARE
INFLUENTEAZA REPARAREA ENDOVASCULARA A
ANEVRISMELOR DE AORTA ABDOMINALA

1.2.1 OBIECTIVE

Obiectivul acestui de al doilea studiu a fost identificarea anatomiei
favorabile pentru repararea endovasculara a AAA si TAA la pacienti cu boala
coronariana, ateroscleroza coronariana >50% pe cel putin o artera epicardiaca
mare care au fost diagnosticati si cu AAA si/sau TAA. Acest lucru este foarte
important deoarece tratamentul endovascular reprezintd o metodd moderna,
mai putin invaziva pentru tratamentul anevrismelor toracice, cat si abdominale
(27-29) si care a fost implementatd cu succes si In centre specializate din
Roméania. Anatomia anevrismului joaca un rol foarte important in succesul
proceduri de reparare endovasculara. Astfel ca o selectie adecvata bazata pe
anatomia anevrismului este foarte importanta nainte de interventie, acest lucru

fiind corelat cu pronosticul pacientilor pe termen lung.

1.2.2. MATERIAL S| METODA

in studiu au fost introdusi pacienti cu angina pectorala de efort, cu
indicatie de coronarografie care s-au adresat Insitutului de Boli Cardiovasculare
Timisoara, un centru tertiar din partea de sud-vest a Romaniei. Criteriile de
includere si excludere sunt similare cu cele de la primul studiu, cel despre
prevalenta anevrismelor aortice.

Tuturor pacientilor care au avut boala coronariana ATS (stenoza >50%
la nivelul a cel putin unei artere coronare epicardice mari) s-a efectuat
arteriografie aorticad. Pacienti cu artere coronare fara leziuni aterosclerotice
semnificative la nivelul arterelor coronare (stenoze <50% la nivelul arterelor
coronare (34), estimate vizual la angiocoronarografie si confirmate prin

quantitative coronary angiography (QCA)) au fost de asemenea exclusi din
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analiza finala. Arteriografia aortica a fost efectuata folosind un cateter pigtail de
6F prin care s-au realizat doua injectari de substanta de contrast (20 ml cu 25
ml/min) cu ajutorul unui angiomat la nivelul crosei aortice (pentru a defini aorta
la inel, aorta ascendenta, cros aortica si aorta descendenta pana la nivelul
diafragmului) si la nivelul aortei abdominale suprarenale (pentru a defini aorta
abdominala si arterele iliace bilateral). Au fost diagnosticatii cu AAA cei cu
diametru mai mare de 3 cm (35). La nivelul aortei toracice un diametru de peste
4 cm a fost denumit dilatarea aortei toracice (TAD), iar peste 4,5 cm anevrism
de aorta toracica (TAA) (35).

La cei care a fost identificat un diametru mai mare de 4 cm la nivelul
aortei abdominale, respectiv 4,5 cm pentru aorta toracica au fost adresati sa
efectueze angio CT pentru o mai buna definire si caracterizare anatomica a AA.
inainte de efectuarea angiocoronarografiei si arteriografiei aortice pacientii au
semnat un consimtamant informat. Studiul a fost aprobat de catre comitetul de
etica al IBCV Timisoara.

La cei la care a fost depistat un AA si acesta avea indicatie de reparare
(chirurgicala sau interventionald) s-a efectuat angio CT. Descriere anevrismului
a urmarit anumiti parametri anatomici pentru a identifica pacienti care s-ar fi
pretat la repararea endovasculara a anevrismului.

Anatomia anevrismelor >5 cm a fost comparata cu indicatiile standard de
folosire (standard IFU) recomandate pentru majoritatea producatorilor de
proteze endovasculare, precum si cu cele extinse (extand IFU).

In analiza anatomica care a avut drept scop identificarea anatomiei
anevrismelor favorabile pentru repararea endovasculara au fost exclusi pacienti
cu anevrisme toraco-abdominale, intrand numai anevrismele de aorta
abdominala cu diametru mai mare de 5 cm si cele toracice cu diametru mai mare

de 5 cm.
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1.2.3. REZULTATE

Anevrisme de aorta abdominala cu diametru >5 cm au fost identificate la
54 pacienti (prevalenta de 2,92%), iar TAA cu diametru >5,5 cm la 5 pacienti
(prevalenta de 0,27%). Datoritd numarului mic de pacienti cu anevrism de aorta
toracica identificat in studiul nostru (dar cu o prevalentd mai mare decéat in
populatia generala 0,27 la 100 vs 5 la 100.000) acestia nu au fost inclusi in
analiza finala anatomica. In cele 5 cazuri reparare interventionald endovasculara
sau chirurgicala a fost stabilitd individual in functie de particularitatile fiecarui
caz.

Varsta medie a pacientilor cu AAA >5cm a fost de 67,3 £ 6,2 ani,
80,7%(42 pacienti) fiind de sex masculin.

La evaluarea initiala, dupa folosirea criteriilor standard numai 19 pacienti
(36,5%) au avut anatomia favorabila pentru repararea endovasculara, procentul
crescand la 55,7% (29 pacienti) dupa aplicarea criteriilor extinse - figura 26.

