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IVADAS

Vainikiniy arterijy liga (VAL) iSlieka viena dazniausiy mirStamumo ir
nejgalumo priezasciy pasaulyje ir Lietuvoje [1-4]. Pasiekta reikSminga Sirdies
ir kraujagysliy ligy (SKL) diagnostikos ir gydymo paZanga, tadiau iSeminés
Sirdies ligos (ISL) nulemti $irdies ir kraujagysliy jvykiai tiek Europoje, tiek
pasaulyje, i§lieka nacionaliniy sveikatos sistemy nasta [5, 6]. Lietuvoje SKL
lemia beveik pus¢ visy mirties atvejy, o VAL islieka viena svarbiausiy anksty-
vo mirtingumo ir blogesnés gyvenimo kokybes priezasciy [1, 3, 4, 7]. Anksty-
vas ateroskleroziniy pakitimy nustatymas ir tikslesnis jy prognozés jvertini-
mas yra itin svarbils siekiant individualizuoti pacienty stebéseng, gydymo
taktikg bei sumazinti nepageidaujamy Sirdies ir kraujagysliy jvykiy rizika
[8—-10].

Létinés VAL ateroskleroziniai pakitimai progresuoja pamazu daugelj
mety, todel ilgalaiké stebésena yra patikimiausias budas jvertinti ligos prog-
noze [11, 12]. TradicisSkai vainikiniy arterijy (VA) stenozés klinikiné verté
yra vertinama remiantis anatominio spindZio susiauréjimo procentine iSrais-
ka. Taciau vis daugiau duomeny rodo, kad aterosklerozinés plokstelés biolo-
ginés savybés ir morfologija gali turéti didesng prognozing vert¢ nei vien
stenozes dydis [13—15].

Pastaraisiais metais Sirdies kompiuterinés tomografijos angiografija
(KTA) tampa vis svarbesniu neinvaziniu VAL diagnostikos tyrimu [16—18].
Naujausiose létinés ISL Europos kardiology draugijos (EKD) gairése KTA
rekomenduojama kaip pirmaeilis tyrimas pacientams, kuriems jtariama stabi-
li VAL ir nustatoma maza arba vidutiné ikitestiné ligos tikimyb¢ [19]. KTA
leidzia ne tik jvertinti VA spindzio susiauré¢jima, bet ir detaliai analizuoti
ateroskleroziniy ploksteliy morfologija ir didelés rizikos pozymius [20-23].

Vis daugiau moksliniy tyrimy rodo, kad tam tikri ateroskleroziniy ploks-
teliy pozymiai, pvz., mazo tankio (nekrozin¢) zona, teigiamasis remodelia-
vimasis, ,,ziedo* pozymis bei bendras ploksteles tiiris, neatsizvelgiant ]
stenozes dydj prognozuoja miokardo infarktg (MI) ir kitus didZiuosius nepa-
geidaujamus Sirdies ir kraujagysliy jvykius (MACE) [13, 24-28]. MaZo tankio
zonos ir nekrozinés Serdies vyravimas siejami su plokstelés nestabilumu, o
taskin¢ kalcifikacija bei teigiamasis remodeliavimasis laikomi aktyvios
aterosklerozés pozymiais [26—28]. Inovatyvios KTA analizés technologijos
leidzia kiekybiSkai jvertinti skaidulinio, skaidulinio-riebalinio, nekrozinio bei
kalcifikuoto audiniy komponentus, — taip suteikiama galimyb¢ iSsamiau
apibudinti aterosklerozinius pakitimus ir biologinj jy aktyvuma [29-31].



Daugiacentriu ,,SCOT-HEART* tyrimu, vienu svarbiausiy Siuolaikin¢je
kardiologijoje, nustatyta, kad aterosklerozinés plokstelés sudétis turi svarbig
prognozing reik§me, nepriklausomg nuo stenozés dydzio [11]. Kartotiniai
KTA tyrimai taip pat parodé, kad didesnis SKL rizikos veiksniy poveikis
pradingje aterosklerozinés vystymosi stadijoje didina nepalankiy aterosklero-
ziniy ploksteliy fenotipy progresavima [5], o bendro plokstelés tiirio kieky-
binis vertinimas padeda tiksliau prognozuoti ilgalaike SKL rizika, nei vien
tik stenozés dydzio vertinimas [32]. Sie duomenys pagrindZia samprata, kad
ilgalaike, aterosklerozinés plokstelés parametry vaizdiné stebésena suteikia
tikslesng ir kliniskai reikSmingesne prognozing verte nei trumpalaiké stebé-
sena [5, 11, 16, 32].

Susidoméjimas ateroskleroziniy ploksteliy morfologine analize didéja,
ta¢iau dauguma tyrimy orientuoti ] bendra aterosklerozés iSplitimg arba
ryskias obstrukcines stenozes [25, 29]. Vidutinés VA stenozés klinikinéje
praktikoje iSlieka viena sudétingiausiai interpretuojamy pazeidimy grupiy,
dazniausiai, kai funkciniai tyrimai yra neigiami arba neinformatyviis [33].
Literattiroje vidutinio dydzio stenoz¢ dazniausiai apibréziama kaip angiogra-
fija nustatytas 30-70 proc. spindzio susiauré¢jimas, taciau toks platus apibre-
zimas didina interpretacijos variabilumg ir sunkina klinikiniy sprendimy
priémima [34, 35].

VA radiniy pateikimo ir duomeny sistema (CAD-RADS, angl. Coronary
Artery Disease Reporting and Data System) leidzia standartizuotai pateikti
VAL sunkumo vertinimg, o jos atkuriamumas bei didelis vertintojy tarpu-
savio suderinamumas buvo patvirtinti daugelyje tyrimy [36]. Siekiant suma-
zinti interpretacijos variabilumg ir padidinti klinikinj vertinimo tiksluma,
Siame darbe vidutinio dydzio stenozés apibréztos kaip CAD-RADS 3 katego-
rijos pakitimai, sukeliantys 50—69 proc. VA spindzio susiauré¢jimg. Anatomi-
nis $iy stenoziy reikSmingumas ne visuomet atitinka funkcinj reikSminguma,
todél vien procentinis spindzio susiauréjimo vertinimas daznai nepakankamai
tiksliai nusako buisimy Sirdies ir kraujagysliy jvykiy i$sivystymo rizikg [17,
36, 37]. Eksperty rekomendacijose nurodoma, standartizuota aterosklero-
ziniy ploksteliy kiekybinj vertinima integruoti  rutininj $irdies ir kraujagysliy
rizikos vertinimg, tafiau gana nedaug tyrimy sujungia iSsamig kiekybine
ploksteliy analizg ir ilgalaike stebéseng [38—40]. Daugumoje kiekybiniy KTA
tyrimy stebéjimo laikotarpis trunka apie trejus metus. Todél islieka ribotas
supratimas apie ilgalaik¢ specifiniy ateroskleroziniy ploksteliy fenotipy
prognozing reikSmg ir nattiralig létinés VAL eiga [27, 40, 42].
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Siame tyrime detaliam KTA nustatyty viduting VA stenoze lemianciy
ateroskleroziniy pakitimy vertinimui taikytas standartizuotas pusiau automa-
tinis ateroskleroziniy ploksteliy analizés protokolas, naudojant ,,QAngio CT
Research Edition* programing jrangg. Tai leido nustatyti ateroskleroziniy
ploksteliy morfologijos ir sandaros parametry sgsajas su SKL rizikos
veiksniais, invaziniy tyrimy rezultatais ir MACE i$sivystymu SeSeriy mety
steb¢jimo laikotarpiu. Mokslinis darbas atliktas tikslu prisidéti prie geresnio
vidutiniy VA stenoziy biologinio aktyvumo ir klinikinés reik§més supratimo
bei padéti tiksliau nustatyti pacientus, kuriems reikalingas intensyvesnis
steb¢jimas ar intensyvesné gydymo taktika.
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1. TIKSLAS IR UZDAVINIAI

Tikslas

Ivertinti KTA nustatytus viduting VA stenoze (50—69 proc.) lemiancius
aterosklerozinius pakitimus, morfologinius jy pozymius bei Siy parametry
sasajas su VAL rizikos veiksniais, invaziniais tyrimais, MACE i$sivystymu
ir ateroskleroziniy pakitimy itakg VAL prognozei.

UZdaviniai

1. Jvertinti KTA tyrimu nustatytus VA viduting stenoz¢ lemiancius
aterosklerozinius pakitimus ir morfologinius jy pozZymius.

2. Ivertinti sgsajas tarp viduting stenoz¢ lemianciy ateroskleroziniy
pakitimy morfologiniy pozymiy ir VAL rizikos veiksniy.

3. Ivertinti sgsajas tarp viduting stenoze lemianciy ateroskleroziniy
pakitimy morfologiniy pozymiy ir invaziniy VA tyrimy rezultaty.

4. Nustatyti viduting stenoz¢ lemian¢iy VA ateroskleroziniy pakitimy
morfologiniy pozymiy sasajas su MACE issivystymu, nustatyti jy
prognozing verte bei palyginti su jprastinéje kliniking¢je praktikoje
naudojamais VA paZeidimo vertinimo metodais.

Darbo mokslinis naujumas

Siame darbe sujunge ateroskleroziniy ploksteliy morfologijos ir funkcing
analizes bei jy sasajas su invaziniy tyrimy rezultatais ir ilgalaikémis kliniki-
némis baigtimis, kompleksiskai jvertinome vidutines (50—69 proc.) VA
stenozes.

Pastaraisiais metais daugéja tyrimy, analizuojanc¢iy KTA nustatomy
ateroskleroziniy ploksteliy prognozing verte, tatiau dauguma jy tiria bendra
VA aterosklerozes iSplitimag, ryskias obstrukcines stenozes arba dideles
rizikos plokstelés pozymius. Miisy duomenimis, tai pirmas tokio pobtdzio
darbas Lietuvoje, analizuojantis tik vidutines VA stenozes lemianciy atero-
skleroziniy ploksteliy grupe, kuri klinikingje praktikoje iSlieka viena sudétin-
giausiai interpretuojamy.

Siame darbe pirma karta atliktas detalus vidutines stenozes lemianciy
ateroskleroziniy ploksteliy sudéties vertinimas. Tokia iSsami plokstelés
analiz¢ padeda geriau jvertinti ateroskleroziniy pakitimy heterogeniSkuma
bei galimg jy biologinj aktyvuma. Darbe papildomai analizuoti vietiski krau-
jagyslés geometrijos pokyciai (stenozés vietoje) — integruotas tiek krauja-
gyslés spindzio, tiek sienelés parametry vertinimas.
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Svarbi darbo dalis — vidutinés stenoz¢ ateroskleroziniy ploksteliy sasajy
su invaziniais ir funkciniais tyrimais analizé. Darbe vertintas ne tik stenozés
patvirtinimas invazine vainikiniy arterijy angiografija (VAA), bet ir kieky-
binis tékmés santykio rezervo metodas (KTS), leides retrospektyviai jvertinti
hemodinaminj stenozés reikSminguma. Toks kompleksinis vidutiniy stenoziy
anatominiy, morfologiniy ir funkciniy parametry vertinimas literatiiroje vis
dar nagrin¢jamas retai, ypac¢ klinikinéje praktikoje dazniausiai diskusijy
keliancioje pacienty grupéje.

ISskirtiné tiriamojo darbo savybe — ilgalaiké klinikiniy baig€iy stebésena.
6 mety stebéjimo laikotarpyje jvertinta KTA nustatyty vidutinés stenozés
ateroskleroziniy ploksteliy parametry prognoziné verté. Tokios trukmés ste-
bésena panasaus pobiidzio KTA tyrimuose atlickama gana retai, dazniau
apsiriboja trumpesniu 1-3 mety laikotarpiu. Ilgalaikis steb¢jimas prisideda
prie Siuolaikinés sampratos, kad KTA galima vertinti ne tik stenozés procen-
ting iSraiSka tiriamuoju laikotarpiu, bet ir pacios aterosklerozinés ploksteles
biologines, morfologines savybes, kurios gali biiti svarbios individualizuo-
tam pacienty rizikos vertinimui ir gydymo taktikos parinkimui.

13



2. LITERATUROS APZVALGA

2.1. Vainikiniy arterijy ligos epidemiologija Lietuvoje ir pasaulyje

Nepaisant reikSmingos pazangos prevencijos, diagnostikos ir gydymo
srityse, SKL islieka viena pagrindiniy sergamumo ir mirtingumo priezaséiy
iSsivysciusiose pasaulio Salyse [43, 44]. Remiantis 2023 m. Pasaulio sveika-
tos organizacijos (PSO) duomenimis, kasmet nuo SKL mirita apie 20 mili-
jony zmoniy. Prognozuojama, kad iki 2050 m. miréiy nuo SKL skaigius
pasieks 35,6 mln. per metus [43]. Europoje SKL lemia daugiau nei tre¢dalj
visy mirties atvejy, o Lietuvoje beveik 54 proc. ir pagal §j rodiklj Lietuva
virsija Europos Sajungos vidurkj [1, 19, 45]. Tai lemia ne tik medicinines, bet
ir socialines bei ekonomines pasekmes: ilgalaiki nedarbinguma, blogesne
gyvenimo kokybe ir dideles sveikatos apsaugos sistemos islaidas. D¢l Siy
priezasCiy ankstyvas tikslios diagnostikos metody taikymas ir efektyvus rizi-
kos vertinimas i$lieka vienais svarbiausiy Siuolaikinés kardiologijos tikslais.

R. Radi$ausko su kolegomis [45] atlikta Kauno kohortos ISL registro
analiz¢, apimanti laikotarpj nuo 2000 iki 2023 m., atskleid¢ reikSmingas
sergamumo MI ir mirtingumo nuo jo maz¢jimo tendencijas vidutinio amziaus
Lietuvos gyventojy populiacijoje, taciau iSliekant] didelj bendra Sirdies ir
kraujagysliy jvykiy skai¢iy, ypa¢ vyresnio amziaus grupése ir kaimo vieto-
vése. V. Sileikienés su kolegomis [46] 2009—2019 m. atliko kohortine lietu-
viy vyry, serganciy arterine hipertenzija (AH), analizg, kuri parodé¢, kad
didele SKL rizika $ioje populiacijoje i§liko visu tiriamuoju laikotarpiu:
aukStos aterogenings lipidy frakcijy koncentracijos, metabolinis sindromas ir
antsvorio paplitimas. I. Ceponiené su kolegomis [4] nustaté, kad tradiciniai
rizikos veiksniai reik§mingai koreliavo su iminés iSemijos sindromu (UIS)
Lietuvoje, taciau jy kombinacija ne visada leidzia tiksliai identifikuoti
aukstos rizikos pacientus, todé¢l iSlieka poreikis naujy zymeny, ypac¢ vaizdi-
niuose Sirdies ir kraujagysliy tyrimuose. A. Tamositino su kolegomis [47]
Kauno kohortiniai duomenys, renkami nuo 1983 m. pagal PSO , MONICA*
programa, parode¢, kad tradiciniai rizikos veiksniai — AH, rikymas, padidéju-
sios aterogeniniy cholesterolio frakcijy koncentracijos ir cukrinis diabetas
(CD) — siejama tik su dalimi padidéjusio mirtingumo nuo SKL §ioje populia-
cijoje, nurodant papildomy socialiniy ir elgesio veiksniy svarba.

Sie epidemiologiniai duomenys suteikia atliktam moksliniam darbui
aktualumo: Lietuvoje, kaip ir kitose Europos Salyse, ilgalaikio aterosklero-
ziniy pakitimy steb¢jimo ir tikslesnio rizikos vertinimo tobulinimas yra itin
svarbus visuomenés sveikatos prioritetas. Galimyb¢é neinvazyviai nustatyti
aterosklerozinés plokstelés biologinj aktyvuma ankstyvosiose ligos stadijose,
kai dar yra galimybe efektyviai modifikuoti ligos eiga, yra ypac svarbi.

14



2.2. Aterosklerozés patofiziologija

Pagrindiné ISL prieZastis yra VA aterosklerozé. Aterosklerozé yra létinis
progresuojantis VA sienelés uzdegimas, kurio metu formuojasi aterosklero-
zinés plokstelés [49, 50]. Sio proceso pradZioje svarbiausia vaidmenj atlieka
endotelio disfunkcija (2.2.1 pav.), kurig skatina tradiciniai SKL rizikos veiks-
niai ir kuri gali pasireiksti net vaikystéje [50]. Endotelio pazeidimas lemia
padidéjusj kraujagyslés pralaidumg lipoproteinams, leukocity migracija i
intimg ir vietinj uzdegiminj atsaka [50, 52, 53]. Mazo tankio lipoproteiny
(MTL) dalelés kaupiasi arterijos sienel¢je ir oksiduojasi. Oksiduoti lipopro-
teinai aktyvina monocitus, kurie transformuojasi j makrofagus ir fagocituoja
lipidus, sudarydami putligsias lasteles. Siy lasteliy kaupimasis sudaro anksty-
viausig aterosklerozés stadijg — riebalines juosteles. Toliau progresuojant
uzdegimui, aktyvuojamos lygiyjy raumeny lastelés, formuojasi ekstralgsteli-
nis matriksas ir vystosi skaiduliné plokstele.

Aterosklerozinés plokstelés sudétis ilgainiui tampa heterogeniska. Joje
gali buti skaidulinio, riebalinio, nekrozinio ar kalcifikuoto audinio bei ploks-
telés viduje kraujosruvos elementy. Biutent plokstelés biologinés savybés
lemia jos stabilumg. Stabilios plokstelés dazniausiai pasizymi storu skaidu-
liniu dangalu ir didesniu kalcifikuoto audinio kiekiu, o nestabilios plokstelés
turi didele nekrozinio audinio zona (nekroziné Serdis, > 40 proc. plokstelés
turio), plong skaidulinj ,,stogelj* (< 65 um storio), plokstel¢je stebima aktyvi
makrofagy infiltracija ir neovaskuliarizacija [13, 15].

Ilga laikg manyta, kad MI dazniausiai sukelia Zenklios VA stenozés, taciau
vélesni patologiniai ir vaizdiniai tyrimai parodé, kad daugelis UIS kyla
angiografiSkai vidutiniy ar net nedideliy stenoziy vietose [53—57]. Tai susij¢ su
aterosklerozineés plokstelés pazeidZziamumu, o ne vien mechaniniu spindZio
susiaur¢jimu. Plokstelés plySimas ar erozija aktyvina trombocitus ir kreséjimo
sistemg, sukeldami trombozg bei iiming kraujagyslés okliuzija (2.2.1 pav.).

VA remodeliavimasis yra dar vienas svarbus aterosklerozés aspektas.
S. Glagov su kolegomis [58] aprasytas kompensacinio remodeliavimosi feno-
menas paaiskina, kod¢l pradinése stadijose aterosklerozinés plokstelés ilga
laikg nesukelia reikSmingo spindzio susiauréjimo: auganti plokstelé pleciasi
1 kraujagyslés iSore, taip nesiaurindama spindzio (teigiamasis remodeliavi-
masis). Sis mechanizmas yra kliniskai reikimingas, nes teigiamai remode-
liuotos plokstelés yra biologiskai aktyvesnés ir labiau linkusios j destabiliza-
cijg, daznai nesukeldamos VA A matomos reikSmingos stenozés [13]. Teigia-
masis remodeliavimasis daznai siejama su nestabilia plokstele ir didesne UIS
rizika.
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Kalcifikacija ilga laika buvo vertinama kaip stabilios aterosklerozés
pozymis, taciau Siuolaikiniai tyrimai parode, kad skirtingi kalcifikacijos tipai
turi nevienodg prognozing verte. Smulkios taskinés kalcifikacijos dazniau
siejamos su aktyviu uzdegimu ir nestabilumu, o stambios homogeniskos
kalcifikacijos dazniausiai budingos létinéms stabilizuotoms ploksteléms [13,
52].

Aterosklerozinis procesas yra dinamiskas. Ploksteliy sudétis ir morfolo-
gija gali kisti priklausomai nuo rizikos veiksniy kontrolés, lipidy koncentra-
cijos, uzdegiminio aktyvumo bei taitkomo gydymo. Statinai ir kiti lipidy kiekj
duol;j ir didinti kalcifikacija [59]. Todéel Siuolaikingje klinikinéje praktikoje
vis svarbesnis tampa ne vien stenozés nustatymas, bet ir aterosklerozes
progresavimo bei ploksteliy biologinio aktyvumo steb¢jimas.

2.3. Vainikiniy arteriju ligos rizikos veiksniai

VAL iSsivystymui jtakos turi daugybé tarpusavyje susijusiy rizikos
veiksniy [9, 60, 61]. TradiciSkai jie skirstomi ] modifikuojamus ir nemodi-
fikuojamus (2.3.1 lentelé). Nemodifikuojami rizikos veiksniai apima amziy,
vyriska lyti bei genetinj polinki, o modifikuojami — AH, dislipidemija, CD,
rikyma, nutukima, mazg fizinj aktyvuma ir nesveikg mityba.

Amzius i3lieka vienu svarbiausiy SKL rizikos veiksniy. Suamziumi pro-
gresuoja endotelio disfunkcija, didéja oksidacinis stresas ir kaupiasi atero-
skleroziniai pakitimai [62]. Vyrai VAL dazniausiai suserga jaunesniame
amziuje nei moterys, taciau po menopauzés motery rizika sparciai didéja [63].

Dislipidemija yra vienas svarbiausiy aterosklerozés vystymasi lemianciy
veiksniy [64]. Mokslingje literatiiroje placiai apraSomi aterosklerozés vysty-
muisi reikSmingi lipidy rodikliai — MTL cholesterolis, trigliceridai (TG) ir ne
didelio tankio lipoproteiny cholesterolis (neDTL) [50, 65]. Pastaraisiais metais
neDTL rodikliui skiriamas vis didesnis démesys dél jo gebéjimo tiksliau
atspindéti bendrg aterogeniniy lipoproteiny nasta [61]. Klinikinéje praktikoje
jau daugel] mety taikoma lipidy koncentracija mazinanti terapija, kurios
pagrindg sudaro statinai, efektyviai mazinantys MTL koncentracijg ir Sirdies
bei kraujagysliy ivykiy rizikg [60, 62]. Padidéjusi MTL koncentracija skatina
lipidy kaupimasi arterijy sieneléje ir uzdegiminj atsaka [53, 65]. Didelio
tankio lipoproteinai (DTL) dalyvauja atvirkstinéje cholesterolio pernaSoje ir
tradiciSkai siejami su antiaterogeniniu poveikiu [65]. Pastaraisiais metais vis
daugiau démesio skiriama ne tik lipidy koncentracijoms, bet ir lipoproteiny
daleliy sudéciai, oksidaciniams pokyc¢iams bei jy aterogeniSkumui [49].
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2.3.1 lentele. VAL rizikos veiksniai

Rizikos veiksniy

Rizikos veiksnys

Poveikis aterosklerozei ir VAL

grupé
Nemodifikuojami | Amzius Rizika did¢ja su amziumi del
rizikos veiksniai progresuojancios aterosklerozés
Vyriskoji lytis Vyrai serga VAL jaunesniame amziuje

Paveldimumas /
ankstyva SKL Seimoje

Didina ankstyvos aterosklerozés rizika

Modifikuojami
rizikos veiksniai

Dislipidemija MTL skatina ateroskleroziniy ploksteliy
formavimasi

AH Sukelia endotelio pazeidima ir kraujagysliy
remodeliavimasi

Rikymas Didina oksidacinj stresa, trombogeniskuma
ir uzdegima

CD Skatina endotelio disfunkcijg ir difuzing
ateroskleroze

Nutukimas Susijes su sisteminiu uzdegimu ir

metaboliniu sindromu

Fizinis pasyvumas

Didina metaboliniy ir ateroskleroziniy
sutrikimy rizika

Nesveika mityba

Skatina dislipidemija, AH ir nutukima

Psichosocialinis stresas

Susijes su autonominés nervy sistemos
disbalansu ir uzdegimu

Papildomi rizikos
veiksniai

Létiné inksty liga

Didina aterosklerozés progresavima ir SKL
rizika

Sisteminés uzdegiminés

ligos

Sisteminis uzdegimas spartina ateroskleroze

VA kalcio indeksas

Atspindi bendrg aterosklerozes apimtj

Lipoproteinas (a)

Susijes su padidéjusia trombozés rizika

Apolipoproteinas B

Atspindi bendrg aterogeniniy lipoproteiny
daleliy skaiciy ir gali tiksliau prognozuoti
SKL rizika nei MTL

Didelio jautrumo C
reaktyvusis baltymas

Sisteminio uzdegimo biozymuo, sicjamas su
aktyvesniu ateroskleroziniu procesu ir
didesne kardiovaskuliniy jvykiy rizika

AH — arterin¢ hipertenzija; CD — cukrinis diabetas; MTL — mazo tankio lipoproteinas; VA —
vainikiné arterija; VAL — vainikiniy arterijy liga; SKL — Sirdies ir kraujagysliy liga (-0s).

Parengta pagal [61].
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AH sukelia hemodinaminj stresa kraujagysliy sienelei ir skatina endo-
telio pazeidima [66]. Dél to didéja arterijy standumas, progresuoja remodelia-
vimasis ir spartéja ateroskleroziniy ploksteliy vystymasis [67]. AH taip pat
susijusi su kairiojo skilvelio (KS) hipertrofija bei mikrovaskuline disfunkcija.

CD laikomas vienu stipriausiy nepriklausomy SKL rizikos veiksniy [68].
Hiperglikemija ir insulino rezistencija skatina oksidacinj stresa, uzdegima bei
endotelio funkcijos sutrikimg [69]. Diabetu sergantiems pacientams dazniau
nustatoma difuziné, daugiazidining ir labiau kalcifikuota aterosklerozé [68].
Manoma, kad tai lemia ilgalaikis hiperglikemijos poveikis kraujagysliy siene-
lei, sukeliantis endotelio disfunkcija, oksidacinj stresg ir 1étinj uzdegima. Sie
procesai vyksta visame kraujagysliy medyje, tod¢l ateroskleroziniai pakiti-
mai dazniau biina iSplite ir apima kelis VA segmentus. Be to, sergant CD
sutrinka kraujagysliy sienelés remodeliavimasis ir skatinama kraujagysliy
kalcifikacija, todé¢l aterosklerozinés plokstelés dazniau pasizymi didesniu
kalcio kiekiu [68, 69].

Ritkymas didina trombogeniSskuma, aktyvina simpating nervy sistemg ir
pazeidzia endotelj [70]. Rukaliams dazniau nustatomos nestabilios ateroskle-
rozinés plokstelés bei didesné UIS rizika. Riikymas taip pat skatina ateroskle-
roziniy ploksteliy progresavima ir destabilizacija, tod¢l didéja ploksteles
ply§imo bei UIS iSsivystymo tikimybé [54, 71].

Nutukimas ir metabolinis sindromas susij¢ su sisteminiu uzdegimu, disli-
pidemija, insulino rezistencija ir AH [71]. Sie metaboliniai sutrikimai skatina
endotelio disfunkcija, oksidacinj stresg ir ateroskleroziniy ploksteliy forma-
vimasi, todél didina SKL rizikg. Vis daugiau démesio skiriama visceraliniy
riebaly reikSmei, nes jie aktyviai dalyvauja uzdegiminiy citokiny gamyboje
[72]. Manoma, kad visceralinis nutukimas lemia 1étinj mazo intensyvumo
uzdegima, kuris skatina aterosklerozés progresavima ir nepalankius krauja-
gysliy struktiiros bei funkcijos pokycius [72, 73].

Genetiniai veiksniai taip pat turi svarbia reik§me. Seiminé hipercho-
lesterolemija, ankstyvi ISL atvejai $eimoje bei tam tikri genetiniai variantai
gali reikSmingai didinti aterosklerozés rizikg net ir nesant ryskiy tradiciniy
rizikos veiksniy [63, 74]. Tarp geriausiai iStirty genetiniy veiksniy yra LDLR,
APOB ir PCSK9 geny mutacijos, kurios lemia padidéjusia MTL koncent-
racija ir ankstyva aterosklerozés vystymasi [64].

Naujausi tyrimai rodo, kad tradiciniy rizikos veiksniy nepakanka tiksliai
prognozuoti individualig kardiovaskuling rizikg [74]. Dalis pacienty, patyru-
siy UIS, neturi ry$kiy tradiciniy rizikos veiksniy, todél didéja susidoméjimas
papildomais biologiniais ir vaizdiniais Zymenimis [75]. Lipoproteinas (a)
(Lp(a)) yra genetiskai nulemtas lipoproteinas, kurio padidé¢jusi koncentracija
siejama su didesne aterosklerozinés SKL bei aortos voztuvo stenozés rizika
[77, 78]. Manoma, kad aterogeninj ir protrombozinj Lp(a) poveikj lemia jo
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struktiirinis panasumas | MTL bei jo paties geb¢jimas skatinti uzdegiminius
ir trombozinius procesus. Apolipoproteinas B (Apo-B) laikomas visy atero-
geniniy lipoproteiny daleliy kiekybiniu Zymeniu, todel gali tiksliau neit MTL
atspindéti bendrg aterogeniniy daleliy nasta ir Sirdies bei kraujagysliy ligy
rizika [79, 80]. Didelio jautrumo C reaktyvusis baltymas (djCRB) yra
sisteminio uzdegimo zZymuo, kurio padidéjusi koncentracija siejama su akty-
vesniu ateroskleroziniu procesu ir didesne Sirdies ir kraujagysliy sistemos
ivykiy rizika [49, 80]. Sie biologiniai Zymenys naudojami, kai norima tiksliau
jvertinti pacienty kardiovaskuling rizika, ypac tais atvejais, kai tradiciniy
rizikos veiksniy nepakanka individualios rizikos nustatymui [77-80].

2.4. Stabilios vainikiniy arteriju ligos diagnostika

Pacienty, kuriems jtariama stabili VAL, diagnostika grindZziama simpto-
my vertinimu, ikitestinés tikimybés apskaifiavimu ir neinvaziniy bei inva-
ziniy tyrimy taikymu [19]. Tradiciniai simptomai apima fizinio kravio sukel-
ta kriitinés skausma, taciau daznai jie biina nespecifiniai, ypa¢ moterims ir
CD sergantiems pacientams. Daliai pacienty gali pasireiksti dusulys, fizinio
kriivio tolerancijos sumazéjimas ar net nebylioji miokardo iSemija [19, 82].

EKD gairése rekomenduojama jvertinti ikitesting obstrukcinés VAL
tikimybe pagal amziy, lytj ir simptomy pobudj [82]. Ivertinus ikitestine tiki-
mybe, sudaromas tolimesnés diagnostikos planas. Pacientams, kuriy tikimy-
bé maza arba vidutiné, pirmaeilis tyrimas rekomenduojamas Sirdies KTA, nes
Sis tyrimas pasizymi dideliu jautrumu ir aukS$ta neigiama prognozine verte
[19, 82, 83]. Tuo tarpu pacientams, kuriems jtariama funkciskai reikSminga
VAL (tame tarpe ir mikrovaskuliné disfunkcija), gali biti atliekami papildo-
mi funkciniai tyrimai.

Neinvaziniai vaizdiniai metodai sudaro svarbig stabilios VAL diagnos-
tikos dalj, nes leidzia jvertinti tieck VA anatomija, tiek aterosklerozés iSpliti-
mga. Pastaraisiais metais didZiausias proverZis jvyko plétojant Sirdies KTA
tyrima [11]. Sis metodas leidZia ne tik tiksliai nustatyti stenozés dydj, bet ir
vizualizuoti aterosklerozines ploksteles, jvertinti jy sandarg bei nustatyti
didelés rizikos morfologinius pozymius [83]. KTA diagnostiné reik§mé ypac
svarbi pacientams su vidutinio dydzio VA stenozémis [84]. Todé¢l pastarai-
siais metais did¢ja susidom¢jimas kompleksiniu anatominiy, morfologiniy ir
funkciniy parametry vertinimu [86, 87]. Sirdies KTA detaliau aprasoma
atskirame paragrafe. Kiti neinvaziniai vaizdiniai metodai, tokie kaip echokar-
diografija ar Sirdies magnetinio rezonanso tomografija (MRT), taip pat
svarbiis vertinant struktiirinius ir funkcinius miokardo pokyc¢ius [19, 82].
Echokardiografija leidzia jvertinti KS sistoling funkcija, regioninius sienelés
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judesiy sutrikimus bei diferencijuoti kitas galimas kriitinés skausmo prie-
zastis [87]. Sirdies MRT pasizymi auksta erdvine skiriamaja geba ir leidzia
tiksliai jvertinti miokardo gyvybinguma, fibroz¢ bei iSemijos poZzymius.

Neinvaziniai funkciniai tyrimai skirti miokardo iSemijai ir stenozés
hemodinaminiam reik§mingumui nustatyti. Tradiciniai metodai apima velo-
ergometrija, streso echokardiografija, miokardo perfuzijos scintigrafijg bei
streso MRT [19, 82]. Sie tyrimai leidZia jvertinti aterosklerozés salygotus
miokardo perfuzijos ar sienelés judesiy pokyc¢ius, taciau tiesiogiai neparodo
ateroskleroziniy ploksteliy morfologijos.

Veloergometrija ilgg laika buvo vienas placiausiai naudojamy pradiniy
diagnostikos metody, taciau jos jautrumas ir specifiSkumas yra mazesni nei
Siuolaikiniy vaizdiniy tyrimy [81]. Tuo tarpu streso echokardiografija ir
perfuziniai tyrimai leidZia tiksliau nustatyti funkciskai reikSmingg VA atero-
sklerozg bei prognozuoti nepageidaujamy Sirdies ir kraujagysliy ivykiy rizika
[88]. Pastaraisiais metais vis daugiau démesio skiriama neinvaziniam frakci-
nio teékmes rezervo, apskaiciuoto taikant KTA vaizdy analiz¢ (ktFTR), verti-
nimui, kuris leidzia vieno tyrimo metu integruoti anatominius ir funkcinius
duomenis [89].

Ilga laikg invaziné VAA buvo laikoma auksiniu standartu VAL diagnos-
tikoje. Rutininés invazinés VAA metu vertinama tik kraujagyslés spindis,
tod¢l tai ribotai atspindi aterosklerozinés plokstelés kliniking reik§me. Be to,
angiografiSkai nustatytas stenozés dydis ne visada koreliuoja su hemodina-
miniu reikSmingumu [34]. Siekiant tiksliau jvertinti ateroskleroziniy plokste-
liy ir kraujagyslés sienelés struktiira, klinikingje praktikoje vis dazniau taiko-
mi intravaskuliniai vaizdinimo metodai — intravaskulinis ultragarsas (IVUS)
ir optin¢ koherentin¢ tomografija (OKT) [90-92]. IVUS leidzia jvertinti
plokstelés tiirj, remodeliavimasi bei kalcifikacija, o OKT dél itin aukStos
erdvinés skiriamosios gebos suteikia galimybe detaliai analizuoti skaidulinio
dangalo stori, lipidinio branduolio dydi bei kitus nestabilumo pozymius [90,
93].

Invaziniai funkciniai tyrimai leidZia tiesiogiai jvertinti stenozés hemodi-
naminj reikSminguma. Placiausiai naudojamas metodas yra frakcinio tekmes
rezervo (FTR) matavimas, atliekamas maksimalios hiperemijos metu. Nusta-
tyta, kad FTR < 0,80 riba rodo hemodinamiskai reik§mingg stenoz¢ ir yra
susijusi su didesne miokardo iSemijos bei nepageidaujamy Sirdies ir krauja-
gysliy jvykiy rizika [85, 95]. ,,FAME®, ,FAME 2 ir ,, FAME 3 tyrimai paro-
de, kad FTR pagrjsta intervencing taktika sumazina nereikalingy intervencijy
skai¢iy ir pagerina klinikines baigtis [34, 85]. D¢l Siy rezultaty FTR tapo
rekomenduojamu metodu, vertinant vidutiniy stenoziy reikSminguma [87].
Be to, invazinéje diagnostikoje vis daugiau démesio skiriama kiekybinio ték-
més santykio apskaic¢iavimui (KTS), leidzianc¢iam jvertinti funkcinj stenozés
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reik§minguma remiantis angiografiniais vaizdais be papildomos hiperemijos
[33, 96, 97].

Pastaraisiais metais vis placiau taikomi ir hiperemijos nereikalaujantys
indeksai, tokie kaip diastolés pabaigos frakcinis tékmés rezervas (angl.
diastolic fractional flow reserve, dFFR) [94]. Sie metodai leidZia grei¢iau ir
paprasCiau jvertinti stenozés funkcinj reikSminguma bei padeda priimti
sprendimus dél revaskuliarizacijos poreikio [97].

Siuolaiking stabilios VAL diagnostika grindZiama integruotu anato-
miniy, morfologiniy ir funkciniy duomeny vertinimu. Tai leidzia tiksliau nu-
statyti individualig paciento rizika, didelés rizikos aterosklerozines ploksteles
bei parinkti optimaly gydymo metoda [19, 98].

2.5. Sirdies kompiuterinés tomografijos angiografija

Sirdies KTA per pastaruosius du de§imtmeéius tapo vienu svarbiausiu
neinvaziniu VAL diagnostikos metodu, leidzian¢iu detaliai jvertinti ne tik
VA spindzio susiauréjima, bet ir kraujagysliy sienele bei ateroskleroziniy
ploksteliy morfologija [100, 101]. Technologiné pazanga leido reikSmingai
pagerinti vaizdy erdving ir laiko skiriamasias gebas, sumazinti radiacijos
doze, taip iSpleciant klinikines metodo galimybes. Pirmieji daugiasluoksniai
KTA aparatai tur¢jo ribotg diagnosting verte dél mazos laiko skiriamosios
gebos ir gausiy judesio artefakty, taCiau atsiradus 64 ir daugiau detektoriy
eiliy sistemoms, galima tiksliau vizualizuoti vainikines arterijas [99]. Siuolai-
kiniai 256 ar 320 detektoriy aparatai leidzia atlikti visos Sirdies skenavimag
vieno Sirdies ciklo metu, o elektrokardiografinés sinchronizacijos metody pri-
taikymas, rekonstrukcijos algoritmai bei dirbtiniu intelektu (DI) paremtos
analizés sistemos dar labiau pagerino diagnosting kokybe ir sumazino
spinduliuotés doze [100, 102]. Nepaisant didelio diagnostinio tikslumo, KTA
turi ir tam tikry ribotumy — vaizdy kokybe gali bloginti Sirdies ritmo sutr-
ikimai, ryski kalcifikacija, didelis ktino masés indeksas (KMI) ar judesio arte-
faktai, o kai kuriy parametry vertinimas islieka priklausomas nuo naudojamos
programinés jrangos bei vertintojo patirties [100, 101].