La pacienti care nu au avut anatomie favorabila pentru repararea
endovasculara (35 pacienti) cei mai multi au avut lungimea mica a gatului
anevrismului (60%, 21 pacienti), diametrul gatului anevrismului mare (25,8%, 9
pacienti), precum si un unghi infrarenal mare (8,5%, 3 pacienti) sau un diametru
inadecvat al arterelor iliace (5,7%, 2 pacienti). Tortuozitatea aortei sau a
arterelor iliace evaluate prin indicele de tortuozitate nu a constituit o problema.
Femeile au avut varsta mai mare ca barbati (74,6 £ 11.2 vs 65,7+14,2, p<0.01),
cu o lungime a gatului mai mica (18,24 + 12.7 vs 22,5+£13,9, p <0.05), unghi
infrarenal mai mare (59,4 + 4.8 vs 42,5 + 24,5, p <0.05) si un diametru mai mic
al arterelor iliace (5,4 + 1,2 vs 8,3 £ 1,8, p <0.05). Aceste aspecte explica de ce
femeile au o incidentd mai scazutd a anatomiei favorabile pentru repararea
endovasculara comparativ cu barbati (pentru criterii standard IFU 21% vs 37%,
p <0.001, iar pentru criteriile extinse IFU 28% vs 55%, p <0,001).
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La pacienti supusi interventiei chirurgicale sau la cei care au decedat ca
urmare a rupturii peretelui anevrismului aortic abdominal s-a efectuat din
fragmente de tesut examen histopatologic. Acesta a evidentiat o ingrosare
neuniforma a peretelui arterial, prin cresterea cantitatii de fibre de colagen, in

principal la nivelul tunicilor interne si medii.

I1.3. STUDIUL 3. CORELATIA DINTRE NIVELURILE
MARKERILOR SERICI MMP-9/D-DIMERI SI ANEVRISMUL
DE AORTA ABDOMINALA

1.3.1. OBIECTIVE

Obiectivul celui de-al treilea studiu a fost de a stabili o corelatie dintre
nivelurile serice ale MMP-9 si/sau D-Dimeri si prevalenta AAA la pacienti cu
boald coronariand aterosclerotica. Acest lucru care ar putea duce la
imbunatatirea metodelor actuale de screening pentru diagnosticul AA, mai ales
la o populatie cu risc cardiovascular crescut cum sunt pacientii cu boala

coronariana aterosclerotica.

I.3.2. MATERIAL S| METODA

Pacienti cu angina pectorala stabila si indicatie de explorare invaziva prin
coronarografie care s-au adresat Institutului de Boli Cardiovasculare Timisoara
au fost inclusi in studiul nostru. Criteriile de includere si excludere sunt similare
cu cele de la primul studiu. O parte importanta a studiului nostru a fost
identificarea posibililor markeri de laborator care s-ar putea corela cu prezenta
si diametrul AA, mai ales a AAA. Dupa efectuarea angiocoronarografiei si a

arteriografiei aortice periferice pacienti au fost impartiti in trei categorii.
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1. Pacienti cu angina pectorala si boaléa coronariana ATS semnificativa
si AA

2. Pacienti cu angina pectorala si boala coronariana ATS semnificativa
fara AA

3. Pacienti cu angind pectorald fara boald coronarianad ATS

semnificativa si fara AA

Au fost selectati primii 50 de pacienti din fiecare categorie si au fost
introdusi in analiza statistica a markerilor (MMP-9 si D-dimer).

Au fost exclusi: pacienti cu sindrom coronarian acut (angina instabila,
NSTEMI sau STEMI), boald cronicd de rinichi (RFG <30 ml/min/1,73m?),
insuficientad cardiacad cu FEVS<35%, anemie, sarcina, alergie la substanta de
contrast, disectie de aorta, embolie pulmonara.

Pacienti au fost impartiti in trei grupe - grupul A a cuprins pacienti cu
boala coronariana ATS semnificativa si AA, Tn grupul B au fost inclusi pacienti
cu boala coronariand cu ATS fara AA, iar in grupul C pacienti cu angina
pectorala fara leziuni ATS coronariene semnificative si fara AA. Tuturor
pacientilor din cele trei grupe s-au recoltat pe langa analizele de rutina troponine
inalt sensibile, CK-MB, D-dimeri si MMP-9. Pentru méasurarea nivelului MMP-9
a fost folosita tehnica enzyme-linked immunoassay (ELISA) de la R&D Systems
(Minneapolis, MN, USA), datele fiind exprimate in ng/ml.

De asemenea a fost masurat nivelul MMP-9 din biopsii la pacienti care
au avut AA rupt sau operat, toti avand leziuni ATS semnificative la nivelul

arterelor coronare.
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1.3.3. REZULTATE

Varsta medie in cele trei grupuri a fost 65,7 + 8,17, 62,35 + 7,95
respectiv 61,5 + 9,03 ani, fara a exista diferente semnificative.

In ce priveste sexul se constatat ca femeile sunt mai bine reprezentate
in grupul C (angina pectorala fara ATS semnificativa) comparativ cu grupul A si
B, p <0,005. in grupul B (angina pectorald cu ATS semnificativd la nivelul
arterelor coronare) s-a constatat un procent mai mare de pacienti diabetici
comparativ cu grupul A si C, p <0.005. Nivelul de colesterol si mai ales de LDLc
a fost mai mare Tn grupul cu ATS semnificativa A si B, comparativ cu grupul C,
p <0,005. in grupul C s-a constatat un nivel mai mare de HDLc colesterol

comparativ cu grupul A si B, fara a atinge semnificatia statistica.

Pentru pacienti diagnosticati cu boala coronariana semnificativa si AAA
(grupul A) valoarea medie MMP-9 a fost 96,5 £ 16,9 ng/mL (interquartile range
31-134 ng/mL), pentru cei cu boala coronariana semnificativa fara AAA valoarea
medie 48,7 + 10,5 ng/mL. La pacienti care nu au boald coronariana
nesemnificativa si sunt fara AAA (grupul martor, grupul C) valoarea medie MMP-
9 afost 23,4 £ 8,4 ng/mL.

Din aceste date se observa ca valorile MMP-9 au fost semnificativ
statistic mai mare in grupul A comparativ cu grupul B (p=0.017), precum si in
grupul A comparativ cu grupul C (p=0.001) .

De asemenea nivelul D-Dimerilor a fost mai crescut in grupul pacientilor
cu ATS semnificativa si AAA (grupul A) comparativ cu cei fara AAA (grupul B si
C), p<0.001. Nu s-a constatat nici o corelatie intre nivelul MMP-9 crescut in
grupul A si diametrul anevrismului (Spearman correlation rho=0,203), precum si

intre nivelul D-Dimerilo
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lll. CONCLUZII

1. Programele de screening actuale pentru diagnosticul AAA nu cuprind
toate categoriile de risc, rezumandu-se mai ales la barbati fumatori peste 65 ani.

2. Nu exista programe de screening pentru diagnosticul
dilatarii/anevrismului de aorta abdominala.

3. La pacienti cu boala coronariana aterosclerotica semnificativa din
Sud-Vestul Romaniei exista o incidenta crescutd a anevrismelor de aorta,
comparativ cu populatia generala. Incidenta cea mai crescuta este intalnita in
cazul anevrismelor de aorta abdominala si dilatarea aortei toracice, mult peste
media din populatia generala.

4. Exista o corelatie intre prezenta factorilor de risc cardiovascular
(varsta peste 65 ani, sex masculin, fumat, dislipidemie) si diagnosticul de
anevrism de aorta abdominala la aceasta categorie populationala.

5. Dintre factori de risc cardiovascular numai HTA s-a corelat cu
prevalenta dilatarii/anevrismului de aortd toracica la aceasta categorie
populationala.

6. La pacienti cu boald coronariand aterosclerotica semnificativa si
factori de risc cardiovascular (varsta peste 65 ani, fumat, dislipidemie, sex
masculin) este necesar screening pentru diagnosticul AAA, precum la cei cu
HTA se poate face cel pentru a diagnostica dilatarea de aorta toracica.

7. Dintre pacienti cu boald coronariana aterosclerotica semnificativa,
AAA cu diametru peste 5 cm si indicatie de reparare numai 36,5% au anatomie

favorabila pentru repararea endovasculara cand se folosesc criteriile standard
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IFU ale producatorului. Acest procent creste la 55% cénd se folosec criteriile
extinse (extended IFU).

8. Factorul anatomic cel mai des intalnit care ingreuneaza repararea
endovasculara este gatul scurt al anevrismului, urmat de diametru marit la
nivelul gatului si unghiul infrarenal.

9. Pacientii cu AAA si boald coronariana semnificativd au nivele mai
crescute de MMP-9 si D-Dimeri comparativ cu cei cu boala coronariana
semnificativa fara AAA sau cu cei cu ateroscleroza coronariana nesemnificativa.

10. Nivelul MMP-9 si D-Dimeri crescut poate fi utilizat ca metoda de
screening pentru diagnosticarea AAA la pacientii cu boald coronariana
aterosclerotica semnificativa.

11. Nivelul crescut de MMP-9 si D-Dimeri nu s-au corelat cu diametru
AAA.
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I. INTRODUCTION

(a) Motivation for the choice of research topic

Aortic aneurysms (AA) are usually asymptomatic and generally discovered
incidentally, most often during imaging explorations (ultrasound, computed
tomography - CT, magnetic resonance imaging - MRI) performed for other
indications (1,2). One of the most severe complications of aortic aneurysms is
aneurysm rupture which is usually fatal, constituting one of the causes of sudden
cardiac death (3,4). The overall mortality from AA rupture is high — approximately
80-90% (5, 6). About 50% of patients with AA reach hospital after rupture, and of
these only about 50% survive surgery (7-10 ), with a slight improvement in the
situation, mainly due to screening methods (11, 12). Based on the anatomical
location, aortic aneurysms are classified into thoracic aneurysms (TAA), thoraco-
abdominal aneurysms (TAAA), and aorto-abdominal aneurysms (AAA) (13). The
relationship between atherosclerosis (ATS) and AA has been and is controversial.
Studies in recent years have shown that AA and ATS share common risk factors
and that ATS causes more than 80% of AA, especially AAA (14,15).