2024 m. EKD Iletiniy VA sindromy gairése KTA rekomenduojama kaip
pirmaeilis tyrimas pacientams, kuriems jtariama stabili VAL ir nustatyta
maza ar vidutiné ikitestiné ligos tikimybé [85]. Sia rekomendacija pagrindé
didelés apimties klinikiniai tyrimai, ypac ,,SCOT-HEART* ir ,,PROMISE®,
parode, kad KTA ne tik pagerina diagnostinj tiksluma, bet ir leidzia efekty-
viau nustatyti aterosklerozing apimtj bei sumazinti MI rizikg ilgalaikéje per-
spektyvoje [19, 103]. Sisteminiy literatiiros apzvalgy ir metaanaliziy duo-
menimis, KTA jautrumas nustatant reikSmingas stenozes virSija 90-95 proc.,
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0 neigiama prognoziné verté¢ artéja prie 99 proc., todél KTA tyrimas, kurio
metu nenustatoma VA pakitimy, leidzia atmesti reikSmingg obstrukcing VAL
[34, 103, 104]. Lyginant su funkciniais tyrimais, KTA geriau identifikuoja
ankstyvus aterosklerozinius pakitimus ir neobstrukcing VAL, kuri taip pat
gali biiti susijusi su padidéjusia Sirdies ir kraujagysliy sistemos jvykiy rizika
[103, 105, 106]. Tuo tarpu funkciniai tyrimai dazniausiai nustato tik hemodi-
namiskai reikSmingg miokardo iSemijg [33, 34]. D¢l Sios priezasties Siuolai-
kingje klinikingje praktikoje vis dazniau taikomas kompleksinis anatominiy
ir funkciniy parametry vertinimas.

Ilga laika KTA daugiausia buvo naudojama anatominiam stenozés
dydziui vertinti, taciau Siuolaikiné aterosklerozés samprata pabrézia, kad vien
kraujagyslés spindzio susiaur¢jimo dydis nepakankamai atspindi ateroskle-
rozinés plokstelés biologinj aktyvuma, pazeidziamumg ir blisimy Sirdies ir
kraujagysliy sistemos ivykiy rizika [9, 27, 107]. D¢l Sios priezasties didelis
démesys skiriamas i§samiai aterosklerozinés plokstelés morfologinei analizei.
Siuolaikings specializuotos kompiuterinés programos, tokios kaip ,,QAngio
CT*, ,.Cleerly* ar ,,SyngoVia“, leidzia pusiau arba visisSkai automatizuotai
ivertinti plokstelés turi, sudéti, remodeliavimasi, VA spindzio geometrija bei
kitus morfologinius parametrus [36, 38, 108]. KTA pagrindu galima dife-
rencijuoti skaidulinj, skaidulinj-riebalinj, nekrozinés Serdies ir kalcifikuotg
audinj pagal jy tankj Haunsfildo vienetais (HU) [36, 38]. Skaiduliniu audinio
gausios plokstelés dazniausiai laikomos stabilesnémis, tuo tarpu ploksteles,
kuriose vyrauja riebalinis audinys, o ypa¢ su didele nekrozine Serdimi,
dazniau pasizymi nestabilumu ir siejamos su didesne UIS rizika [9, 13, 15].

Didelés rizikos arba pazeidziamos plokstelés samprata atsirado siekiant
identifikuoti aterosklerozinius pakitimus, labiausiai susijusius su UIS.
Histologiniai tyrimai parodé, kad UIS daZniausiai sukelia plokstelés plySimas
arba erozija [13, 52, 55]. KTA tyrimuose dazniausiai analizuojami keturi
pagrindiniai didelés rizikos pozymiai: mazo tankio zona (< 30 HU), teigia-
masis remodeliavimasis, ,,ziedo* pozymis ir taskiné kalcifikacija[13, 24, 31].
Mazo tankio nekalcifikuota plokstelé laikoma vienu stipriausiy MI prognozi-
niy zymeny [5, 27, 103]. ,,SCOT-HEART* tyrimo subanaliz¢je nustatyta, kad
mazo tankio ploksteleé prognostiskai pranoko tiek Agatstono bala, tieck VA
stenozés dydj [5]. S. Motoyama su kolegomis nustaté, kad didziausig UIS
rizikg turi pacientai, kuriems kartu nustatoma teigiamasis remodeliavimasis
ir mazo tankio plokstelé [85]. G. Feuchtner su bendraautoriais ilgalaikio
steb¢jimo tyrime nustaté, kad mazo tankio plokstel¢ ir ,,ziedo* pozymis buvo
stipriausi MACE prognoziniai veiksniai [102]. Siuolaikiniai tyrimai rodo,
kad tiksliausia prognoziné verté pasiekiama integruotai vertinant kelis dideles
rizikos pozymius kartu su kiekybiniais plokstelés rodikliais [15, 109, 110].
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Svarbi Siuolaikinés KTA kryptis yra bendros aterosklerozinés apimties
kiekybinis vertinimas. Tyrimai parod¢, kad bendras plokSstelés tiiris, nekalci-
fikuotos plokstelés kiekis ir plokstelés apimtis geriau prognozuoja MACE lyg
su tik VA stenozes vertinimu [9, 109-111]. ,,PROMISE* tyrimo subanalizéje
nustatyta, kad bendras plokstelés tiris > 87 mm?, plokstelés apimtis > 35 proc.
ir nekalcifikuota plokstelé > 20 proc. buvo susije su beveik dvigubai didesne
MACE rizika [111]. Kiekybinis aterosklerozés vertinimas taip pat leidzia
no balas [40, 105]. Didele reikSme turi ir perivaskulinio riebalinio audinio
analiz¢ — jo tankis laikomas lokalaus kraujagysliy uzdegimo Zymeniu ir
nepriklausomai susij¢s su padidéjusia MACE rizika [24, 77, 113, 114].

Svarbig vieta Siuolaikin¢je KTA diagnostikoje uzima standartizuota
CAD-RADS (angl. Coronary Artery Disease — Reporting and Data System)
vertinimo sistema [36]. 2022 m. atnaujinta CAD-RADS 2.0 versija suteiké
galimybe struktiirizuotai pateikti KTA i$vadas, standartizuoti stenozés dydzio
klasifikacijg ir integruoti papildomus anatominius, morfologinius bei funk-
cinius parametrus. Sistema apima VA stenozés dydzio vertinimg nuo CAD-
RADS 0 iki CAD-RADS 5, papildomai pazymint didelés rizikos plokstelés
pozymius, stentus, aortos ir VA jungtis ar funkcinius tyrimus. CAD-RADS
sistema pasizymi geru atkuriamumu ir auks$tu vertintojy tarpusavio suderi-
namumu. Klinikingje praktikoje ji padeda standartizuoti komunikacija tarp
radiology ir kardiology, pagerina rizikos vertinimg bei palengvina sprendimy
priémima del tolimesniy diagnostikos ar gydymo taktiky [36, 37]. Ypatingai
svarbi CAD-RADS 3 kategorija, apimanti 50—-69 proc. stenozes, nes biitent $i
pacienty grupé dazniausiai kelia diagnostiniy dilemy dél anatominio ir
funkcinio reik§mingumo neatitikimo.

Vienas svarbiausiy Siuolaikinés KTA privalumy yra galimyb¢ integruoti
anatominius ir funkcinius duomenis. KtFTR leidzia neinvaziskai jvertinti ste-
nozeés hemodinaminj reikSminguma ir pagerina vidutiniy stenoziy klinikinio
reik§mingumo diagnostinj tiksluma [114—116]. Sis metodas remiasi kompiu-
teriniu kraujotakos modeliavimo principu, leidzianciu i§ standartiniy KTA
duomeny apskaiciuoti slégio gradientus vainikinése arterijose ir nustatyti, ar
anatomiSkai nustatyta stenoz¢ sukelia miokardo iSemijg [115, 116]. Tyrimai
parod¢, kad ktFTR pasizymi didesniu diagnostiniu tikslumu nei vien
anatominis stenozes vertinimas KTA metu, ypa¢ esant 40-90 proc. spindZio
susiaur¢jimui [116]. Nepaisant gery diagnostiniy rezultaty, ktFTR diegima
klinikingje praktikoje riboja didesné tyrimo kaina, sudétingesné duomeny
analiz¢ ir ribotas prieinamumas, todél Siuo metu metodas dazniausiai taiko-
mas aukstesnio lygio specializuotuose kardiologijos centruose [18, 93, 115].
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Pastaraisiais metais sparciai vystosi ir DI pagrindu atlickama KTA ana-
lizé. DI sistemos leidzia automatizuotai suskirstyti VA segmentais, kieky-
biskai jvertinti plokstelés sudétj bei prognozuoti ilgalaike Sirdies ir krauja-
gysliy sistemos rizikg [42, 108, 118, 119]. CONFIRM?2 registro analizéje
nustatyta, kad DI pagrindu apskaic¢iuotas nekalcifikuotos plokstelés tiiris ir
stenozes dydis geriau prognozavo MACE nei standartinis vizualinis vertini-
mas [41]. Sie duomenys rodo, kad ateityje KTA gali tapti ne tik anatominiu
vaizdinimo metodu, bet ir individualizuotos rizikos vertinimo bei persona-
lizuoto gydymo planavimo jrankiu.

2.6. Kiekybinis tekmés santykis

KTS yra naujas invazinis, taciau papildomo sléginio laido ar hiperemijos
nereikalaujantis, metodas, skirtas VA stenozés funkciniam reikSmingumui
pvertinti [96, 97]. KTS apskaiciuojamas remiantis dviejy angiografiniy
projekcijy trimate kraujagyslés rekonstrukcija bei kontrastinés medziagos
tekmés analize. Sis metodas leidZia jvertinti stenozés hemodinaminj poveikj,
tikslumu prilyginamas invaziniam FTR, ta¢iau procedira atliekama greiciau
ir nereikalauja farmakologinés hiperemijos [96].

Didelj susidome¢jimg KTS sukélé tyrimai, parode gera koreliacija tarp
KTS ir invazinio FTR rezultaty. ,,FAVOR II China* ir ,,FAVOR III Europe*
tyrimuose nustatyta, kad KTS pasizymi aukStu diagnostiniu tikslumu nu-
statant hemodinamj VA stenozés reikSminguma [96, 97]. Be to, taikant KTS
metoda sutrumpgja procediira, sumazéja kontrastinés medziagos kiekis ir
pacienty diskomfortas, lyginant su invaziniu FTR tyrimu.

KTS ypa¢ aktualus vertinant vidutinio dydzio VA stenozes, kuriy anato-
minis ir funkcinis reikSmingumas daznai nesutampa. Vien angiografiskai
nustatytas stenozes procentas ne visuomet tiksliai atspindi miokardo iSemijos
tikimybe, todé¢l funkciniy parametry integravimas tampa svarbia Siuolaikinés
diagnostikos dalimi [34, 85]. Tyrimai rodo, kad dalis angiografiskai vidutiniy
stenoziy néra hemodinamiskai reikSmingos ir gali buti sékmingai gydomos
konservatyviai, o kitais atvejais net ir santykinai nedidelés stenozes gali buti
susijusios su reik§minga iSemija [34].

Nors KTS leidzia papildyti angiografinj VA stenozés vertinimg funkcine
informacija, taciau neatskleidzia aterosklerozinés plokstelés biologinio akty-
vumo ar didelés rizikos morfologiniy pozymiy. Todé¢l klinikingje praktikoje
vis dazniau siekiama derinti KTA nustatomus plokstelés morfologinius
parametrus su funkciniais rodikliais, tokiais kaip KTS ar FTR [67, 87, 96, 97,
102].
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Nepaisant didelio diagnostinio potencialo, KTS metodas turi tam tikry
ribojimy. Tyrimo tikslumas priklauso nuo angiografiniy vaizdy kokybés,
tinkamo projekcijy pasirinkimo bei kraujagyslés rekonstrukcijos tikslumo.
Be to, sudétinga anatomija, didelé kalcifikacija ar persidengiancios krauja-
gyslés gali mazinti metodo patikimuma [96, 97]. Vis délto KTS laikomas
perspektyviu ir sparciai besivystanciu funkciniu metodu, galiniu pagerinti
pacienty su vidutinémis stenozémis rizikos vertinima bei individualizuoti jy
gydymo taktika.

2.7. Vidutinés vainikinés arterijos stenozés klinikiné problema

Vidutinés VA stenozés, dazniausiai apibréziamos kaip 50-70 proc.
kraujagyslés spindzio susiaur¢jimas, klinikinéje praktikoje islieka viena
sudétingiausiai interpretuojamy ir gydomy ateroskleroziniy pazeidimy gru-
piy. Literatiiroje nurodomos skirtingos vidutinés stenozes ribos (30—70 proc.
arba 40-70 proc.), todel didéja interpretacijos variabilumas ir tampa sudétin-
gesnis tyrimy rezultaty palyginimas [19, 36]. Siame kontekste CAD-RADS
3 kategorijos (50—69 proc. stenoz¢) taikymas leidzia uZztikrinti tikslesnj
vertinima ir leis ateityje lengviau palyginti su kitais atlieckamais tyrimais, nes
CAD-RADS 2.0 sistema pasizymi geru suderinamumu tarp tiréjy bei placiu
klinikiniu pritaikomumu [36].

VAL ,,pilkaja zona* daznai apibiidinamos vidutinés VA stenozes, kurios
yra tarp akivaizdziai nereikSmingy ir hemodinamiskai reikSmingy pazeidimy.
Sios stenozés sudaro reikiminga dalj klinikinéje praktikoje nustatomy atero-
skleroziniy pazeidimy, taciau jy klinikiné reikSmé islieka nevienareikSmé.
Vien anatominis susiauré¢jimo dydis neleidZzia patikimai prognozuoti nei
miokardo iSemijos buvimo, nei busimy Sirdies ir kraujagysliy ivykiy rizikos,
tod¢l sprendimas dél konservatyvaus gydymo ar revaskulizacijos daznai
tampa sudétingas ir priklauso nuo papildomy funkciniy bei vaizdiniy tyrimy
rezultaty [19, 34, 82, 85]. Pacientams, turintiems vidutines angiografiskai
nustatytas VA stenozes, klinikiné eiga gali reikSmingai skirtis — vienais atve-
jais pazeidimai iSlieka stabiltis daugelj mety, kitais progresuoja iki obstruk-
cinés VAL arba tampa UIS priezastimi [58, 86].
ir funkcinio reikSmingumo neatitikimas. ,,FAME® tyrime Tonino su kolego-
mis [34] nustate, kad reikSminga dalis angiografiskai vidutinémis laikyty
stenoziy buvo hemodinamiskai nereikSmingos pagal FTR kriterijy (> 0,80),
todé¢l vien anatominiu stenozés dydziu pagrista revaskulizacijos strategija ne
visuomet yra teisinga. ,,FAME 2 tyrimas papildomai parode¢, kad funkciSkai
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reikSmingy stenoziy nustatymas turi tiesioging jtaka klinikiniams sprendi-
mams ir pacienty baigtims [84]. Vélesnés metaanalizés patvirtino, kad KTS
leidzia patikimai identifikuoti funkciskai reikSmingas stenozes Sioje pacienty
grupéje [33, 96, 97, 120]. Tuo tarpu dalis tyrimy parodé, kad vien anatominiai
KTA parametrai ne visada tiksliai prognozuoja FTR nustatomg hemodina-
minj reikSminguma, ypa¢ esant rySkiai kalcifikuotoms ploksteléms [120].
Pastaraisiais metais vis daugiau démesio skiriama ne tik stenozés dydziui, bet
ir aterosklerozinés plokstelés morfologijai bei biologiniam aktyvumui. Kie-
kybinés KTA analizés tyrimai, kuriuos atliko T. Liu ir C. Tesche su kolego-
mis parode, kad didesnis nekalcifikuotos plokstelés tiiris, neigiamas remode-
liavimasis ir didesné nekroziné Serdis yra susije su blogesnémis klinikinémis
baigtimis bei padidéjusia MACE rizika [22, 30]. ,,PARADIGM® tyrimo
analizés parodé¢, kad vidutinés stenozeés pasizymi heterogeniska strukttiros
kaita natiiralioje ligos eigoje — dalis jy iSlieka stabilios daugelj mety, o kitos
progresuoja iki obstrukcinés VAL ar tampa nestabilios [121]. Sie duomenys
pabrézia, kad vien procentinis kraujagyslés spindzio susiauréjimas
nepakankamai apibtidina biologine plokstelés bukle ir biisimy ivykiy rizika.

C. Collet su bendraautoriais pabrézé, kad KTA, prieSingai nei invaziné
VAA, leidzia jvertinti ne tik kraujagyslés spindj, bet ir visg aterosklerozinés
plokstelés struktira, remodeliavimasi bei kraujagyslés sienelés pokycius
[37]. S. Gaur su kolegomis nustaté, kad kompleksinis morfologiniy plokstelés
pozymiy vertinimas, apjungiantis kelias aterosklerozinés plokstelés charakte-
ristikas, geriau prognozavo hemodinamiskai reik§mingas stenozes nei vien
anatominis stenozés dydis [122]. K. Otsuka su kolegomis parodé, kad didelés
rizikos plokstelés pozymiai, ypac ,,ziedo* pozymis ir mazo tankio plokstele,
yra susije su padidéjusia UIS rizika [24]. Sie duomenys rodo, kad dinaminis
plokstelés morfologijos vertinimas gali suteikti daugiau prognozinés infor-
macijos nei vienkartinis stenozés dydzio procentinis nustatymas.

Vidutiniy VA stenoziy interpretacijai ypa¢ svarbus ir Glagovo fenome-
nas, apibiidinantis kompensacing kraujagyslés remodeliavimasi aterosklero-
z¢&s progresavimo metu [58]. Didéjanti plokStelé ilga laikg gali pléstis iSorinés
kraujagyslés sienelés kryptimi, iSlaikydama santykinai nedidelj spindzio
susiauréjima, todel angiografiskai vidutiné stenozé gali atspindéti didele,
biologiskai aktyvia ir potencialiai nestabilig plokstele. Siame kontekste KTA
turi esminj pranasuma prie$ invazing VAA, nes leidzia vizualizuoti ir kieky-
biskai jvertinti visg kraujagyslés sienele bei aterosklerozinés plokstelés tiir
[38, 59, 107]. Be to, remodeliavimosi pobiidis taip pat turi prognozing
reik§m¢ — neigiamas remodeliavimasis siejasi su skaiduliniu audiniu gausio-
mis, labiau stabilizuotomis plokstelémis, tuo tarpu teigiamasis remodeliavi-
masis dazniau nustatoma biologiSkai aktyviose ir didelés rizikos plokstelése
[13, 24].
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Todeél Siuolaikingje klinikinéje praktikoje vidutinés stenozés vis dazniau
vertinamos ne kaip tarpiné¢ anatominé kategorija, bet kaip heterogeniSka
pacienty grupé, kuriai reikalingas integruotas anatominiy, funkciniy ir
plokstelés charakteristiky vertinimas. Sis pozifiris atitinka naujausias EKD ir
Amerikos kardiology KTA draugijy rekomendacijas, pabréziancias, kad tik
kompleksinis stenozés ir aterosklerozinés plokstelés vertinimas leidzia tiks-
liau nustatyti individualig paciento rizikg ir optimizuoti gydymo strategija
[19, 100].

2.8. Dirbtinis intelektas ir automatizuotos analizés reik§mé

Pastaraisiais metais DI technologijos sparciai integruojamos | Sirdies
KTA diagnostika [108, 118]. Automatinés ir pusiau automatizuotos segmen-
tavimo sistemos leidzia greitai bei tiksliai identifikuoti VA, aterosklerozines
ploksteles ir jy komponentus, mazina vertintojy variabiluma bei sudaro gali-
mybes standartizuotai kiekybinei plokSteliy tiirio, sudéties ir geometrijos
analizei [111, 118, 124]. Tai ypac svarbu tiek moksliniuose tyrimuose, tiek
klinikin¢je praktikoje, kur did¢ja poreikis objektyviam aterosklerozes
vertinimui, kurj biity galima palyginti tarp tyrimy.

DI ir giluminio mokymosi algoritmai taip pat placiai taikomi prognoziniy
modeliy kiirimui, integruojant klinikinius, laboratorinius ir vaizdinius duo-
menis siekiant tiksliau prognozuoti nepageidaujamy Sirdies ir kraujagysliy
ivykiy rizikg [111, 118, 119]. A. Lin su kolegomis tarptautiniame daugia-
centriame tyrime, kuriame dalyvavo daugiau kaip 1500 pacienty i§ 8 centry,
parodé¢, kad DI pagristas automatinis VA ploksteliy segmentavimas ir ste-
noziy kiekybinis vertinimas KTA vaizduose pasizymi geru tikslumu lyginant
su eksperty rankine analize bei leidZia prognozuoti nepageidaujamy UIS
rizikg [117]. Radiomikos metodai papildomai leidzia analizuoti sudétingus
tekstiirinius ir erdvinius vaizdy parametrus, kurie néra matomi vizualinés
analizés metu ir gali biiti susije su aterosklerozinés plokstelés biologiniu
aktyvumu [124]. K. Schulze su bendraautoriais [107] eksperty sutarimo
dokumente pabréziama, kad ateityje DI pagrindu atlickama automatizuota
aterosklerozinés plokstelés analizeé, integruota su ktFTR, perivaskulinio
individualizuotam SKL rizikos vertinimui ir individualaus gydymo plana-
vimui. S. Nurmohamed su kolegomis [118] parod¢, kad DI pagrindu atlieka-
mas kiekybinis aterosklerozés i$plitimo nustatymas yra reikSmingai susijes
su ilgalaikémis klinikinémis baigtimis ir prognoziSkai pranoksta tradicinj
vizualinj KTA vertinimg. N. Vatsa su kolegomis [109] apzvalgoje akcentuo-
jama, kad tik integruotas morfologiniy, funkciniy ir biologiniy aterosklerozes
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parametry vertinimas leidzia tiksliausiai prognozuoti Sirdies ir kraujagysliy
ivykiy rizika. Nepaisant didelio potencialo, DI metody integracija i kasdiene
kliniking praktika vis dar susiduria su duomeny suvienodinimo, algoritmy
interpretavimo, iSorinés validacijos ir skirtingy programiniy platformy sude-
rinamumo i$Siikiais [108, 124].
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3. DARBO METODIKA

3.1. Tiriamyjuy kontingentas

Gavus Kauno regioninio biomedicininiy tyrimy etikos komiteto leidima
(Nr. BE-2-43), Lietuvos sveikatos moksly universiteto ligoninés Kauno
kliniky (Kauno kliniky) Kardiologijos ir Radiologijos klinikose atliktas vieno
centro perspektyvusis nerandomizuotas klinikinis tyrimas. Tyrimas buvo
atliktas laikantis Helsinkio deklaracijos principy. Visi tiriamieji, perskaite ir
susipazing, pasira$¢ asmens informavimo ir sutikimo forma.

I tyrimg jtraukti 157 tiriamieji, kuriems nustatyta maza arba vidutiné
ikitestin¢ obstrukcinés VAL tikimybé ir yra rekomenduota Sirdies KTA,
pagal tuometines EKD gaires (remiantis Diamond-Forrester ikitestinés
tikimybés modeliu) [81, 127]. Visiems pacientams 2017-2019 m. laikotarpiu
buvo atlikta klinikinémis indikacijomis pagrista VA KTA ir nustatyta viena
ar daugiau vidutiniy VA stenoziy. Vidutiné VA stenozé buvo apibrézta kaip
ateroskleroziné plokstelé, sukelianti 50—69 proc. spindZzio susiauréjima krau-
jagysléje, kurios referentinis skersmuo > 1,5 mm, atitinkanti standartizuotos
KTA ataskaity sistemos CAD-RADS v.1 (angl. Coronary Artery Disease —
Reporting and Data System) ,,3* kategorija.

Itraukimo ] tyrimg kriterijai:

e >30m. amzius;

e SKA simptomai;

e maza arba viduting ikitestiné obstrukcinés VAL tikimybé;

e iSsaugota (> 50 proc.) KS IF, jvertinta dvimatés (2D) echokardio-

grafijos metodu;

e nustatyta viena ar daugiau vidutiniy VA stenoziy.

Pacientai | tyrimg jtraukti nebuvo, jei buvo nustatytas bent vienas i$
zemiau nurodyty kriterijy:

e ankscCiau diagnozuota VAL;

e nustatyta bent viena didesné nei vidutiné¢ VA stenoze;

e nepakankama KTA vaizdy kokybé diagnostinei interpretacijai.

Visus atrankos kriterijus atitiko ir i galuting analiz¢ buvo itraukti 133
pacientai (24 pacientai neatitiko jtraukimo kriterijy arba tur¢jo bent vieng
nejtraukimo kriterijy). IS viso jvertintos 194 VA stenozes.
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3.2. Tyrimo eiga

Detalesné tyrimo eiga nurodyta 3.2.1 pav.

Vidutiné VA stenozé
(CAD-RADS 3) (n=157)

24 pacientai neatitiko
jtraukimo kriterijy /atitiko
nejtraukimo kriterijus

\4

\4

. N Tiriamasis kontingentas
KTA vaizdy analizé |« (h=133)

Y

6 m. stebéjimo laikotarpis

— VA =50 proc. (n=53)

5 pacientai prarasti stebéjimo laikotarpyje [<«—
P P ) bY) — VA< 50proc.(n=17)

MACE (n = 34) Tiriamasis — PVAIgrupé (n=29)
. VAA
kontingentas > h=70) [
Ne MACE (n = 94) (n=128) | ne PVAI grupé (n = 41)
» 24 pacienty VAA vaizdai
netinkami KTS
v
KTS (n = 45)

3.2.1 pav. Tiriamyjy kontingentas ir tyrimo eiga

CAD-RADS - vainikiniy arterijy radiniy pateikimo ir duomeny sistema (angl. Coronary
Artery Disease — Reporting and Data System); KTA — kompiuterinés tomografijos angiogra-
fija; KTS — kiekybinis tekmeés santykis (angl. Quantitative Flow Ratio); MACE — didieji
nepageidaujami Sirdies ir kraujagysliy jvykiai; n — imties dydis; PVAI — perikutaniné
vainikiniy arterijy intervencija; VA — vainiking arterija; VAA — invazin¢ vainikiniy arterijy
angiografija.

Visy tiriamyjy KTA vaizdai buvo analizuoti naudojant specializuota
KTA analizés programing jranga.

Visi tyrimo dalyviai buvo perspektyviai stebimi SeSerius metus nuo
pradinés KTA atlikimo datos. Steb¢jimo laikotarpis baigtas 2026 m. sausio
mén. 1 d. Per SeSeriy mety stebésenos laikotarpi buvo prarastas kontaktas su
penkiais tyrime dalyvavusiais pacientais. Pagrindinis tyrimo baigties rodiklis
buvo vieno i§ MACE pasireiSkimas. MACE buvo apibréZztas kaip sudétinis
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baigties rodiklis, kuriam priskiriama mirtis nuo bet kokios prieZasties,
tikslinés VA stenozes revaskuliarizacija, nemirtinas MI (pagal EKD kriterijus
[126]) bei insultas (neurologiniai simptomai kartu su radiologiniais pakiti-
mais). Jeigu vienu metu arba vienas po kito pasireik§davo keli MACE, buvo
registruojamas pirmasis jvykes, o laikas iki jvykio buvo skai¢iuojamas nuo
jtraukimo ] tyrimg datos iki pirmojo uZregistruoto jvykio. Pagal MACE
pacientai suskirstyti | dvi grupes: patyrusius MACE (n = 34; 26,6 proc.) bei
Jju nepatyrusius — ne MACE (n = 94; 73,4 proc.).

Per steb¢jimo laikotarpj (vertinant pirmuosius dvejus stebéjimo laiko-
tarpio metus) daliai tiriamyjy pagal tuometines EKD rekomendacijas [81,
127] atlikta invaziné VAA (visiems Kauno klinikose). Tyrime analizuoti 70
pacienty duomenys, kuriems invazine VAA buvo atlikta 1,5 m. bégyje. Pagal
VAA nustatytg tiriamosios VA stenozés dydj, pacientai buvo suskirstyti ]
VA > 50 proc. (obstrukcing VAL) (n = 53; 75,7 proc.) ir VA <50 proc.
(neobstrukcing VAL) (n = 17; 24,3 proc.). Visi invazinés VAA pacientai
buvo taip pat analizuoti ir pagal taikyta tiriamosios vidutinés VA stenozes
perkutaning VA intervencija (PVAI): PVAI (n = 29; 41,4 proc.) ir ne PVAI
(n = 41; 58,6 proc.). IS visy pacienty, kuriems atlikta invazin¢ VAA, 45 pa-
cienty angiografijos vaizdy kokybé buvo pakankama ir jiems atliktas KTS
jvertinimas, naudojant specializuota VAA vaizdy analizés programing jrangg.
KTS atliktas nezinant apie tolimesn¢ vidutinés VA stenozés gydymo taktika,
tik i§ i§saugoty diagnostinés VAA vaizdy. Sios grupés pacientai pagal baigtj
suskirstyti | taikytos PVAI grupe (n = 17; 37,8 proc.) ir grupe, kai §i inter-
vencija buvo netaikyta (ne PVAI) (n = 28; 62,2 proc.).
elektroninés sveikatos informacinés ir Kauno kliniky elektroninés medici-
ninés dokumentacijos sistemy. Stebésenos duomenys buvo gauti atliekant
struktiirizuotus telefoninius interviu ir iSsamiai perzitrint medicininius
dokumentus, siekiant nustatyti MACE.

Tyrime rinkti ir analizuoti duomenys:

1) sociodemografiniai duomenys (lytis, amzius);

2) antropometriniai duomenys (svoris, tigis, KMI (kg/m?);

3) anamnezés duomenys (CD, AH, dislipidemija);

4) rizikos veiksniai (rikymas);

5) vartojamy medikamenty grupés (statinai)

6) klinikiniai objektyvaus iStyrimo duomenys;

7) instrumentiniy tyrimy duomenys (echokardiografija, VAA ir PVAI).
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3.3. Kompiuterinés tomografijos angiografijos metodika

Visi KTA tyrimai buvo atlikti pagal klinikines indikacijas Kauno kliniky
Radiologijos klinikoje, naudojant daugiasluoksnj (320 detektoriy eiliy) kom-
piuterinés tomografijos aparatg Aquilion ONE (Toshiba Medical Systems,
Nasu, Japonija). Aparato parametrai buvo Sie:

e  detektoriaus kolimacija — 320 x 0,5 mm;
vamzdzio srové — 300-580 mA;
vamzdzio jtampa — 100-120 kV;
vamzdzio sukimosi trukmé — 350 ms;
laiko skiriamoji geba — 175 ms.

KTA tyrimas atliktas taikant perspektyvyji skenavima, sinchronizuojant
su elektrokardiograma, i§ anksto nusprendus skenuoti 70-80 proc. R—R
(Sirdies ciklo) intervale. Pacientams, kuriy Sirdies susitraukimy daznis (SSD)
buvo < 65 k./min., skenavimas atliktas vieno Sirdies ciklo metu, naudojant
vieno segmento rekonstrukcijg. Pacientams, kuriy SSD virsijo 65 k./min.,
taikyta daugiasegmenté rekonstrukcija, sujungiant dviejy i$ eilés Sirdies cikly
skenavimo duomenis, taip pasiekiant iki 87 ms efektyvig laiko skiriamaja
geba. Jei SSD virdijo 60 k./min., prie$ tyrima buvo skiriami geriami arba
intraveniniu biidu beta adrenoblokatoriai, siekiant sumazinti SSD. Optimaliai
KTA vaizdy kokybei reikalinga didziausia galima VA vazodilatacija, todél
pries§ pat skenavimg buvo skiriamas po liezuviu vartojamas nitroglicerinas
(0,4 mg). Visiems pacientams atlikti be ir su intraveniniu kontrastavimu
Sirdies skenavimai. Bekontras¢iai vaizdai buvo naudojami VA kalcio kiekiui
jvertinti, suskaiciuojant Agatstono balg. KTA su kontrastavimu buvo atlikta
suleidziant 70—100 ml jodo turincios kontrastinés medziagos (iopromidas,
Ultravist 370; Bayer HealthCare, Leverkusen, Vokietija), doz¢ koreguojant
pagal paciento kiino mas¢. Suleidziamos kontrastinés medziagos tiiris (ml)
apskaiciuojamas pagal formulg: V = (T + 10) x F, kur:

e V —bendras leidziamos kontrastinés medziagos tiiris (ml);

e T —angiografo nurodytas numatomas skenavimo laikas (s);

e 10— konstanta;

e F —kontrastinés medziagos suleidimo greitis (ml/s).

Visi gauti vaizdai buvo perkelti ir saugoti tolimesnei analizei Kauno
kliniky vaizdy saugojimo ir atkiirimo sistemoje — PACS (angl. Picture
Archiving and Communication System).
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3.4. Kompiuterinés tomografijos vaizdy analizé

Gauti KTA vaizdai buvo analizuojami naudojant kompleksing medici-
niniy vaizdy vizualizacijos programing jranga (Vitrea Advanced Visuali-
zation, versija 7.11; Vital Images Inc., Canon Medical Informatics Company,
Minnetonka, MN, JAV). Su ja atliktas automatinis VA segmentavimas (pritai-
kant Amerikos Sirdies asociacijos (angl. American Heart Association, AHA)
17 VA segmentavimo modelj, 3.4.1 pav.) [128], atliktos ir jvertintos 2D ir
trimatés (3D) vaizdy rekonstrukcijos, daugiafunkcinés rekonstrukcijos, jver-
tintas nustatyty ateroskleroziniy pakitimy VA spindzio siaurinimas procen-
tais, morfologin¢ ateroskerozinés plokstelés sandara. [vertinti rodikliai ir
apskaiciuoti balai:

e  Agatstono balas;

e KTA pritaikytas Leaman balas;

e segmenty pazeidimo indeksas (angl. Segment Involvement Score,

SIS);
e didelés rizikos aterosklerozinés plokstelés pozymiai.

PTS — priekiné tarpskilveliné $aka.
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Kokybinis ir kiekybinis ateroskleroziniy ploksteliy, lemianciy viduting
stenoze¢, morfologiniy parametry vertinimas buvo atliktas, naudojant specia-
lizuotg KTA analizés kompiutering programing jranga (QAngio CT Research
Edition, versija 2.11.6.1; Medis Medical Imaging Systems, Leidenas, Nyder-
landai). Jeigu vienam pacientui buvo nustatyta daugiau nei viena vidutiné VA
stenoze, tolimesniems skai¢iavimams buvo naudojami to paties paciento visy
vidutiniy stenoziy matavimy vidurkiai. KTA duomeny rinkiniai buvo
eksportuoti i§ PACS sistemos ir importuoti j analizés programa, kuri automa-
tiSkai identifikavo aortg ir vainikines arterijas bei generavo 3D koronarinio
medZzio vaizdus. Toliau buvo parenkama tiriamoji kraujagyslé ir pazeistas
segmentas arba Saka detaliam vertinimui.

Naudojant anks¢iau minétg programing jrangg buvo atlikta pusiau auto-
matizuota VA rekonstrukcija (3.4.2 pav.). Pasirinktos arterijos iSilginiai
vaizdai buvo analizuoti keliose projekcijose. Kraujagyslés vidinis (intima) ir
iSorinis (adventicija) konttrai nustatyti automatiskai ir prireikus koreguoti
rankiniu budu. Automatiskai nustatyti ir proksimaliniai bei distaliniai referen-
tiniai segmentai, esant poreikiui buvo patikslinti rankiniu biidu. Patvirtinus
kraujagyslés ribas, atlikta automatizuota spindzio geometrijos, ploksteles
tirio ir sudéties, stenozés dydzio procentais bei remodeliavimosi rodikliy
analiz¢ tiek visos plokstelés lygmenyje, tiek ir didZiausios stenozés vietoje.

Aterosklerozinés plokstelés lygmeniu i$ viso buvo jvertinta 16 para-
metry:

e aterosklerozinés pazaidos ilgis (mm);
bendras VA tiiris (mm?);

VA spindZio turis (mm?);

plokstelés turis (mm?);

vidutiné plokstelés apimtis (angl. plagque burden) (proc.);
didziausias plokstelés storis (mm);

vidutiné TSG reik§mé (HU/mm);

vidutiné lokaliy TSG reiksmé (HU/mm);

skaidulinio audinio tiiris (mm?);

skaidulinio audinio turio dalis ploksteléje (proc.);
skaidulinio-riebalinio audinio tiiris (mm?);
skaidulinio-riebalinio audinio tiirio dalis ploksteléje (proc.);
nekrozinés Serdies tiiris (mm?);

nekrozinés Serdies turio dalis ploksteléje (proc.);
kalcifikuoto audinio ttris (mm?);

kalcifikuoto audinio turio dalis ploksteléje (proc.).
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Didziausios stenozés vietoje i$ viso buvo jvertinta 20 parametry:
VA spindzio plotas (mm?);

vidutinis VA spindZzio skersmuo (mm);
maziausias VA spindzio skersmuo (mm);

VA sienelés plotas (mm?);

VA sienelés skersmuo (mm);

ekscentriSkumo indeksas;

plokstelés apimtis (angl. plague burden) (proc.);
maziausias plokstelés storis (mm);

didziausias plokstelés storis (mm);

VA sieneliy remodeliavimosi indeksas;

VA spindzio stenozavimas (proc.);

VA spindzio skersmens stenozavimas (proc.);
skaidulinio audinio plotas (mm?);

skaidulinio audinio dalis ploksteléje (proc.);
skaidulinio-riebalinio audinio plotas (mm?);
skaidulinio-riebalinio audinio dalis ploksteléje (proc.);
nekrozinés Serdies plotas (mm?);

nekrozinés Serdies dalis ploksteléje (proc.);
kalcifikuoto audinio plotas (mm?);

kalcifikuoto audinio ploto dalis plosktel¢je (proc.).