(b) Importance and topicality of the subject

An aneurysm is defined as dilatation of the arterial wall, with the diameter
of the wall exceeding 1.5 times the normal diameter. Aortic aneurysms can
develop at any level, but is most commonly found in the infrarenal level,
extending to the iliac arteries (16). Thus, in the abdominal aorta a diameter
greater than 3 cm is defined as an abdominal aortic aneurysm (AAA) (1). A
thoracic aortic aneurysm (TAA) is a dilatation of at least 50% of the normal
diameter that encompasses all three layers of the wall structure (17). Aortic
aneurysms are usually asymptomatic, being discovered on various imaging
investigations performed for other conditions (18-20). The rupture of aneurysms
is usually dramatic, being one of the causes of sudden cardiac death (20-22).

Screening for their early detection before rupture or other complications is of



utmost importance (1,23,24). Preventive treatment for aneurysms involves
appropriate screening for diagnosis, follow-up imaging, and repair, when
necessary. Drug treatment of aneurysms is not effective in halting their
progression (25,26). Surgical and more recently endovascular treatment are the

only effective methods of aneurysm repair. (13,26)

(c) The framing of the topic within the international, national, and regional
concerns of the research objective

Endovascular treatment is a modern, less invasive method for the
treatment of thoracic as well as abdominal aneurysms (27-29). The anatomy of
the aneurysm plays a crucial role in the success of endovascular repair
procedures. Thus, a proper selection based on aneurysm anatomy is critical
before the intervention (30). In recent years endovascular treatment of
aneurysms has gained momentum in Romania, as well as in Europe and the
USA. Early diagnosis of patients with aortic aneurysm before complications
occur, especially rupture or dissection, which are accompanied by a very high
mortality, is extremely important. To this extent we believe that a screening
program adapted to the needs and resources of our country is absolutely

necessary.

(d) Objectives of the study-1. The first objective of our study is to investigate the
prevalence of AA in patients with atherosclerotic coronary artery disease who
were referred for invasive investigations (coronary angiography) to a tertiary
center in Romania. We also aimed to identify cardiovascular risk factors that are
associated with AA as well as the relationship between the severity of coronary
artery disease and AA.

2. A second and most important objective of the study was to identify the
favorable anatomy for endovascular repair of AAA and TAA in patients with
coronary artery disease, coronary atherosclerosis >50% in at least one large

epicardial artery who were also diagnosed with AAA and/or TAA.



3. A third objective was to establish a correlation between serum levels of matrix
metalloproteinase 9 (MMP-9) and/or D-Dimers and the prevalence of AAA in
patients with atherosclerotic coronary artery disease. This could lead to the
improvement of current screening methods for the diagnosis of AA, especially in
a population at high cardiovascular risk such as patients with atherosclerotic

coronary artery disease.

(e) First study description - Our study included patients with exertional angina
pectoris referred to the Institute of Cardiovascular Diseases Timisoara for
invasive exploration. After exploration, the investigation continued with
peripheral aortic arteriography in patients with significant atherosclerotic lesions
(defined by at least one stenosing atheroma plaque more than 50% in a sizeable
epicardial vessel). This investigation aimed to detect patients who, in addition to
atherosclerotic coronary artery disease, also have an aortic aneurysm. We know
that patients with atherosclerotic coronary artery disease are at high/very high
cardiovascular risk, and we wanted first to establish the incidence of aortic
aneurysms (thoracic, thoraco-abdominal, and aneurysms) in this population.
Peripheral angiography was used as a screening method in a population at high
cardiovascular risk. An essential aspect of the study was the correlation between
various cardiovascular risk factors and aortic aneurysm. After diagnosis,
aneurysms were classified according to anatomy and size. In those of large sizes
requiring intervention according to current guidelines, anatomical factors
favoring endovascular repair of the aneurysm were investigated. In addition, a
study regarding how specific biological markers such as MMP-9 and/or D-
Dimers correlate with the diagnosis of abdominal aortic aneurysm was

performed.



|. GENERAL PART

1.1. INTRODUCTION

Aortic aneurysms (AA) are usually asymptomatic and are discovered
incidentally, most often during imaging (ultrasound, CT, MRI) performed for other
indications (1,2). One of the most significant complications of aortic aneurysms is
aneurysm rupture which is usually fatal, constituting one of the causes of sudden
cardiac death (3,4). The overall mortality from AA rupture is high - 80-90% (5.6).
Only about 50% of patients with AA reach hospital after rupture, and 50% of these
survive surgery (7-10), with a slight improvement in the situation, mainly due to
screening methods (11,12). Based on their anatomical location, aortic aneurysms
are classified into thoracic aneurysms (TAA), thoraco-abdominal aneurysms
(TAAA), and aorto-abdominal aneurysms (AAA) (13). The relationship between
atherosclerosis (ATS) and AA has been and is controversial. Studies in recent years
have shown that AA and TAA have common risk factors and that ATS is the cause
of more than 80% of AA, especially AAA (14,15).