Analize atliko du nepriklausomi, specialiai apmokyti vertintojai, vado-
vaudamiesi anksciau publikuotomis metodikomis [129, 130]. Bland—Altman
analiz¢ parodé gerg to paties vertintojo matavimy suderinamumag kiekybi-
niams ploksteliy parametrams. Vidutiniai paklaidy dydziai svyravo nuo —
0,12 proc. iki 0,48 proc., 0 95 proc. suderinamumo ribos buvo nuo — 5,9 proc.
iki 6,4 proc. Vidinis matavimy patikimumas, vertintas pagal tarpklasinj kore-
liacijos koeficientg (angl. Intraclass Correlation Coefficient, ICC), naudojant
dviejy krypciy atsitiktiniy efekty modelj su absoliu¢iu suderinamumu, rodé
gera pakartojamuma (ICC 0,75-0,88). Tarp vertintojy gautas geras suderina-
mumas: vidutinés paklaidos svyravo nuo 0,8 proc. iki 3,2 proc., o 95 proc.
suderinamumo ribos buvo nuo — 7,4 proc. iki 9,1 proc. Atitinkami ICC rodik-
liai buvo 0,70-0,85, kas atitinka gerg absoliuty suderinamuma.

36



IVET Segment Info

e

3

3.4.2 pav. Vidutinés VA stenozés vertinimas ,, QAngio CT Research Edition "
programine jranga

3.5. Agatstono balo apskai¢iavimo metodika

Agatstono balas buvo apskaiciuotas bekontras¢iuose KT vaizduose ran-
kiniu budu suzymint kalcifikuotg VA sienelés dalj [131]. Kalcifikuotos sritys
nustatomos pagal jy rentgeno spinduliy sugertj, iSreikSta Haunsfildo vienetais
(HU). Agatstono balas apskai¢iuojamas kiekvienai kalcifikuotai plokstelei
atskirai. Bendras balas gaunamas sudé¢jus visy ateroskleroziniy ploksteliy
Agatstono balus.

Agatstono balas = A x D,

kur: A — kalcifikuotos plokstelés plotas (mm?); D — tankio koeficientas pagal
didziausig HU verte ploksteléje.
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Pirmiausia nustatomas kalcifikuotos plokstelés plotas (mm?), o tada pri-
skiriamas tankio koeficientas, priklausantis nuo maksimalios HU vertés toje
ploksteléje (3.5.1 lentele).

3.5.1 lentelé. Tankio koeficientai

Maksimalus tankis (HU) Tankio koeficientas
130-199 1
200-299 2
300-399 3
>400 4

HU — Haunsfildo vienetai.

3.6. Kompiuterinés tomografijos angiografijai pritaikyto
Leaman balo apskaifiavimo metodika

KTA pritaikytas Leaman balo apskai¢iavimas grindZziamas modifikuotu
klasikiniu Leaman balo principu, pritaikytu KTA duomenims [104]. Kiekvie-
nai nustatytai VA ateroskleroziniai plokstelei priskiriamas balas, kuris
apskaiciuojamas dauginant tris pagrindinius komponentus:

1) stenozés dydzio koeficienta — nustatomas pagal spindzio susiauré-

jimo (proc.) kategorija;

2) segmento lokalizacijos koeficienta — nustatomas pagal pazeistos
VA segmentg ir jo hemodinaming reikSm¢ miokardo kraujotakai;

3) plokstelés sandaros koeficienta — jvertinant aterosklerozinés ploks-
telés tipa, nustatyta KTA tyrimo metu (kalcifikuota, misri arba
nekalcifikuota). Nekalcifikuotos ir misrios plokstelés dazniausiai
laikomos didesnés rizikos, todél joms priskiriami didesnés vertés
koeficientai.

Kiekvieno pazeisto VA segmento balas apskaiciuojamas padauginus
Siuos tris koeficientus, o bendras balas — sudéjus visy nustatyty pazeidimy
balus. Taip apskaiCiuotas rodiklis atspindi bendra VA aterosklerozés iSpli-
timg.

KTA pritaikytas Leaman balas = i (W_lok x W_pl x W_sten),

kur: W_lok — segmento lokalizacijos koeficientas; W_pl — plokstelés sanda-
ros koeficientas; W_sten — stenozés dydzio koeficientas; n — jvertinty VA
segmenty skaicius.
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3.7. Segmenty paZeidimo indekso apskai¢iavimo metodika

SIS yra pusiau kiekybinis rodiklis, apskaic¢iuojamas pagal VA segmenty,
kuriuose nustatyta ateroskleroziné pazaida, skai¢iy (3.7.1 lentele) [105].

3.7.1 lentelé. SIS interpretacija klinikinéje praktikoje

SIS Interpretacija

0 VA aterosklerozés néra
1-3 Nedidelis aterosklerozés paplitimas
4-5 Vidutinis aterosklerozés paplitimas
=6 Didelis aterosklerozes paplitimas

Siame tyrime skai¢iuojant SIS buvo pritaikytas 17 segmenty AHA VA
segmentavimo modelis (Zr. 3.4.1 pav.). SIS apskai¢iuotas pagal Zemiau nuro-
dyta formulg.

SIS=XS,,

kur: n — vertinamy VA segmenty skaiCius; S;i = 0, jei segmente néra
aterosklerozinés plokstelés; S; = 1, jei segmente yra ateroskleroziné plokstelé.

3.8. Didelés rizikos aterosklerozinés plokstelés poZymiai

Didelés rizikos ateroskleroziniy ploksteliy pozymiai buvo jvertinti pa-
naudojant vizualizacijos programing jrangg (Vitrea Advanced Visualization,
versija 7.11; Vital Images Inc., Canon Medical Informatics Company,
Minnetonka, MN, JAV) KTA vaizdams analizuoti, remiantis literatiiroje placiai
pripazintais kriterijais ir standartizuotomis vertinimo sistemomis. Analizuoti
Sie pagrindiniai didelés rizikos poZymiai: mazo tankio zona; teigiamasis
remodeliavimasis; ,,ziedo* poZymis bei taSkin¢ kalcifikacija. Vertinimas
atliktas pagal CAD-RADS rekomendacijas [36], kuriose nurodoma, kad dide-
1és rizikos plokstel¢ identifikuojama, esant bent dviem i§ minéty pozymiy.

Mazo tankio zona apibiidina plokstelés dalj, kuriai biidingas sumazéjes
signalo intesyvumas (<30 HU). Sis pozymis atspindi vyraujantj riebalinj
plokstelés komponentg ir yra glaudziai susijes su nekrozinio branduolio
buvimu. Tokios sritys laikomos vienu i$ svarbiausiy plokstelés nestabilumo
Zymeny.

Teigiamasis remodeliavimasis (3.8.1 pav.) apibréziama kaip kraujagys-
lés sienelés iSsiplétimas pazeidimo vietoje, kai remodeliavimosi indeksas
(kraujagyslés ploto plokstelés vietoje santykis su proksimaliniu ateroskleroze
nepazeistu segmento plotu) virsija nustatyta riba (> 1,1). Sis procesas leidZia
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iSlaikyti VA spindj nepaisant plokstelés didé¢jimo, taciau kartu yra susijes su
padidéjusiu plokstelés pazeidziamumu.

,,Ziedo* pozymis — maZo tankio centriné zona, apsupta santykinai dides-
nio tankio Ziedu. Sis poZymis laikomas labai specifiniu nestabilios ateroskle-
rozinés plokstelés pozymiu ir siejamas su dideliu lipidiniu branduoliu bei
plonu ploksteleés skaiduliniu ,,stogeliu®.

Taskin¢ kalcifikacija — tai smulkis, lokaliis kalcio intarpai ploksteléje
(<3 mm). Skirtingai nei stambios kalcifikacijos, tokie zidiniai susij¢ su
aktyviu VA sienelés uzdegimu ir plokstelés nestabilumu.

3.8.1 pav. Didelés rizikos plokstelés pozymis — teigiamasis
remodeliavimasis

3.9. Kiekybinio tékmés santykio apskai¢iavimo metodika

KTS yra inovatyvus neinvazinis VA stenoziy hemodinaminio reikSmin-
gumo jvertinimo auksinio standarto metodas. KTS yra lygus spaudimo VA
dalyje distaliau stenozgs ir slégio aortoje santykiui.

KTS =18
~p.

kur: Pq — slégis distalinéje VA stenozés dalyje; P, — slégis aortoje.
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Vertinimas atiekamas dviejose skirtingose (> 25°) angiografinése pro-
jekcijose, programine jranga atkuriant 3D VA model; i$ jprastinés invazinés
VAA metu jraSyty angiografijos vaizdy bei apskai¢iuojant kontrastinés me-
dziagos tekmes greitj rekonstruotoje VA. Tyrime stenozés buvo vertinamos
kaip hemodinamiskai reikSmingos, jei KTS reik§mé buvo lygi arba mazesné
nei 0,8. VAA vaizdai analizuoti retrospektyviai, naudojant specializuota
programing jranga (QAngio XA-3D QFR analysis solution version 2.0, Medis
Medical Imaging Systems, Leidenas, Nyderlandai). KTS analize atliko
specialiai apmokytas vertintojas, kuris bent du kartus tai paciai VA stenozei
atliko matavimus; toliau skaic¢iavimuose naudoti matavimy vidurkiai. Tyréjas
nebuvo informuotas apie sprendimg atlikti PV AL, taip uztikrintas objektyvus
vertinimas. Trukmés tarp KTA iki VAA atlikimo mediana buvo 387,0 (80,5;
1293,0) dienos.

3.10. Statistika

Statistiné duomeny analizé buvo atlikta naudojant programing jranga
IBM SPSS Statistics for Windows (31.0.2.0 versijq, IBM Corp., Armonk, NY,
JAV). Pradzioje, atliekant statisting duomeny analizg, buvo atlikta apraSomoji
statistika. Normalumo prielaidos patikrinimui buvo naudojami Kolmogorov—
Smirnov ir Shapiro—Wilk kriterijai.

Kiekybiniai kintamieji aprasomi vidurkiu ir standartiniu nuokrypiu (SN),
kai normalumo prielaida buvo tenkinama, arba mediana ir tarpkvartiliniu
plotu (angl. interquartile, IOR) (Q1; Q3), kai normalumo prielaida nebuvo
tenkinama. Koreliacin¢ analize, tarp kiekybiniy kintamyjy, buvo atlikta
taikant Pearson (rp; kintamyjy reikSmiy pasiskirstymo pagal normalyjj skirsti-
nj atveju) ir Spearman (rs; kintamyjy reikSmiy pasiskirstymo ne pagal norma-
lyji skirstinj atveju) koreliacijos koeficientus. Koreliacijos stiprumas buvo
interpretuojamas pagal Cohen rekomendacijas: r < 0,1 — labai silpna korelia-
cija, r=0,1-0,29 —silpna, r = 0,30-0,49 — vidutinio stiprumo, r > 0,50 — stipri
koreliacija [132]. Skirtumams tarp nepriklausomy grupiy nustatyti taikyti
Stjudento t-testas (kintamyjy reikSmiy pasiskirstymo pagal normalyjy
skirstinj atveju) Mann—Whitney U testai (kintamyjy reikSmiy pasiskirstymo
ne pagal normalyjj skirstinj atveju).

Kokybiniai kintamieji pateikti kaip daZniai (n) ir procentai (proc.). Siy
kintamyjy palyginimui naudotas y* arba Fisher tikslusis kriterijai.
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MACE prognozei atlikti, atsizvelgiant j aterosklerozinés plokstelés mor-
fologlmus parametrus, taikyta vienaveiksne ir daugiaveiksne logistinés regre-
siné analizé. Sios analizés rezultatai apraomi $ansy santykiu (SS) ir 95 proc.
pasikliautinuoju intervalu (PI). ROC kreivé (angl. receiver operating charac-
teristic curve) naudojama nustatyti sudaryto modelio diskriminacing verte.
Apskaiciuotas plotas po ROC kreive (angl. area under curve, AUC), apibudi-
nantis rodiklio diskriminanting geba.

Visy statistiniy testy apskaiciuotas reikSmingumo lygmuo buvo vertintas
p <0,05.

Rezultatai pateikti 4 skyriaus ,,Darbo rezultatai* lentelése ir paveiks-
luose.
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4. DARBO REZULTATAI

Remiantis iSsikeltais darbo uzdaviniais, tiriamojo darbo rezultatus su-
skirstéme i 4 grupes:

1. Tiriamyjy kontingentas ir klinikiné charakteristika;

2. VA ateroskleroziniy pakitimy morfologiniy parametry sgsajos su
VAL rizikos veiksniais;

3. VA ateroskleroziniy pakitimy morfologiniy parametry s3sajos su
invaziniy VA tyrimy rezultatais;

4. VA ateroskleroziniy pakitimy sasajos su MACE bei jy prognoziné
verte.

4.1. Tiriamyjuy kontingentas, klinikiné charakteristika

Moksliniame tyrime i§ viso dalyvavo 133 pacientai, i§ kuriy 5 buvo
prarasti 6 mety stebéjimo laikotarpyje. IS viso analizei panaudota likusiy 128
pacienty duomenys. Daugiau nei puse tiriamyjy sudaré moterys (53,9 proc.).
Visos imties amziaus vidurkis buvo 66,3 (10,0) mety. Per stebéjimo laikotarpj
34 (26,6 proc. visy tiriamyjy) tiriamieji patyré MACE, o 94 tokiy jvykiy
nepatyre.

Analizuojant klinikinius ir demografinius duomenis, tiriamoji imtis buvo
suskirstyta pagal pirming baigtj | MACE ir ne MACE grupes (4.1.1 lentel¢).
MACE grupé¢je vyry ir motery skaicius buvo vienodas, tuo tarpu nepatyrusiy
MACE grupéje vyravo moterys (n = 52; 55,3 proc.). Vidutinis amzius MACE
grup¢je buvo 67,8 (10,4) mety, o nepatyrusiy MACE grupéje — 66,4 (9,4)
mety (p = 0,356). Tarp grupiy nenustatyta statistiskai reikSmingy skirtumy
pagal amziy, lyti, KMI (p > 0,05). Nors dauguma tiriamyjy pasizyméjo auksta
kardiovaskuline rizika, jskaitant AH (84,4 proc.), dislipidemija (74,2 proc.)
ir rikyma (18,8 proc.), abiejy grupiy pacientai statistiS$kai patikimai nesiskyre
(p > 0,05) pagal iSeminés Sirdies ligos rizikos veiksnius, statiny grupés
medikamenty vartojimg (p = 0,073) bei inksty funkcijos, lipidy profilio
laboratorinius rodiklius.
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4.1.1 lentelé. Klinikiniai pacienty duomenys

..... Visa imtis MACE ne MACE
Klinikiniai duomenys (n=128) (n = 34) (n = 94) p

Amzius, metai;

vidurkis (SN) 66,3 (10,0) 67,8 (10,4) 66,4 (9,4) 0,356
Lytis, vyrai; n (proc.) 59 (46,1) 17 (50,0) 42 (44,7) 0,594
KMI (kg/m?); vidurkis (SN) 30,1 (5,87) 29,38 (6,69) 30,4 (5,55) 0,414
AH; n (proc.) 109 (84.,4) 32 (94,1) 77 (81,9) 0,086
CD; n (proc.) 21 (16,4) 6 (17,6) 15 (16,0) 0,547
Rikymas; n (proc.) 24 (18,8) 6 (17,6) 18 (19,1) 0,848
Bendras cholesterolis, . . .

mmol/l; mediana (Q1: Q3) 6,1 (5,1; 6,8) 6,0 (4,8; 7,4) 6,1 (5,1;6,8) | 0,919
DTL cholesterolis, mmol/I; . . .

mediana (Q1: Q3) 1,4 (1,2; 1,5) 1,3(1,2; 1,4) 1,4 (1,2;1,5) | 0,257
MTL cholesterolis, mmol/I; . . .

mediana (Q1: Q3) 4,0 (3,1; 4,6) 4,0 (2,9;5,0) 4,1 (3,1;4,6) | 0,721
Trigliceridai, mmol/I; . . .

mediana (Q1: Q3) 1,3 (1,0; 2,0) 1,4 (1,0; 2,0) 1,3(1,0;2,0) | 0,871
Ne-DTL cholesterolis, i i i

mmol/l; mediana (Q1: Q3) 4,7 (3,7; 5,5) 4,8 (3,7; 6,1) 4,7(3,7;5,4) | 0,670
Kreatininas, pmol/l; ) . .

mediana (Q1: Q3) 78,0 (68,0; 90,0)|81,7 (71,8; 94,0)|76,8 (67,2; 87,0)| 0,086
Statiny vartojimas, n (proc.) 90 (70,3) 28 (82,4) 62 (66,0) 0,073

AH — arterin¢ hipertenzija; CD — cukrinis diabetas; DTL — didelio tankio lipoproteiny; KMI —
kiino masés indeksas; MACE — didieji nepageidaujami Sirdies ir kraujagysliy jvykiai; MTL —
mazo tankio lipoproteiny; n — imties dydis; proc. — procentai; Q1 — pirmasis kvartilis; Q3 —
treciasis kvartilis.

Vertinant vidutinés VA stenozes lokalizacijg tarp MACE ir ne MACE
grupiy, ji statistiskai reikSmingai nesiskyré (p = 0,209). Tarp visy analizuoty
ateroskleroziniy ploksteliy dazniausia VA stenozés lokalizacija buvo priekine
tarpskilveliné $aka (PTS) (71,9 proc.). Suskirs¢ius | MACE ir ne MACE
grupes, PTS taip pat isliko kaip daZniausia vidutinés VA stenozés lokalizacija
(MACE - 76 proc., ne MACE — 70 proc.) (4.1.1 pav.), o grupés pagal lokali-
zacija viena nuo kitos reikSmingai nesiskyre (p = 0,209).
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Ateroskleroziniy ploksteliy skaicius, n (proc.)

2(6)
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KVAK PTS AS DVA

4.1.1 pav. VA viduting stenoze sqlygojanciy ateroskleroziniy
pakitimy lokalizacija, n (proc.)
AS — apsukiné $aka; DVA — deginioji vainikiné arterija; KVAK — kairiosios vainikinés
arterijos kamienas; MACE — didieji nepageidaujami Sirdies ir kraujagysliy jvykiai; n — imties
dydis; proc. — procentai; PTS — priekiné tarpskilveliné $aka.

Tiek ploksteles lygmenyje (4.1.2 pav.), tiek ir didZiausios stenozés
lygmenyje (4.1.3 pav.) vyravo skaidulinis audinys (atitinkamai 50,1 proc. ir
41,2 proc.).

Skaidulinio audinio taris;
50,1 proc.

Kalcifikuoto audinio taris;
29,3 proc.

Nekrozinés Serdies
taris; 8,7 proc.

Skaidulinio-riebalinio
audinio taris; 11,9 proc.

4.1.2 pav. Vidutine VA stenoze sqlygojanciy ateroskleroziniy ploksteliy
sandara plokstelés lygmenyje
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Skaidulinio audinio taris;
41,2 proc.

Kalcifikuoto audinio taris;
38,8 proc.

Nekrozinés Serdies Skaidulinio-riebalinio

taris; 10,5 proc. audinio taris; 9,5 proc.

4.1.3 pav. Vidutine VA stenoze sqlygojanciy ateroskleroziniy ploksteliy
sandara didzZiausios stenozés lygmenyje

6 m. stebéjimo laikotarpio trukmés mediana buvo 72,4 ménesio, o
mediana dienomis iki jvykio — 604,0 dienos. Per 6 mety stebéjimo laikotarpj
MACE nustatyti 34 (26,6 proc.) pacientams. Trumpiausias laikas iki jvykio
buvo 21 diena, ilgiausias — 2567 dienos. DaZniausias MACE buvo tiriamosios
kraujagyslés revaskuliarizacija (visais atvejais atlikta PVAI) (n = 26;
76,5 proc. visy MACE), taip pat nustatyti 4 nemirtini miokardo infarktai
(11,8 proc.), 3 mirties dél jvairiy priezasCiy atvejai (8,8 proc.) bei 1 insulto
atvejis (2,9 proc.) (4.1.4 pav.). Trukmés iki invazinés VAA atlikimo stabilia
kriitinés angina sergantiems pacientams mediana 225,5 (Ql = 71,0; Q3 =
557,0) dienos.

4.1.2 lentelé. Stebéjimo ir jvykiy laiko rodikliai

Laiko rodikliai Laikas
Stebéjimo trukmé, ménesiai; mediana (Q1; Q3) 72,4 (67,26; 78,42)
Laikas iki MACE, dienos; mediana (Q1; Q3) 604.,0 (137,8; 2106,0)
Trumpiausias laikas iki MACE, dienos 21
Ilgiausias laikas iki MACE, dienos 2567
Laikas iki VAA, dienos; mediana (Q1; Q3) 225,5(71,0; 557,0)

MACE — didieji nepageidaujami Sirdies ir kraujagysliy jvykiai; Q1 — pirmasis kvartilis; Q3 —
treciasis kvartilis; VAA — vainikiniy arterijy angiografija.
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4.1.4 pav. 6 m. stebéjimo laikotarpio baigtys, n (proc.)

MACE — didieji nepageidaujami Sirdies ir kraujagysliy jvykiai; MI — miokardo infarktas; n —
imties dydis; proc. — procentai; PVAI — perkutaniné vainikinés arterijos intervencija.

4.2. Vainikiniy arteriju ligos rizikos veiksniy sasajos su vainikiniy
arteriju ateroskleroziniy pakitimy morfologiniais parametrais

Siekiant jvertinti VA ateroskleroziniy pakitimy morfologiniy parametry
sasajas su VAL rizikos veiksniais, koreliaciné analizé buvo atlikta su amziu-
mi, KMI ir lipidy frakcijy vertémis, o palyginamoji su lytimi, rikymu, AH,
CD, statiny vartojimu.

Amziaus ir tirty morfologiniy VA plokstelés parametry koreliacing
analiz¢ plokstelés lygmenyje parode statistiSkai reikSmingas (visos gautos
p <0,05) teigiamas koreliacijas tarp amziaus ir keliy aterosklerozés rodikliy
(4.2.1 lentelé): vidutinio stiprumo tarp amziaus ir plokstelés tiirio (rs = 0,328),
vidutinés plokstelés apimties (rs = 0,322) bei kalcifikuoto audinio tiirio (rs =
0,381); silpnas, taciau statistiSkai reikSmingas koreliacijas su Agatstono balu
(rs = 0,231), bendru kraujagyslés turiu (rs = 0,222), didziausiu plokstelés
storiu (rp = 0,259) ir skaidulinio audinio turiu (rs = 0,265).

Didziausios stenozés vietoje nustatyta vidutinio stiprumo teigiama kore-
liacija tarp amziaus ir maziausio plokstelés storio (rs = 0,343). Taip pat nusta-
tytos silpnos, bet statistiSkai reikSmingos teigiamos koreliacijos su krauja-
gyslés sienelés plotu (rs = 0,227), plokstelés apimtis (1, = 0,263), didziausiu
plokstelés storiu (rs = 0,223), VA spindzio skersmens stenozavimo (rs =
0,174) ir kalcifikuoto audinio plotu (rs = 0,292). Be to, nustatyta silpna neigia-
ma amziaus koreliacija su ekscentriSkumo indekso (rs = —0,208).
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4.2.1 lentelé. Tiriamyjy pacienty amziaus ir KMI koreliacija su kiekybiniais
viduting VA stenoze sqlygojanciy ploksteliy parametrais

Koreliacijos Koreliacijos
Parametras su amZiumi P su KMI p
koeficientas koeficientas

Plokstelés lygmuo

Agatstono balas 0,231* 0,009 -0,036* 0,705
Aterosklerozinés pazaidos ilgis, mm 0,145* 0,102 0,003* 0,972
Bendras VA tiiris, mm? 0,222* 0,012 0,049* 0,605
VA spindZio tiris, mm? 0,095%* 0,289 0,158%* 0,091
Plokstelés tiiris, mm? 0,328* [<0,001| -0,057* 0,546
Vidutiné plokstelés apimtis, proc. 0,312* |<0,001| -0,247* 0,008
Didziausias plokstelés storis, mm 0,259** 0,003 | —-0,146** | 0,118
Vidutiné TSG reik§mé, HU/mm —0,111** | 0,247 | -0,066** | 0,515
Vidutiné lokaliy TSG reik§mé¢, HU/mm —0,120%* 0,210 —0,008%* 0,939
Skaidulinio audinio tiiris, mm? 0,265* 0,003 —-0,088* 0,350
Skaidulinio-riebalinio audinio tiiris, mm? 0,024* 0,787 0,191* 0,040
Nekrozinés Serdies tiris, mm® 0,007* 0,941 0,185* 0,047
Kalcifikuoto audinio tiiris, mm? 0,381* <0,001| -0,142* 0,127
DidZiausios stenozés lygmuo

VA spindzio plotas, mm? —-0,028* 0,821 0,320* 0,009
Vidutinis VA spindzio skersmuo, mm 0,026** 0,833 0,315%* 0,010
Maziausias VA spindzio skersmuo, mm -0,176* 0,149 0,279* 0,024
VA sienelés plotas, mm? 0,163** 0,103 0,130%* 0,216
VA sienelés skersmuo, mm 0,234* 0,019 -0,032* 0,759
EkscentriSkumo indeksas -0,208* 0,035 0,234* 0,024
Plokstelés apimtis, proc. 0,263** 0,003 | —0,058** | 0,535
Maziausias plokstelés storis, mm 0,343* <0,001| -0,173* 0,097
Didziausias plokstelés storis, mm 0,223* 0,024 -0,140% 0,180
VA sieneliy remodeliavimosi indeksas 0,097** 0,330 0,078** 0,456
VA spindzio stenozavimas, proc. 0,120%* 0,177 0,079** 0,399
VA spindzio skersmens stenozavimas, proc. 0,174* 0,049 0,119* 0,204
Skaidulinio audinio plotas, mm? 0,144%* 0,121 -0,130%* 0,182
Skaidulinio-riebalinio audinio plotas, mm? -0,038* 0,680 0,160* 0,101
Nekrozinés Serdies plotas, mm? —-0,006* 0,945 0,177* 0,068
Kalcifikuoto audinio plotas, mm? 0,292* 0,001 -0,151* 0,121

HU — Haunsfildo vienetai; KMI — kino masés indeksas; proc. — procentai; TSG — transliu-
minalinio slopinimo gradientas; VA — vainiking arterija. *Spearman, **Pearson.
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Atlikus KMI ir plokstelés morfologiniy parametry koreliacing analize
gauta, kad dauguma rysSiy buvo silpni (4.2.1 lentel¢). Nustatyta statistiskai
reik§Sminga neigiama koreliacija tarp KMI ir vidutinés plokstelés apimties
(rs= —0,247). Tai yra, didesnis KMI buvo susijes su mazesne plokstelés
apimtis. Taip pat silpnos, bet teigiamos koreliacijos nustatytos tarp KMI ir
maziausio VA spindzio skersmens (rs = 0,279), ekscentriSkumo indekso (rs =
0,234) ir aterosklerozinés plokstelés sandaros komponenty: skaidulinio-
riebalinio audinio tiirio (rs = 0,191) ir nekrozinés Serdies tirio (rs = 0,185).
Vidutinio stiprumo koreliacijos nustatytos tarp KMI ir VA spindzio ploto
(rs = 0,320) bei vidutinio VA spindzio skersmens (r, = 0,315) didziausios
stenozes lygmenyje.

Analizuojant sgsajas su lytimi (4.2.2 lentel¢), nustatyta, kad moterims,
vertinant pakitimus plokstelés lygmenyje, statistiSkai patikimai didesni negu
vyrams Sie rodikliai: plokstelés tiiris (p = 0,023), vidutiné plokstelés apimtis
(p = 0,001), didziausias plokstelés storis (p = 0,009) bei skaidulinio ir
kalcifikuoto audiniy tariai (atitinkamai p = 0,022 ir p < 0,001). Didziausios
stenozeés lygmenyje moterims taip pat buvo didesni VA sienelés plotas (p =
0,044), plokstelés apimtis (p = 0,006), maziausias ir didZiausias plokstelés
storiai (atitinkamai p = 0,030 ir p = 0,002), aukstesnis remodeliavimosi
indeksas (p = 0,039) bei didesni skaidulinio ir kalcifikuoto audiniy plotai
(atitinkamai p = 0,021 ir p = 0,005).

4.2.2 lentelé. Kiekybiniy viduting VA stenoze sqlygojanciy ploksteliy para-
metry sqsaja su tiriamyjy lytimi

Parametras ‘ Vyrai (n =59) ‘ Moterys (n = 69) ‘ P
Plokstelés lygmuo
Agatstono balas; 100,00 178,00 0.185
mediana (Q1; Q3) (23,75; 227,00) (97,005 269,00) ’

Aterosklerozinés pazaidos ilgis,

mm: mediana (Q1: Q3) 3,88 (3.,24; 5,62) 4,43 (3,39; 5,69) 0,357

Bendras VA tiiris, mm?;

mediana (Q1: Q3) 46,41 (20,33; 46,41) | 55,94 (31,12; 82,27) | 0,175

VA spindzio tiris, mm?;

mediana (Q1: Q3) 21,74 (13,82; 31,86) | 19,00 (16,10; 28,98) | 0,892

Plokstelés tiiris, mm?;

mediana (Q1: Q3) 16,75 (6,42; 39,85) | 33,63 (17,17;50,13) | 0,023

Vidutiné plokstelés apimtis,

proc.: mediana (Q1; Q3) 40,34 (31,97; 49,47) | 49,07 (37,50; 57,97) | 0,002

Didziausias plokstelés

storis, mm; vidurkis (SN) 1,55 (0,67) 1,87(0,69) 0,009
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4.2.2 lentelés tesinys

‘ Moterys (n = 69) ‘

mediana (Q1; Q3)

Parametras Vyrai (n =59) P
Plokstelés lygmuo (tesinys)
vidutiné (gch)i reik§mé, HUMm; |3 17 (14 63) -623(1874) | 0335
pidutine iﬁigﬁ%:?glreé‘;)me 0,98 (13,75, 5.25) |-1,00 (-11,67; 13,17)| 0,557
;iﬁi‘g:?gf_“g%‘" turls, MM\ 0 38 (4,56; 15,35) | 12,92 (7,74: 23,34) | 0,022
Skaidulinio-riebalinio audinio
tiris, mm®: mediana (O1: Q3) 1,92 (1,23; 3,45) 2,09 (1,24;2,92) | 0,528
EZE?SE;“(GSTGS;S turts, mm’; 0,99 (0,28; 2,20) 0,57 (0,24; 1,61) | 0,456
: — o
ﬁﬁfi‘l{‘g‘; _ag;l;“o (s, MO 040,015 1943) | 7,72 (331:7,72) | <0,001
DidZiausios stenozés lygmuo
S 2.
X‘:df:;;d(zé‘; _p(lg‘;s’ mm’; 3,95(2,82:496) | 321(2,40;459) | 0488
Vidutinis VA spindzio skersmuo,
o (gN) 2,22 (0,44) 2,21 (0,58) 0,997
ngli‘;?in\@;fﬁ‘gf 513‘;“' 1,80 (1,69:225) | 1,78 (1,44;220) | 0,113
. o 2.
Xﬁuﬁg‘;‘fgg’lmag mm’; 10,05 (4,52) 12,54 (7,60) 0,044
X‘:df;i‘;e(lgsfkégs)m“o’ mrm; 3,36 (2,77; 4,18) 3,65(3,16;4,22) | 0,134
iﬁ;ﬁ?ﬁéﬁ‘%gdek”& 0,91 (0,85; 0,95) 0,88 (0,79;0,94) | 0,791
Silgl;rsgle(ssaﬁ)lms’ proc.; 53,66 (15,79) 61,28 (14,53) 0,006
Xiﬁ?ﬁ:ﬁ;ﬁ?gﬁg@;wn& 0,09 (0,06;0,13) | 0,16 (0,08;0,36) | 0,030
gﬁ?‘;‘gf‘;nzl?gfegz)Storls’ 121(0,72:197) | 1,82(1,07:231) | 0,002
VA sieneliy remodeliavimosi
indeksas; V%durkis (SN) 0,80 (0,19) 0.89(0,26) 0,039
VA spindzio stenozavimas,
oroo.s vidurkis (SN) 50,62 (13,26) 52,30 (14,86) 0,499
Xﬁljflgfjé‘.’. iﬁggﬁfﬁgﬁengﬁ 30,45 (24,97; 35,90) | 31,00 (25,57; 38,92) | 0,432
— —
Skaidulinio audinio plotas, mm?; 2,23 (1,33; 3,90) 3.25 (2,75; 4,18) 0,021
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4.2.2 lentelés tesinys

Parametras ‘ Vyrai (n =59) ‘ Moterys (n = 69) ‘ P

DidZiausios stenozés lygmuo (tesinys)

Skaidulinio-riebalinio audinio

Dlotas, mm: mediana (Q1: 03) |  0-50 (0:35:0.90) 0,42 (0,31;0,55) | 0,244

Nekrozinés Serdies plotas, mm?;

mediana (Q1: Q3) 0,18 (0,08; 0,58) 0,09 (0,02; 0,19) 0,079

Kalcifikuoto audinio plotas,

i mediana (Q1: 03) 0,06 (0,01; 3,28) 2,56 (0,33;4,87) | 0,005

HU — Haunsfildo vienetai; n — imties dydis; proc. — procentai; Q1 — pirmasis kvartilis; Q3 —
treciasis kvartilis; SN — standartinis nuokrypis; TSG — transliuminalinio slopinimo gradien-
tas; VA — vainikiné arterija.

Rikaliy grupéje (4.2.3 lentel¢), analizg atliekant plokstelés lygmeniu,
nustatyti reikSmingai didesni bendro VA ir plokstelés tiiriy (atitinkamai p =
0,047 ir p = 0,004), vidutinés plokstelés apimties (p = 0,002) ir didZiausio
plokstelés storio (p = 0,013) rodikliai. Didziausios stenozés lygmenyje riika-
liams nustatyti didesni sienelés plotas (p = 0,010) ir skersmuo (p = 0,019),
plokstelés apimtis (p = 0,014), didziausias plokstelés storis (p = 0,003) bei
didesnis VA spindzio ir spindzio skersmens stenozavimai (atitinkamai p =
0,028 ir p=0,019). Vertinant pacios plokstelés sandara, rikkaliy grupéje nusta-
tytas reikSmingai didesnis kalcifikuoto audinio tiiris (plokstelés lygmenyje) ir
plotas (didziausios stenozés lygmenyje) (atitinkamai p = 0,002 ir p = 0,014).

4.2.3 lentelé. Kiekybiniy viduting VA stenoze sqlygojanciy ploksteliy para-
metry sgsaja su ritkymu

Parametras Nerukantys Riikaliai
(n =104) (n=24) P
Plokstelés lygmuo
Agatstono balas; mediana (Q1; Q3) 100,00 138,00

(21,00; 181,00) (50,50; 285,25) 0,667

Aterosklerozinés pazaidos ilgis, mm;
mediana (Q1; Q3)

Bendras VA tiiris, mm?;

mediana (Q1; Q3)

VA spindZio taris, mm?;

mediana (Q1; Q3)

Plokstelés tiiris, mm?>;

mediana (Q1; Q3)

Vidutiné plokstelés apimtis, proc.;
mediana (Q1; Q3)

3,50 (2,65;5,06) | 4,89(3,50;5,72) | 0,350

22,52 (13,01; 51,60)55,09 (34,50; 79,03)| 0,047

14,46 (9,11; 34,21) 20,86 (16,31; 30,50)| 0,431

8,06 (5,2; 17,34) 32,35 (15,99; 48.89)| 0,004

39,21 (32,24; 45,18)|46,29 (34,56; 56,63)| 0,011
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4.2.3 lentelé tesinys

mediana (Q1; Q3)

Parametra Neriikantys Rukaliai
etras (n=104) (n=24) P

Plokstelés lygmuo (tesinys)
Didziausias plokstelés storis, mm; ) .
mediana (Q1: Q3) 0,99 (0,66; 1,42) 1,99 (1,25; 2,36) 0,008
Vidutiné TSG reik§mé, HU/mm; 3 ] 3 3 )
mediana (Q1: Q3) -4,10 (-15,60; 7,8) | —1,40 (-13,15;4,4) | 0,201
Vidutin¢ lokaliy TSG reiksme, = i e
FIU/mm: mediana (Q1; Q3) —4,08 (-18,00; 3,00)| 1,18 (-7,56; 11,46) | 0,446
Skaidulinio audinio tiiris, mm’; 7,64 (2,86; 11,34) | 12,68 (7,74; 19,59) | 0,091
mediana (Q1; Q3) ’ T ’ T ’
Skaidulinio-riebalinio audinio taris, ) .
mm?: mediana (Q1: Q3) 2,14 (0,85; 3,17) 1,92 (1,33;2,97) 0,558
Nekrozinés Serdies tiiris, mm?; 044 (0.90: 1,14) | 0,88 (0.29:2,12) 0360
mediana (Q1; Q3) ’ B ’ e ’
Kalcifikuoto audinio tiiris, mm?; ) )
mediana (Q1: Q3) 0,01 (0,01; 1,06) | 7,35(0,71;22,31) | 0,002
DidZiausios stenozés lygmuo
VA spindZio plotas, mm?; ) )
mediana (Q1; Q3) 3,75 (2,85;5,04) | 3,48 (2,47;4,65) 0,708
Vidutinis VA spindzio skersmuo, . .
mm: mediana (Q1; Q3) 2,16 (1,90; 2,53) | 2,12 (1,81;2,46) 0,665
Maziausias VA spindzio skersmuo, . .
mm: mediana (Q1: Q3) 1,90 (1,79; 2,28) 1,79 (1,52; 2,20) 0,124
VA sienelés plotas, mm?; ) )
mediana (Q1: Q3) 6,33 (4,04; 12,01) | 11,33 (8,28; 14,64) | 0,010
VA sienclés skersmuo, mm; 325 (2,76;3,62) | 3,71(3,15:431) | 0,019
mediana (Q1; Q3) ’ e ’ T ’
Ekscentriskumo indeksas; . .
mediana (Q1: Q3) 0,92 (0,85; 0,94) | 0,90 (0,81; 0,95) 0,902
Plokstelés apimtis, proc.; . .
mediana (Q1: Q3) 46,48 (37,52; 71,33)|58,13 (44,16; 69,57)| 0,010
Maziausias plokstelés storis, mm; 0,09 (0,03; 0,14) 0,11 (0,07; 0,25) 0.117
mediana (Q1; Q3) ’ T ’ T ’
Didziausias plokstelés storis, mm,; ) .
mediana (Q1: Q3) 0,99 (0,73; 1,82) 1,72 (0,97; 2,14) 0,003
VA sieneliy remodeliavimosi . .
indeksas: mediana (Q1: Q3) 0,82 (0,77; 1,13) | 0,84 (0,73; 0,96) 0,425
VA spindZio stenozavimas, proc.; 149 45 (27 42. 57.47)[50,61 (45,18; 58,72)| 0,028
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4.2.3 lentelé tesinys

mediana (Q1; Q3)

Parametras Neriikantys Rukaliai
(n=104) (n=24) P

DidZiausios stenozés lygmuo (tesinys)

VA spindzio skersmens stenozavi- . .

mas, proc.: mediana (Q1: Q3) 28,77 (20,22; 33,71)|31,00 (26,02; 38,96)| 0,019
Skaidulinio audinio plotas, mm?; ) .

mediana (Q1: Q3) 2,00 (1,505 3,31) 3,09 (2,205 4,14) 0,055
Skaidulinio-riebalinio audinio plotas, ) .

mm?; mediana (Q1; Q3) 0,47 (0,31; 0,87) 0,46 (0,34; 0,67) 0,661
Nekrozinés Serdies plotas, mm?; ) )

mediana (Q1: Q3) 0,13 (0,205 0,32) 0,11 (0,05; 0,41) 0,663

) - 7
Kalcifikuoto audinio plotas, mm?*; 0,01 (0,01; 0,69) 1,98 (0,01; 5,05) 0,014

HU — Haunsfildo vienetai; n — imties dydis; proc. — procentai; Q1 — pirmasis kvartilis; Q3 —
treciasis kvartilis. TSG — transliuminalinio slopinimo gradientas; VA — vainiking¢ arterija.

Statiny grupés medikamenty vartojimo analizé parodé (4.2.4 lentel¢), kad
pacientams, vartojusiems juos, plokstelés lygmenyje nustatytas trumpesnis
aterosklerozinés pazaidos ilgis (p = 0,012), taip pat mazesnis skaidulinio-
riebalinio audinio tiiris (p = 0,020) ir nekrozinés Serdies tiiris (p = 0,024). Tuo
tarpu analizuojant didziausios stenozés lygmenyje, parametrai reikSmingai
nesiskyre tarp vartojusiy ir nevartojusiy statiny grupés medikamenty.

4.2.4 lentelé. Kiekybiniy viduting VA stenoze sqlygojanciy ploksteliy para-
metry sqsaja su statiny grupés medikamenty vartojimu

Parametras Su statinais Be statiny
(n=38) (n = 90) P
Plokstelés lygmuo
Agatstono balas; mediana (Q1; Q3) 109,00 206,0 0.762
(51,50; 212,75) (59,005 392,50) ’
Aterosklerozinés pazaidos ilgis, mm; ) .
mediana (Q1: Q3) 4,97 (3,26; 7,62) 6,64 (4,65; 10,64) |0,012
Bendras VA tiiris, mm?; ) )
mediana (Q1: Q3) 52,07 (28,03; 80,67) | 53,16 (35,86; 76,73) 0,234
VA spindzio taris, mm?; ) )
mediana (Q1: Q3) 20,20 (14,71; 31,55) | 26,45 (16,56; 37,43) 10,102
Plokstelés tiiris, mm?; ) )
mediana (Q1: Q3) 27,39 (13,15; 46,19) | 22,73 (10,50; 49,31) | 0,461
Vidutiné plokstelés apimtis, proc.; ) i
mediana (Q1: Q3) 45,62 (34,38; 55,96) | 43,33 (32,32; 53,54) {0,473
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4.2.4 lentelés tesinys

Parametras Su statinais Be statiny
(n=38) (n = 90) P

Plokstelés lygmuo (tesinys)
Didziausias plokstelés storis, mm;
vidurkis (SN) 1,64 (0,58) 1,75 (0,75) 0,341
Vidutiné TSG reik§mé, HU/mm; 3
vidurkis (SN) —4,20 (19,26) 5,22 (15,95) 0,781
Vidutin¢ lokaliy TSG reiksme, = . _ .
FIU/mm: mediana (Q1; Q3) 0,68 (-15,06; 10,14) | 2,86 (—11,57; 14,99) 0,762
Skaidulinio audinio tfiris, mm?; 11,98 (7,34; 18,97) | 12,39 (4,95;21,77) |0,762
mediana (Q1; Q3) ’ T ’ T ’
Skaidulinio-riebalinio audinio tiiris, ) .
mm?: mediana (Q1: Q3) 1,88 (1,11; 2,89) 2,27 (1,55;4,03) 10,020
Nekrozinés Serdies tiiris, mm?; 0.59 (0.13: 1.39) 1,00 (0.41:329) | 0,024
mediana (Q1; Q3) ’ T ’ T ’
Kalcifikuoto audinio tiiris, mm?; . .
mediana (Q1: Q3) 6,71 (0,01; 22,30) 6,92 (0,01; 23,16) {0,706
DidZiausios stenozés lygmuo
VA spindzio plotas, mm; 3,68 (2,98:481) | 3.75(2.25:5,65) |0,504
mediana (Q1; Q3) ’ T ’ S ’
Vidutinis VA spindzio skersmuo,
mm: vidurkis (SN) 2,23 (0,47) 2,18 (0,69) 0,834
Maziausias VA spindzio skersmuo, . .
mm: mediana (Q1; Q3) 1,82 (1,63; 2,12) 1,92 (1,39; 2,39) |0,765
VA sienelés plotas, mm?;
vidurkis (SN) 12,22 (8,03) 11,49 (4,04) 0,199
VA sienelés skersmuo, mm; ) )
mediana (Q1: Q3) 3,59 (3,03;4,31) 3,57 (2,92;4,04) 10,762
EkscentriSkumo indeksas; ) )
mediana (Q1: Q3) 0,90 (0,81; 0,94) 0,91 (0,85; 0,96) (0,921
Plokstelés apimtis, proc.;
vidurkis (SN) 59,11 (15,39) 57,20 (15,65) 0,525
Maziausias plokstelés storis, mm; ) .
mediana (Q1; Q3) 0,11 (0,07; 0,25) 0,10 (0,04; 0,31) 0,530
Didziausias plokstelés storis, mm,; ) .
mediana (Q1: Q3) 1,57 (0,95; 2,29) 1,82 (0,91; 1,97) {0,940
VA sieneliy remodeliavimosi
indeksas; vidurkis (SN) 0.87(0,25) 0.84(0.22) 0,567
VA spindzio stenozavimas, proc.; 50,08 (14,25) 54,95 (13,14) 0.069

vidurkis (SN)

54




4.2.4 lentelés tesinys

Su statinais Be statiny

Parametras (n=38) (n=90) P

DidZiausios stenozés lygmuo (tesinys)

VA spindzio skersmens stenozavi-

mas, proc.; mediana (Q1; Q3) 30,58 (26,02; 37,61) | 32,51 (27,25;39,74) 0,114

Skaidulinio audinio plotas, mm?;
mediana (Q1; Q3)
Skaidulinio-riebalinio audinio plotas,
mm?; mediana (Q1; Q3)

Nekrozinés Serdies plotas, mm?;
mediana (Q1; Q3)

Kalcifikuoto audinio plotas, mm?;
mediana (Q1; Q3)

HU — Haunsfildo vienetai; n — imties dydis; proc. — procentai; Q1 — pirmasis kvartilis; Q3 —
treciasis kvartilis; SN — standartinis nuokrypis; TSG — transliuminalinio slopinimo gradien-
tas; VA — vainikiné¢ arterija.

3,28 (2,16; 4,25) 2,25 (1,63;4,10) |0,568

0,47 (0,32; 0,74) 0,45 (0,27; 0,60) {0,197

0,12 (0,05; 0,36) 0,06 (0,01; 0,33) {0,607

2,64 (0,01; 5,18) 0,78 (0,01; 5,05) 0,803

Vertinant ateroskleroziniy ploksteliy morfologiniy parametry pasiskirs-
tyma tarp AH serganciy ir neserganciy tiriamyjy, statistiSkai reikSmingy
skirtumy nenustatyta n¢ vienam analizuotam parametrui (p > 0,05). Tuo tarpu
lyginant CD sergancius ir nesergancius tiriamuosius nustatyta, kad statistiSkai
reikSmingai skyrési tik Agatstono balas — jis buvo didesnis CD serganciyjy
grupé¢je lyginant su neserganciais (atitinkamai 259 (77,0-472,0) ir 92 (24,0—
208,0), p=0,017).

Lipidy frakcijy koreliacingje analiz¢je DTL, MTL, TG ir neDTL rySiai
su dauguma aterosklerozinés plokstelés bei stenozés parametry buvo statistis-
kai nereikSmingi (4.2.5 lentel¢). DTL cholesterolio koncentracija ir TG reiks-
mingy koreliacijy su tirtais parametrais netur¢jo. Analizuojant MTL choleste-
rolio koncentracijg, nustatyta reikSminga (visos gautos p < 0,05) vidutiné
teigiama koreliacija tarp MTL ir plokStelés apimties didziausios stenozes lyg-
menyje (s = 0,333), taip pat silpna teigiama koreliacija su VA spindzio skers-
mens stenozavimu (rs = 0,249). NeDTL cholesterolio koncentracija tur¢jo
silpng teigiama koreliacija su VA spindzio tiriu (rs = 0,281) ir vidutinio
stiprumo koreliacija su plokstelés apimtis didZiausios stenozés lygmenyje
(rs = 0,325). Stipriy koreliacijy tarp lipidy frakcijy ir tirty parametry nenu-
statyta.
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4.3. Invaziniy vainikiniy arterijy tyrimy rezultaty sasajos su vainikiniy
arteriju ateroskleroziniy pakitimuy morfologiniai parametrais

Per 6 mety stebéjimo laikotarpj 70 tiriamyjy buvo atlikta invaziné VAA.
Laiko iki VAA mediana — 387,00 (80,5; 1293,0) dienos. Daugiau nei trims
ketvirtadaliams invazinés VAA grupés tiriamyjy (75,5 proc.) Siuo tyrimu pa-
tvirtintas ne mazesnis nei vidutinis VA skersmens stenozavimas (> 50 proc.)
(4.3.1 pav.).
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VAA nustatyta VA stenozé

4.3.1 pav. Pacienty grupés pagal VAA nustatytos VA stenozes dydj

n — imties dydis; proc. — procentai; VA — vainikiné arterija; VAA — vainikiniy arterijy
angiografija.

Analizuojant ateroskleroziniy ploksteliy morfologinius bei sudéties para-
metrus pagal invazinés VAA nustatyta vainikiniy arterijy stenozés dydi
(= 50 proc. ir < 50 proc.), ploksteles lygmenyje tarp grupiy nustatyti statistis-
kai reikSmingi skirtumai (4.3.1 lentel¢). VA <50 proc. grupéje nustatytas
didesnis didziausias plokstelés storis (p = 0,008), didesnés vidutinés TSG bei
vidutinés lokaliy TSG vertés (atitinkamai p = 0,020 ir p = 0,029), lyginant su
VA > 50 proc. grupe. Vertinant plokstelés sudéti, VA < 50 proc. grupéje nu-
statytas didesnis kalcifikuoto audinio tiris (p = 0,008) ir didesn¢ kalcifikuoto
audinio turio dalis ploksteléje (p = 0,016), tuo tarpu VA > 50 proc. grupéje
nustatyta didesné skaidulinio-riebalinio audinio ttrio dalis (p = 0,048). Kiti
parametrai tarp grupiy reikSmingai nesiskyre (p > 0,05).
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4.3.1 lentelé. Viduting VA stenoze sqlygojanciy ploksteliy kiekybiniy para-
metry sqsaja su invazinés VAA rezultatais: plokstelés lygmuo

ploksteléje, proc.; mediana (Q1; Q3)

Parametras VA >50 (n=53) VA <50 (n=17) P
zzeézﬁig’fn(‘;f”aldos ilgis, mm; |3 (o (283: 5,79) 443 (3,57;5,64) 0,848
—
ifé‘f;flz\(’&mé‘;) mm’; 37,14 (18,00; 79,05) | 61,09 (57,43; 78,99) |0,148
T —
X‘é‘df;’;zd(zé‘i _“5135)’ mm’; 17,21 (10,84; 28,48) | 20,94 (17,08; 28.41) |0,370
—
Eg;jiezé‘f_%gm’ 18,88 (6,09; 45,11) | 40,47 (36,68; 49,30) | 0,093
X;‘}E;‘gaeféolksggs ApIMIUS, PrOC-3 | 46 17 (34,68; 56,46) | 58,01 (49,47; 62,76) | 0,148
Eﬁfifrf;‘(a(;f_l‘égs)teles storis, mm; 1,48 (0,96;2,17) | 2,37 (2,00;2,46) |0,008
X;‘E;‘I?aegf gg‘sme’ HU/mm; 1,06 (-7,70; 2,15) | 2,50 (~15,00; 5,03) | 0,020
E{?}ﬁﬁfﬁ f};ﬁg&?&re&‘;‘le 1,00 (~15,.25; 6,80) | 6,30 (~12,00; 32,35) | 0,029
iiﬁi‘g:?gf_“g?)‘o turts, mm 10,38 (4,41; 19,64) | 17,41 (12,92; 19,42) [0,158
Skaidulinio audinio tiirio dalis
Dloksteldje, proc. mediana (Q1: Q3) | 30-50 (38:50; 67.50) | 43,00 (36,00; 66.00) | 0,784
Skaidulinio-riebalinio audinio tairis, ) )
ime modiana (Q1: O3) 1,74 (1,03; 2,97) 1,92 (1,17;2,86) | 0,956
Skaidulinio-riebalinio audinio
tiirio dalis ploksteléje, proc.; 11,00 (6,00; 25,50) | 4,67 (4,00; 13,33) |0,048
mediana (Q1; Q3)
Eiﬁﬁgﬁgnfgfegg‘? tarts, mm 0,68 (0,11; 1,14) 1,00 (0,33;2,14) 10,913
Nekrozinés Serdies tario dalis ) .
ploksteléje, proc.; mediana (Q1; Q3) 4,50 (1,00; 8,00) 2,50 (1,00; 5,00) 0078
: S —
Eﬁfi‘l{o& _ag;‘;“o turts, mm; 4,85 (0,01;21,28) | 18,47 (12,47; 25,03) | 0,008
Kalcifikuoto audinio tiirio dalis 15,33 (0,00; 39,00) | 43,00 (19,00; 59,00) | 0,016

HU — Haunsfildo vienetai; MACE — didieji nepageidaujami Sirdies ir kraujagysliy jvykiai;
n — imties dydis; proc. — procentai; Q1 — pirmasis kvartilis; Q3 — treciasis kvartilis; TSG —
transliuminalinio slopinimo gradientas; VA — vainikin¢ arterija.
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Analizuojant ateroskleroziniy ploksteliy morfologinius bei sudéties para-
metrus didziausios stenozés lygmeniu (4.3.2 lentel¢), VA < 50 proc. grupéje
nustatytas didesnis didziausias plokstelés storis (p = 0,006), didesnis skai-
dulinio audinio plotas (p = 0,024), taip pat didesnis kalcifikuoto audinio
plotas ir jo dalis ploksteléje (atitinkamai p = 0,004 ir p = 0,003), lyginant su
VA =50 proc. grupe. Tuo tarpu vertinant plokstelés sudét; VA > 50 proc.
grupéje nustatyta didesné skaidulinio-riebalinio audinio dalis ploksteléje

(p = 0,048) bei didesné nekrozinés Serdies dalis ploksteléje (p = 0,017).

4.3.2 lentelé. Viduting VA stenoze sqlygojanciy ploksteliy kiekybiniy para-
metry sqsaja su invazinés VAA rezultatais: didZiausios stenozés lygmuo

proc.; mediana (Q1; Q3)

Parametras VA>50(n=53) | VA<50(n=17) p

VA spindzio plotas, mm?; . .

mediana (Q1; Q3) 3,12 (2,33; 4,20) 4,11 (2,50; 6,28) |0,146
VA spindzio vidutinis skersmuo, mm; ) )

mediana (Q1: Q3) 1,99 (1,71; 2,30) 2,24 (1,79; 2,83) 10,128
VA spindzio maziausias skersmuo, mm; 1,75 (1,56; 1,91) 1,94 (1,40; 2,40) | 0,164
mediana (Q1; Q3) ’ B ’ T ’
VA sienelés plotas, mm?; ) )

mediana (Q1: Q3) 9,59 (5,45; 12,52) 12,42 (10,44; 14,66)| 0,099
VA sienelés skersmuo, mm; 3,40 (2,63: 4,00) | 3,97 (3.46;431) |0,092
mediana (Q1; Q3) ’ T ’ U ’
Ekscentriskumo indeksas; ) .

mediana (Q1: Q3) 0,89 (0,79; 0,94) 0,92 (0,85; 0,99) |0,079
Plokstelés apimtis, proc.; . .

mediana (Q1: Q3) 53,92 (41,23; 69,44)|68,54 (52,70, 72,76)| 0,427
Maziausias plokstelés storis, mm; 0,11 (0,07; 0,21 0,04 (0,03; 0,30) |0,193
mediana (Q1; Q3) ’ B ’ T ’
Didziausias plokstelés storis, mm; ) )

mediana (Q1: Q3) 1,25 (0,70; 1,82) 2,15(2,01; 2,42) {0,006
VA sieneliy remodeliavimosi indeksas; . .

mediana (Q1: Q3) 0,81 (0,64; 0,97) 0,89 (0,84; 0,95) |0,319
VA spindzio plotiné stenoze, proc.; ) .

mediana (Q1; Q3) 50,52 (40,98; 57,16)|49,80 (41,15; 59,77)| 0,524
VA spindzio skersmens stenozé, proc.; 1,4 o6 (23 35. 35 24)(27,60 (23,35: 36,92)| 0,330
mediana (Q1; Q3) ’ T ’ T ’
Skaidulinio audinio plotas, mm?; ) )

mediana (Q1: Q3) 2,90 (1,34; 4,00) 3,84 (3,25; 4,23) 10,024
Skaidulinio audinio dalis ploksteléje, 48,00 (38,50; 67,00)|44,00 (30,50: 65,00)| 0,936
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4.3.2 lentelés tesinys

Parametras VA>50(n=53) | VA<50 (n=17) P
iﬁldlilenéfa;f%ing;)u dinio plotas, |0 44 (0.31;0,51) | 039 (0.32;0.97) |0.634
Sﬁg;lfgleo;zzal lrrrlf:d?;f:tg ﬁag‘;) 9,50 (6,00; 23,00) | 5,00 (3,00; 22,00) |0,048
EZE?SE;HFSTGS;S plotas, mnr* 0,12 (0,08; 0,32) | 0,08 (0,00; 0,88) |0,078
;Ziroizzsl;fﬁgi ;d g;s) ploksteléje, 1 4 00 (1,00; 11,00) | 2,00 (0,015 8,00) |0,017
ﬁiﬁ{fgﬁ“{é‘; ;ag;i;l io plotas, mm’; 1,02 (0,01;4,73) | 492(2,68;5.79) |0,004
Efflﬁiggfzn??&m (gis ploksteleje, | 19 00 (0,00; 46,00) 47,33 (19,67; 54,00)| 0,003

HU — Haunsfildo vienetai; MACE — didieji nepageidaujami Sirdies ir kraujagysliy jvykiai,
n — imties dydis; proc. — procentai; Q1 — pirmasis kvartilis; Q3 — treciasis kvartilis; TSG —
transliuminalinio slopinimo gradientas; VA — vainikiné arterija; VAA — vainikiniy arterijy
angiografija.

Atlikus KTS ir kiekybiniy ateroskleroziniy parametry koreliacing analize
(4.3.3 lentele) nustatyta, kad dauguma rySiy buvo silpni ir statistiSkai nereiks-
mingi. PlokStelés lygmenyje nenustatyta reikSmingy koreliacijy tarp KTS ir
aterosklerozinés plokstelés morfologiniy parametry. Tuo tarpu didZiausios
stenozés lygmenyje nustatytos vidutinio stiprumo statistiSkai reikSmingos
teigiamos koreliacijos tarp KTS ir vainikings arterijos spindzio parametry
(4.3.2 pav.): VA spindzio ploto (rs = 0,357, p = 0,041) bei vidutinio VA spin-
dzio skersmens (rs = 0,362, p = 0,038).

4.3.3 lentelé. KTS verciy koreliacija su kiekybiniais viduting VA stenoze
sqlygojanciy ploksteliy parametrais (n = 45)

Parametras Spearman l'(oreliacijos p
koeficientas

Plokstelés lygmuo

Agatstono balas 0,068 0,656
Aterosklerozinés pazaidos ilgis, mm 0,072 0,640
Bendras VA tiiris, mm? 0,172 0,258
VA spindZio tiris, mm? 0,171 0,261
Plokstelés tiiris, mm? 0,102 0,506
Vidutiné plokstelés apimtis, proc. 0,001 0,996
Didziausias plokstelés storis, mm 0,152 0,318
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4.3.3 lentelés tesinys

Parametras Spearman lforeliacijos p
koeficientas

Plokstelés lygmuo (tesinys)

Vidutiné TSG reik§mé¢, HU/mm 0,079 0,615
Vidutiné lokaliy TSG reik§mé¢, HU/mm 0,046 0,768
Skaidulinio audinio tiiris, mm? 0,155 0,309
Skaidulinio-riebalinio audinio tiiris, mm? 0,142 0,354
Nekrozinés $erdies tiiris, mm? 0,118 0,438
Kalcifikuoto audinio tiiris, mm? 0,071 0,645
DidZiausios stenozés lygmuo

Maziausias VA spindzio skersmuo, mm 0,330 0,061
VA sienelés plotas, mm? 0,134 0,379
VA sienelés skersmuo, mm 0,073 0,633
EkscentriSkumo indeksas 0,131 0,390
Plokstelés apimtis, proc. —0,042 0,782
Maziausias plokstelés storis, mm -0,084 0,581
Didziausias plokstelés storis, mm 0,182 0,232
VA sieneliy remodeliavimosi indeksas 0,098 0,521
VA spindzio stenozavimas, proc. 0,107 0,484
VA spindzio skersmens stenozavimas, proc. 0,119 0,443
Skaidulinio audinio plotas, mm? 0,282 0,064
Skaidulinio-riebalinio audinio plotas, mm? 0,006 0,968
Nekrozinés Serdies plotas, mm? -0,102 0,510
Kalcifikuoto audinio plotas, mm? 0,099 0,521

HU — Haunsfildo vienetai; proc. — procentai; TSG — transliuminalinio slopinimo gradientas;
VA — vainiking¢ arterija.
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A KTS ir VA spindzio ploto koreliacija

1,00 + X
0,95 +
0,90 +
wv
|—
X
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0,75+
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VA sienelés plotas, mm?

B KTS ir VA spindzio vidutinio skersmens koreliacija

1,00 T X
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0,75 X

1,50 1,75 200 225 250 275 3,00
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4.3.2 pav. Koreliacija tarp KTS reiksmés ir VA spindzio parametry

KTS — kiekybinis tekmés santykis; rs — Spearman koreliacijos koeficientas; VA — vainikiné
arterija.
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Vertinant ry$j tarp KTS reikSmingumo ir atliktos PVAI, nustatytas
statistiSkai reikSmingas skirtumas (p < 0,001) (4.3.4 lentelé). Tiriamiesiems,
kuriems nustatytas hemodinamiskai reik§mingas KTS, PVAI buvo atlikta
dazniau nei tiriamiesiems, kuriems KTS buvo nereik§Smingas (atitinkamai
81,3 proc. ir 18,7 proc.). Tuo tarpu tarp tiriamyjy, kuriems PVAI nebuvo
atlikta, vyravo nereikSmingas KTS (86,2 proc.).

4.3.4 lentelé. KTS reiksmingumo rysys su PVAI

Intervencinis gydymas
KTS P
PVAI (n =16) be PVAI (n =29)
Reik$mingas, n (proc.) 13 (81,3) 4 (13,8) <0.001
NereikSmingas, n (proc.) 3 (18,7) 25 (86,2) ’

KTS — kiekybinis tekmés santykis; n — imties dydis; proc. — procentai; PVAI — perkutaniné
vainikings arterijos intervencija.

4.4. Vainikiniy arterijy ateroskleroziniy pakitimy sasajos
su didZziaisiais nepageidaujamais Sirdies ir kraujagysliy sistemos
ivykiais bei prognoziné jy verté

Ieskant sgsajy tarp viduting VA stenoze salygojanciy ateroskleroziniy
ploksteliy morfologiniy parametry MACE ir ne MACE grupése plokstelés
lygmenyje, statistiSkai reikSmingai skyrési tik VA spindzio turis (4.4.1 lente-
1¢). MACE grup¢je nustatytas mazesnis VA spindzio tiiris, palyginti su ne
MACE grupe (atitinkamai 20,13 (12,08-34,01) mm* ir 30,12 (17,91-
49,02) mm?, p = 0,031). Kity vertinty parametry, iskaitant aterosklerozinés
pazaidos matmeny bei pacios ploksteles sudéties rodiklius, statistiSkai reiks-
mingy skirtumy tarp grupiy nenustatyta.

4.4.1 lentelé. Viduting VA stenoze sqlygojanciy ploksteliy kiekybiniy para-
metry KTA analizé (MACE): plokstelés lygmuo

Parametras MACE (n =34) ne MACE (n =94) P

Aterosklerozinés pazaidos ilgis, . .
mm; mediana (Q1; Q3) 5,20 (2,97; 8,7) 5,41 (3,67;9,01) 10,330

Bendras VA tiiris, mm?;
mediana (Q1; Q3)

. .- — . 3,
Xﬁdfgrllzd(zéﬁ _“5135)’ mm; 20,13 (12,08; 34,01) | 30,12 (17,91; 49,02) |0,031
Plokstelés tiiris, mm?;
mediana (Q1; Q3)

53,38 (21,21; 81,13) | 59,44 (37,82; 98,62) |0,156

27,38 (8,06; 53,15) | 30,89 (15,93;49,41) |0,625
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4.4.1 lentelés tesinys

mediana (Q1; Q3)

Parametras MACE (n =34) ne MACE (n =94) P
Vidutiné plokstelés apimtis, proc.; ) .
mediana (Q1: Q3) 49,27 (38,59; 56,24) | 43,24 (33,31; 53,54) {0,080
Didziausias plokstelés storis, mm;
vidurkis (SN) 1,71 (0,72) 1,72 (0,70) 0,897
Vidutiné TSG reik§mé, HU/mm; _ _
vidurkis (SN) 4,99 (15,42) 4,83 (17,73) 0,532
Vidutiné lokaliy TSG reikSme, _ _ . _ - .
FIU/mm: mediana (Q1; Q3) 8,20 (—18,00; 4,11) 2,73 (—12,83; 7,83) 10,241
Skaidulinio audinio tiiris, mm?; . .
mediana (Q1: Q3) 13,33 (5,64; 21,07) 14,45 (7,41; 26,73) (0,340
Skaidulinio audinio turio dalis
ploksteléje, proc.; vidurkis (SN) 50,06 (18,73) 33,02 (21.41) 0,434
Skaidulinio-riebalinio audinio . .
tGiris, mm?; mediana (Q1: Q3) 2,00 (1,18; 3,74) 2,98 (1,59; 5,26) 0,120
Skaidulinio-riebalinio audinio
tirio dalis ploksteléje, proc.; 13,00 (4,50; 23,50) 13,67 (6,00; 23,41) 0,848
mediana (Q1; Q3)
Nekrozinés Serdies tiiris, mm?; ) )
mediana (Q1: Q3) 0,62 (0,29; 4,64) 1,06 (0,37; 3,08) 0,452
Nekrozinés Serdies tiirio
dalis ploksteléje, proc.; 6,33 (1,00; 20,25) 4,00 (1,00; 14,25) 0,727
mediana (Q1; Q3)
Kalcifikuoto audinio tiiris, mm?; ) .
mediana (Q1: Q3) 3,38 (0,01; 19,35) 2,08 (0,01; 16,49) 0,661
Kalcifikuoto audinio tiirio
dalis ploksteléje, proc.; 11,50 (0,00; 39,00) 11,50 (0,00; 31,50) {0,707

HU — Haunsfildo vienetai; MACE — didieji nepageidaujami Sirdies ir kraujagysliy jvykiai;
n — imties dydis; proc. — procentai; Q1 — pirmasis kvartilis; Q3 — treciasis kvartilis; TSG —
transliuminalinio slopinimo gradientas; VA — vainiking arterija.

Analizuojant viduting VA stenoze salygojanciy ploksteliy morfologijos
parametrus didziausios stenozeés lygmeniu (4.4.2 lentel¢), MACE grupéje
nustatyta mazesni VA spindzio matmenys: mazesnis VA spindzio plotas (p =
0,005), mazesnis vidutinis VA spindzio skersmuo (p = 0,017) bei mazesnis
maziausias VA spindzio skersmuo (p = 0,015). Be to, MACE grupéje
nustatytas mazesnis VA sienelés plotas (p = 0,011) ir mazesnis VA sienelés
skersmuo (p = 0,044). Vertinant aterosklerozinés plokstelés sandarg, MACE
grupéje nustatytos didesnés nekrozinés Serdies ploto bei procentinés dalies
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ploksteléje reikSmés (atitinkamai p = 0,043 ir p = 0,017). Kiti parametrai tarp
grupiy statistiSkai reikSmingai nesiskyre.

4.4.2 lentelé. Viduting VA stenoze sqlygojanciy ploksteliy kiekybiniy para-
metry KTA analizé (MACE): didziausios stenozés lygmuo

Parametras MACE (n=34) | ne MACE (n=94) P
X‘g‘dffgd(%‘i p(lg‘;s mm’; 321 (2,46;3,92) | 3,99 (3,03;491) | 0,005
X?ﬁ?;isvﬁ) spindZio skersmuo, mm; |, 1 ) 44 231(0,52) | 0,017
Xﬁf‘i‘:&?;r};‘?éflrggo skersmuo, | 731 61:1.00) | 1,93 (1,67;2,23) | 0,015
Xﬁuﬁg‘;‘?ﬁ;ﬁ’l‘”ﬁs’ mm’; 9,29 (4,27) 12,26 (7,03) | 0,011
X‘:df;i‘;e(lgslflggs)m“"’ mm, 3,52 (2,64;3,90) | 3.67(3,15;431) | 0,044
iiﬁigiféﬁ‘?ggdeksw 0,89 (0,80;0,95) | 0.91(0,81;0,96) | 0,545
Eil(‘i’l;fglé(ssaﬁ)imﬁs’ proc; 60,26 (14,98) 56,87 (15,72) | 0278
X:g;:ﬁ;‘?éﬁ’l‘é‘;eles storis, mm; 0,11 (0,07;020) | 0,12 (0,05;031) | 0,656
gﬁj‘ﬁ;ﬁ; El‘élf)telés storis, mm; 1,43 (0,95:2,09) | 1,62 (1,06;2,13) | 0,299
Xlﬁef;:a‘;ehv? ;s;ﬁfsd(eshlfgim“i 0.81(0,17) 0,86 (025 | 0,296
Xﬁuigz‘gﬁ)“enozawmas’ proc.; 53,70 (15,94) 50,74 (13,40) | 0,297
;ﬁcffgllgjii:nikfgf‘glg)Stenoza“mas’ 32,65 (24,87; 41,24)|30,13 (25,15; 36,80)| 0,312
;ﬁi‘ﬂ:‘g& f‘“ggl)“’ plotas, mm, 2,65(1,24;4,02) | 3,03(1,90;4,21) | 0,274
Sﬁ;“cif“vligﬁilfi‘;‘j(igﬁ)dalis ploksteleje, | 45 73 (21 43) 50,64 (23,40) | 0,292
iﬁid‘ﬁfgéfa;f?ging;;dmm plotas, | 48 (0.35:0.93) | 0,56 (0,31:0,93) | 0,957
S{‘O"Egt‘gf;leo;‘r‘jéahgll:dj‘;f;‘tg ﬁag‘;) 11,92 (5,19: 27,50 | 11,00 (4,00; 25,00) | 0,467
Nekrozinés Serdies plotas, mm?; 0,19 (0,09: 1.12) 0,10 (0.01: 0,61) | 0,043

mediana (Q1; Q3)
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4.4.2 lentelés tegsinys

Parametras MACE (n=34) | ne MACE (n=94) P
Nekrozinés Serdies dalis ploksteléje, i )
proc.: mediana (Q1: Q3) 6,09 (1,00; 27,00) | 2,00 (0,01; 13,55) | 0,017
Kalcifikuoto audinio plotas, mm?; ) .
mediana (Q1: Q3) 0,63 (0,01; 3,56) 0,88 (0,01;4,43) | 0,476
Kalcifikuoto audinio ploto dalis 13,67 (0,01; 36,00 | 13,75 (0,01; 43,83) | 0,463

ploskteléje, proc.; mediana (Q1; Q3)

MACE - didieji nepageidaujami Sirdies ir kraujagysliy jvykiai; n — imties dydis; proc. —
procentai; Q1 — pirmasis kvartilis; Q3 — treciasis kvartilis; VA — vainikiné arterija.

Analizuojant viduting VA stenoze salygojanciy ploksteliy morfologijos
parametrus plokstelés lygmeniu pagal atlikta PVAI, nustatyta, kad PVAI
grup¢je buvo mazesnis VA spindzio tiris nei ne PVAI grupéje (p = 0,017)
(4.4.3 lentele). Taip pat PVAI grupéje nustatyta didesné vidutiné plokstelés
apimtis (p = 0,046). Kity kiekybiniy parametry statistiSkai reikSmingy skirtu-

my tarp grupiy nenustatyta.

4.4.3 lentelé. Viduting VA stenoze sqlygojanciy ploksteliy kiekybiniy para-
metry KTA analizé (PVAI): plokstelés lygmuo

ploksteléje, proc.; vidurkis (SN)

Parametras ne PVAI (n =41) PVAI (n=29) p
\lixitdes;)liilzl%(;\z};nés pazaidos ilgis, mm; 479 (2.44) 475 (2.20) 0,542
ieeré?;f;\(]&méﬁ) mm’; 53,16 (34,90; 76,76) | 44,83 (16,27; 81,13) | 0,163
X‘jﬁ;ﬁ%‘; ;n_g;s)’ mm’; 24,18 (16,80; 35,10) | 16,58 (10,41; 29,24) | 0,017
ﬂ;’é‘iﬁfj&‘;“ggﬁ 31,07 (14,21; 46,41) | 23,19 (5,92; 53.89) | 0,717
Vidutine féolksggs apimis, Procs | 43 54 (33,31 53,08) | 49,61 (41,44; 57,38) | 0,046
\]?iglllirilil;lsségsl\}pslokételés storis, mm; 1.73 (0.72) 164 (0.82) 0.541
vidutine ésN? reikimé, HUjmm; 127 (17,70) 444(13,77) | 0,303
E{?}iﬂﬁf iﬁ‘;ﬁﬁ{;ﬁlgfg lr;e(gf)mé’ 0,96 (-7,00; 10,43) |-2,88 (~18,93; 6,68) | 0,255
;iﬁif:?gf ;‘gi;l)io tris, mm’; 12,39 (7,69; 19,09) | 11,71 (4,02; 19,76) | 0,249
Skaidulinio audinio turio dalis 53.28 (2027) 49,02 (18.63) 0213
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4.4.3 lentelés tesinys

Parametras ne PVAI (n =41) PVAI (n=29) P

Skaidulinio-riebalinio audinio tiiris,

mm; mediana (Q1; Q3) 2,09 (1,21; 3,04) 1,82 (1,18;2,99) | 0,126

Skaidulinio-riebalinio audinio
tirio dalis plokstel¢je, proc.; 10,83 (4,84; 22,34) | 10,50 (4,38;27,63) | 0,844
mediana (Q1; Q3)

Nekrozinés Serdies tiiris, mm?;

mediana (Q1: Q3) 0,97 (0,22; 1,74) 0,55(0,23; 1,76) | 0,551

Nekrozinés Serdies turio dalis

plokstelje, proc.; mediana (Q1; Q3) 3,00 (1,005 8,83) 5,25 (1,00; 16,88) | 0,712

Kalcifikuoto audinio tiiris, mm?;

mediana (Q1: Q3) 6,92 (0,01;20,39) | 5,25(0,01;22,52) | 0,593

Kalcifikuoto audinio turio dalis

plokteléje, proc.: mediana (Q1: Q3) 17,33 (0,01; 45,00) | 15,67 (0,01; 40,00) | 0,644

HU — Haunsfildo vienetai; PVAI — perkutaniné vainikinés arterijos intervencija; n — imties
dydis; proc. — procentai; Q1 — pirmasis kvartilis; Q3 — treciasis kvartilis; TSG — transliu-
minalinio slopinimo gradientas; VA — vainiking arterija.

Vertinant viduting VA stenoz¢ salygojanciy ploksteliy kiekybinius para-
metrus didZiausios stenozés lygmeniu pagal atlikta PVAI, nustatyta, kad
PVAI grupéje buvo mazesnis VA spindzio plotas (p = 0,007) bei mazesnis
vidutinis VA spindzio skersmuo (p = 0,006) (4.4.4 lentel¢). Be to, PVAI
grup¢je nustatytas mazesnis VA sienelés plotas (p = 0,015) ir maZesnis VA
sienelés skersmuo (p = 0,049). Taip pat PVAI grup¢je nustatyta didesne
nekrozinés Serdies dalis ploksteléje (p = 0,039). Kity parametry skirtumai tarp
grupiy statistiSkai reikSmingi nesiskyreé.