An aneurysm is defined as a dilation of the arterial wall, with the wall
diameter exceeding 1.5 times the standard diameter. Aortic aneurysm can
develop at any level, but is most commonly found in the abdominal, infrarenal
aorta and extends to the iliac arteries (16). A diameter greater than 3 cm in the
abdominal aorta is defined as an abdominal aortic aneurysm (AAA) (1). A
thoracic aortic aneurysm (TAA) is a dilation of at least 50% of the standard
diameter, encompassing all three layers of the wall structure (17). Aortic
aneurysms are usually asymptomatic, and they are discovered during various
imaging investigations performed for other pathologies (18-20). Aneurysm
rupture is usually dramatic, being one of the causes of sudden cardiac death
(20-22). Screening for early detection before rupture or other complications is
crucial (1,23,24). Current screening and treatment methods may underdiagnose

certain large aneurysms in lower risk populations and those with accelerated



growth rate. Not all AAs have the same growth rate, and the risk of rupture varies
greatly (31)

The literature regarding the prevalence of aortic aneurysms in the
Romanian population is scarce, let alone the prevalence in a population at
high/very high cardiovascular risk, such as patients with atherosclerotic coronary
artery disease.



Il. SPECIAL PART

I1.1. STUDY 1. PREVALENCE OF AORTIC ANEURYSMS IN
PATIENTS WITH EXERTIONAL ANGINA PECTORIS AND
HIGH/VERY HIGH CARDIOVASCULAR RISK IN THE
SOUTH-WESTERN PART OF ROMANIA

1.1.1. OBJECTIVES

The first objective of our study is to investigate the prevalence of AA in
patients with atherosclerotic coronary artery disease who were referred for
invasive investigations (coronary angiography) to a tertiary center in Romania.
Another objective was to identify cardiovascular risk factors that are associated
with aortic aneurysms, as well as the relationship between the severity of
coronary artery disease and aortic aneurysms.

Establishing the prevalence of aortic aneurysms in a population with
cardiovascular risk factors, angina symptoms, and coronary atherosclerotic
lesions is important for several reasons. Firstly, it helps to establish a link between
coronary atherosclerosis, cardiovascular risk factors, and aortic aneurysms.
Secondly, it would also lead to establishing the incidence of aortic aneurysms in a
population at high cardiovascular risk, such as patients with coronary
atherosclerosis. This could lead to the refinement of current screening methods
for the diagnosis of abdominal aortic aneurysms, especially in a population at high

cardiovascular risk, such as the southwestern part of Romania.

1.1.2. MATERIALS AND METHODS

Between 01.01.2021-01.06.2023, we conducted a prospective study
investigating the prevalence of aortic aneurysms in patients with exertional

angina pectoris (Canadian class I-Ill) who were referred to the Institute of



Cardiovascular Diseases in Timisoara for invasive exploration (coronary
angiography). We included in the study patients with chronic coronary syndrome,
stable exertional angina pectoris (Canadian Class I-111 [32,33]) who were referred
to our hospital for coronary angiography.

Exclusion criteria:

- patients with acute coronary syndrome (unstable angina, NSTEMI or
STEMI), including those with dynamic ECG changes (ST-segment elevation or
ST-segment depression, negative T wave) with dynamic enzymatic changes
(positive troponin) were added. We also excluded those with de novo or
aggravated angina.

- acute aortic pathology (aortic dissection of any type, aortic wall rupture,
penetrating aortic ulcer or intramural hematoma)

- chronic kidney disease (RFG <30 ml/min/1.73m?)

- heart failure with LVEF<40%

- anemia

- pregnancy

- allergy to contrast

Also, patients with an already documented abdominal or thoracic aortic
aneurysm were excluded from this study.

Patients with coronary arteries without significant atherosclerotic lesions
(<50% coronary artery stenosis [34], visually estimated by coronary angiography
and confirmed by quantitative coronary angiography [QCA]) were also excluded
from the final analysis.

All patients who had ATS coronary artery disease (>50% stenosis in at
least one large epicardial coronary artery) underwent aortic arteriography. Aortic
arteriography was performed using a 6F pigtail catheter through which two
injections of contrast (20 mL at 25 mL/min) were made using an Angiomat at the
aortic cross (to define the aortic annulus, ascending aorta, aortic cross, and
descending aorta up to the diaphragm) and at the suprarenal abdominal aorta

(to define the abdominal aorta and iliac arteries bilaterally). Those with a



diameter greater than 3 cm were diagnosed with AAA. In the thoracic aorta, a
diameter greater than 4 cm was termed thoracic aortic dilatation (TAD) and more
significant than 4.5 cm, a thoracic aortic aneurysm (TAA) (35)

Those with a diameter greater than 4 cm in the abdominal aorta and 4.5
cm in the thoracic aorta were referred for CT angiography for better definition
and anatomic characterization of the AA. An informed consent was signed by
the patients before performing coronary angiography and aortography. The

ethics committee of IBCV Timisoara approved the study.

RESULTS

After performing coronary angiography on 2458 patients with angina
pectoris referred to IBCV Timisoara, it was found that 1844 patients (75%, Figure
3) had at least one stenotic atherosclerotic plaque >50% in the coronary arteries,
686 patients (37%) with monovascular coronary artery disease, 623 patients
(34%) with bivascular coronary artery disease, 535 patients (29%) with trivascular
coronary artery disease. Peripheral arteriography (injection of contrast material
into the thoracic and abdominal aorta) was also performed to detect aortic
aneurysms in 1844 patients with significant ATS.

The mean age in the 1844 patients who underwent coronary angiography
was 63+12.5 years, higher in those diagnosed with aortic aneurysm (70+7.5
years) than of those without aortic aneurysm (62+8.5 years, p<0.005). In the group
of patients diagnosed with aortic aneurysm, there was a higher proportion of those
over 65 years compared to patients without aortic aneurysm (60% vs 46.7%,
p<0.001). Considering cardiovascular risk factors, patients with aortic aneurysm
were more likely to be male (75% vs 68.9%, p<0.005), smokers (61% vs 48.5,
p<0.001), dyslipidemic (60% vs 52.8%, p<0.005). In the group of patients without
aortic aneurysm, there was a higher incidence of diabetes mellitus, but without

reaching statistical significance (21% vs 15%, P=0.694). There were no significant



differences in patients with hypertension between patients with and without aortic
aneurysm (70.2% vs 67.5%, P=0.730).

A higher incidence of aortic aneurysms was observed in patients with
trivascular coronary artery disease (40% vs 26.75%, p<0.001) while in patients
with monovascular coronary artery disease (38.14% vs 37%, p=0.823) or
bivascular coronary artery disease (35% vs 33.5%, p=0.674) the incidence was
similar.

The prevalence of aortic aneurysms was 17% (312 patients). Of the
aortic aneurysms (312 patients) most were abdominal aortic aneurysms (AAA-
173 patients, 9.4%), followed by thoracic aortic dilations (DAT-88 patients,
4.8%), thoracic aneurysms (AAT-38 patients, 2.1%) and thoracoabdominal
aneurysms (TAA-13 patients, 0.7%). Thoracic aortic dilation was considered if
the thoracic aorta was between 4-4.5 cm, and if it was more than 4.5 cm the
term thoracic aortic aneurysm was used.

Dilation of the thoracic aorta (diameter between 4-4.5 cm) was diagnosed
in 88 patients (prevalence 4.8%) - figures 7,8,9, thoracic aortic aneurysm
(diameter over 4.5 cm) in 38 patients (prevalence 2.1%) - of which 5 patients
had diameter over 5 cm (prevalence 0.27%).

Out of the abdominal aortic aneurysms, 59 patients (34.1%) had a
diameter between 3.0-3.9 cm, 60 patients (34.6%) had a diameter between 4.0-
4.9 cm and 54 patients (31%) had a diameter >5.0 cm.

For those with thoracic aneurysm the prevalence was higher in females
(3.43% vs 1.47%, p < 0.005), and for AAA the prevalence was higher in males
(11.38% vs 4.7%, p < 0.0001)

Abdominal aortic aneurysms had a higher prevalence in those over 65
years of age (12.5% vs 3.25%, p < 0.001), men (11.38% vs 4.7%, p < 0.001),
smokers (12.5% vs 3.25%, p <0.0001), dyslipidemia (11% vs 7.4%, p< 0.005)
as well as in those with trivascular coronary artery disease (13.6% vs 6.7% in

those with monovascular disease, p < 0.005).
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The incidence of thoracic aortic aneurysms could not be correlated with
the classical cardiovascular risk factors except hypertension. In hypertensive
patients the prevalence of thoracic aortic aneurysms was 2.4% vs 1.35% in
those without hypertension, p < 0.005.

A total of 13 patients were diagnosed with thoraco-abdominal aneurysms
(a prevalence of 0.76%). Risk factors in this category included an increased
incidence of hypertension and dyslipidemia.

In multivariate analysis, the presence of abdominal aortic aneurysms was
positively correlated with age over 65 years (OR=2.1, 95%CI [1.51-2.91]), male
sex (OR=2.6, 95%CI [1.69-4.00]), smoking status (OR=2, 95%CI [1.44-2.78])
and trivascular coronary artery disease (OR=1.91, 95%CI [1.38-2.61]). AAAs
were not associated with hypertension (OR=0.66, 95%CI [0.48-0.91]) or
diabetes mellitus (OR=0.82, 95%CI [0.56-1.24]). Also in this analysis, TAA was
positively associated with hypertension (OR=1.78, 95%CI [0.81-3.91]), with no
association with age over 65 years (OR=0.9, 95%CI [0.47-1.73]), male sex
(OR=0.41, 95%CI [0.22-0.79]), smoking status (OR=0.8, 95%CI [0.42-1.53]),
dyslipidemia (OR=0.61, 95%CI [0.31-1.1]), trivascular coronary artery disease
(OR=0.72, 95%CIl [0.34-1.54]), or diabetes mellitus (OR=0.74, 95%CI [0.30-
1.79)).

10
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I.2. STUDY 2. ANATOMICAL FACTORS INFLUENCING
ENDOVASCULAR REPAIR OF ABDOMINAL AORTIC
ANEURYSMS

1.2.1 OBJECTIVES

The objective of this second study was to identify the favorable anatomy
for endovascular repair of AAA and TAA in patients with coronary artery disease
(coronary atherosclerosis >50% in at least one large epicardial artery), who were
also diagnosed with AAA and/or TAA. This is very important because
endovascular treatment is a modern, less invasive method for the treatment of
thoracic as well as abdominal aneurysms (27-29) and has been successfully
implemented in specialized centers in Romania. Aneurysm anatomy plays a very
important role in the success of endovascular repair procedures. Thus, a proper
selection based on aneurysm anatomy is very important before surgery, which

is correlated with patients' prognosis.