4.4.4 lentelé. Viduting VA stenoze sqlygojanciy ploksteliy kiekybiniy para-
metry KTA analizé (PVAI): didziausios stenozés lygmuo

Parametras ne PVAI (n =41) PVAI (n=29) p

VA spindzio plotas, mm?;

mediana (Q1: O3) 4,11 (3,05;5,15) | 3,14 (2,30;4,09) | 0,007

Vidutinis VA spindZzio skersmuo,

mm: vidurkis (SN) 2,27 (0,50) 1,97 (0,42) 0,006

Maziausias VA spindzio skersmuo,

mm: mediana (Q1: Q3) 1,92 (1,57; 2,28) 1,74 (1,50; 1,90) | 0,086

VA sienelés plotas, mm?;

vidurkis (SN) 12,18 (5,43) 9,60 (5,14) 0,015

VA sienelés skersmuo, mm;

mediana (Q1: Q3) 3,65 (3,21; 4.,43) 3,43 (2,37;4,20) | 0,049
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4.4.4 lentelés tesinys

ploskteléje, proc.; mediana (Q1; Q3)

Parametras ne PVAI (n =41) PVAI (n=29) p
Eiﬁﬁ:l(sé?m&; delesas; 0,91 (0,82;0,95) | 0,89 (0,81;0,95) | 0,591
Plokstelés apimtis, proc. 53,93 (17,06) 59,11 (16,68) | 0,905
vidurkis (SN)
ijl‘jﬁj‘?gﬁ’%‘;el“ storis, mm; 0,11 (0,06;0,31) | 0,11(0,07;022) | 0,759
%}iﬁf l(a(; ﬁl‘()f)telés storls, mim; 1,78 (0,95, 2,31) | 149 (0,60;2,13) | 0,534
i‘r]ﬁeiiseans?\ifLi}JSrrﬁ?sd(eSlilfl\)/imOSi 0.87(0,23) 0,84 (0,18) 0,203
\\//iguiiiirslcgig)stenozavimas, proc.; 5030 (10.14) 52,63 (16.31) 0238
X’:SSﬁiﬂil“I’nilz;ir:‘?&sﬁ‘;zaV‘ 29,45 (25,53; 35,59) | 31,32 (24,69; 38.20) | 0,188
iiﬁif;n(g N ;ugi;)io plotas, mr’; 325(2.21;433) | 2,95(1,51;4,02) | 0218
Si(;écfuiigh(; lilil;d(igli\?)dalis ploksteléje, 54.91 (22.14) 48,67 21.15) 0,209
o e (01 Gy O PO 050 (034:0.74) | 042(031:056) | 0,647
Sﬁg&ﬁ?;ﬁiﬂ mio d?;r?:tg ﬁag‘;) 10,00 (4,34; 23,50) | 9,50 (4,94; 20,00) | 0,656
ﬁiﬁgﬁ;“fgf er(gl;;s plotas, mm?; 0,09 (0,03;0,33) | 0,12(0,09;0,49) | 0,106
Erzlfoilfézsl;fﬁgi ;d g;s) ploksteléje, | 1 00 (0,42;8,58) | 4,50 (1,00; 16,38) | 0,039
ﬁﬁiﬁu{)& f‘g‘ﬁf fo plotas, mar’ 1,55(0,01; 5,19) 1,34 (0,01; 5,67) | 0,770
Kalcifikuoto audinio ploto dalis 19,67 (0,01:49.50) | 18.17 (0.01: 40.75) | 0.800

PVAI — perkutaniné vainikinés arterijos intervencija; n — imties dydis; proc. — procentai,
QI — pirmasis kvartilis; Q3 — treCiasis kvartilis; VA — vainiking arterija.

Lyginant VA aterosklerozinés pazaidos iSplitimo rodiklius tarp MACE
ir ne MACE grupiy, statistiSkai reikSmingy skirtumy nenustatyta (4.4.5 len-
tele). MACE grupéje stebétos didesnés Agatstono bei SIS baly vertés, taciau
Sie skirtumai nebuvo statistiSkai reikSmingi (atitinkamai p = 0,136 ir p =
0,191). KTA pritaikyto Leaman balo reikSmés tarp grupiy taip pat reikSmin-

gai nesiskyre (p = 0,651).
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4.4.5 lentelé. VA aterosklerozinés pazaidos isplitimo rodikliai

Balu sistemos Visa imtis MACE ne MACE
Y (n=128) (n=34) (n=94) P
Agatstono balas; 100,0 130,5 93,0 0.136
mediana (Q1; Q3) (28,0; 266,0) (50,0; 363,0) (23,5; 248,5) ’
KTA pritaikytas Leaman 31,5 30,8 31,5 0.651
balas; mediana (Q1; Q3) (22,5; 43.5) (20,3; 49,6) (24,0; 40,5) ’
SIS; mediana (Q1; Q3) 6,0 (4,0; 8,0) 6,5 (4,0; 9,3) 6,0 (3,0; 7,5) 0,191

KTA — kompiuterinés tomografijos angiografija; MACE — didieji nepageidaujami Sirdies ir
kraujagysliy jvykiai; n — imties dydis; proc. — procentai; Q1 — pirmasis kvartilis; Q3 —
treciasis kvartilis; SIS — segmenty pazeidimo indeksas.

Viduting stenoz¢ salygojanciy ateroskleroziniy ploksteliy su didelés
rizikos pozymiais MACE grupéje buvo nustatyta 14, ne MACE — 20. Daz-
niausiai buvo stebétas teigiamo remodeliavimosi pozymis (70,6 proc. visy
didelés rizikos pozymiy atvejy). Lyginant MACE ir ne MACE grupes pagal
aterosklerozinés plokstelés didelés rizikos pozymius, statiSkai patikimo
skirtumo tarp grupiy nenustatyta (p = 0,121) (4.4.1 pav.).

94
100 - (73,4) M Visa imtis
B MACE
= % m ne MACE
[]
g -
53
S8 60
= ¢
‘N @
£ 40
E 'a 24
g (188) 14
S
3 20 10 (149
< 29,4)( ) 3 2 1 (359) 1 4 1 1
23) (59) (1,1) —(2,_95)% (1,6) (2,9) (1,1)
0 S — — e
Be didelés rizikos Teigiama .Ziedo” Taskiné Mazo tankio
pozymiy remodeliacija pozymis kalcifikacija zona

Didelés rizikos pozymiai
4.4.1 pav. Didelés rizikos aterosklerozinés plokstelés poZymiy
pasiskirstymas, n (proc.)

MACE — didieji nepageidaujami Sirdies ir kraujagysliy jvykiai; n — imties dydis; proc. — pro-
centai.

Atlikus vieno kintamojo logisting regresijos analize (4.4.6 lentel¢) nusta-
tyta, kad didziausios stenozés lygmenyje vertinami geometriniai parametrai
turi prognozing vert¢: mazesnis VA spindzio plotas, mazesnis vidutinis VA
spindzio skersmuo ir mazesnis VA sienelés plotas, buvo susije su didesne
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MACE rizika (4.4.2—4.4.4 pav.). Daugiaveiksnéje analizéje né vienas para-
metras nepriklausomai nepasiekée statistinio reikSmingumo, ta¢iau jy kombi-
nacija, kartu prijungiant ir nekrozinés Serdies plota, sudaré reikSmingg modelj
(p = 0,035). Modelio ROC analiz¢ parodé viduting diskriminanting geba,
pasizymincig auks$tu specifiSkumu, taciau zemu jautrumu (4.4.5 pav.).

4.4.6 lentelé. KTA kiekybiniy parametry prognoziné verté

Vienaveiksné Daugiaveiksné
Parametras logistiné regresija logistiné regresija
SS (95 proc. PI) \ p SS (95 proc. PI) \ p

\Plokstelés lygmuo

Aterosklerozinés pazaidos

o 0,949 (0,859-1,048) {0,302 - -
ilgis, mm

Bendras VA tiiris, mm? 0,994 (0,985-1,003) |0,168 - -

VA spindZio tiris, mm? 0,983 (0,965-1,002) |0,084 - -

Plokstelés turis, mm® 0,995 (0,981-1,010) {0,510 - -

Vidutiné plokstelés

. 1,022 (0,992-1,054) {0,153 - -
apimtis, proc.

Didziausias plokstelés

. 0,967 (0,550-1,698) |0,906 - -
storis, mm

Vidutiné TSG reikSmé,

HU/mm 0,999 (0,975-1,024) |0,963 - -

Vidutiné lokaliy TSG

reikime, HU/mm 0,998 (0,978-1,018) {0,828 - -

Skaidulinio audinio

. 3 0,980 (0,950-1,011) |0,201 — -
turis, mm

Skaidulinio audinio tiirio

dalis ploksteléje, proc. 0,993 (0,974-1,012) 10,473 a -

Skaidulinio-riebalinio

audinio tiiris. mm? 0,985 (0,899-1,078) {0,736 - -

Skaidulinio-riebalinio
audinio tirio dalis 1,003 (0,975-1,033) |0,821 - -
ploksteléje, proc.

Nekrozinés Serdies

g S 1,020 (0,950-1,096) |0,583 - -
turis, mm

Nekrozinés Serdies turio

dalis ploksteléje, proc. 1,007 (0,981-1,033) - 10,603 a -

Kalcifikuoto audinio

- 5 1,000 (0,978-1,022) |1,000 - -
turis, mm

Kalcifikuoto audinio tario

dalis ploksteléje, proc. 1,004 (0,985-1,024) 10,675 B B
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4.4.6 lenteleés tesinys

Vienaveiksné Daugiaveiksné
Parametras logistiné regresija logistiné regresija

§S (95 proc.PI) | p §S (95proc.Pl) | p
DidZiausios stenozés lygmuo
VA spindzio plotas, mm? 0,673 (0,464-0,976) |0,037| 1,528 (0,138-16,924) |0,730
Vidutinis VA spindZio 0,255 (0,074-0,878) |0,030| 0,072 (0,001-272,353) 0,531
skersmuo, mm
Maziausias VA spindzio 0,769 (0,335-1,764) | 0,535 B B
skersmuo, mm
VA sienelés plotas, mm? 0,880 (0,787-0,984) {0,025| 0,922 (0,802-1,060) |0,251
VA sienelés skersmuo, mm | 1,037 (0,962—1,118) | 0,340 - -
Ekscentriskumo indeksas 0,356 (0,006-20,014)| 0,616 - -
Plokstelés apimtis, proc. 1.014 (0,989-1,041) (0,277 - -
Maglau51as plokstelés 0,650 (0,133-3,177) | 0,594 3 3
storis, mm
D1d.21au51as plokstelés 0,684 (0,358-1,306) |0,250 3 -
storis, mm
VA sl.enehu, remodeliavi- 0,340 (0,045-2,559) | 0,295 B B
mosi indeksas
VA spindzio stenozavimas, 1,015 (0,987-1,045) | 0,295 B B
proc.
VA spmdzw skersmens 1,023 (0,984-1,063) | 0,257 B B
stenozavimas, proc.
Skalduhnlo2 audinio 0,883 (0,705-1,106) | 0,279 B B
plotas, mm
Skalsluh.n.lo audinio dalis 0,990 (0,973-1,008) | 0,291 B B
ploksteléje, proc.
Skaidulinio-ricbalinio 1,277 (0,704-2,317) | 0,422 - -
audinio plotas, mm
Skaldu!lnlo-rlveba.h.mo audi- 1,006 (0,981-1,032) | 0,642 B B
nio dalis ploksteléje, proc.
Nekrozinés Serdies plotas, | 99> (0 838-1,174) [0.927| 2,819 (0,871-9,130) | 0,084
mm
Nekrozinés Serdies dalis | 451 (0,999-1,043) |0,061 - -
ploksteléje, proc.
Kalglﬁkuoto audinio plotas, 0,961 (0,861-1,073) |0.479 B B
mm
Kalcifikuoto audinio ploto | 995 0 975 1,012) [0,567 - -
dalis ploskteléje, proc.

HU — Haunsfildo vienetai; PI — pasikliautinasis intervalas; proc. — procentai; SS — $ansy san-
tykis; TSG — transliuminalinio slopinimo gradientas; VA — vainiking arterija.
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Jautrumas

Jautrumas

1,0

0,8 -

0,6 -

04 -

0,2 -

0,0

=== \/A spindzio plotas, mm?
= Referentiné linija

AUC < 0,347

Ribiné verté < 10,05 mm?
Jautrumas 55 proc.
Specifiskumas 60 proc.

p =0,037

0,0 0,2

1 - specifiSkumas

1,0

4.4.2 pav. VA spindzio ploto ROC analizé, prognozuojant MACE

1,0

0,8

0,6

0,4

0,2

0,0

=== Vidutinis VA spindZio
skermuo, mm
= Referentiné linija

AUC 0,349

Ribiné verté < 11,21 mm
Jautrumas 69 proc.
Specifiskumas 50 proc.
p=0,030

0,0 0,2

1 - specifiSkumas

1,0

4.4.3 pav. Vidutinio VA spindzio skersmens ROC analizé,

prognozuojant MACE



Jautrumas

Jautrumas

1.0 == \/A sienelés plotas, mm?
== Referentiné linija

08 AUC 0,345

! Ribiné verté < 9,13 mm?

Jautrumas 45 proc.
Specifiskumas 63 proc.

06 - p=0,025

0,4

0,2 -

0,0 T T T T

0,0 0,2 04 0,6 08 1,0

1 - specifiSkumas

4.4.4 pav. VA sienelés ploto ROC analizé, prognozuojant MACE

1.0 === Daugiaveiksnio modelio
prognozuojama tikimybé

= Referentiné linija

08 - AUC > 0,451
Jautrumas 54,5 proc.
Specifiskumas 87,5 proc.

06 - p=0,035

0,4 -

0,2 -

0,0 T T T T

0,0 0,2 04 0,6 0,8 1,0

1 - specifiSkumas

4.4.5 pav. MACE prognozinio modelio ROC analizé
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5. REZULTATU APTARIMAS

5.1. Imties klinikiné charakteristika

Atliktame moksliniame tyrime vertinta KTA nustatyty vidutine (50—
69 proc.) VA stenoze lemianciy ateroskleroziniy ploksteliy morfologiniy
pakitimy reikSmeé ir prognoziné verté pacientams, kuriems nustatyta maza
arba viduting ikitestiné obstrukcinés VAL tikimybé.

Vienas svarbiausiy Sio tyrimo aspekty — pasirinkta pacienty grupé. Dau-
guma ankstesniy tyrimy buvo orientuoti j didelés rizikos ar hemodinamiskai
reikSmingas stenozes [34, 133, 134], o Siame darbe analizuotos biitent vidu-
tinés (50—69 proc.) stenozés, kurios klinikingje praktikoje daznai kelia diag-
nostikos ir gydymo taktikos pasirinkimo problemy [120]. Remiantis §iuolai-
kinémis EKD gairémis [19], tokios stenozés laikomos pilkaja zona, kai vien
anatominiy duomeny nepakanka sprendziant d¢l invazinio tyrimo ar revasku-
liarizacijos poreikio [19, 33, 34]. Todé¢l papildomas plokstelés morfologiniy
pozymiy vertinimas gali turéti svarbig kliniking reikSme [9].

Atliktame tyrime dalyvavo 128 pacientai, kuriems KTA buvo nustatyta
viena ar daugiau vidutiniy VA stenoziy. Tai yra gana nedidele, taciau gerai
apibiidinta vieno centro kohorta, atrinkta pagal grieztus jtraukimo ir
nejtraukimo kriterijus, o perspektyvusis 6 mety stebéjimo laikotarpis leidzia
daryti kliniSkai reikSmingas iSvadas dél MACE prognozés. Panasiy ilgalaikiy
stebéjimo tyrimy, analizuojanciy viduting VA stenoze turinéiy pacienty KTA
morfologinius pozymius, literatiroje yra mazai, o jy stebéjimo trukmé
dazniausiai ne didesn¢ kaip 3 metai [21, 135].

Tiriamojoje imtyje motery buvo daugiau negu vyry (53,9 proc.). Panasus
ly¢iy skirstinys pastebimas ir kity tyrimy, naudojusiy KTA kaip pirminj
vaizdinj diagnostikos tyrima, kohortose [10, 136]. Sis skirstinys i§ dalies
atspindi diagnostinés KTA indikacijas: moterims, sergan¢ioms SKA, neob-
strukciné arba vidutiné VAL dazniau nustatoma neinvaziniais metodais, o
vyrams daZniau taikoma invaziné diagnostika. Lytis tarp MACE ir ne MACE
grupiy statistiSkai reikSmingai nesiskyré. Tai atitinka tokiy dideliy registry,
pvz., ,,CONFIRM®, kuriame nenustatyta reikSmingy skirtumy tarp lyties
prognozuojant MACE pagal VA stenozés dydj, duomenis [10].

Tiriamojoje imtyje nustatyta didelis jprastiniy SKL rizikos veiksniy
paplitimas: AH nustatyta 84,4 proc., dislipidemija — 74,2 proc., ruikymas —
18,8 proc. tiriamyjy. Tac¢iau MACE ir ne MACE grupiy tiriamieji statistiSkai
patikimai nesiskyré né pagal vieng analizuotg rizikos veiksnj. Sis radinys yra
svarbus apibiidinant pati tyrima, nes tipisSky klinikiniy rodikliy, naudojamy
klinikin¢je praktikoje, nepakanka diferencijuoti pacientus, kuriems per
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6 metus iSsivystys MACE ir kuriems jy nebus. Panasios iSvados pateikiamos
ir kituose perspektyviuosiuose tyrimuose, patvirtinanciuose ribotg klinikiniy
rizikos veiksniy vert¢ pacientams, sergantiems SKA ir esant vidutinei VA
stenozei [9, 21].

Dazniausia viduting VA stenoz¢ lemianciy ateroskleroziniy pakitimy
vieta buvo PTS — 71,9 proc. visy analizuoty ploksteliy. Toks VA stenozés
vietos skirstinys atitinka anks&iau publikuoty tyrimy duomenis, kad PTS yra
dazniausiai aterosklerozés pazeidziama VA dé¢l dauginiy vietiniy hemodina-
mikos veiksniy: kraujotakos turbulencija, sienelés slyties itempimo netolygu-
mas ir bifurkacijy anatomija [137, 138]. Lokalizacija statistiSkai reikSmingai
nesiskyre tarp MACE ir ne MACE grupiy, kas leidzia daryti iSvada, jog pati
stenozes vieta, neatsizvelgiant i plokstelés morfologines savybes, nebuvo
svarbi MACE iSsivystymui.

Tiek plokstelés lygmeniu, tiek didZiausios stenozés vietoje vyravo skai-
dulinis audinys (atitinkamai 50,1 proc. ir 41,2 proc.). Tai atitinka stabilios
aterosklerozinés ploksteles morfologinj fenotipa, dazniausiai nustatoma
pacientams, sergantiems létiniais Sirdies ir kraujagysliy sindromais [9, 130].

Per 6 mety stebéjimo laikotarpi MACE nustatyti 34 pacientams (26,6 proc.
imties). Dazniausias jvykis buvo tiriamosios VA revaskuliarizacija PVAI
metodu (76,5 proc. visy MACE), o nemirtinas MI (11,8 proc.), mirtys dél
ivairiy priezasciy (8,8 proc.) bei insultas (2,9 proc.) buvo retesni. Tai, kad
MACE daugiausia sudaré revaskuliarizacijos procediiros, rodo — stebéti
jvykiai labiau atspind¢jo klinikinés ligos progresavima bei intervencinio gy-
dymo poreikio atsiradima, nei iminiy Sirdies ir kraujagysliy ivykiy iSsivysty-
ma. Laikas iki invazinés VAA —225,5 dienos rodo, kad gydytojy sprendimai
deél invaziniy tyrimy buvo priimami per pirmuosius stebéjimo metus.

Apibendrinant, Sios kohortos klinikiné charakteristika apibtidina tiping
SKA pacienty populiacija, turinig KTA nustatyta viduting VA stenoze. Tad
vertinant jprastinius klinikinius rodiklius negalima patikimai diferencijuoti
pacienty pagal biisimy MACE rizikg — biitina ieSkoti papildomy vertinimo
kriterijy, pavyzdziui, aterosklerozinés plokstelés morfologiniy parametry.

5.2. Vainikiniy arterijy ligos rizikos veiksniai

Vienas i$ $io tyrimo tiksly buvo jvertinti, kaip jprastiniai VAL rizikos
veiksniai susij¢ su KTA nustatytais kiekybiniais plokstelés morfologiniais
parametrais pacientams, turintiems viduting VA stenoz¢. Tyrimo rezultatai
rodo, kad jvairts rizikos veiksniai skirtingai susij¢ su plokstelés struktiira.

76



5.2.1. Amzius

Amziaus koreliacija su ateroskleroziniais plokstelés parametrais buvo
viena i$ stipriausiy visoje analizéje. Vyresnis amzius buvo susij¢s su didesniu
plokstelés turiu, vidutine plokstelés apimtis, kalcifikuoto audinio turiu bei
storesne plokstele tiek plokstelés lygmeniu, tiek ir didziausios stenozés
vietoje. Siy procesy padarinys — didéja VA spindZio skersmens stenozé. Di-
déjancia kalcifikacijg atspindi ir did¢jantis Agatstono balas. Gauti rezultatai
atitinka gerai zinoma su amziumi progresuojancios VA aterosklerozés mode-
lj, kuriam biidinga didéjantys aterosklerozinés plokstelés tiiris ir bendroji
aterosklerozés apimtis, vystanti specifiné plokstelés sudéties kaita — didéja
kalcifikuoto audinio dalis [105, 129, 131]. Tai sutampa su S. Mushtaq su
kolegomis [139] padarytomis iSvadomis, kad didesn¢ VA aterosklerozés
apimtis bei didesni KTA nustatyti aterosklerozes iSplitimo ir plokstelés struk-
turos rodikliai yra glaudziai susij¢ su vyresniu pacienty amziumi. PanaSius
rezultatus gavo ir V.S. Manubolu su bendraautoriais [129], analizuodami
KTA ploksteliy parametrus. Autoriai jrode, kad vyresniems pacientams
nustatomas didesnis plokstelés tiiris, didesné plokstelés apimtis bei didesné
kalcifikuota aterosklerozinés plokstelés dalis. Jdomu, kad vyresniems tiria-
miesiems buvo nustatyta mazesnis ekscentriSkumo indeksas. Tai galima sieti
su literatiiroje aprasomu biikle — did¢jant amziui vyksta morfologiné atero-
skleroziniy ploksteliy transformacija: progresuojant ligai ateroskleroziniai
pakitimai tampa koncentriskesni ir difuziSkesni, vyrauja skaidulinis-kalcifi-
kuotas audinys [138]. Tokios plokstelés yra stabilesnio fenotipo ir vienodes-
nés struktiiros. Todél mazejantis ekscentriSkumo indeksas kartu su didéjanciu
kalcifikuoto audinio kiekiu gali biti interpretuojamas kaip jsisenéjusios ir
struktiriskai stabilesnés VA aterosklerozés pozymis.

5.2.2. Lytis

Ivertinus lyties sasajas su aterosklerozinés plokstelés parametrais nusta-
tyta, kad moterims buvo budingi didesni plokstelés tiiriai, didesné vidutiné
plokstelés apimtis bei didesni skaidulinio ir kalcifikuoto audiniy tiiriai ir
plotai. Taip pat moterims nustatyti didesni didziausios stenozés lygmens
plokstelés storio rodikliai, didesnis VA sienelés plotas bei didesné plokstelés
apimtis. Sie rezultatai i§ dalies sutampa su daugeliu ankstesniy tyrimy. Pana-
Sios tendencijos aprasytos ir S.E. Lee su kolegomis [140] ,,PARADIGM*
tyrime. Jame moterims, kurioms jau diagnozuota VAL, daZniau nustatyti
kalcifikuoti ateroskleroziniai pakitimai, o vyrams dazniau vyravo nekalci-
fikuotos ar miSrios plokstelés. Literattiroje taip pat nurodoma, kad moterims,
ypac pomenopauziniu laikotarpiu, budingas aterosklerozinés plokstelés feno-
tipas, pasizymintis didesnémis skaidulinio ir kalcifikuoto audinio dalimis,
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palyginti su to paties amziaus vyrais [34, 136]. Papildomai nustatyta, kad
moterims buvo biidingas didesnis VA sieneliy remodeliavimosi indeksas. Tai
gali atspindéti skirtingg kraujagyslés adaptacinj atsaka ] aterosklerozing
pazaida. Sie moterims biidingi adaptacija ir VAL difuziné pazaida pozymiai
aprasomi ir ankstesniuose tyrimuose [136, 139].

Literattroje galima rasti ir prieSingy rezultaty. Pavyzdziui, W. Qureshi
su kolegomis [141] iSanalizave didelio registro duomenis nustate, kad vyrams
dazniau nustatyta didesné ateroskleroziniy pakitimy apimtis bei nekalcifi-
kuotos ir misrios plokstelés, palyginti su moterimis. Taciau Siuos duomenis
biitina vertinti kritiSkai, atsizvelgiant j tiriamosios populiacijos ypatumus, nes
1 miisy tyrimg buvo jtraukti tik pacientai, turintys vidutinio dydzio VA steno-
zes — tai jau vertinama kaip kliniskai reikSmingi ateroskleroziniai pakitimai.

Nors moterims nustatyta didesné aterosklerozine apimtis bei ryskesni
skaidulinio ir kalcifikuoto audinio pakitimai plokstelése, VA spindZio steno-
z¢s rodikliai tarp ly€iy reikSmingai nesiskyré. Tai gali rodyti, kad moterims
VAL dazniau pasireiskia difuziSkesniu VA sienelés pazeidimu, kuris ne vi-
suomet teigiamai koreliuoja su didesniu vietisku spindZio susiauréjimu [136,
139]. Tuo tarpu TSG rodikliai tarp vyry ir motery reikSmingai nesiskyre, kas
leidzia manyti, jog nustatyti morfologiniai skirtumai nebuvo susije su ryskiais
kraujotakos pokyciais stenozés srityje. Tai atitinka literatiiroje apraSoma
situacija, kai anatominiai aterosklerozés pozymiai ne visuomet tiesiogiai
koreliuoja su funkciniu stenozés reikSmingumu [34, 120].

5.2.3. Rukymas

Rilkymas Siame tyrime buvo susijes su reikSmingai didesniais plokstelés
turiais, plokstelés apimtis, storesne plokstele ir didesne VA spindzio ir spin-
dzio skersmens stenoze. Be to, riikkaliy grupéje nustatyti didesni VA sienelés
ploto ir sienelés storio rodikliai. Tai rodo rySkesnj VA sienelés remodeliavi-
masi. Taip pat riikkaliy grupéje buvo nustatytas didesnis kalcifikuoto audinio
tiris ir plotas. Sie rezultatai i§ esmés atitinka mokslo literatiiros duomenis.
Z.H. CHou su kolegomis [142] dideléje 6380 pacienty kohortoje parode, kad
rikaliy grupéje reikSmingai didesni lipidinio, skaidulinio ir kalcifikuoto
audiniy turiai, palyginti su neriikanciais asmenimis. Pagal gautus rezultatus
galima teigti, kad rilkymas yra susijes ne tik su didesne bendraja ateroskle-
rozes apimtis, bet ir su struktiiriniais VA sienelés poky¢iais. Rikymas pavei-
kia aterosklerozing plokstele per kelis mechanizmus: skatina oksidacinj
stresa, endotelio disfunkcija, uzdegiming reakcijy granding ir trombogeneze
[70]. Didesnis kalcifikuoto audinio kiekis riikaliy grupéje gali atspindéti
isisenéjusia ateroskleroze, nes kalcifikacija dazniau vyrauja vélesnémis ate-
rosklerozés stadijomis [9, 142].
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Rikaliy grupéje nustatyta didesné aterosklerozés apimtis, taciau TSG
rodikliai tarp grupiy reikSmingai nesiskyre. Kaip ir analiz¢je tarp lyCiy, gali
rodyti, jog didesné VA aterosklerozés iSraiska ne visuomet tiesiogiai kore-
liuoja su reikSmingais stenozes kraujotakos pokyciais.

5.2.4. Kiino masés indeksas

Didesnis KMI stipriausiai koreliavo su didesniu VA spindzio plotu ir
vidutiniu skersmeniu didziausios stenozés lygmenyje. Tai rodo, kad didesnj
KMI turintys pacientai turi platesnes VA. Remiantis Siuo teiginiu, galima
itarti, kad didesnis kino masés indeksas susij¢s su didesniu bendrojo kraujo-
takos poreikiu ir didesniais absoliu¢iais kraujagysliy matmenimis. Sis rysys
gali buti aiSkinamas adaptaciniu kraujagysliy remodeliavimusi, nes didesné
kiino masé siejama su didesniu cirkuliuojancio kraujo tiiriu, didesniu Sirdies
iSstumiamu tiriu ir padidéjusiu audiniy perfuzijos poreikiu, o tai gali lemti
didesnius absoliucius kraujagysliy matmenis [71].

Nustatyta, kad didesnis KMI buvo susij¢s su mazesne vidutine plokstelés
apimtimi. Si nustatyta sasaja gali atspindéti vadinamajj nutukimo paradoksa,
aprasSyta dalyje Siuolaikiniy Sirdies ir kraujagysliy tyrimy: didesnis KMI ne
visuomet tiesiogiai susijes su didesne aterosklerozés apimtimi ar blogesnémis
klinikinémis baigtimis [9, 72]. Manoma, kad §;j reiskinj gali lemti komplek-
siné¢ metaboliniy, uzdegiminiy ir kiino sandaros veiksniy saveika, nes vien
KMI ne visuomet tiksliai atspindi visceraliniy riebaly kiekj, metabolinj akty-
vuma ar bendra VAL rizika.

Remiantis kitais nustatytais duomenimis, didesnis KMI gali biiti susijes
ne tiek su didesniu bendru aterosklerozés iSplitimu, kiek su specifiniais
plokstelés sandaros poky¢iais. Tai atspindi nustatytos KMI teigiamos sgsajos
su skaidulinio-riebalinio audinio bei nekrozinés Serdies tiiriu. V.S. Manubolu
su kolegomis [129], analizuodami epikardinio riebalinio audinio ir KTA nu-
statyty ploksteliy parametry sgsajas, nustaté rysj tarp metaboliniy veiksniy ir
didesnes aterosklerozinés ploksteles apimties bei blogos prognozés plokste-
lés komponenty. Taciau G. Gallone su kolegomis [9] metaanalizéje pabréze,
kad aterosklerozinés plokstelés sudétis ir morfologija gali turéti didesne prog-
nozing reikSme nei vien bendras stenozés dydis ar tipiski antropometriniai
rodikliai. Tod¢l miisy tyrimo rezultatai gali rodyti, kad didesnj KMI turin-
tiems pacientams gali kisti ne vien kiekybiniai, bet ir kokybiniai morfolo-
giniai parametrai.
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5.2.5. Lipidu frakcijos

Lipidy frakcijy ir plokstelés morfologiniy parametry rysiai buvo riboti:
stipriy koreliacijy nenustatyta, o DTL ir TG reikSmingy rySiy neturé¢jo. Reiks-
mingos teigiamos koreliacijos nustatytos tik tarp MTL cholesterolio koncent-
racijos ir plokStelés apimties bei VA spindZzio skersmens stenozés didziausios
stenozes lygmenyje, taip pat — tarp neDTL cholesterolio ir VA spindzio tiirio
bei plokstelés apimties. Sie duomenys atitinka samprata, kad aterogeniskesni
lipidai turi jtaka aterosklerozés eigai, bet néra pagrindiniai plokstelés
morfologija lemiantys veiksniai jau esant susiformavusiai aterosklerozinei
plosktelei. O. Bayturan su kolegomis analizavo pacientus, turincius labai
maza MTL, taciau daliai jy ateroma vis tiek progresavo [143]. Daugiaveiks-
né¢je analizéje MTL poky¢iai nebuvo nepriklausomai susij¢ su progresija, o
svarbesni buvo CD, AH, ApoB ir plokstelés apimtis. Kaip ir V.S. Manubolu
su kolegomis [129] atliktame tyrime, kuriame nustatytas MTL rySys su
plokStelés apimties progresija, visi tirti rySiai taip pat buvo silpni.

MTL laikomas aterogeniniu lipidu, tac¢iau kai kuriuose vaizdiniuose tyri-
muose jo rySys su trumpalaike plokstelés progresija buvo silpnas arba hetero-
geniskas [129, 143, 144].

5.2.6. Statiny vartojimas

Statinus vartojusiy pacienty grupéje nustatytas trumpesnis aterosklero-
zinés pazaidos ilgis ir mazesni skaidulinio-riebalinio audinio ir nekrozinés
Serdies tiiriai. Sie rezultatai atitinka pladiai apraSytus statiny pleiotropinius
poveikius plokstelés sudéciai. G. Zheng su kolegomis atliktoje meta anali-
z¢je, apémusioje 10 tyrimy su VH-IVUS, statiny vartojimas reikSmingai
sumazino skaidulinio audinio tiirj ir padidino kalcifikuoto audinio kieki — tai
atspindi plokstelés stabilizacijos procesg [145]. Daugiacentréje ,,PARADIGM
tyrime kartotinai atlikti KTA tyrimai taip pat patvirtino, kad gydymas statiny
grupés medikamentais maZina nekrozinés erdies tiirj [25]. Sis poveikis tiké-
tina, kad atspindi biologinj mechanizma: statinai skatina nekrozinés Serdies
mazejimg ir plokstelés brendima | stabilesne, kalcifikuota forma. Aptariamo
tyrimo rezultatai papildo Siuos duomenis: statiny vartojimas susijes su
trumpesne pazaida ir mazesniu blogos prognozés komponenty kiekiu pacien-
tams, kuriems jau nustatyta vidutiné¢ VA stenoz¢.
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5.3. Vainikiniu arterijy ateroskleroziniy pakitimy morfologiniai
parametrai ir invaziniai vainikiniy arterijy tyrimai

5.3.1. Invaziné vainikiniy arterijy angiografija

Svarbi Sio tyrimo dalis buvo ateroskleroziniy ploksteliy sgsajy su invazi-
niais tyrimais ir funkciniu stenozés reikSmingumu vertinimas. Anatominis
stenozeés dydis ilga laika buvo pagrindinis kriterijus priimant sprendimg dél
revaskuliarizacijos atlikimo, ta¢iau vis daugiau démesio skiriama funkciniam
stenozés vertinimui. Tyrime naudotas KTS metodas suteiké galimybg retro-
spektyviai jvertinti hemodinaminj stenozés reikSminguma.

Analizuojant KTA nustatyty viduting stenoze¢ lemianciy ateroskleroziniy
ploksteliy morfologinius parametrus pagal véliau atliktos invazinés VAA
patvirtintg stenozés dydj, nustatyta, kad tiek plokstelés lygmenyje, tiek ir
didziausios stenozés vietoje VA < 50 proc. grup€je buvo nustatytas didesnis
didziausias plokstelés storis. Sie rezultatai vertinami kaip teigiamasis
remodeliavimasis, kai auganti plokstelé pleciasi  iSore ir ilgg laikg nesukelia
proporcingo spindzio susiauré¢jimo — Glagovo fenomenas [59, 108]. Toks
neatitikimas tarp plokstelés dydzio ir angiografinio stenozes dydzio yra gerai
zinomas aterosklerozés vaizdinimo tyrimuose ir gali biiti aiSkinamas kom-
pensaciniu kraujagyslés remodeliavimusi. H. Samady su kolegomis [138]
nustaté, kad teigiamasis remodeliavimasis yra susijes su aktyvesne
aterosklerozinés plokstelés progresija bei jos transformacija | nestabilesnj
fenotipa. KTA leidzia vertinti ne tik kraujagyslés spindj, bet ir sienel¢ bei
plokstelés sudét], o invaziné VAA pirmiausia atspindi spindzio kontiirg ir
negali apibiuidinti visy plokstelés erdviniy savybiy [35]. PanaSias iSvadas
pateik¢ M.J. Boogers su kolegomis [130], kurie, lygindami KTA su IVUS,
nustaté gera plokstelés tiirio ir sudéties jvertinimo tiksluma, taciau pabréze,
kad angiografija neleidZia visiskai jvertinti kraujagyslés sienelés pokyciy.

Grupés buvo palygintos pagal plokstelés sudéti. VA > 50 proc. grupéje
buvo nustatyta didesnés skaidulinio-riebalinio audinio tiirio ir ploto, nekro-
zinés 3erdies ploto dalys bei maZesnis skaidulinio audinio plotas. Sie kompo-
nentai KTA analiz¢je atitinka mazesnio tankio, turin¢ias daugiau riebalinio
audinio plokstelés sritis, kurios literatiiroje siejamos su didesne Gminiy
iSeminiy jvykiy rizika. ,,SCOT-HEART* tyrimo analizé parodé¢ [5], kad mazo
tankio nekalcifikuota plokstele, nustatyta KTA, prognozavo MI, o pagal
eksperty sutarimg mazo tankio plokstelé vertinama kaip didesnés rizikos
plokstelés pozymis [106]. S.E. Lee su kolegomis [140] taip pat nustaté, kad
riebalinio komponento vyravimas susijes su greitesne plokstelés progresija.
Todél musy nustatyta didesné skaidulinio-riebalinio komponento ir nekrozi-
nés Serdies dalis VA > 50 proc. grupéje patvirtina, kad didesnis anatominis
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stenozés dydis gali biti susijes ne tik su spindzio susiauré¢jimu, bet ir su nepa-
lankesne plokstelés sudétimi.

Misy tyrime VA <50 proc. grupéje nustatytas didesnis kalcifikuoto
audinio taris ir jo dalis ploksteléje. Sj rezultatg galima aiskinti ne tik stabiles-
niu aterosklerozeés fenotipu, bet ir zinomais KTA metodiniais ribotumais
vertinant kalcifikuotas ploksteles. Didelés kalcifikacijos sukelia vadinamaji
Svytéjimo artefakta ir dalinio trio efekta, dél kuriy kalcifikuotos sritys KTA
vaizduose atrodo didesnés nei i$ tikryjy, o kraujagyslés spindis gali atrodyti
klaidingai siauresnis. D¢l Sios priezasties KTA stenozés dydis stipriai kalcifi-
kuotuose segmentuose gali buti pervertintas, ypa¢ nustatant vidutinio dydzio
stenozes. M.J. Budoff su kolegomis nustaté [120], kad KTA diagnostinis
tikslumas maz¢ja esant dideliam kalcio kiekiui, o stenozés sunkumas tokiais
atvejais dazniau pervertinamas. PanaSius rezultatus pateiké S. Mushtaq su
kolegomis [104], kurie nustaté, kad didesné kalcifikuota aterosklerozés
apimtis ne visada tiesiogiai susijusi su funkciniu stenozés reikSmingumu.
Taip pat anks¢iau minétame naujausiame Sirdies ir kraujagysliy kompiute-
rinés tomografijos draugijos eksperty sutarime pazymima, kad ryski kalcifi-
kacija iSlieka viena pagrindiniy KTA specifiSkuma ribojanc¢iy priezasciy, nes
sunkina tiksly spindzio jvertinimg [107]. Tod¢l misy tyrime nustatytas
didesnis kalcifikuoto audinio kiekis VA < 50 proc. grupéje gali biti viena i$
neatitikimg tarp KTA ir véliau atliktos invazinés VAA rezultaty priezasciy.

Idomus tyrimo rezultatas buvo didesnés vidutinés TSG ir lokaliy TSG
reik§més VA < 50 proc. grupéje. Sis rezultatas rodo, kad kontrasto slopinimo
poky¢iai i8ilgai kraujagyslés nebitinai tiesiogiai sutampa su invazine angio-
grafija nustatomu stenozés dydziu. TSG gali priklausyti ne tik nuo anatominio
susiaur¢jimo, bet ir nuo kraujagyslés skersmens, distalinés tékmés, kontrasto
kinetikos, techniniy KTA parametry ir pacios plokstelés kalcifikacijos. Tai
jrodé M. M. Hell su kolegomis [133] atliktas tyrimas, kuriame nustatyta, kad
TSG tik vidutiniskai koreliuoja su hemodinaminiu stenozés reikSmingumu,
nes ji veikia daugybé papildomy anatominiy ir techniniy veiksniy. Tod¢l Sis
rodiklis galéty buti papildomai vertinamas, bet ne kaip pagrindinis, vidutinio
dydzio stenoziy grupé¢je, kur anatominis, morfologinis ir funkcinis reikSmin-
gumas daznai nesutampa.