1.2.2. MATERIALS AND METHODS

The study included patients with exertional angina pectoris with an
indication for coronary angiography who were referred to the Institute of
Cardiovascular Diseases Timisoara (IBCV), a tertiary center in the western part
of Romania. The inclusion and exclusion criteria were similar to those of the first
study, on the prevalence of aortic aneurysms.

All patients who had atherosclerotic coronary artery disease (>50%
stenosis in at least one large epicardial coronary artery) had aortic arteriography.
Patients with coronary arteries without significant atherosclerotic lesions in the
coronary arteries (stenosis <50% in the coronary arteries34), visually estimated
on coronary angiography and confirmed by quantitative coronary angiography
(QCA), were also excluded from the final analysis. Aortic arteriography was

performed using a 6F pigtail catheter through which two injections of contrast

11
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(20 mL at 25 mL/min) were made using an Angiomat at the level of the aortic
arch (to define the aorta at the annulus, ascending aorta, aortic arch, and
descending aorta up to the level of the diaphragm) and at the level of the
suprarenal abdominal aorta (to define the abdominal aorta and iliac arteries
bilaterally). Those with a diameter greater than 3 cm were diagnosed as AAA
(35). In the thoracic aorta, a diameter greater than 4 cm was termed thoracic
aortic dilatation (TAD), and greater than 4.5 cm thoracic aortic aneurysm (TAA)
(35)

Patients who were found to have a diameter greater than 4 cm in the
abdominal aorta and 4.5 cm in the thoracic aorta were referred for CT
angiography to better define and anatomically characterize the AA. An informed
consent was signed by the patients before performing coronary angiography and
aortography. The study was approved by the ethics committee of IBCV
Timisoara.

In those in whom an AA was detected and indicated for repair (surgical
or interventional), CT angiography was performed. Aneurysm description
followed certain anatomical parameters to identify patients who would be
suitable for endovascular aneurysm repair.

The anatomy of aneurysms >5 cm was compared with the standard
indications for use (standard IFU) recommended for most endovascular stent
graft manufacturers, as well as the extended indications (extended IFU).

Patients with thoraco-abdominal aneurysms were excluded from the
anatomical analysis that aimed to identify the anatomy of aneurysms favorable
for endovascular repair, entering only abdominal aortic aneurysms with a
diameter greater than 5 cm and thoracic aortic aneurysms with a diameter

greater than 5 cm.

12



13

1.2.3. RESULTS
Abdominal aortic aneurysms with a diameter >5 cm were identified in 54

patients (prevalence 2.92%) and TAAs with a diameter >5.5 cm in 5 patients
(prevalence 0.27%). Due to the small number of patients with thoracic aortic
aneurysm identified in our study (despite the higher prevalence compared to the
general population: 0.27 per 100 vs 5 per 100,000), they were not included in
the final anatomical analysis. In the 5 cases interventional endovascular or
surgical repair was determined individually according to the particularities of
each case.

The mean age of patients with AAA >5cm was 67.3+ 6.2 years, 80.7%
(42 patients) were male

At initial evaluation, after using the standard criteria, only 19 patients
(36.5%) had favorable anatomy for endovascular repair, increasing to 55.7% (29
patients) after applying the extended criteria - Figure 26.

Patients with unfavorable anatomy for endovascular repair (35 patients)

mostly had small aneurysm neck length (60%, 21 patients), large aneurysm neck
diameter (25.8%, 9 patients), as well as a large infrarenal angle (8.5%, 3
patients) or inadequate iliac artery diameter (5.7%, 2 patients). Tortuosity of the
aorta or iliac arteries assessed by the tortuosity index did not cause any
difficulties regarding arterial access.
Females were older than males (74.6+ 11.2 years vs 65.7+14.2 years, p<0.01),
with shorter neck length (18.24£12.7 mm vs 22.5+13.9 mm, p<0.05), larger
infrarenal angle (59.414.8° vs 42.5+24.5°, p<0.05), and smaller iliac artery
diameter (5.4+1.2 mm vs 8.3+1.8 mm, p<0.05). These aspects explain why
women have a more unfavorable anatomy for endovascular repair than men (for
standard criteria IFU 21% vs 37%, p <0.001, and for extended criteria IFU 28%
vs 55%, p <0.001).

In patients who underwent surgery or those who died as a result of

ruptured abdominal aortic aneurysm wall, the bioptic examination of tissue
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fragments was performed. This revealed a non-uniform thickening of the arterial

wall, with increased collagen fibers, predominantly in the inner and media layers.

I1.3. STUDY 3. CORRELATION BETWEEN SERUM MMP-
9/D-DIMER MARKER LEVELS AND ABDOMINAL AORTIC
ANEURYSM

1.3.1. OBJECTIVES

The objective of the third study was to establish a correlation between
serum levels of MMP-9 and/or D-Dimers and AAA prevalence in patients with
atherosclerotic coronary artery disease. This could lead to the improvement of
current screening methods for the diagnosis of AA, especially in a population at
high cardiovascular risk such as patients with atherosclerotic coronary artery

disease.