Kiekybinio Sirdies ir kraujagysliy vaizdinimo eksperty 2026 m. publi-
kuotame sutarime taip pat pabréziama, kad KTA leidZia jvertinti plokstelés
matmenis, sudétj, vietg ir prognozing rizika, o invaziné angiografija iSlieka
stenozes vertinimo standartas, bet neapibiidina pacios plokstelés [107].
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5.3.2. Kiekybinis té¢kmés santykio rezervo metodas

KTS analize papildeé Siuos rezultatus. Pazymétina, kad dauguma plokste-
lés morfologiniy ir sudéties parametry su KTS reikSmingai nekoreliavo.
StatistiSkai reik§mingos teigiamosios koreliacijos nustatytos tik tarp KTS ir
VA spindzio ploto bei vidutinio VA spindZio skersmens didziausios stenozés
lygmenyije. Sie rezultatai patvirtina, jog KTS, kaip angiografija pagristas
funkcinis rodiklis, pirmiausia atspindi tekmeés ribojima dél klitities, o ne ties-
iogiai plokstelés biologing sudétj. PanasSius rezultatus pateiké M. J. Budoff su
kolegomis [120], kurie nustaté, kad anatominiai stenozés parametrai ne
visada tiksliai prognozuoja hemodinaminj reik§minguma, ypa¢ vidutinio
dydzio stenozése. W. Han su kolegomis [116] savo tyrime taip pat parode,
kad KTS ir KT-FFR metodais geriau nustatomos funkciniu poziiiriu reiks-
mingos stenozeés nei vien anatominis stenozeés vertinimas. J. Wu su bendra-
autoriais [115] pabrézé, kad anatominés plokstelés charakteristikos ir
funkciné stenozés reikSmé yra glaudziai susijusios, taciau néra tapacios, nes
hemodinaminj poveikj lemia kompleksiné kraujagyslés geometrijos,
plokstelés sudéties ir kraujotakos salygy saveika. C. Wang su kolegomis
[134] teigia, kad KTA nustatyta plokstelés apimtis ir morfologiniai rodikliai
gali buti susij¢ su FFR vertinamu hemodinaminiu reikSmingumu, taciau
anatominiai plokStelés pozymiai ne visada tiesiogiai atspindi funkcinj
stenozes poveiki. PanaSias i§vadas pateiké ir M. Bozika su kolegomis [114],
kurie pazymé¢jo, kad sprendziant dél intervencinio gydymo vien anatominés
informacijos daznai nepakanka, todé¢l funkcinis stenozés vertinimas turéty
tapti Sivolaikinés VAL diagnostikos dalis.

Vertinant hemodinamiskai reik§mingg KTS ir PVAI atlikima, nustatyta
aiski sasaja tarp Siy rodikliy: pacientams, kuriems KTS buvo reik§mingas,
PVALI atlikta gerokai dazniau, o pacienty, neturin¢iy PVAI, vyravo nereiks-
mingas KTS. Sis rezultatas papildo literatiiroje apradyta KTS klinikinj pritai-
komuma, sprendziant del revaskuliarizacijos taktikos: EKD 2024 m. reko-
mendacijose [19], nurodoma, kad sprendimas dél revaskuliarizacijos turéty
biiti priimamas remiantis ne vien anatominiu stenozés dydziu, bet ir funkciniu
jos reik§mingumu; o ,,FAVOR III Europe* tyrime B. K. Andersen su kolego-
mis [33] jrode, kad KTS pagrista revaskuliarizacijos strategija nebuvo silp-
nesné nei invazinio FFR ir gali buti sekmingai taikoma klinikinéje praktikoje.
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5.4. Didieji nepageidaujami Sirdies ir kraujagysliy sistemos
jvykiai ir ligos prognozé

Vertinant VA ateroskleroziniy pakitimy sgsajas su MACE, misy tyrime
nustatyta, kad ploksteleés lygmenyje MACE grup¢je reikSmingai maZesnis
buvo tik VA spindzio turis, o dauguma plokstelés turio, apimties ir sudéties
parametry statistiSkai reikSmingai nesiskyré. DidZiausios stenozés lygmenyje
MACE grupé¢je nustatyti mazesni VA spindzio matmenys — mazesnis spindzio
plotas ir skersmuo, taip pat maZesnis VA sienelés plotas bei skersmuo. Sie
duomenys rodo, kad MACE Siame tyrime buvo labiau susije¢ su lokalios ste-
nozes vietoje nustatytais geometriniais VA pokyciais nei su bendra atero-
sklerozine ploksStelés apimtimi. Vertinant nustatyty parametry visuma, dau-
giausia duomeny, kad MACE grupéje didziausios stenozés vietoje dazniau
vyravo koncentrinio pobiidzio ateroskleroziniai pakitimai.

A. van Rosendael su kolegomis [41], atlike ,,CONFIRM2*“ registro
analizg, jrod¢, kad VA spindzio skersmens stenozé ir nekalcifikuotos ploks-
telés turis buvo du stipriausi nepriklausomi MACE prognoziniai veiksniai, o
juos derinant pasiekiama geresné rizikos stratifikacija nei naudojant atskirus
parametrus. Toje pacioje analizéje nekalcifikuotos plokstelés apimtis ir
skersmens stenoz¢ buvo jvardyti kaip stipriausi prognoziniai veiksniai, o
sujungus kartu i vieng modelj reikSmingai virSijo standartini CAD-RADS
vertinimg. Tai atitinka miisy tyrimo rezultatus: spindzio geometrijos
parametrai turi didesn¢ vert¢ MACE iSsivystymui nei plokstelés turines
charakteristikos. M. Baranwal su kolegomis [111] ,,PROMISE* tyrime atliko
papildoma tyrima, apémusj 4 267 SKA simptomus jaucian¢ius pacientus.
Nustatyta, kad didesnis bendras plokstelés tiris (> 87 mm?®), bendra ploks-
teles apimtis (> 35 proc.) ir nekalcifikuota plokstelés dalis (> 20 proc.)
beveik dvigubai padidino MACE rizika, neatsizvelgiant | rizikos veiksnius,
statiny grupés medikamenty vartojima, stenozés reikSminguma ir kalcio
kiekio. Taciau autoriai taip pat pabréze, kad Siy kiekybiniy plokstelés
parametry prognoziné verté buvo didziausia, kai jie buvo vertinami kartu su
stenozés dydziu, o ne kaip ji pakeiciantys rodikliai. N. Vatsa su kolegomis
[109] apzvalgoje pazymi, kad KTA nustatyta ploksteles apimtis turi
prognozing verte rizikai vertinti, taciau tiksliausiai MACE rizika leidzia
prognozuoti integruotas plokstelés tiirio, stenozés geometrijos, didelés rizikos
plokstelés pozymiy ir funkciniy KTA parametry vertinimas.

Vertinant plokstelés sudéti, MACE grupéje didziausios stenozés lygme-
nyje nustatytas didesnis nekrozinés Serdies plotas ir didesné jos dalis plokSte-
l¢je. Sis radinys yra kliniskai svarbus, nes nekrozin¢ $erdis laikoma vienu
pagrindiniy pazeidziamos plokstelés pozymiy. M. C. Williams su kolegomis
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[5]1,,SCOT-HEART* tyrime parode¢, kad mazo tankio nekalcifikuotos ploks-
telés apimtis KTA vaizduose buvo stipriausias rodiklis, prognozuojantis MI
pacientams, sergantiems SKA. Panasiai G. Gallone su kolegomis [9] siste-
mingje apzvalgoje nustaté, kad didelés rizikos plokstelés pozymiai, jskaitant
mazo tankio komponentus ir teigiamg remodeliavimasi, yra susije su
biisimais MACE tiek paciento, tiek pazeidimo lygmeniu. Naujausioje
J. S. Bell su bendraautoriaias metaanaliz¢je taip pat parodyta, kad KTA
kiekybiskai jvertinti plokstelés turiai, ypa¢ mazo tankio ir bendras plokstelés,
reik§mingai susij¢ su biisimais MACE [108]. A. Lin su kolegomis [117] taip
pat parode, kad dirbtinio intelekto automatiskai jvertintas bendras ploksteles
turis KTA vaizduose buvo susijes su padidéjusia biisimo miokardo infarkto
rizika.

Miisy tyrime bendrieji aterosklerozes iSplitimo rodikliai — Agatstono
balas, KTA pritaikytas Leaman balas ir SIS — tarp MACE ir ne MACE grupiy
statistiskai reik§mingai nesiskyré. Sis rezultatas gali biiti aiSkinamas tuo, kad
tyrimo imtis buvo gana homogeniska — jtraukti pacientai, kuriems jau nusta-
tyta vidutiné VA stenozé. Tod¢l tokiai populiacijai svarbesni gali biiti ne vien
bendros aterosklerozes iSplitimo rodikliai, bet ir konkrecios plokstelés sudeétis
bei spindzio geometrija. Panasia kryptj rodo J. N. Dahl su kolegomis [146]
tyrimas, kuriame pacientams, sergantiems létiniu inksty nepakankamumu,
tiek kalcifikuotos, tieck mazo tankio kiekiai plokstelé¢je buvo nepriklausomai
susijuse¢ su MACE, o kokybiniai didelés rizikos pozymiai turéjo ribota
prognozing verte.

Didelées rizikos plokstelés pozymiai MACE grupéje buvo nustatyti daz-
niau, taciau statistiSkai reikSmingo skirtumo tarp grupiy nebuvo. Dazniausias
didelés rizikos pozymis buvo teigiamasis remodeliavimasis. Sis rezultatas
neprieStarauja literatiirai, taiau neatmetamas ir riboto tam tikry kokybiniy
pozymiy jautrumas mazesnéje imtyje. K. Dimitriadis su kolegomis [15]
apzvalgoje pazymeéjo, kad pavieniai didelés rizikos plokstelés pozymiai turi
ribota prognozing verte, jei néra vertinami kartu su kiekybiniais plokstelés
rodikliais ir bendra aterosklerozés apimtis. S. Motoyama su kolegomis [85]
taip pat nustaté, kad didziausia biisimy Uminiy VA jvykiy rizika buvo
pacientams, kuriems kartu nustatyta teigiamas remodeliavimasis ir mazo
tankio plokstelé¢, o pavieniai kokybiniai poZymiai pasizyméjo mazesniu prog-
noziniu tikslumu. K. Otsuka su kolegomis [24] parodé¢, kad progresuojanti
mazo tankio plokstelés dalis buvo stipriau susijusi su biisimais MACE nei
vien tam tikri morfologiniai didelés rizikos plokstelés pozymiai. Sie duome-
nys rodo, kad Siuolaikin¢je KTA analizéje vis didesné reikSme teikiama
integruotam kiekybiniam aterosklerozinés plokstelés vertinimui, o ne pavie-
niy kokybiniy pozymiy nustatymui.
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Atlikome prognozing analiz¢. Miisy tyrime vienaveiksnéje logistinés
regresijos analiz¢je didziausios stenozés lygmenyje vertinti geometriniai
parametrai turéjo prognozing vertg: mazesnis spindzio plotas, mazesnis vidu-
tinis skersmuo ir mazesnis sienelés plotas buvo susij¢ su didesne MACE
rizika. Daugiaveiksnéje analiz¢je né vienas atskiras parametras nepriklau-
somai nepasieke statistinio reik§Smingumo. Taciau jy derinys sudare reikSmin-
ga modelj, kuriam, remiantis ROC analize, nustatyta vidutin¢ diskriminacine
geba, pasizymincig dideliu specifiSkumu, bet mazu jautrumu. Vadinasi, nepa-
kanka pavieniy KTA parametry prognozuoti MACE, taciau jy derinys gali
padéti identifikuoti didesnés rizikos pacienty pogrupi. N. Vatsa su kolegomis
[109] savo tyrimo iSvadose pazyméjo, kad KTA nustatyta plokstelés apimtis
turi prognozing verte, taciau klinikiniam pritaikymui svarbiau integruotas
keliy parametry vertinimas. E. Bianchini su bendraautoriais [110] 2025 m.
sistemingje apzvalgoje taip pat nustate, kad pazangts KTA pagrjsti metodai,
iskaitant kiekybing plokstelés analize, KT-FFR, radiomikos bei DI rodiklius,
reikSmingai pagerina MACE prognozg, palyginti su pavieniais anatominiais
ar morfologiniais parametrais. B. Szilveszter su kolegomis [103] papildomai
nustate, kad didelés rizikos plokstelés pozymiai pasizymi didZiausia progno-
zine verte, jei yra vertinami kartu su obstrukcinés VAL stenozés dydziu ir
bendru aterosklerozés iSplitimu, o pavieniai morfologiniai pozymiai turi
ribotesnj prognozinj tiksluma. K. Schulze su kolegomis [107] eksperty
sutarime taip pat pabréziama, kad ateityje individualizuota rizikos stratifika-
cija turéty remtis ne vien stenozés dydziu, bet ir integruota kiekybine ploks-
telés analize bei DI metodais.

Apibendrinant tyrimo rezultatus galima teigti, kad viduting VA stenoze
lemiancios aterosklerozinés plokstelés pasizymi heterogeniska morfologine
struktiira bei yra susijusios su skirtingu MACE i$sivystymu. Tyrimo rezulta-
tai papildo dabartinj supratimg apie KTA jtaka ne tik anatominiam VA
stenozés dydzio nustatymui, bet ir ateroskleroziniy ploksteliy klinikinés eigos
vertinimui.
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TYRIMO RIBOTUMAI

Tyrimas turi ribotumy. Pirmiausia — tai vieno centro tyrimas su santy-
kinai nedidele imtimi, tod¢l rezultaty apibendrinimas platesnei populiacijai
gali biiti netikslus. Taip pat ne visiems pacientams buvo atlikta invaziné¢ VAA
ir KTS vertinimas, todél galéjo islikti atrankos SaliSkumas. Didziausig MACE
dalj sudaré revaskuliarizacijos procediros, kurios i§ dalies gali priklausyti ir
nuo gydytojy klinikiniy sprendimy ar centro gydymo strategijy. Dar vienas
svarbus aspektas — ateroskleroziniy ploksteliy analizé buvo atlikta naudojant
pusiau automatizuotg metodika, todé¢l islieka tam tikra matavimo variacija
tarp vertintojy, nors atlikta analizé parodé gera matavimy suderinamuma.

Ateities tyrimuose biity tikslinga jtraukti didesnes daugiacentres pacienty
kohortas bei papildomai vertinti DI pagrindu veikiancius automatizuotus
ploksteliy analizés metodus. Taip pat svarbu toliau tirti integruoty anatominiy
ir funkciniy KTA parametry prognozing vert¢ bei galimg jy panaudojima
individualizuotam SKL rizikos vertinimui.
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ISVADOS

Viduting VA stenoz¢ lemiancioms aterosklerozinéms ploksSteléms budin-
ga vyraujantis skaidulinis audinys. Dazniausia vidutinés stenozes vieta —
priekine tarpskilveliné Saka (72 proc.), o dazniausias nustatytas dideles
rizikos aterosklerozinés plokstelés poZymis — teigiamasis remodeliavi-
masis (75 proc.).

Viduting VA stenoz¢ lemiantys ateroskleroziniai pakitimai susij¢ su Siais

VAL rizikos veiksniais:

a) KMI vidutiniskai stipriai teigiamai koreliavo su VA spindzio plotu
(rs = 0,32, p=0,009) bei vidutiniu skersmeniu (1, = 0,32, p=0,010);

b) aterogenisky lipidy frakcijy koncentracijos vidutiniSkai stipriai tei-
giamai koreliavo su plokstelés apimtimi (MTL rs = 0,33, p = 0,007
irneDTL rs = 0,33, p=0,017);

c) statiny vartojimas susij¢s su trumpesnémis aterosklerozinémis
plokstelémis (4,97 mm, palyginti su 6,64 mm, p = 0,012) bei mazes-
niais skaidulinio-riebalinio audinio ir nekrozinés Serdies tiiriais
(1,88 mm?, palyginti su 2,27 mm?, p = 0,020 ir 0,59 mm?, palyginti
su 1,00 mm?, p = 0,024).

a) Obstrukcinei stenozei budinga didesni skaidulinio-riebalinio audi-
nio taris (11,00 mm?, palyginti su 17,41 mm?®) ir nekrozinés Serdies
dalis (4,00 proc., palyginti su 2,00 proc.) bei mazesni kalcifikuoto
audinio turis (4,85 mm?, palyginti su 18,47 mm?) ir skaidulinio audi-
nio plotas (5,0 mm?, palyginti su 9,5 mm?).

b) Kiekybinis tékmés santykio rezervas vidutiniSkai stipriai teigiamai
koreliavo su VA spindzio geometriniais parametrais (spindzio plotu
(rs = 0,357) ir vidutiniu skersmeniu (rs = 0,362)).

Didziausig prognozing vert¢ turé¢jo mazesni VA spindzio geometriniai
parametrai — spindzio plotas (§S 0,673, 95 proc. PI 0,464-0,976, p =
0,037) ir vidutinis skersmuo (SS 0,255 (95 proc. PI 0,074-0,878, p =
0,030)) bei sienelés plotas (§S 0,880 (95 proc. PI 0,787-0,984, p =
0,025)). Pavieniai KTA rodikliai tur¢jo ribota prognozing verte, taciau jy
derinys su nekrozinés Serdies plotu sudaré patikima vidutinés diskrimi-
nacinés gebos MACE prognozinj modelj (p = 0,035).
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PRAKTINES REKOMENDACIJOS

KTA tyrimu nustacius viduting VA stenozg, rekomenduojama vertinti ne
tik spindZio siaurinimg procentais, bet ir aterosklerozinés plokstelés
kompozicinius parametrus.

Vertinant vidutines VA stenozes, tikslinga papildomai analizuoti krauja-
gyslés spindzio geometrinius parametrus didziausios stenozés vietoje
(mazesnis spindzio plotas, skersmuo ir sienelés skersmuo yra nustatyti
nepriklausomi didziyjy Sirdies ir kraujagysliy jvykiy rizikos veiksniai), o
derinant su nekrozinés Serdies plotu galima patikimiau jvertinti rizika.
Pacientams, kuriems nustatomos vidutine stenoze¢ lemianc¢ios VA ploks-
telés, turin¢ios didesnj nekalcifikuoto audinio (ypac nekrozinés Serdies)
kiekj, rekomenduojamas intensyvesnis antrinés profilaktikos priemoniy
taikymas.
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SUMMARY

ABBREVIATIONS

AUC —  area under the curve

AH —  arterial hypertension

BMI —  body mass index

CA —  coronary artery

CAD —  coronary artery disease

CCTA —  coronary computed tomography angiography

CI —  confidence interval

CT —  computed tomography

DM —  diabetes mellitus

FU —  follow-up

HDL —  high density lipoprotein

HRP —  high-risk plaque

ICA —  invasive coronary angiography

IQR —  interquartile range

MACE —  major adverse cardiovascular events

LAD —  left anterior descending coronary artery

LCx —  left circumflex coronary artery

LDL —  low density lipoprotein

LMCA —  left main coronary artery

OR —  odds ratio

RCA —  right coronary artery.

ROC —  receiver operating characteristic

SD —  standard deviation

SIS —  segment involvement score
INTRODUCTION

Coronary artery disease (CAD) remains one of the leading causes of
mortality and disability worldwide and in Lithuania despite significant advan-
ces in cardiovascular diagnostics and treatment [1-4]. Early identification of
atherosclerotic lesions and risk stratification is essential for optimal manage-
ment and reduction of adverse cardiovascular events [8—10].

Although CAD has been traditionally modelled on the degree of stenosis
in the coronary artery (CA), there is increasing evidence that atherosclerotic
plaque shape and composition are important as narrowing is not the only
indication of the disease. Coronary computed tomography angiography
(CCTA) is a promising non-invasive approach for CAD diagnosis and should
be considered for diagnosis in patients with stable CAD and a low to inter-
mediate pre-test probability of disease [16—19]. In addition to the evaluation
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of stenosis severity, CCTA allows for detailed characterization of athero-
sclerotic plaques and recognition of high-risk features (HRF) including low-
attenuation plaque, positive remodelling, napkin-ring sign, and increased
plaque volume which are associated with myocardial infarction and major
adverse cardiovascular events (MACE) independently of stenosis severity
[20-23].

More recently, the multicentre SCOT-HEART trial has shown the
importance of plaque composition and volume and demonstrated the validity
of long-term imaging-based plaque analysis [5, 11, 16, 32]. However, most
studies have focused on overall atherosclerotic burden (e.g., severe obstruc-
tive disease), while intermediate CA stenosis is difficult to interpret when
functional testing is negative or inconclusive [25, 29, 33]. Moreover, few
studies have combined quantitative plaque analysis with long-term follow-up
(FU), and most have been done in the time frame of 3 to 5 years [27, 39—-42].

To reduce interpretation variability, the present study defined interme-
diate stenosis as CAD-RADS (Coronary Artery Disease — Reporting and
Data System) category 3 lesions that cause 50-69% luminal narrowing [36].
The following semi-automated plaque analysis protocol was followed
(QAngio CT Research Edition) to characterize the morphological and compo-
sitional profile of CCTA-detected plaques, their relationship with cardio-
vascular risk factors and invasive diagnostic findings, and to investigate their
relationship with MACE in the 6-year FU period. The results of this study
may help to understand the biological activity and clinical significance of
intermediate coronary artery stenoses and to identify more patients with a
higher level of monitoring and/or the need for surgical intervention.

AIM AND OBJECTIVES
Aim
To assess the morphological and compositional characteristics of
atherosclerotic lesions identified by CCTA for intermediate CA stenosis (50—

69%) and to determine their associations with CAD risk factors, invasive
coronary artery test results, and the occurrence of MACE in the long term.

Objectives

1. To assess the morphological characteristics of atherosclerotic
lesions causing intermediate CA stenosis as identified by CCTA.

2. To evaluate the associations between the morphological features of
atherosclerotic lesions causing intermediate CA stenosis and CAD
risk factors.
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3. To evaluate the associations between the morphological features of
atherosclerotic lesions causing intermediate CA stenosis and the
findings of invasive coronary tests.

4. To determine the associations between the morphological features
of atherosclerotic lesions causing intermediate CA stenosis and the
occurrence of MACE, to assess their prognostic value, and to
compare their predictive performance with conventional methods
used in routine clinical practice for the assessment of CAD severity.

Scientific novelty of the study

This study provides a comprehensive evaluation of intermediate CA
stenoses (50—69%) by integrating detailed plaque morphology assessment
with functional analysis, invasive coronary findings, and long-term clinical
outcomes. Although the prognostic significance of CCTA derived plaque
characteristics has been increasingly investigated, most studies have focused
on overall coronary atherosclerotic burden, severe obstructive disease, or
HRP features. In contrast, the present study specifically examined athero-
sclerotic plaques causing intermediate CA stenosis, a lesion category that
remains one of the most challenging to interpret in clinical practice. The
anatomical severity of these stenoses does not always correspond to their
functional significance, often necessitating additional functional or invasive
testing. To our knowledge, this is the first study in Lithuania to comprehen-
sively evaluate intermediate CA stenoses detected by CCTA.

A detailed quantitative assessment of plaque composition was perfor-
med, including evaluation of fibrous, fibrofatty, necrotic-core, and calcified
plaque components, as well as local vessel geometry at the site of stenosis.
This approach enabled a more comprehensive characterization of plaque
heterogeneity and biological activity.

An important aspect of the study was the investigation of associations
between plaque morphology and invasive as well as functional coronary
assessment. In addition to invasive coronary angiography, CCTA derived
fractional flow reserve was used to evaluate the hemodynamic significance
of intermediate stenoses. Such an integrated assessment of anatomical, mor-
phological, and functional lesion characteristics remains relatively uncom-
mon in literature.

An important advantage of this study is that it is a 6-year FU period,
which has allowed the association of CCTA derived plaque characteristics
with MACE to be considered. Such long FU is less common in other CCTA
studies, most of which are done only in the 1-3 years range. It is through this
long FU period that the prognostic value of intermediate stenoses and plaque
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morphology has been better assessed, and CCTA is being increasingly
regarded as being clinically relevant beyond just the stenosis score and may
be able to contribute to a more personalized management of cardiovascular
risk.

MATERIALS AND METHODS

Study population

Following approval from the Kaunas Regional Biomedical Research
Ethics Committee (No. BE-2-43), a single-center prospective non-rando-
mized controlled clinical study was conducted at the Cardiology and Radio-
logy Departments of Hospital of Lithuanian University of Health Sciences
Kauno klinikos. The study was performed in accordance with the principles
of the Declaration of Helsinki. All participants provided written informed
consent after receiving detailed information about the study.

A total of 157 subjects with a low or intermediate pre-test probability of
obstructive CAD, for whom CCTA was recommended according to the
contemporary European Society of Cardiology guidelines (based on the
Diamond—Forrester pre-test probability model), were enrolled in the study
[82, 126]. All patients underwent clinically indicated CCTA between 2017
and 2019 and were found to have one or more intermediate CA stenoses.

Intermediate CA stenosis was defined as an atherosclerotic plaque
causing 50-69% luminal narrowing in a CA with a reference diameter
>1.5 mm, corresponding to category 3 of the standardized CAD-RADS vl
classification.

Study procedures and follow-up

All CCTA datasets were analyzed using dedicated plaque analysis
software. Participants were prospectively followed for 6 years from the date
of the baseline CCTA examination, with FU completed on January 1, 2026.
5 patients were lost to FU.

The primary study endpoint was the occurrence of MACE, defined as a
composite outcome including all-cause mortality, target-vessel revasculari-
zation, non-fatal myocardial infarction (MI), and stroke [127]. In cases of
multiple events, only the first event was considered for time to event analyses.
According to clinical outcomes, patients were categorized into MACE
(n =34, 26.6%) and non-MACE (n = 94, 73.4%) groups.

During the first 2 years of FU, invasive coronary angiography (ICA) was
performed in a subset of patients according to contemporary ESC recommen-
dations [82, 128]. Seventy patients underwent ICA within 18 months of the
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baseline CCTA examination. Based on angiographic findings, patients were
classified as having obstructive (> 50 % stenosis) or non-obstructive (< 50 %
stenosis) CAD. Patients were also analyzed according to whether percuta-
neous coronary intervention (PCI) was performed.

Among patients who underwent ICA, image quality was sufficient for
retrospective computation of quantitative flow ratio (QFR) in 45 cases using
dedicated angiographic analysis software. QFR analysis was performed using
archived diagnostic angiograms and was blinded to subsequent treatment
decisions.

Clinical, demographic, and FU data were obtained from national electro-
nic health records, hospital medical documentation, and structured telephone
interviews. Collected variables included demographic and anthropometric
characteristics, cardiovascular risk factors, medical history, medication use,
and results of non-invasive and invasive cardiovascular investigations.

CCTA and image analysis

All CCTA examinations were performed at the Radiology Department
of the Hospital of Lithuanian University of Health Sciences Kauno klinikos
using a 320-detector-row computed tomography scanner (4Aquilion ONE,
Toshiba Medical Systems, Japan). Scans were acquired using prospective
electrocardiographic gating according to standardized institutional protocols.
Heart rate control with beta-blockers and sublingual nitroglycerin admini-
stration were used when appropriate to optimize image quality and coronary
vasodilation. Non-contrast scans were performed for coronary artery calcium
scoring (Agatston score), followed by contrast-enhanced CCTA using iodi-
nated contrast media. All image datasets were archived in the institutional
Picture Archiving and Communication System.

CCTA images were initially analyzed using dedicated visualization soft-
ware (Vitrea Advanced Visualization, Vital Images, United States of Ame-
rica) for CA segmentation, three-dimensional reconstruction, stenosis assess-
ment, and calculation of established CCTA-derived risk scores, including the
Agatston score, CT-adapted Leaman score, Segment Involvement Score
(SIS), and HRP features.

Detailed qualitative and quantitative assessment of atherosclerotic pla-
ques causing intermediate coronary artery stenosis was performed using
dedicated semi-automated plaque analysis software (QAngio CT Research
Edition, Medis Medical Imaging Systems, The Netherlands) (Fig. 1). Three-
dimensional coronary artery reconstructions were generated, and vessel
boundaries were automatically detected with manual correction when neces-
sary. Plaque morphology, vessel geometry, stenosis severity, remodeling
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indices, and plaque composition were quantified both at the plaque level and
at the site of maximal stenosis.

The analysis included measurements of plaque dimensions, plaque bur-
den, luminal and vessel geometry, remodeling characteristics, and quanti-
tative assessment of fibrous, fibrofatty, necrotic-core, and calcified plaque
components. For patients with multiple intermediate stenoses, average values
from all eligible lesions were used for statistical analyses.

Image analysis was performed independently by two trained observers
according to previously validated methodologies [130, 131]. Reproducibility
analysis demonstrated good intra- and interobserver agreement for quanti-
tative plaque measurements, with intraclass correlation coefficients ranging
from 0.70 to 0.88.

posd VT Segment Info

Fig. 1. Evaluation of intermediate coronary artery stenosis
using the QAngio CT Research Edition software
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Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics for
Windows software (version 31.0.2.0; IBM Corp., Armonk, NY, USA).
Descriptive statistics were initially applied to summarize the study data. Data
distribution was assessed using the Kolmogorov—Smirnov and Shapiro—Wilk
tests.

Continuous variables are presented as mean + standard deviation (SD)
when normally distributed, and as median with interquartile range (IQR; Q1—
Q3) when the assumption of normality was not met. Correlation analyses
between continuous variables were performed using Pearson’s correlation
coefficient (r) for normally distributed variables and Spearman’s rank corre-
lation coefficient (rs) for non-normally distributed variables. Correlation
strength was interpreted according to Cohen’s recommendations: r < 0.10,
negligible correlation; r = 0.10-0.29, weak correlation; r = 0.30-0.49,
moderate correlation; and r > 0.50, strong correlation [133].

Comparisons between independent groups were performed using
Student’s t-test for normally distributed variables and the Mann—Whitney U
test for non-normally distributed variables. Categorical variables are pre-
sented as frequencies (n) and percentages (%), and comparisons between
groups were performed using the chi-square (y?) test or Fisher’s exact test, as
appropriate.

To evaluate the prognostic significance of atherosclerotic plaque mor-
phological characteristics for MACE, univariable and multivariable logistic
regression analyses were performed. The results are presented as odds ratios
(ORs) with 95% confidence intervals (CIs). Receiver operating characteristic
(ROC) curve analysis was used to assess the discriminatory performance of
predictive models, and the area under the ROC curve (AUC) was calculated
to quantify model discrimination.

All statistical tests were two-sided, and a p-value < 0.05 was considered
statistically significant. The results are presented in tables and figures.

RESULTS

Baseline characteristics

Over half of the participants in this study were women (n = 69; 53.9%).
The average age of the cohort was 66.3 (10.0) years. Table 1 outlines the
demographic and clinical characteristics of both MACE and non-MACE
groups.
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Table 1. Patients’ demographics

Demographic Total, MACE, Non-MACE, p

parameter n=128 (100%) | n=34 (26.6%) | n=94 (73.4%) |value
Age, years 66.3 (10.0) 67.8 (10.4) 66.4 (9.4) 0.356
Male, % 59 (46.1) 17 (50.0) 42 (44.7) 0.594
BMI, kg/m? 30.1 (26.5; 32.8) | 29.4 (25.0; 31.9) | 30.4 (26.8; 33.4) | 0.186
Hypertension, % 109 (84.4) 32 (94.1) 77 (81.9) 0.086
Diabetes mellitus, % 21 (16.4) 6(17.6) 15 (16.0) 0.547
Smoking, % 24 (18.8) 6(17.6) 18 (19.1) 0.848
Dyslipidemia, % 95 (74.2) 27(79.4) 68 (72.3) 0.419
Total cholesterol, mmol/L | 6.1 (5.1; 6.8) 6.0 (4.8;7.4) 6.1(5.1;6.8) 10.919
HDL, mmol/L 1.4 (1.2; 1.5) 1.3(1.2;1.4) 1.4(1.2;1.5) 10.257
LDL, mmol/L 4.0 (3.1; 4.6) 4.0 (2.9;5.0) 4.1 (3.1;4.6) |0.721
Triglyceride, mmol/L 1.3 (1.0; 2.0) 1.4 (1.0; 2.0) 1.3(1.0;2.0) |0.871
Non-HDL, mmol/L 4.7 (3.7;5.5) 4.8 (3.7;6.1) 4.7(3.7;5.4) |0.670
Creatinine, pmol/L 78.0 (68.0; 90.0) | 81.7 (71.8; 94.0) | 76.8 (67.2; 87.0) | 0.086
Statin use, % 90 (70.3) 28 (82.4) 62 (66.0) 0.073

BMI — body mass index; HDL — high density lipoprotein; LDL — low density lipoprotein.
Statistics layout: mean (SD) for normally distributed data; median (Q1; Q3) for non-normally
distributed data.

In the MACE group, there was an equal distribution of men and women
(n=17; 50% for each gender), while women predominated in the non-MACE
group (n=52; 55.3%). The MACE group’s average age was recorded at 67.8
(10.4) years, compared to 66.4 (9.4) years in those without MACE (p =
0.909). Therefore, no significant differences regarding age or sex were noted
between these groups. Despite the majority exhibiting a high cardiovascular
risk profile, including arterial hypertension (AH) (84.4%, p = 0.086) and
dyslipidemia (74.2%, p = 0.419), both groups showed uniformity concerning
CAD risk factors, medications, and laboratory results, with no statistically
significant disparities found (with key data presented in Table 1).

The distribution of intermediate CA stenosis locations did not show
significant variation between the two groups (p = 0.209). In both cohorts, the
left anterior descending artery (LAD) was identified as the most frequently
affected site (MACE — 76%; non-MACE — 70%) as illustrated in Fig. 2.

97




70 - 66 B LMCA
W LAD
60 - W LCx
RCA

50 4
40 -

30 26

Number of plaques, n

20 4

10 -
4

MACE ' Non-MACE

Fig. 2. Intermediate CA stenosis localization
in MACE and non-MACE group

LMCA - left main coronary artery; LAD — left anterior descending coronary artery; LCx —
left circumflex coronary artery; RCA — right coronary artery.

The median FU duration was recorded at 72.4 months (range: 67.2 to
78.4 months), with a median time to event of 557 days (range: 134 to1834
days). Over the 6-year FU period, a total of 34 individuals experienced
MACE (26.6%). The shortest occurrence took place on day 21, while the
longest span reached up to day 2567. Target lesion revascularization emerged
as the most prevalent form of MACE reported — each case involved PCI (n =
26; representing 76.5%), followed by non-fatal MI (n = 4; or 11.8%),
all-cause mortality (n = 3; or 8.8%), and stroke incidents (n = 1; 2.9%).

Associations between CAD factors and the morphological
parameters of CA atherosclerotic lesions

To evaluate the associations between CAD risk factors and the morpho-
logical characteristics of CA atherosclerotic plaques, correlation analyses
were performed with age, body mass index (BMI) and lipid fractions, while
comparative analyses assessed sex, smoking status, AH, diabetes mellitus
(DM), and statin use.

Age was significantly associated with several markers of plaque burden.
At the plaque level, moderate positive correlations were observed between
age and plaque volume (rs = 0.328), mean plaque area (rs = 0.322), and
calcified tissue volume (rs = 0.381). Weak but significant correlations were
found with Agatston score (rs =0.231), total vessel volume (rs = 0.222), maxi-
mum plaque thickness (rp, = 0.259), and fibrous tissue volume (rs = 0.265). At
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the site of maximal stenosis, age showed a moderate positive correlation with
minimum plaque thickness (rs = 0.343) and weak positive correlations with
vessel wall area (rs = 0.227), plaque area (r, = 0.263), maximum plaque
thickness (rs = 0.223), luminal diameter stenosis (rs = 0.174), and calcified
tissue area (rs = 0.292). A weak negative correlation was observed between
age and the eccentricity index (rs = —0.208).

BMI demonstrated mostly weak associations with plaque morphology.
A significant negative correlation was found between BMI and mean plaque
area (rs = —0.247). Weak positive correlations were identified between BMI
and minimum lumen diameter (rs = 0.279), eccentricity index (rs = 0.234),
fibrous fatty tissue volume (rs = 0.191), and necrotic core volume (rs = 0.185).
Moderate positive correlations were observed between BMI and lumen area
(rs=10.320) as well as mean lumen diameter (r, = 0.315) at the site of maximal
stenosis.

Sex related differences were evident. At the plaque level, women had
significantly greater plaque volume (p = 0.023), mean plaque area (p = 0.001),
maximum plaque thickness (p = 0.009), fibrous tissue volume (p = 0.022),
and calcified tissue volume (p < 0.001) compared with men. At the site of
maximal stenosis, women also exhibited larger vessel wall area (p = 0.044),
plaque area (p = 0.006), minimum and maximum plaque thicknesses (p = 0.030
and p = 0.002, respectively), a higher remodeling index (p = 0.039), and greater
fibrous and calcified tissue areas (p = 0.021 and p = 0.005, respectively)
(Table 2).

Table 2. Association between quantitative parameters of atherosclerotic
plaques and sex

Parameters ‘ Men (n =59) ‘ Women (n = 69) ‘p value

Lesion-level

Lesion length, mm 100.00 (23.75; 227.00) | 178.00 (97.00; 269.00) | 0.185
Vessel volume, mm? 3.88 (3.24; 5.62) 4.43 (3.39; 5.69) 0.357
Lumen volume, mm? 46.41 (20.33; 46.41) 55.94 (31.12; 82.27) | 0.175
Plaque volume, mm® 21.74 (13.82; 31.86) 19.00 (16.10; 28.98) | 0.892
Mean PB, % 16.75 (6.42; 39.85) 33.63 (17.17; 50.13) | 0.023
Maximal plaque thickness, mm | 40.34 (31.97; 49.47) 49.07 (37.50;, 57.97) | 0.002
TAG mean, HU/mm 1.55(0.67) 1.87 (0.69) 0.009
TAG patch mean, HU/mm -3.17 (14.63) —6.23 (18.74) 0.335
Fibrous volume, mm? 0.98 (—13.75; 5.25) —1.00 (-11.67; 13.17) | 0.557
Percent fibrous volume, % 10.38 (4.56; 15.35) 12.92 (7.74; 23.34) 0.022

99



Table 2. Continued

Parameters Men (n =59) Women (n = 69) ‘p value
Lesion-level
Fibrous fatty volume, mm? 1.92 (1.23; 3.45) 2.09 (1.24;2.92) 0.528
Percent fibrous fatty volume, % 0.99 (0.28; 2.20) 0.57 (0.24; 1.61) 0.456
Necrotic core volume, mm? 1.04 (0.01; 19.43) 7.72 (3.31;7.72) <0.001
Obstruction-site
Lumen area, mm? 3.95 (2.82; 4.96) 3.21 (2.40; 4.59) 0.488
Lumen mean diameter, mm 2.22(0.44) 2.21(0.58) 0.997
Lumen minimal diameter, mm 1.89 (1.69; 2.25) 1.78 (1.44; 2.20) 0.113
Vessel wall area, mm? 10.05 (4.52) 12.54 (7.60) 0.044
Vessel wall diameter, mm 3.36 (2.77; 4.18) 3.65 (3.16; 4.22) 0.134
Eccentricity index 0.91 (0.85; 0.95) 0.88 (0.79; 0.94) 0.791
PB, % 53.66 (15.79) 61.28 (14.53) 0.006
Minimal plaque thickness, mm 0.09 (0.06; 0.13) 0.16 (0.08; 0.36) 0.030
Maximal plaque thickness, mm 1.21 (0.72; 1.97) 1.82 (1,07; 2.31) 0.002
Vessel wall remodeling index 0.80 (0.19) 0.89 (0.26) 0.039
Lumen area stenosis, % 50.62 (13.26) 52.30 (14.86) 0.499
Lumen diameter stenosis, % 30.45 (24.97; 35.90) 31.00 (25.57;38.92) | 0.432
Fibrous area, mm? 2.23 (1.33; 3.90) 3.25(2.75; 4.18) 0.021
Percent fibrous area, % 0.50 (0.35; 0.90) 0.42 (0.31; 0.55) 0.244
Fibrous fatty area, mm? 0.18 (0.08; 0.58) 0.09 (0.02; 0.19) 0.079
Percent fibrous fatty area, % 0.06 (0.01; 3.28) 2.56 (0.33; 4.87) 0.005

TAG - transluminal volume gradient; HU — Hounsfield units, PB — plaque burden. Statistics
layout: mean (SD) for normally distributed data; median (Q1; Q3) for non-normally distri-
buted data.

Smoking was associated with larger and more advanced atherosclerotic
lesions. At the plaque level, smokers had significantly greater total vessel
volume (p =0.047), plaque volume (p = 0.004), mean plaque area (p = 0.002),
maximum plaque thickness (p = 0.013), and calcified tissue volume (p =
0.002). At the site of maximal stenosis, smokers demonstrated larger vessel
wall area (p = 0.010), vessel diameter (p = 0.019), plaque area (p = 0.014),
maximum plaque thickness (p = 0.003), greater lumen area and diameter
stenosis (p = 0.028 and p = 0.019, respectively), and a larger calcified tissue
area (p = 0.014).
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Analysis of statin use showed that patients receiving statins had a shorter
atherosclerotic lesion length (p = 0.012), lower fibrous fatty tissue volume
(p =0.020), and smaller necrotic core volume (p = 0.024) at the plaque level.
No significant differences were observed between statin users and non-users
at the site of maximal stenosis.

No statistically significant differences in plaque morphology were found
between patients with and without AH (all p > 0.05). In contrast, DM was
associated with a significantly higher Agatston score compared with non-
diabetic individuals (259 [77.0-472.0] vs. 92 [24.0-208.0], p = 0.017).

For lipid fractions, HDL cholesterol and triglycerides showed no signi-
ficant associations with plaque morphology. LDL cholesterol demonstrated a
moderate positive correlation with plaque area at the site of maximal stenosis
(rs = 0.333) and a weak positive correlation with luminal diameter stenosis
(rs = 0.249). Non-HDL cholesterol showed a weak positive correlation with
lumen volume (rs = 0.281) and a moderate positive correlation with plaque
area at the site of maximal stenosis (rs = 0.325). No strong correlations were
identified between lipid fractions and plaque morphological parameters.

Associations between ICA assessment results and the morphological
characteristics of CA atherosclerotic lesions

During the 6-year FU period, 70 participants underwent invasive coro-
nary angiography (ICA), with a median time to ICA of 387 days (IQR 80.5—
1293.0). In 75.5% of these patients, ICA confirmed at least moderate
coronary artery stenosis (= 50%).

When plaque morphology was compared according to ICA determined
stenosis severity, patients with < 50% stenosis had a greater maximum plaque
thickness (p = 0.008), higher mean remodelling index values (p = 0.020),
higher mean local remodelling index values (p = 0.029), and a larger calcified
tissue volume and calcified tissue proportion within the plaque (p = 0.008 and
p = 0.016, respectively). In contrast, patients with > 50% stenosis had a
greater fibrous fatty tissue proportion (p = 0.048).

At the site of maximal stenosis, the < 50% stenosis group also exhibited
greater maximum plaque thickness (p = 0.006), larger fibrous tissue area
(p =0.024), and greater calcified tissue area and proportion (p = 0.004 and
p =0.003, respectively). Conversely, the > 50% stenosis group showed a
higher fibrous fatty tissue proportion (p = 0.048) and a larger necrotic core
proportion (p = 0.017).
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Correlation analysis between QFR and quantitative plaque parameters
revealed mostly weak and non-significant associations. No significant corre-
lations were observed at the plaque level. However, at the site of maximal
stenosis, moderate positive correlations were found between QFR and
coronary lumen area (rs = 0.357, p = 0.041) as well as mean lumen diameter
(rs=0.362, p=0.038) (Fig. 3).
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Fig. 3. Correlation between QFR values and CA lumen parameters

QFR — quantitative flow ratio; rs — Spearman’s correlation coefficient.
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A significant association was also observed between QFR significance
and the performance of PCI (p < 0.001). Patients with hemodynamically
significant QFR findings underwent PCI substantially more often than those
with non-significant QFR results (81.3% vs. 18.7%). Among patients who did
not undergo PCI, non-significant QFR predominated (86.2%) (Table 3).

Table 3. Association between QFR significance and PCI performance

Invasive treatment
QFR p value
PCI (n=16) Non-PCI (n = 29)
Positi % 13 (81.3 4(13.8
ositive, n (%) (81.3) (13.8) <0.001
Negative, n (%) 3 (18.7) 25 (86.2)

QFR — quantitavite flow reserve; PCI — percutaneous coronary artery intervention.

Association of coronary atherosclerotic plaque characteristics
with MACE and their prognostic value

When comparing plaques causing moderate CA stenosis between MACE
and non-MACE groups at the plaque level, the only significant difference was
coronary lumen volume, which was lower in the MACE group (20.13 [12.08—
34.01]mm? vs. 30.12 [17.91-49.02] mm?; p = 0.031). No significant differen-
ces were observed in plaque size or composition parameters (Table 4).

Table 4. Target lesion parameters comparison between MACE and non-MACE
groups: lesion-level parameters

Parameter MACE, Non-MACE, p value
n =34 (26.6%) n =94 (73.4%)
Lesion length, mm 5.20(2.97;8.7) 5.41 (3.67;9.01) 0.330
Vessel volume, mm? 53.38 (21.21; 81.13) | 59.44 (37.82;98.62) | 0.156
Lumen volume, mm? 20.13 (12.08; 34.01) | 30.12(17.91; 49.02) | 0.031
Plaque volume, mm® 27.38 (8.06; 53.15) | 30.89 (15.93;49.41) | 0.625
Mean PB, % 47.98 (12.71) 44.26 (13.00) 0.152
Maximal plaque thickness, mm 1.71 (0.72) 1.72 (0.70) 0.897
TAG mean, HU/mm —4.99 (15.42) —4.83 (17.73) 0.532
TAG patch mean, HU/mm —8.20 (—18.00; 4.11) | —2.73 (—12.83; 7.83) | 0.241
Fibrous volume, mm? 13.33 (5.64; 21.07) | 14.45(7.41;26.73) | 0.340
Percent fibrous volume, % 50.06 (18.73) 53.02 (21.41) 0.434
Fibrous fatty volume, mm? 2.00 (1.18; 3.74) 2.98 (1.59; 5.26) 0.120
Percent fibrous fatty volume, % 13.00 (4.50; 23.50) | 13.67 (6.00;23.41) | 0.848
Necrotic core volume, mm? 0.62 (0.29; 4.64) 1.06 (0.37; 3.08) 0.452
Percent necrotic core volume, % 6.33 (1.00; 20.25) 4.00 (1.00; 14.25) | 0.727
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Table 4. Continued

Parameter MACE, Non-MACE, value
n =34 (26.6%) n =94 (73.4%) P
Dense calcium volume, mm® 3.38(0.01; 19.35) 2.08 (0.01; 16.49) | 0.661
Percent dense calcium volume, % 11.50 (0.00; 39.00) | 11.50 (0.00;31.50) | 0.707

TAG — transluminal volume gradient; HU — Hounsfield units, PB — plaque burden. Statistics
layout: mean (SD) for normally distributed data; median (Q1; Q3) for non-normally
distributed data.

At the site of maximal stenosis (obstruction-site), the MACE group
exhibited smaller CA dimensions, including lower lumen area (p = 0.005),
mean lumen diameter (p = 0.017), minimum lumen diameter (p = 0.015),
vessel wall area (p =0.011), and vessel wall diameter (p = 0.044). In addition,
plaques in the MACE group contained a larger necrotic core area (p = 0.043)
and necrotic core proportion (p =0.017) (Table 5). No other significant diffe-
rences were identified.

Table 5. Target lesion parameters comparison between MACE and non-MACE

groups. obstruction-site parameters

Parameter MACE, Non-MACE, p value
n =34 (26.6%) n =94 (73.4%)
Lumen area, mm? 3.21(2.46; 3.92) 3.99 (3.03;4.91) | 0.005
Lumen mean diameter, mm 2.02 (1.75; 2.14) 2.22(1.92;2.50) | 0.007
Lumen minimal diameter, mm 1.73 (1.61; 1.90) 1.93 (1.67;2.23) | 0.015
Vessel wall area, mm? 9.29 (4.27) 12.26 (7.03) 0.036
Vessel wall diameter, mm 3.52(2.64;3.90) | 3.67(3.15;4.31) | 0.044
Eccentricity index 0.89(0.80; 0.95) | 0.91(0.81;0.96) | 0.545
PB, % 60.26 (14.98) 56.87 (15.72) 0.278
Minimal plaque thickness, mm 0.11 (0.07; 0.20) 0.12 (0.05; 0.31) | 0.656
Maximal plaque thickness, mm 1.43 (0.95; 2.09) 1.62 (1.06; 2.13) | 0.299
Vessel wall remodeling index 0.81(0.17) 0.86 (0.25) 0.296
Lumen area stenosis, % 53.70 (15.94) 50.74 (13.40) 0.297
Lumen diameter stenosis, % 33.02 (12.23) 30.71 (9.26) 0.257
Fibrous area, mm? 2.65 (1.24; 4.02) 3.03(1.90;4.21) | 0.274
Percent fibrous area, % 45.73 (21.43) 50.64 (23.40) 0.292
Fibrous fatty area, mm? 0.48 (0.35; 0.93) 0.56 (0.31;0.93) | 0.957
Percent fibrous fatty area, % 11.92 (5.19; 27.50) | 11.00 (4.00; 25.00) | 0.467

PB — plaque burden. Statistics layout: mean (SD) for normally distributed data; median (Q1;
Q3) for non-normally distributed data.
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Comparison according to PCI performance showed that, at the plaque
level, patients who underwent PCI had a smaller lumen volume (p = 0.017)
and a larger mean plaque area (p = 0.046). At the site of maximal stenosis,
the PCI group demonstrated smaller lumen area (p = 0.007), smaller mean
lumen diameter (p = 0.006), smaller vessel wall area (p = 0.015), smaller
vessel wall diameter (p = 0.049), and a greater necrotic core proportion within
the plaque (p = 0.039).

Measures of overall coronary atherosclerotic burden, including the
Agatston score, SIS, and CT-adapted Leaman score, did not differ signifi-
cantly between MACE and non-MACE groups (p =0.136,p=0.191,and p =
0.651, respectively) (Table 6).

Table 6. Coronary atherosclerotic burden scores

Score System Total MACE Non-MACE p value
Agatston Score | 100.0 (28.0; 266.0) | 130.5 (50.0; 363.0) | 93.0 (23.5; 248.5) | 0.136
CT-adapted 31.5(22.5;43.5) | 30.8(20.3;49.6) | 31.5(24.0;40.5) | 0.651
Leaman Score
SIS 6.0 (4.0; 8.0) 6.5 (4.0;9.3) 6.0 (3.0; 7.5) 0.191

CT — computed tomography; SIS — segment involvement score. Statistics layout: mean (SD)
for normally distributed data; median (Q1; Q3) for non-normally distributed data.

HRP features were examined across all intermediate coronary lesions
and compared between both groups. HRP instances were significantly more
prevalent within the MACE cohort than among their non-MACE counterparts
(n=101[29.4%] vs. n =14 [14 .9%], p = 0.024). Positive remodeling emerged
as the most frequent HRP feature observed in both cohorts (overall 79.6% of
all HRP findings), but the prevalence of HRP features did not differ signifi-
cantly between groups (p = 0.121) (Fig. 4).
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Fig. 4. HRP features distribution between MACE and non-MACE groups

MACE — major cardiovascular event.

In univariable logistic regression analysis, smaller lumen area, smaller
mean lumen diameter, and smaller vessel wall area at the site of maximal
stenosis were associated with a higher risk of MACE. Although none of these
parameters remained independently significant in multivariable analysis,
their combination produced a significant predictive model (p = 0.035). ROC
analysis demonstrated moderate discriminatory performance, characterized
by high specificity but low sensitivity.
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Fig. 5. ROC curve analysis of the prognostic MACE model
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STUDY LIMITATIONS

This study has several limitations. First, it was a single center study with
a relatively small sample size, which may limit the generalizability of the
findings. Second, ICA and QFR assessment were not performed in all
patients, introducing the potential for selection bias. Furthermore, most of the
MACE consisted of coronary revascularization procedures, which may have
been influenced, at least in part, by physician decision-making and local
treatment strategies. Finally, atherosclerotic plaque analysis was performed
using a semi-automated methodology; therefore, some degree of interob-
server variability cannot be excluded, although reproducibility analyses
demonstrated good agreement between measurements.

Future studies should include larger multicenter cohorts and evaluate the
potential of artificial intelligence-based automated plaque analysis techni-
ques. Further investigation of the prognostic value of integrated anatomical
and functional CCTA-derived parameters is also warranted, particularly
regarding their potential role in individualized cardiovascular risk stratifi-
cation and clinical decision-making.

CONCLUSIONS

1. Atherosclerotic plaques causing intermediate coronary artery stenosis
were predominantly composed of fibrous tissue. The most common
location of intermediate stenosis was the left anterior descending artery
(72%), while the most frequently identified high-risk plaque feature was
positive remodeling (75%).

2. Atherosclerotic lesions responsible for intermediate coronary artery
stenosis were associated with the following cardiovascular risk factors:
a) Body mass index (BMI) showed a moderate positive correlation

with coronary lumen area (rs = 0.320) and mean lumen diameter
(rp = 0.315), and a weak negative correlation with plaque burden
(rs = —0.247).

b) Concentrations of atherogenic lipid fractions demonstrated mode-
rate positive correlations with plaque burden (LDL-C: rs = 0.333;
non-HDL-C: rs = 0.325).

c) Statin therapy was associated with shorter atherosclerotic plaques
(4.97 mm vs. 6.64 mm), as well as lower volumes of fibrofatty tissue
and necrotic core (1.88 mm? vs. 2.27 mm? and 0.59 mm? vs. 1.00 mm?>,
respectively).
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d) Male patients exhibited smaller plaque geometric parameters,
including plaque volume (16.75 mm? vs. 33.63 mm?), mean plaque
burden (40.34% vs. 49.07%), plaque thickness (1.55 mm vs.
1.87 mm), and remodeling index (0.80 vs. 0.89). Men also had lower
fibrous and calcified tissue volumes (10.38 mm? vs. 12.92 mm? and
1.04 mm? vs. 7.72 mm?, respectively) and smaller fibrous and calci-
fied tissue areas (2.23 mm? vs. 3.23 mm? and 0.06 mm? vs. 2.56 mm?,
respectively).

a) Obstructive stenosis was characterized by a greater volume of fibro-
fatty tissue (17.41 mm? vs. 11.00 mm?®) and a larger necrotic core
proportion (4.0% vs. 2.0%), whereas calcified tissue volume
(4.85 mm? vs. 18.47 mm?®) and fibrous tissue area (5.0 mm? vs.
9.5 mm?) were lower.

b) Quantitative flow ratio (QFR) demonstrated moderate positive cor-
relations with coronary lumen geometric parameters, including
lumen area (rs = 0.357) and mean lumen diameter (rs = 0.362).

The strongest predictors of major adverse cardiovascular events (MACE)
were smaller coronary lumen geometric parameters, namely lumen area
(HR 0.673, 95% CI 0.464—0.976, p = 0.037), mean lumen diameter (HR
0.255, 95% CI1 0.074-0.878, p = 0.030), and vessel wall area (HR 0.880,
95% CI1 0.787-0.984, p = 0.025). Individual CCTA-derived parameters
demonstrated limited prognostic value; however, when combined with
necrotic core area, they formed a robust MACE prediction model with
moderate discriminative performance (p = 0.035).

PRACTICAL RECOMMENDATIONS

When intermediate coronary artery stenosis is identified on CCTA, it is
recommended to assess not only the degree of stenosis but also the
compositional characteristics of the atherosclerotic plaque.

In the evaluation of intermediate coronary artery stenoses, additional
analysis of lumen geometric parameters at the site of maximal stenosis is
warranted, as smaller lumen area, lumen diameter, and vessel wall area
have been identified as independent predictors of major adverse cardio-
vascular events. Furthermore, combining these parameters with necrotic
core area may provide a more reliable assessment of cardiovascular risk.

Patients with intermediate coronary artery plaques characterized by a
greater burden of non-calcified tissue, particularly a larger necrotic core,
should be considered for more intensive secondary prevention strategies.
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Abstract: Background and Objectives: Cardiac computed tomography angiography (CCTA) is an
excellent non-invasive imaging tool to evaluate coronary arteries and exclude coronary artery disease
(CAD). Managing intermediate coronary artery stenosis with negative or inconclusive functional
tests is still a challenge. A regular stenosis evaluation together with high-risk plaque features, using
semi-automated programs, are becoming promising tools. This case—control study was designed
to evaluate the intermediate lesion features’ impact on CAD outcomes, using a semi-automated
CCTA atherosclerotic plaque analysis program. Materials and Methods: We performed a single-center,
prospective cohort study. A total of 133 patients with low to intermediate risk of CAD, older than
18 years with no previous history of CAD and good quality CCTA images were included in the
study, and 194 intermediate stenosis (CAD-RADS 3) were analyzed. For more detailed morphological
analysis, we used semi-automated CCTA-dedicated software. Enrolled patients were prospectively
followed-up for 2 years. Results: Agatston score was significantly higher in the major adverse
cardiovascular events (MACE) group (p = 0.025). Obstruction site analysis showed a significantly
lower coronary artery remodeling index (RI) among patients with MACE (p = 0.037); nonetheless
RI was negative in both groups. Plaque consistency analysis showed significantly bigger necrotic
core area in the MACE group (p = 0.049). In addition, unadjusted multivariate analysis confirmed
Agatston score and RI as significant MACE predictors. Conclusions: The Agatston score showes
the total area of calcium deposits and higher values are linked to MACE. Higher plaque content of
necrotic component is also associated with MACE. Additionally, negatively remodeled plaques are
linked to MACE and could be a sign of advanced CAD. The Agatston score and RI are significant in
risk stratification for the development of MACE.

Keywords: coronary CT angiography; cardiac CT; intermediate stenosis; quantitative assessment;
coronary atherosclerotic plaque

1. Introduction

Cardiac computed tomography angiography (CCTA) is an excellent non-invasive
imaging test to evaluate coronary arteries and exclude coronary artery disease (CAD) in
patients with low to intermediate risk of CAD [1,2]. The main clinical advantage of CCTA is
its negative predicting value [3]. According to the PROMISE trial, CCTA over weights stress
testing alone in predicting adverse cardiac events among patients with stable chest pain [4].
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However, the positive CCTA predicting value is lower, since interpretation is largely
dependent on the reader’s clinical skills and experiences and can be overestimated [5].

With the assumption that most acute coronary syndromes occur in patients with
non-obstructive CAD [2,4-6], novel and more accurate risk stratification models for non-
obstructive CAD are necessary. Intermediate coronary artery stenosis is a topic of research
in many of the latest studies as researchers have agreed that stenosis grade evaluation alone
is insufficient. For example, one of the latest South Korean publications in this field has
showed the importance of combined culprit lesions for future major adverse cardiovascular
events (MACE) [7]. Invasive angiography additional techniques, such as fractional flow
reserve, intravascular ultrasound (IVUS) or optical coherence tomography, are used to find
the right decision with an intermediate lesion [8,9]. Even such a novel technique as deep
learning has shown benefits in the evaluation of coronary lesions [10]. Nonetheless, the
main factors for CAD management and prognosis continue to be atherosclerotic process
extension and location as more data emerge supporting atherosclerotic plaque high-risk
features [7,9,11]. Ordinary evaluations of the stenosis, together with high-risk plaque fea-
tures for the most effective risk assessment using semi-automated programs, are becoming
promising tools [12,13].

Managing intermediate coronary artery stenosis with negative or inconclusive func-
tional tests is still a challenge. Intermediate coronary lesion is defined as 30% to 70%
visual angiographic stenosis according to the literature [14]. Coronary Artery Disease
Reporting and Data System (CAD-RADS) is a standardized scoring system providing
simplified reports of CAD [15]. Current literature provides data verifying the reliability
of CAD-RADS as different investigators have chosen the same scoring number [16]. With
respect to clinical use and lower evaluation bias, we limited intermediate lesion definition
to CAD-RADS 3 (50-69% stenosis). For more detailed morphological analysis looking
for MACE predictors, we used semi-automated CCTA dedicated software (QAngio CT,
Research Edition).

2. Materials and Methods
2.1. Study Population

A single-center, prospective cohort study was conducted at the Departments of Cardi-
ology and Radiology, Lithuanian University of Health Sciences Kaunas Clinics, Kaunas,
Lithuania. A total of 157 patients underwent clinically indicated CCTA and were diagnosed
with one or more intermediate coronary artery (CA) stenosis between 1 January 2017 and
1 January 2020. Inclusion criteria were: older than 18 years, stable chest angina symptoms,
low to intermediate ischemic heart disease probability, no previous history of CAD, normal
systolic function by 2D echocardiography (>50%) and good quality of CCTA images. Only
133 of patients met all the criteria and were included in the study. Exclusion criteria were
CAD diagnosis before enrollment visit (visually or clinically) and/or invasive treatment
of CAD—stenting or bypass grafting. Four patients were lost during the follow-up (FU)
period. A total number of 194 intermediate stenoses were analyzed. The intermediate
lesion was defined as atherosclerotic plaque with 50-69% obstruction of the luminal area in
a vessel with greater than a 1.5 mm diameter—CAD-RADS 3 in CCTA (patients with higher
stenosis were excluded automatically). Enrolled patients were prospectively followed-up
for 2 years (since the initial CCTA date), until 1 January 2022.

Phone interviews and medical records’ inspections were conducted to rule out MACE
during the FU. Furthermore, patients were divided into two groups: MACE and absence of
MACE group and later evaluated on occurrence of MACE during the 2-year period.

The study was approved by Kaunas Regional Biomedical Research Ethics Committee
(project identification code BE-2-93, 14 October 2019) and performed in accordance with the
criteria described in the declaration of Helsinki. Written informed consent was obtained
from all subjects.
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2.2. Image Acquisition

Baseline CCTA scans were performed with Toshiba 320-detector row CT scanner
(Aquilion One; Toshiba Medical Systems, Nasu, Japan). Scan parameters were: detector
collimation: 320 x 0.5 mm; tube current: 300-580 mA; tube voltage: 100-120 kV; gantry
rotation time: 350 ms; and temporal resolution: 175 ms. Prospective electrocardiogram
gating was used, covering 70-80% or the R-R interval. For images acquired at a heart
rate (HR) of 65 beats per minute or slower, scanning was completed with a single R-R
interval utilizing one segment. In patients with a HR greater than 65 beats per minute, data
segments from two consecutive beats were used for multi-segment reconstruction with an
improved temporal resolution of 87 milliseconds.

Premedication with beta-blockers was given if HR exceeded 60 beats per minute. For
better image quality, sublingual nitroglycerine (0.4 mg per dose) was administered directly
before CCTA. Each study participant underwent non-enhanced and contrast-enhanced CT.
The non-enhanced scans were used for calcium calculation (Agatston score). CCTA was
performed with 70-100 mL (vary according to patient weight) of iopromide containing
contrast agent (Ultravist 370; Bayer Health Care; Leverkusen, Germany). Images were
transferred and stored in the PACS system.

2.3. Imaging Analysis

Qualitative and quantitative plaque (limited to intermediate lesion) structure assess-
ment was performed using a dedicated CCTA analysis program (QAngio CT, Research
Edition, version 2.11.6.1, Medis Medical Imaging Systems, Leiden, The Netherlands) by
two trained independent examiners as described earlier [9,12]. CCTA scans from the
PACS system were transferred to the analysis program, which automatically located aorta
and coronary arteries and provided 3D reconstruction images. After observing 3D re-
construction images, the affected coronary arteries or their branches were selected for
further analysis. The program provided a longitudinal section of the selected artery that
could be observed and assessed in various planes. The contours of the inner layer of the
vessel—intima and outer layer—adventitia were automatically detected (when necessary,
adjustments were made manually). Proximal and distal reference segments were also deter-
mined by the program automatically and corrected manually if necessary. After confirming
defined vessel layers, the program automatically analyzed and measured lumen and vessel
geometry and coronary plaque parameters. Furthermore, those parameters were evaluated
at different levels: as whole lesion and the site of maximum obstruction.

2.4. Study End Points

The primary outcome was MACE. It was defined as all-cause death, revascularization
of the intermediate target lesion, non-fatal myocardial infarction (MI) (as defined in ESC
guidelines [17]) and cerebrovascular event (stroke, transient ischemic attack, intracranial
hemorrhage). If there were two or more MACE at the same time or sequentially, it was
counted as one event (the first one), and time-to-event duration was defined as duration
from enrollment to the first event.

2.5. Statistical Analysis

Statistical analysis was performed using IBM SPSS statistics for Windows program
(version 20.0. Armonk, NY, USA: IBM Corp). A p-value < 0.05 was statistically significant.

Descriptive and inferential statistical methods were used. Categorical variables were
presented as frequencies and percentages, continuous variables—as mean (m) with (£) stan-
dard deviation (SD) or median with interquartile ranges (IQR). Patient demographics and
plaque characteristics were compared between groups with and without MACE. For com-
parison of continuous variables, Wilcoxon-Mann-Whitney and Kruskal-Wallis tests were
used. Categorical variables were compared using the Chi-square (x;) test. After obtain-
ing a statistically significant difference of the analyzed characteristic between the groups,
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its prognostic significance for the development of MACE was further calculated using
multivariate Cox-Proportional hazard analysis.

3. Results
3.1. Baseline Characteristic

Mean age of the population was 65.3 £ 9.6; 59 (45.7%) patients were male. The most
frequent localization of target lesion was left anterior descending artery (LAD) (59.9%).
Demographic and clinical parameters compared between MACE and non-MACE groups
are shown in Table 1.

Table 1. Patients” demographics.

Demographic Total n =129 MACE Non-MACE p Value
Parameter (100%) n =40 (31.0%) 1 =89 (69.0%)
Age, years 65.3 + 9.6 65.3 +£10.1 653 +£9.5 0.909
Male (%) 59 (45.7) 20 (50.0) 39 (43.8) 0515
Hypertension (%) 110 (85.3) 35 (87.5) 75 (84.3) 0.632
Diabetes mellitus (%) 21 (16.3) 8(20.0) 13 (14.6) 0.443
Smoking (%) 25 (19.4) 10 (25.0) 15 (16.9) 0.279
Dyslipidemia (%) 95 (73.6) 32 (80.0) 63 (70.8) 0272
Total cholesterol, 61413 61415 61412 0.867
mmol/L

HDL, mmol/L 14+£03 14+03 14+03 0.659
LDL, mmol/L 39+1.1 39+12 39+1.1 0.799
Triglyceride, mmol/L 17+£1.2 19+16 1.6 £09 0.864
Creatinine, pmol /L 79.2 +16.3 81.8 +15.3 77.6 +16.8 0.109
Statin use (%) 93 (72.1) 31(77.5) 62 (69.7) 0.521
Agatston score 171.6 +201.3 221.6 +204.1 149.1 +197.0 0.025

HDL—high density lipoprotein; LDL—low density lipoprotein.

The age and sex did not differ significantly between groups: in MACE and non-
MACE groups mean age was almost identical at 65.3 4= 10.1 and 65.3 & 9.5, respectively,
(p =0.909). There was no difference in lipid profile, major ischemic heart disease risk
factors or creatinine level. Agatston score was significantly higher in the MACE group:
221.6 £ 204.1 compared to 149.1 £ 197.0 in the non-MACE group (p = 0.025).

The localization of intermediate CA stenosis also did not differ significantly between
groups (p = 0.706). However, the most common localization was LAD in both groups
(MACE—62.5% and non-MACE—59.8%).

The median FU duration was 25.3 (18.1-26.9) months with a median of 185.0 (73-573)
days for time-to-event. Total MACE rate in the 2-year FU was 31.0%. The shortest time
period to the event was 20 days, and the longest was 883 days. The most common MACE
was revascularization (in all cases performing percutaneous coronary intervention) of the
target stenosis (n = 33; 82.5%), followed by equally distributed nonfatal MI (n = 3; 7.5%)
and stroke (n = 3; 7.5%) and one case of death (2.5%).

3.2. Quantitative CCTA Analysis

Semi-automated quantitative plaque analysis was performed on every intermediate
lesion. Results were compared between MACE and MACE-free groups (Table 2).
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Table 2. Quantitative CCTA analysis findings of target lesion.

MACE 7 =40 (31.0%) Non-MACE n = 89 (69.0%) Val
Mean + SD Median (IQR) Mean + SD Median (IQR) pYalue
Lesion area:

Lesion length, mm 6.4+43 5.1(3.4-8.4) 6.3 £4.0 5.2 (3.6-8.0) 0.921
Vessel volume, mm? 759 £ 62.8 57.6 (35.5-94.8) 70.1 £ 45.6 60.2 (40.9-93.9) 0.943
Lumen volume, mm? 39.8 +38.9 31.0 (16.8-45.4) 36.3 +29.3 27.9 (17.8-43.7) 0.961
Plaque volume, mm?® 37.3 +28.0 29.1(17.3-55.8) 3454233 29.6 (18.3-44.7) 0.815

Mean PB, % 446 +11.4 44.1 (37.0-52.3) 448 £129 43.3 (34.3-53.5) 0.867

Minimal plaque thickness, mm 0.03 4 0.08 0.02 (0.00-0.03) 0.02 + 0.04 0.01 (0.00-0.02) 0.122
Maximal plaque thickness, mm 1.6 £0.6 1.5(1.2-2.2) 1.7 £0.6 1.7 (1.2-2.2) 0.539
Undefined plaque volume, mm3 0.18 £ 0.5 0.0 (0.0-0.5) 03+14 0.0 (0.0-0.0) 0.885
TAG mean, HU/mm —29+189 —1.9 (—13.2-4.2) -39 £149 —1.6 (—8.3-2.8) 0.848

TAG patch mean, HU/mm —3.6 +16.5 —3.0(—-16.443) -1.8+173 —0.0 (—10.0-5.5) 0.450
Fibrous volume, mm? 18.1 £ 144 12.3 (8.6-28.6) 174 +£128 14.4 (8.8-22.5) 0.982
Percent fibrous volume, % 54.1 +16.8 56.8 (43.6-67.3) 53.7 +20.2 53.8 (39.5-69.6) 0.855
Fibrous fatty volume, mm3 44+55 2.5(1.1-4.6) 39435 2.8(1.54.9) 0.536
Percent fibrous fatty volume, % 153 +£9.5 13.0 (6.8-23.0) 161 £12.1 14.0 (6.8-20.6) 0.887
Necrotic core volume, mm? 28+43 1.1(0.3-3.0) 28+5.1 1.0 (0.4-2.7) 0.867
Percent necrotic core volume, % 113+ 14.1 6.3 (1.3-17.7) 99 +13.1 0.4 (1.5-14.5) 0.587
Dense calcium volume, mm? 10.6 £ 13.0 4.6 (0.1-18.5) 9.5+132 5.0 (0.1-15.0) 0.639
Percent dense calcium volume, % 185+19.1 15.2 (0.3-30.4) 18.7 +£18.8 15.2 (0.0-34.5) 0.955

Area of obstruction:

Vessel wall area, mm? 10.1 £ 5.5 9.5 (6.2-13.6) 108 +4.7 10.1 (7.2-13.9) 0.347
Vessel wall diameter, mm 4.7 +89 3.5(2.84.2) 35+1.0 3.6 (3.04.2) 0.382
Eccentricity index 08+02 0.9 (0.8-0.9) 08+02 0.9 (0.8-1.0) 0.330

PB, % 58.0 + 13.6 59.0 (47.8-66.0) 54.7 +16.4 53.8 (43.2-67.1) 0.226

Minimal plaque thickness, mm 02+02 0.1 (0.1-0.3) 02+02 0.1(0.1-0.2) 0.491
Maximal plaque thickness, mm 1.3+0.6 1.3 (0.9-1.8) 14+£06 1.3 (0.9-1.9) 0.671
Remodeling index 0.7+£02 0.7 (0.7-0.9) 0.8+02 0.8 (0.7-1.0) 0.037
Lumen area stenosis, % 51.8 +10.9 51.8 (47.4-59.8) 50.3 +11.8 51.9 (42.5-57.3) 0.387
Lumen diameter stenosis, % 30.5+99 30.8 (26.3-37.2) 294+82 29.6 (24.8-34.1) 0.225
Undefined plaque area, mm? 0.06 £ 0.25 0.00 (0.00-0.00) 0.1+03 0.0 (0.0-0.0) 0.459
Fibrous area, mm? 33+14 3.0(2243) 33+17 3.1(2243) 0.982
Percent fibrous area, % 54.5+17.2 56.0 (43.1-66.0) 52.6 +21.0 52.0 (37.4-66.1) 0.518
Fibrous fatty area, mm? 0.8 +0.7 0.5 (0.4-1.0) 0.6 + 0.4 0.6 (0.4-0.9) 0.747
Percent fibrous fatty area, % 154 +11.3 12.7 (5.7-22.9) 152 +£13.7 11.2 (5.0-23.4) 0.504
Necrotic core area, mm? 05+1.0 0.2 (0.1-0.4) 04 +0.6 0.1 (0.0-0.4) 0.047
Percent necrotic core area, % 10.5+ 139 5.0 (1.0-15.2) 8.1+ 13.6 2.3 (0.0-11.8) 0.038
Dense calcium area, mm? 20+24 1.0 (0.0-3.7) 24427 1.4 (0.0-4.3) 0.623
Percent dense calcium area, % 189 £19.2 17.0 (0.0-34.2) 23.8+22.6 20.9 (0.0-43.5) 0.441

TAG—transluminal volume gradient; HU—Hounsfield units, PB—plaque burden.

On a lesion basis, no significant difference was detected between MACE and non-
MACE groups.

Obstruction site analysis showed a significantly lower CA remodeling index (RI)
among patients with MACE (p = 0.037); nonetheless RI remained negative (below 0.95) in
both groups. The analysis of plaque consistency revealed that significantly bigger necrotic
core area was related to MACE (p = 0.049) (Figure 1).
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Figure 1. Maximal obstruction site cross-section plaque consistency analysis in MACE and non-
MACE groups.

3.3. MACE Predictors

More than one-third of successfully followed patients developed MACE (31.0%) during
the 2-year FU period. An unadjusted multivariate Cox-Proportional hazard analysis was
performed with the previously mentioned predictors (CA remodeling index, relative and
absolute necrotic core area). The significant MACE predictors were Agatston score and RI;
thus a necrotic core area as an independent predictor did not show any prognostic value
(Table 3).

Table 3. Multivariate Cox-Proportional hazard analysis.

Variables Hazard Ratio 95% CI p Value
Agatston score 1.002 1.001-1.004 0.008
Remodeling index 0.171 0.030-0.979 0.047
Necrotic core area (mm?) 0.908 0.385-2.140 0.825
Percent necrotic core area (%) 0.996 0.951-1.104 0.878

Cl-confidence interval.

4. Discussion

This case—control study was designed to evaluate intermediate lesion features (derived
using a semi-automated CCTA atherosclerotic plaque analysis program) and their impact
on CAD outcomes. Our results are quite heterogeneous but agree with recent scientific
researches.

CA calcification is a well-established whole atherosclerotic process evaluation maker.
Agatston score lets us evaluate the total area of calcium deposit. Several of the latest publi-
cations show a changing risk stratification position from a maximal CA obstruction point
to a global atherosclerotic process evaluation [17-19]. Our study has proven that one of
easiest way to evaluate calcium—Agatston score—is associated with future cardiovascular
events: patients with a bigger score can experience MACE more frequently. Mortensen M.B.
et al. demonstrated bigger contribution of a total plaque burden rather than stenosis grade
alone for future cardiovascular event risk [18]. Deseive S. et al. have also reported higher
total plaque volume as a risk factor for MACE in a 10-year period [20]. As our research was
not designed to evaluate the whole atherosclerotic process impact on MACE occurrence,
we can only make the assumption for future studies, explaining our research findings.

We have to point out that approximately 80% of all events in the MACE group was
revascularization of the intermediate stenosis. This might have impact on the results as
we compare MACE and non-MACE groups. According to the PROMISE trial, most MI
and deaths occur in patients with non-obstructive CAD [4]. Consequently, our results raise
questions about the rationality of invasive treatment and the bigger possibility of MI during
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FU if not for invasive treatment. Unfortunately, we did not assess functional test results
that were performed before revascularization as the trial was not setup in this way.