11.3.2. MATERIALS AND METHODS

Patients with stable angina pectoris and an indication for invasive
coronary angiography who were referred to the Institute of Cardiovascular
Diseases Timisoara were included in our study. The inclusion and exclusion
criteria were similar to those of the first study. An important part of our study was
to identify possible laboratory markers that might correlate with the presence and
diameter of AA, especially AAA. After performing coronary angiography and
peripheral aortography, patients were divided into three categories.

1. Patients with angina pectoris and significant coronary artery disease
and AA

2. Patients with angina pectoris and significant coronary artery disease
without AA

14
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3. Patients with angina pectoris without significant coronary artery

disease or AA

50 patients from each category were selected and their MMP-9 and D-
dimer levels were statistically analyzed.

The following patients were excluded: patients with acute coronary
syndrome (unstable angina, NSTEMI or STEMI), chronic kidney disease (GFR
<30 ml/min/1.73m?), heart failure with LVEF<35%, anemia, pregnancy, contrast
allergy, aortic dissection, pulmonary embolism.

All patients from the three groups had highly sensitive troponins, CK-MB,
D-dimer, and MMP-9 detected in addition to routine analysis. The enzyme-linked
immunoassay (ELISA) technique from R&D Systems (Minneapolis, MN, USA)
was used to measure MMP-9 levels, with data expressed in ng/mL.

MMP-9 levels were also measured in biopsies from patients who had
ruptured or operated AA, all of whom had significant ATS lesions in the coronary

arteries

1.3.3. RESULTS

The mean age in the three groups was 65.7+ 8.17 (group A), 62.35+ 7.95
(group B) and 61.5£9.03 years (group C), respectively, with no significant
differences (p=0.816).

In terms of gender, women were found to be better represented in group
C (angina pectoris without significant TSA) compared to groups A and B,
p<0.005. In group B (angina pectoris with significant TSA in the coronary
arteries) a higher percentage of diabetic patients was found compared to groups
A and C, p < 0.005. Cholesterol and especially LDL-cholesterol levels were
higher in the groups with significant atherosclerosis (A and B) compared to group
C, p<0.005. In group C a higher HDL-cholesterol level was found compared to

group A and B, but without reaching statistical significance.
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For patients diagnosed with significant coronary artery disease and AAA
(group A) the mean MMP-9 value was 96.5+16.9 ng/mL (interquartile range 31-
134 ng/mL), for those with significant coronary artery disease without AAA
(group B), the mean value was 48.7+£10.5 ng/mL. In patients without significant
coronary artery disease and without AAA (control group, group C) the mean
MMP-9 value was 23.4+ 8.4 ng/mL.

From these results, it can be observed that MMP-9 values were
statistically significantly higher in group A compared to group B (p=0.017) and in
group A compared to group C (p=0.001).

D-Dimer levels were also higher in the group of patients with significant
coronary artery disease and AAA (group A) compared to those without AAA
(group B and C), p<0.001. There was no correlation between the increased
MMP-9 level in group A and aneurysm diameter (Spearman correlation

rho=0.203) and between the D-dimer levels and aneurysm diameter.

lll. CONCLUSIONS

1. Current screening programs for the diagnosis of AAA do not cover all
risk categories and are mostly limited to male smokers over 65 years of age.

2. There are no screening programs for the diagnosis of abdominal aortic
dilatation/aneurysm.

3. In patients with significant atherosclerotic coronary artery disease in
South-Western Romania there is an increased incidence of aortic aneurysms
compared to the general population. The highest incidence is found in abdominal
aortic aneurysms and thoracic aortic dilatation, well above the average in the

general population.
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4. There is a correlation between the presence of cardiovascular risk
factors (age over 65 years, male sex, smoking, dyslipidemia) and the diagnosis
of abdominal aortic aneurysm in this population.

5. Among cardiovascular risk factors, only hypertension was correlated
with the prevalence of thoracic aortic dilatation/aneurysms.

6. In patients with significant atherosclerotic coronary artery disease and
cardiovascular risk factors (age over 65 years, smoking, dyslipidemia, male sex)
screening for AAA is necessary, as in those with hypertension screening for
thoracic aortic dilatation is necessary.

7. In patients with significant atherosclerotic coronary artery disease,
AAA with diameter greater than 5 cm and indication for repair, only 36.5%
present a favorable anatomy for endovascular repair when using the
manufacturer's standard IFU criteria. This percentage increases to 55% when
extended IFU criteria are used.

8. The most common anatomical factor hampering endovascular repair
is the short neck of the aneurysm, followed by enlarged neck diameter and
infrarenal angle.

9. Patients with AAA and significant coronary artery disease have higher
levels of MMP-9 and D-Dimers compared with those with significant coronary
artery disease without AAA or those with unsignificant coronary atherosclerosis.

10. Elevated MMP-9 and D-Dimer levels can be used as a screening
method for the diagnosis of AAA in patients with significant atherosclerotic
coronary artery disease.

11. Increased levels of MMP-9 and D-Dimers did not correlate with AAA

diameter.
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