The most unsuspected finding was from the maximal obstruction site RI analysis.
Positive remodeling of atherosclerotic plaque is reported to associate with vulnerability [21].
In contrast, our study suggests that negatively remodeled plaques may be associated with
increased risk of MACE. It can be explained by different plaque subtypes described by
several former IVUS studies [22,23]. According to investigators, atherosclerotic plaque
capability to remodel diminishes with time due to CAD progress. We did not differentiate
premature CAD from advanced, but our population reflects primarily elderly patients
(60 years and older). Following up on plaque pathogenesis [24] and premature CAD IVUS
analysis made by Xie J. et al., the elderly are more likely to have diffused atherosclerotic
process with negative remodeled and calcified CA [22]. In our study, most of the patients
had negative remodeled coronary plaques, but MACE was more frequent in people with
lower RI or, as we can say, with advanced CAD. In common with a higher Agatston score,
lower RI has showed prognostic value for MACE accuracy. The Yu M. et al. research
supports our findings as they have shown that lower RI was associated with higher CA
stenosis [25]. This also corresponds to our previously discussed finding—higher Agatston
score in MACE group.

Other significant findings rely on plaque composition. As previously established,
low attenuation plaques (containing necrosis, fibrous, fibro—fatty elements) are linked to
higher risk for developing acute coronary events [11,14,21,26,27]. Corresponding to the
literature, our study has shown that a bigger relative part of the necrotic core area in
atheroma (as a sign of an advanced phase of atherosclerotic process [22,28]) is related to
increased frequency of MACE.

5. Conclusions

Semi-automated quantitative atherosclerotic plaque analysis is a useful tool in finding
out vulnerable plaques that are detected with CCTA. The Agatston score reveals the total
area of calcium deposits, and higher values are linked to more frequent cardiovascular
events. The area of obstruction with a higher content of necrotic component is associated
with more frequent cardiovascular events. Negatively remodeled plaques are linked to
more frequent occurrence of MACE and could be a sign of advanced CAD. The Agatston
score and RI are significant in risk stratification for the development of MACE.

6. Limitations

The study has some limitations. This was a retrospective study performed at a single
center with a limited sample size. The latter one could have the biggest influence on results,
in our opinion. Concerning the study population, it was limited by low to medium risk of
CAD, which does not reflect all the spectrum of CAD risk stratification. Patients” CAD risk
factors and their control evaluation during the FU period, alongside medication adherence,
could give additional information for the results. We also did not assess functional test
results that could have validated the necessity of revascularization.
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Abstract

Background/Objectives: Intermediate coronary artery stenosis is difficult to risk-stratify, as
stenosis severity alone often fails to predict events. This study aimed to evaluate whether
quantitative CCTA-derived plaque characteristics and lesion morphology are associated
with MACE during long-term follow-up. Methods: In this single-center prospective
study, 128 patients with stable angina symptoms underwent standardized CCTA and were
diagnosed with at least one intermediate coronary stenosis (50-69%, CAD-RADS 3). Quan-
titative parameters of lesion morphology, lumen geometry, vessel wall dimensions, and
plaque composition were assessed using semi-automated CCTA adapted plaque analysis
(QAngio CT). Patients were followed for a median of 72 months. MACE was defined as a
composite outcome of all-cause mortality, target lesion revascularization, non-fatal MI, and
stroke. Results: During follow-up, 26.6% of patients experienced MACE. High-risk plaque
features were more frequent in patients with MACE. Lesions associated with MACE demon-
strated significantly smaller lumen area, reduced mean lumen diameter, and decreased
vessel wall area at the obstruction site. In addition, plaques leading to adverse events exhib-
ited larger necrotic core areas. Although no single quantitative parameter independently
predicted MACE, a combined multivariable model incorporating lumen geometry and
plaque composition showed significant prognostic value. Conclusions: In patients with
intermediate coronary stenosis, lesion-specific quantitative CCTA parameters—particularly
luminal geometry and necrotic core extent—provide prognostic information beyond tradi-
tional plaque burden and stenosis assessment. Incorporating detailed plaque morphology
into routine CCTA evaluation may improve long-term risk stratification and support more
individualized clinical management.

Keywords: coronary CT angiography; cardiac CT; intermediate stenosis; quantitative
plaque assessment; coronary atherosclerotic plaque; high-risk plaque features

1. Introduction

Because atherosclerotic changes in chronic coronary artery disease (CAD) develop
progressively over many years, long-term follow-up (FU) provides the strongest foundation
for reliable prognostic evaluation [1-3]. Growing evidence indicates that specific plaque
features—such as low-attenuation (necrotic) core, positive remodeling, napkin-ring sign,
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and total plaque volume—predict myocardial infarction (MI) and other major adverse
cardiovascular events (MACE) independently of luminal stenosis severity. Coronary
computed tomography angiography (CCTA) is a robust non-invasive modality for assessing
both luminal narrowing and plaque composition [4-7].

The multicenter SCOT-HEART analysis highlighted the prognostic importance of
plaque composition beyond stenosis grade [4]. Serial CCTA studies further demonstrate
that a higher baseline burden of cardiovascular risk factors accelerates the progression
of adverse plaque phenotypes [7] and that quantification of total plaque volume offers
superior 10-year risk stratification compared with stenosis assessment alone [6]. Taken
together, these data support the concept that long-term, plaque-focused imaging follow-
up yields more accurate and clinically meaningful prognostic information than short
observation periods.

Despite consensus statements and expert reviews recommending the incorporation
of standardized plaque quantification into routine risk assessment, relatively few studies
combine comprehensive quantitative plaque analysis with long-term follow-up [8-12].
Most quantitative CCTA studies report follow-up durations of approximately three years,
limiting understanding of the long-term prognostic impact of specific plaque phenotypes
and the natural evolution of chronic CAD. To address this gap, the present study applied a
standardized, semi-automated plaque analysis protocol to evaluate the association between
MACE and quantitative CCTA-derived plaque parameters over a 6-year follow-up period.

Intermediate coronary artery (CA) stenosis remains challenging to manage, even
when functional testing is negative or inconclusive. In the literature, an intermediate
lesion is typically defined as a visually estimated angiographic stenosis of 30-70% [7]. The
Coronary Artery Disease Reporting and Data System (CAD-RADS) provides a standardized
framework for reporting CAD severity [13], and its reproducibility has been validated
across multiple studies, with high inter-observer agreement [14]. To enhance clinical
utility and reduce interpretive variability, we restricted the definition of intermediate
lesions to CAD-RADS 3 (50-69% stenosis). Semi-automated CCTA-based plaque analysis
was performed using QAngio CT (Research Edition) to enable detailed morphological
characterization and identification of MACE predictors.

2. Materials and Methods
2.1. Study Population

A single-center, non-randomized controlled trial was performed at the Departments
of Cardiology and Radiology, Lithuanian University of Health Sciences Kaunas Clinics
(Kaunas, Lithuania). The study population consisted of 157 consecutive patients with a low
to intermediate pretest probability of obstructive CAD, as determined by the Diamond-
Forrester model [15]. All participants underwent clinically indicated CCTA between
1 January 2017 and 1 January 2020, and were diagnosed with one or more intermediate CA
stenoses. The inclusion criteria were as follows: age > 30 years, stable angina symptoms, no
prior history of CAD, preserved left ventricular ejection fraction (LVEF > 50%) assessed by
two-dimensional echocardiography, and adequate image quality on CCTA for diagnostic
interpretation. Patients with a prior diagnosis of CAD, confirmed either visually or clinically,
were excluded from the study. A total of 133 patients met all eligibility criteria and
were subsequently included in the final analysis. During the six-year FU period, five
patients were lost to FU. In total, 194 coronary stenoses were evaluated. An intermediate
lesion was defined as an atherosclerotic plaque producing 50-69% luminal narrowing
in a vessel with a reference diameter greater than 1.5 mm, consistent with the CAD-
RADS 3 category of the standardized CCTA reporting system. Patients with more severe
stenoses were excluded in advance. All participants were prospectively followed for
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six years from the date of their baseline CCTA, with the observation period concluding
on 1 January 2025 (in an earlier publication intermediate results were published after a
2-year FU period [16]). Clinical and demographic data were obtained from the national
electronic health record system (eSveikata) and the hospital electronic medical record
system of Hospital of Lithuanian University of Health Sciences Kaunas Clinics by dedicated
investigators. FU information was obtained through structured telephone interviews and
comprehensive review of medical records to identify MACE. Subsequently, patients were
stratified into two groups based on event occurrence: those who experienced MACE and
those who did not during the FU.

Approval for the study was obtained from Kaunas Regional Biomedical Research
Ethics Committee (project identification code BE-2-93, 14 October 2019) and the study was
conducted in accordance with the criteria described in the declaration of Helsinki. Written
informed consent was obtained from all participants.

2.2. Image Acquisition

Baseline CCTA examinations were performed using a 320-detector row CT scanner
(Aquilion ONE; Toshiba Medical Systems, Nasu, Japan). Scanning parameters included
a detector collimation of 320 mm x 0.5 mm, tube current of 300-580 mA, tube voltage of
100-120 kV, gantry rotation time of 350 ms, and a resulting temporal resolution of 175 ms.
A prospective electrocardiogram (ECG)-gated acquisition protocol covering 70-80% of the
R-Rinterval was applied. In patients with a heart rate (HR) < 65 beats per minute, image
acquisition was completed within a single cardiac cycle using one-segment reconstruction.
For patients with HR > 65 beats per minute, multi-segment reconstruction was performed
by combining data from two consecutive cardiac cycles, yielding an effective temporal
resolution of 87 ms.

If the HR exceeded 60 beats per minute, beta-blockers were administered as premedica-
tion to achieve optimal heart rate control. To improve coronary vasodilation and optimize
image quality, sublingual nitroglycerin (0.4 mg) was administered immediately prior to scan-
ning. All participants underwent both non-contrast and contrast-enhanced CT acquisitions.
The non-contrast scans were used for CA calcium scoring (Agatston method). The contrast-
enhanced CCTA was performed using 70-100 mL of iodinated contrast agent (iopromide,
Ultravist 370; Bayer HealthCare, Leverkusen, Germany), with the dose adjusted according to
patient body weight. All acquired images were subsequently transferred to and archived in
the Picture Archiving and Communication System (PACS) for further analysis.

2.3. Imaging Analysis

Qualitative and quantitative plaque morphology assessment, limited to intermediate
lesions, was conducted using a dedicated CCTA analysis software (QAngio CT Research
Edition, version 2.11.6.1; Medis Medical Imaging Systems, Leiden, The Netherlands).
Additionally, routine parameters were evaluated: Agatston score, CT-adaptive Leaman
score, Segment Involvement Score (SIS) and high-risk plaque features. Analyses were
conducted by two independent, trained observers, in accordance with previously published
methodologies [7,17]. CCTA datasets were retrieved from the PACS and imported into
the analysis software, which automatically identified the aorta and coronary arteries and
generated three-dimensional (3D) reconstructions of the coronary tree. The target vessel and
affected segment or branch were then selected for detailed evaluation. Longitudinal views
of the selected artery were assessed in multiple imaging planes. The inner (intimal) and the
outer (adventitial) vessel contours were automatically delineated and manually adjusted
when necessary. The proximal and the distal reference segments were automatically defined
and refined manually as needed. After confirmation of vessel boundaries, automated
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quantification of luminal geometry, vessel dimensions, and plaque characteristics was
performed at both the lesion level and the site of maximal luminal narrowing.

2.4. Reproducibility of Quantative Plaque Measurements

Bland-Altman analysis demonstrated good intra-observer agreement across quantita-
tive plaque measurements, with parameter-specific mean biases ranging from —0.12% to
0.48% and corresponding 95% limits of agreement between —5.9% and 6.4%. Intra-observer
reliability assessed using intra-class correlation coefficients (ICC) (two-way random-effects
model, absolute agreement) indicated good repeatability, with ICC values ranging from 0.75
to 0.88. Inter-observer reproducibility also demonstrated good agreement, with mean biases
ranging from 0.8% to 3.2% and 95% limits of agreement between —7.4% and 9.1%. Corre-
sponding ICC values for inter-observer comparisons ranged from 0.70 to 0.85, consistent
with good absolute agreement.

2.5. Study Endpoints

The primary study endpoint was the occurrence of MACE. MACE was defined as a
composite outcome of all-cause mortality, target lesion revascularization, non-fatal MI—
as specified by the European Society of Cardiology criteria [18]—and stroke (defined as
neurologic symptoms associated with radiologic findings). In instances where multiple
adverse events occurred simultaneously or sequentially, they were recorded as a single
composite event, with the time-to-event calculated from the date of enrollment to the first
recorded event.

2.6. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, version 20.0
(IBM Corp., Armonk, NY, USA). A p value < 0.05 was considered statistically significant.

Both descriptive and inferential statistical methods were applied. Categorical variables
were expressed as frequencies and percentages, whereas continuous variables were reported
as mean = standard deviation (SD) or median with interquartile range (IQR), depending on
data distribution. Baseline demographic and plaque-related characteristics were compared
between patients who experienced MACE and those who did not. The Wilcoxon-Mann—
Whitney and Kruskal-Wallis tests were used for comparisons of continuous variables,
and the Chi-square (x?) test was applied for categorical variables. Variables showing
statistically significant differences between groups were subsequently incuded in univariate
and multivariate Cox proportional hazards regression models to assess their independent
prognostic value for MACE occurrence.

3. Results
3.1. Baseline Characteristic

More than half of the studied popuation were women (1 = 69; 53.9%). The mean age of
the study cohort was 66.3 & 10.0 years. Demographic and clinical parameters of the MACE
and non-MACE groups are presented in Table 1.

In the MACE group, the number of men and women was equal (n = 17; 50%, same
in both groups), whereas in the non-MACE group women were more prevalent (1 = 52;
55.3%). The mean age was 67.8 + 10.4 years in the MACE group and 66.4 4 9.4 years in the
non-MACE group (p = 0.909). Thus, no significant differences in age or sex were observed
between the groups. Although the majority of the study population has shown a high
cardiovascular risk profile, including hypertension (84.4%, p = 0.086) and dyslipidemia
(74.2%, p = 0.419), both groups were homogeneous regarding CAD risk factors, medications
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and laboratory tests, with no statistically significant differences between them (the most
clinically important presented in Table 1).

Table 1. Patients” demographics.

Demographic Parameter Total 1 = 128 MACE Non-MACE p Value
(100%) n =34 (26.6%) 1 =94 (73.4%)

Age, years 66.3 (10.0) 67.8 (10.4) 66.4(9.4) 0.356
Male (%) 59 (46.1) 17 (50.0) 42 (44.7) 0.594
BMI (kg/m?) 30.1(26.5;32.8)  29.4(25.0;31.9)  30.4(26.8;33.4) 0.186
Hypertension (%) 109 (84.4) 32 (94.1) 77 (81.9) 0.086
Diabetes mellitus (%) 21 (16.4) 6 (17.6) 15 (16.0) 0.547
Smoking (%) 24 (18.8) 6 (17.6) 18 (19.1) 0.848
Dyslipidemia (%) 95 (74.2) 27 (79.4) 68 (72.3) 0.419
Total cholesterol, mmol/L 6.1(5.1;6.8) 6.0 (4.8;7.4) 6.1(5.1; 6.8) 0.919
HDL, mmol/L 14(1.2;15) 13(1.2;1.4) 1.4 (1.2;1.5) 0.257
LDL, mmol/L 4.0 (3.1;4.6) 4.0 (2.9;5.0) 41(3.1;4.6) 0.721
Triglyceride, mmol/L 1.3 (1.0; 2.0) 1.4 (1.0; 2.0) 1.3 (1.0; 2.0) 0.871
Non-HDL, mmol/L 4.7 (3.7;5.5) 4.8 (3.7;6.1) 47(3.7;5.4) 0.670
Creatinine, pmol /L 78.0 (68.0;90.0)  81.7(71.8;94.0)  76.8 (67.2; 87.0) 0.086
Statin use (%) 90 (70.3) 28 (82.4) 62 (66.0) 0.073

BMI—body mass index; HDL—high density lipoprotein; LDL—low density lipoprotein.

The distribution of intermediate CA stenosis localization did not differ significantly
between groups (p = 0.209). In both groups, the most common location was the left anterior
descending artery (LAD) (MACE—76%; non-MACE—70%) (Figure 1).

MACE non-MACE
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=IMCA =LAD »LOX wRCA =IMCA =LAD =l0x =RCA

Figure 1. Intermediate CA stenosis localization in MACE and non-MACE group. LMCA—left main
coronary artery; LAD—left anterior descending coronary artery; LCx—left circumflex coronary artery;
RCA—right coronary artery.

The median FU duration was 72.4 (67.2; 78.4) months, and the median time-to-event
was 557.0 (134.0; 1834.0) days. The total MACE rate over the 6-year FU was 34 people
(26.6%). The shortest time to event was 21 days, whereas the longest was 2567 days. Target
lesion revascularization was the most frequent MACE (in all cases percutaneous coronary
intervention was performed) (n = 26; 76.5%), followed by non-fatal MI (n = 4; 11.8%),
all-cause death (1 = 3; 8.8%) and stroke (1 = 1; 2.9%).

3.2. Quantitative Evaluation of Coronary Atherosclerotic Burden
3.2.1. Routine Evaluation

First, the CA atherosclerotic burden was assessed using scoring systems commonly
applied in clinical practice. The Agatston score tended to be higher in the MACE group
compared to the non-MACE group (130.5 (50.0; 363.0) and 93.0 (23.5; 248.5) respectively,
p = 0.136). The CT-adaptive Leaman score and the SIS showed only minimal differences
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between the groups (Table 2). Overall, the coronary atherosclerotic burden assessed by
CCTA-derived scoring systems did not differ significantly between patients with and
without MACE.

Table 2. Coronary atherosclerotic burden scores.

Score System Total MACE Non-MACE p Value
Agatston Score 100.0 (28.0; 266.0)  130.5 (50.0; 363.0) ~ 93.0 (23.5; 248.5) 0.136
CT-adapted Leaman Score 31.5 (22.5; 43.5) 30.8 (20.3;49.6)  31.5(24.0; 40.5) 0.651
SIS 6.0 (4.0; 8.0) 6.5 (4.0;9.3) 6.0 (3.0;7.5) 0.191

CT—computed tomography; SIS—segment involvement score. Statistics layout: mean (SD) for normally dis-
tributed data; median (Q1; Q3) for non-normally distributed data.

High-risk plaque (HRP) features were evaluated in every intermediate coronary lesion
and compared between the MACE and non-MACE groups. There were significantly more
HRP in the MACE group in comparison to the non-MACE group (1 = 10 (29.4%) and n = 14
(14.9%), respectively, p = 0.024). The most common in both groups appeared to be positive
remodeling (Figure 2). Kaplan-Meier survival analysis demonstrated a non-significant
trend toward poorer outcomes in patients with HRP features (Log-rank x? = 3.60, p = 0.058).
In the Cox proportional hazards regression analysis, the presence of HRP features was
associated with a significantly increased risk of MACE (HR = 2.29, p = 0.018). Patients
with HRP features had approximately a 2.3 times higher event risk during the FU period
compared to those without these features.

High risk features

LOW ATTENUATION

SPOTTY CALCIFICATION

MAPKIN-RING SIGN

POSITIVE REMODELING

NONE

nor-MACE = MACE

Figure 2. High-risk plaque features distribution among MACE and non-MACE groups. Values
represent absolute counts (1).

3.2.2. Semi-Automated Analysis

Semi-automated quantitative target plaque analysis was performed on every interme-
diate lesion and results compared between the MACE and non-MACE groups.

On a lesion basis, only CA lumen volume (mm?) showed to be significantly lower in
the MACE group (20.13 (12.08; 34.01) in comparison to the non-MACE group—30.12 (17.91;
49.02); p = 0.031). Other analyzed parameters did not differ significantly between the two
groups (Table 3).

Obstruction site analysis showed significant differences between two groups: target
CA sites in the MACE group had lower lumen area (3.21 (2.46; 3.92) mm?, non-MACE
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3.99 (3.03; 4.91) mm?2, p = 0.005), mean lumen diameter (2.02 (1.75; 2.14) mm, non-MACE
2.22 (1.92; 2.50) mm, p = 0.007), minimal lumen diameter (1.73 (1.61; 1.90) mm, non-MACE
1.93 (1.67; 2.23) mm, p = 0.015) in comparison to the non-MACE group. Analyzed ves-
sel wall parameters were also significantly lower in the MACE group: vessel wall area
(MACE—9.29 +4.27 mm?, non-MACE 12.26 4 7.03 mm?, p =0.036) and vessel wall diam-
eter (MACE—3.52 (2.64; 3.90) mm, non-MACE 3.67 (3.15; 4.31) mm, p = 0.044). However,
derivative parameters, such as the eccentricity index, plaque burden and vessel wall re-
modeling index did not differ significantly between the two groups. Lumen area stenosis
was equally distributed between groups. The analysis of plaque consistency revealed a
significantly bigger necrotic core area (in absolute measurements—mm? (p = 0.044) and
percentages (p = 0.017)) in the MACE group plaques (Table 4).

Table 3. Quantitative CCTA analysis of target lesion: lesion-level parameters.

MACE n = 34 (26.6%) Non-MACE n = 94 (73.4%) p Value
Parameter
Lesion length, mm 5.20 (2.97;8.7) 5.41 (3.67;9.01) 0.330
Vessel volume, mm3 53.38 (21.21; 81.13) 59.44 (37.82; 98.62) 0.156
Lumen volume, mm?® 20.13 (12.08; 34.01) 30.12 (17.91; 49.02) 0.031
Plaque volume, mm? 27.38 (8.06; 53.15) 30.89 (15.93; 49.41) 0.625
Mean PB, % 47.98 (12.71) 44.26 (13.00) 0.152
Maximal plaque thickness, mm 1.71 (0.72) 1.72 (0.70) 0.897
TAG mean, HU/mm —4.99 (15.42) —4.83 (17.73) 0.532
TAG patch mean, HU/mm —8.20 (—18.00; 4.11) —2.73 (—12.83;7.83) 0.241
Fibrous volume, mm? 13.33 (5.64; 21.07) 14.45 (7.41; 26.73) 0.340
Percent fibrous volume, % 50.06 (18.73) 53.02 (21.41) 0.434
Fibrous fatty volume, mm3 2.00 (1.18; 3.74) 2.98 (1.59; 5.26) 0.120
Percent fibrous fatty volume, % 13.00 (4.50; 23.50) 13.67 (6.00; 23.41) 0.848
Necrotic core volume, mm? 0.62 (0.29; 4.64) 1.06 (0.37; 3.08) 0.452
Percent necrotic core volume, % 6.33 (1.00; 20.25) 4.00 (1.00; 14.25) 0.727
Dense calcium volume, mm? 3.38(0.01; 19.35) 2.08 (0.01; 16.49) 0.661
Percent dense calcium volume, % 11.50 (0.00; 39.00) 11.50 (0.00; 31.50) 0.707

TAG—transluminal volume gradient; HU—Hounsfield units, PB—plaque burden. Statistics layout: mean (SD) for
normally distributed data; median (Q1; Q3) for non-normally distributed data.

Table 4. Quantitative CCTA analysis of target lesion: obstruction-site parameters.

MACE n = 34 (26.6%) Non-MACE n = 94 (73.4%) p Value
Parameter
Lumen area, mm? 3.21 (2.46; 3.92) 3.99 (3.03; 4.91) 0.005
Lumen mean diameter, mm 2.02 (1.75; 2.14) 2.22 (1.92; 2.50) 0.007
Lumen minimal diameter, mm 1.73 (1.61; 1.90) 1.93 (1.67; 2.23) 0.015
Vessel wall area, mm? 9.29 (4.27) 12.26 (7.03) 0.036
Vessel wall diameter, mm 3.52 (2.64; 3.90) 3.67 (3.15; 4.31) 0.044
Eccentricity index 0.89 (0.80; 0.95) 0.91 (0.81; 0.96) 0.545
PB, % 60.26 (14.98) 56.87 (15.72) 0.278
Minimal plaque thickness, mm 0.11 (0.07; 0.20) 0.12 (0.05; 0.31) 0.656
Maximal plaque thickness, mm 1.43 (0.95; 2.09) 1.62 (1.06; 2.13) 0.299
Vessel wall remodeling index 0.81 (0.17) 0.86 (0.25) 0.296
Lumen area stenosis, % 53.70 (15.94) 50.74 (13.40) 0.297
Lumen diameter stenosis, % 33.02 (12.23) 30.71 (9.26) 0.257
Fibrous area, mm? 2.65 (1.24; 4.02) 3.03 (1.90; 4.21) 0.274
Percent fibrous area, % 45.73 (21.43) 50.64 (23.40) 0.292
Fibrous fatty area, mm? 0.48 (0.35; 0.93) 0.56 (0.31; 0.93) 0.957
Percent fibrous fatty area, % 11.92 (5.19; 27.50) 11.00 (4.00; 25.00) 0.467

PB—plaque burden. Statistics layout: mean (SD) for normally distributed data; median (Q1; Q3) for non-normally
distributed data.
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3.3. MACE Prediction

In univariate logistic regression analysis, lesion-area plaque composition and morphol-
ogy variables were not significantly associated with the outcome (Table 5). The association
of obstruction site variables in particular was, however, marked. The decreases in lumen
area (OR 0.673, 95% CI 0.464-0.976; p = 0.037) and smaller lumen mean diameter (OR 0.255,
95% CI 0.074-0.878; p = 0.030) were significantly associated with MACE. Vessel wall area
was also found to be negatively related to MACE (OR 0.880, 95% CI 0.787-0.984; p = 0.025).
No other lesion-morphology variables, such as plaque burden, lumen diameter stenosis or
plaque components, such as necrotic core area, had significant univariate associations. In
multivariate logistic regression, the combined model including lumen area, mean lumen
diameter, vessel wall area, and necrotic core area was statistically significant (Omnibus Test
of Model Coefficients Xz =10.369, df = 4, p = 0.035), indicating an overall improvement in
model fit. However, the predictive performance of the model was characterized by high
specificity (92.5%) but low sensitivity (36.4%), reflecting a limited ability to identify all pa-
tients who subsequently experienced MACE. Importantly, none of the individual variables
remained independently associated with MACE after adjustment, including lumen area
(Exp(B) = 1.528, p = 0.730), mean lumen diameter (Exp(B) = 0.072, p = 0.531), and vessel
wall area (Exp(B) = 0.922, p = 0.251). Necrotic core area had the highest point estimate
and the lowest p value among the variables (Exp(B) = 2.819, p = 0.084), but did not reach
conventional statistical significance. These findings indicate that while combined lesion
characteristics may improve overall model performance, no single parameter provided
sufficient standalone predictive value for MACE in this cohort.

Table 5. Prognostic value.

Multivariate Logistic

Univariate Logistic Regression Model Regression Model

OR (95% CI) p Value aOR (95% CI) p Value

Lesion area:

Lesion length, mm 0.949 (0.859-1.048) 0.302 - -
Vessel volume, mm? 0.994 (0.985-1.003) 0.168 - -
Lumen volume, mm? 0.983 (0.965-1.002) 0.084 - -
Plaque volume, mm? 0.995 (0.981-1.010) 0.510 - -
Mean PB, % 1.022 (0.992-1.054) 0.153 - -
Maximal plaque thickness, mm 0.967 (0.550-1.698) 0.906 - -
TAG mean, HU/mm 0.999 (0.975-1.024) 0.963 - -
TAG patch mean, HU/mm 0.998 (0.978-1.018) 0.828 - -
Fibrous volume, mm? 0.980 (0.950-1.011) 0.201 - -
Percent fibrous volume, % 0.993 (0.974-1.012) 0473 - -
Fibrous fatty volume, mm? 0.985 (0.899-1.078) 0.736 - -
Percent fibrous fatty volume, % 1.003 (0.975-1.033) 0.821 - -
Necrotic core volume, mm?> 1.020 (0.950-1.096) 0.583 - -
Percent necrotic core volume, % 1.007 (0.981-1.033) 0.603 - -
Dense calcium volume, mm? 1.000 (0.978-1.022) 1.000 - -
Percent dense calcium volume, % 1.004 (0.985-1.024) 0.675 - -
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Table 5. Cont.
Univariate Logistic Regression Model M;:;_‘;:;?:; ;;’f;s:lm
OR (95% CI) p Value aOR (95% CI) p Value

Area of obstruction:

Lumen area, mm? 0.673 (0.464-0.976) 0.037 1.528 (0.138-16.924) 0.730
Lumen mean diameter, mm? 0.255 (0.074-0.878) 0.030 0.072 (0.000-272.353) 0.531
Lumen minimal diameter, mm 0.769 (0.335-1.764) 0.535 - -
Vessel wall area, mm? 0.880 (0.787-0.984) 0.025 0.922 (0.802-1.060) 0.251
Vessel wall diameter, mm 1.037 (0.962-1.118) 0.340 - -
Eccentricity index 0.356 (0.006-20.014) 0.616 - -
PB, % 1.014 (0.989-1.041) 0.277 - -
Minimal plaque thickness, mm 0.650 (0.133-3.177) 0.594 - -
Maximal plaque thickness, mm 0.684 (0.358-1.306) 0.250 - _
Vessel wall remodeling index 0.340 (0.045-2.559) 0.295 - -
Lumen area stenosis, % 1.015 (0.987-1.045) 0.295 - -
Lumen diameter stenosis, % 1.023 (0.984-1.063) 0.257 - -
Fibrous area, mm? 0.883 (0.705-1.106) 0.279 - -
Percent fibrous area, % 0.990 (0.973-1.008) 0.291 - -
Fibrous fatty area, mm? 1.277 (0.704-2.317) 0.422 - -
Percent fibrous fatty area, % 1.006 (0.981-1.032) 0.642 - -
Necrotic core area, mm? 0.992 (0.838-1.174) 0.927 2.819 (0.871-9.130) 0.084
Percent necrotic core area, % 1.021 (0.999-1.043) 0.061 - -
Dense calcium area, mm? 0.961 (0.861-1.073) 0.479 - -
Percent dense calcium area, % 0.995 (0.978-1.012) 0.567 - -

TAG—transluminal volume gradient; HU—Hounsfield units, PB—plaque burden. Statistics layout: mean (SD) for
normally distributed data; median (Q1; Q3) for non-normally distributed data.

4. Discussion

For the six-year FU study of 133 patients with intermediate (50-69%) stenoses identi-
fied by CCTA and without prior clinical manifestation of CAD, we observed that (1) the
overall atherosclerotic burden (estimated as Agatston calcium score, CT-Leaman, and SIS)
did not vary significantly between MACE and non-MACE patients; (2) HRP features in
CCTA were more frequently found in the MACE group; (3) among semi-automated quanti-
tative plaque parameters, lumen and vessel wall parameters were higher in the non-MACE
group; (4) the plaque had a bigger necrotic core area in the MACE group; (5) and smaller
vessel lumen area, mean lumen diameter and vessel wall area at the obstruction site had a
significant difference between MACE versus non-MACE groups, although in multivariable
modeling none of them showed significance alone (only necrotic core showed a trend); inter-
estingly, when combined with the necrotic core area, the overall model showed promising
statistical significance for predicting MACE.

Our observation that traditional global atherosclerotic burden evaluation did not
discriminate outcomes is consistent with the concept that plaque morphology and compo-
sition may offer incremental prognostic value beyond regular stenosis severity or calcified
burden evaluation. Earlier work has demonstrated that a significant proportion of acute
coronary events arise from lesions with only modest luminal narrowing on conventional
angiography, underscoring the limitation of stenosis-centric risk stratification [19].

In line with giving credits to plaque composition, CCTA studies have increasingly
highlighted that HRP features such as low-attenuation plaque (LAP), napkin-ring sign,
positive remodeling, and spotty calcification are associated with adverse events. For exam-
ple, in the multicenter SCOT-HEART Trial cohort, low-attenuation non-calcified plaque
predicted MI [20]. More recently, Kinoshita et al. correlated HRP features on CCTA with op-
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tical coherence tomography and further validated their prognostic importance [21]. JACC
published “The 2025 consensus statement”, emphasizing that although HRP features show
strong overall predictive performance, their translation into treatment recommendations
remains limited [22]. Our findings of a significant association (HR = 2.3) for HRP presence
is thus consistent with this growing literature and supports the value of characterizing
plaque beyond stenosis alone in intermediate lesions [23,24].

Qualitative analysis of plaques in intermediate coronary lesions using semi-automated
techniques in this study illustrated that patients suffering from MACE, whose lumen di-
mensions were considerably decreased (lower values for CA lumen volume, lumen area,
and mean and minimum lumen diameter). This study also showed decreased vessel wall
area and diameter in these patients compared with patients without MACE. In contrast,
conventional derivative analysis of the eccentricity index, plaque burden, remodeling index,
and visually observed lumen stenosis did not differ between the two patient groups. This
discrepancy may reflect differences in patient population (intermediate stenosis only, stable
angina and no prior CAD), imaging software/analysis technique, sample size and event
rates, or follow-up duration. MACE-associated plaque showed a markedly larger necrotic
core component. These findings are in line with recent evidence from quantitative CCTA or
intravascular imaging that plaque composition, in particular lipid-rich or necrotic core com-
ponents, provides more prognostic information than stenosis severity by itself. Research
by Lu et al. observed that the quantitative evaluation of the plaque load rich in lipids can
predict occurrences associated with culprit lesions without revascularization independent
of the severity of stenosis in patients with non-ST elevation acute coronary syndrome [25].
Similarly, intravascular ultrasound assessments have shown that the percentage and area
of necrotic core are independent predictors of recurrent events following percutaneous
coronary intervention [26]. Recent reviews and meta-analyses show that features such as
low attenuation and the presence of necrotic core consistently result in a superior stratifi-
cation for MACE risk versus diameter stenosis and overall plaque burden [27-30]. As a
result, our results build on the growing evidence suggesting that among the heterogeneous
range of intermediate lesions, a detailed quantitative measurement of lumen morphol-
ogy and plaque pattern, rather than just stenosis grading, provides additional prognostic
information and could lead to further risk stratification in clinical practice.

Among our cohort, univariate logistic regression analysis determined that only those
parameters, demonstrating lumen geometry and vessel dimensions—specifically lumen
area, mean lumen diameter, and vessel wall area—were significantly associated with
MACE. Plaque composition and classical morphologic variables such as plaque burden
and necrotic core area were not significant. Although our multivariate model of lumen
area, mean lumen diameter, vessel wall area, and necrotic core area was significant overall,
none of the individual predictors reached independent significance and only necrotic core
area showed a trend alone. These results support the conclusion by implying that subtle
changes regarding lumen geometry and vessel architecture, rather than level of plaque
burden or classical HRP composition, are important predictors of future clinical events in
the intermediate lesion population [31]. This is consistent with new evidence: a prospective
intravascular-imaging analysis, which showed plaque-lumen geometric heterogeneity with
measurements of curvature, lumen irregularity, aspect ratio and roughness were significant
predictors of MACE, independent of conventional metrics for plaque composition and
stenosis [32]. Additionally, on recent consensus recommendations by imaging experts, it
was argued that comprehensive plaque quantification with regard to lumen and vessel
geometry, plaque location and composition is needed to achieve accurate stratification
of risk [33]. This, once again, makes our data part of a growing literature supporting a
paradigm shift which states that for intermediate lesions and also non-obstructive lesions,
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a detailed quantitative analysis of the geometrical aspects of lumen and vessel dimensions
(not only plaque burden or composition) can guide accurate prognostic assessment. Evalu-
ating these metrics in routine imaging assessments may enhance the identification of HRP
that would otherwise be overlooked with more traditional stenosis-specific criteria.

Thus, our data suggest that in a stable intermediate stenosis cohort, local luminal
compromise and vessel wall dimensions at the lesion level may have greater prognostic
relevance than global plaque burden alone. Although necrotic core area has been previously
associated with MACE in meta-analyses [30], it did not reach independent statistical signif-
icance in the present multivariable analysis. However, the observed statistically significant
differences in univariate analyses and the inclusion of the necrotic core area in our com-
bined predictive model demonstrate possible incremental prognostic benefit and highlight
an important direction for future research. These findings support further investigation of
integrated, multi-parametric imaging approaches to improve risk stratification in patients
with intermediate coronary lesions.

5. Conclusions

This study demonstrates that in patients with intermediate CA stenosis, lesion-specific
quantitative CCTA derived parameters provide additional prognostic value beyond tra-
ditional stenosis severity and global plaque burden assessment. In particular, reduced
luminal dimensions and vessel wall geometry at the obstruction site, together with the
presence of visually defined high-risk plaque features, were associated with an increased
long-term risk of MACE, whereas calcium score and total plaque burden alone did not
discriminate outcomes.

Furthermore, lesions associated with adverse events exhibited larger necrotic core
areas, supporting the concept that plaque composition contributes to plaque vulnerability
and long-term risk stratification. However, no single quantitative parameter indepen-
dently predicted outcomes, highlighting the importance of an integrated multi-parametric
assessment approach.

From a clinical perspective, these findings suggest that incorporating detailed quan-
titative plaque and lumen morphology analysis into routine CCTA interpretation may
improve the identification of higher-risk patients with intermediate lesions who could ben-
efit from intensified preventive strategies and closer FU. At the same time, these imaging
features should be interpreted as prognostic markers rather than direct indications for
revascularization.

Overall, our results support a shift from stenosis centered evaluation toward a com-
prehensive, lesion-specific assessment combining stenosis severity, plaque morphology,
composition, and local luminal geometry to refine long-term risk stratification in patients
with intermediate CAD.

6. Limitations

This study has several limitations. Although the study was conducted prospectively,
it was performed at a single center with a relatively limited sample size, which may have
reduced statistical power and limited the implication of the findings. The study population
consisted mainly of patients with low to intermediate CAD risk profiles, which may not
fully represent the entire clinical spectrum of CAD and may limit application to higher-risk
populations. Furthermore, longitudinal assessment of cardiovascular risk factor control and
medication adherence during the FU period was not performed and may have influenced
long-term outcomes. In addition, functional ischemia assessment was not included in the
study protocol.
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Finally, the most frequent component of MACE was target lesion revascularization.
Although inclusion of revascularization in the composite endpoint may introduce potential
treatment-related bias, in the present study decisions regarding invasive angiography and
subsequent revascularization were based on an integrated clinical assessment, including
patient symptoms, clinical presentation, ECG findings, and functional testing when avail-
able, in addition to CCTA results. Therefore, revascularization decisions were not driven
by CCTA findings alone, which reduces the likelihood of circular outcome dependency.
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