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HEIHBA3SUBHA KT-BI3YAJII3AIIIS ATEPOCKJIIEPOTUYHUX
YPAXKEHBb KOPOHAPHUX APTEPIN: CYYACHUM CTAH
IMPOBJIEMU TA PE3VJIBTATU BJJIACHOI'O JIOCBIILY
3ACTOCYBAHHSA

HeinBa3uBHa Bi3yanisauis kopoHapHux aptepiit (KA) B 0CTaHHi pOKM nepexuBae WBUAKUA PO3BUTOK. 3 TOUKM 30py
iCHYIUYMX JOKA30BMX JaHUX Ta AOCNIIKEHDb iCHYE BeNMKa noTpeba B HEIHBA3UBHUX TEXHONOTIAX, AKi MOMM 6 HAfiNHO
Ta TOYHO ifeHTUdikyBaTh atepocknepoTuyHi 6nawku (Ab) KA Bucokoro pusnky Ta Hagasatu 6inblwe iHhopmauii gns
po3yMiHHA natotizionorii aTepockiepo3y B OKPEMUX MALIEHTIB 1 CYKUTY HAZiNHUMU AKICHUMKU METOAAMU NepPBUH-
HOT AiarHOCTWUKM Ta iHAMKATOPAMM BiANOBIAi Ha Pi3Hi BUAM NiKyBaHHSA iwemiyHoi xBopobu cepus (IXC). Lo cboropHi
B YKpaiHi He NpoBOAMIOCH AOCNiAXKEHHSA TOYHOCTI 640-3pi3oBoi MynbTUCNipanbHOT KOMN'0TepHOT TOMorpadii 3 KOHT-
pactyBaHHaM KA (MCKT-KAT) octaHHboi reHepauii B giarHoctuui pisHux dopm IXC.
MeTa: nopiBHANbHMI aHani3 piarHocTuyHoi TouyHocTti metoniB MCKT-KAT Ta iHBa3uBHOi KopoHapHOi aHriorpadii
(iKAT) y nauieHTiB 3 pisHumun opmamu xpoHiyHoi IXC nepep xipypriuHot peBackynsapusauieto.
Marepianu i metoau. 3a nepiop 3 ciyHs 2019 no TpaBeHb 2021 p. Gynu npocnekTuBHO obcTexeHi 201 nauieHT 3
pisHumun dopmamu IXC (76,6 % yonosikis Ta 23,4 % *iHOK) B cepegHboMy Bili (61,8 + 9,2) poKy, fKi rocnitanisysa-
NINCA [0 HALIOTO LLEHTPY 3 METO AiarHOCTUKM i BU3HAYEeHHA NOKa3aHb A0 peBackynapu3auii (aopto- (AKLI) Ta mama-
po-kopoHapHe (MKLW) wyHTyBaHHA abo cTeHTyBaHHA KA). Bcim nauieHTam o BTpyYyaHHs MiaHOBO MPOBOAMAUCS
MCKT-KAT Ta iKAT.
Pe3ynbTaTi Ta BUCHOBKM. 3HauyLMX YCKNAAHEHb Nig4ac NpoBeAeHHA 060X MeTOAiB AOCHifKEHHSA He 3adikcoBaHo.
BuByeHo 2412 cermeHnTiB kopoHapHux aptepiii (KA). Kanbuiesuit inpekc (KI) BMCOKO KopentoBaB 3 po3nOBCIOA-
KEHICTIO Ta BaXKKiCTIO KOPOHapHOro atepocknepo3sy (r= 0,73, p<0,0001). [pu BU3HAYEHHT CTYNEHA TAXKKOCTI KOPOHAP-
HUX cTeHo3iB nif yac MCKT-KAT nopiBHsHO 3 gaHumu iKAT He 6yno ogHoro XmbHo-HeratueHoro, Ta nuwe 6 (2,99 %)
XMOHO-NO3UTUBHUX Pe3ynbTaTiB B MiCLAX reMOAWHAMIYHO He3HauylWwmux cTeHo3iB. He 6yno BMABNEHO JOCTOBipHOT
Pi3HMLI B AKOCTI AiarHOCTUKM reMOJMHAMIYHO 3HAUYYWMX CTEHO3IB 3 HAABMCOKOIO 3arajibHOK TOYHICTIO MpW BU3HA-
YeHHi KinbKoCTi Ta po3nosctopxeHocTi marictpanbHux KA (r = 0,95, p < 0,0001) 3 HafBUCOKOK MPOrHOCTUYHOI
ToyHicTio metogy (AUC 0,99; OR >>1000, p < 0,0001), wo pobutsb 6arato3pizoy MCKT-KAT 6e3neyHnUM Ta HAATOUHUM
METOA0M KifibKiCHOT AiarHOCTMKM ypaxeHb KA 3 BU3HaYeHHAM reMofMHaMiyHoi 3HauywocTi cTeHo3iB KA, cniBcTaBHUM
3 gaHumu iKAT.
KniouoBi cnoBa: atepocknepos, atepocknepoTnyHa OnswKa, KOPOHApPHWUM Kanbuiil, iwemiyHa xBopoba cepus,
Komn'toTepHa Tomorpadis, KopoHapHa aHriorpadis, MynbTMMOAanbHa Bidyanisauis.
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NON-INVASIVE CORONARY ARTERIES ATHEROSCLEROSIS
CT-VISUALIZATION: UP-TO-DATE STANDARDS AND OWN
CLINICAL EXPERIENCE STUDY

Non-invasive coronary arteries (CA) visualization experiences fast progress recently. Existing evidence-based data
and trials show that there is a great need in non-invasive technologies able to trustworthy and accurately identify
CA high risk atherosclerotic plaques (AP) and provide more insights into atherosclerosis pathophysiology in individ-
ual patents, being accurate qualitative and quantitative methods of primary diagnosis and answer to therapeutic
intervention indicators in patients with coronary artery (CAD). Until now in Ukraine there were no studies evaluat-
ing accuracy of last generation 640-sliced computed tomography coronary angiography (CTCA) in diagnosing of dif-
ferent CAD forms.
Objective of the study was to study diagnostic accuracy of CTCA compared to invasive coronary angiography (iCAG)
in the patients with different forms of chronic CAD before surgeon revascularization.
Materials and methods. From 1.2019 to V.2021 we prospectively studied 201 patients with different chronic CAD
forms (76.6 % men and 23.4 % women) aged (61.8 + 9.2) years hospitalized to our center for diagnostic work-up
and decision about primary or secondary revascularization (coronary aortic bypass (CABG) or percutaneous (PCI)
intervention). All patients underwent planned CTCA and iCAG.
Results and conclusions. There were no significant complication duing procedures performed. Totally 2412 coro-
nary segments were visualized and studied. Coronary calcium index (CI) highly significantly correlated with overall
burden and severity of atherosclerotic process (r= 0,73, p<0.0001). CTCA compared to iCAG showed no false-nega-
tive results and only 6 (2.99 %) false positive results in cases of insignificant lesions. There was no significant dif-
ference in diagnostic accuracy for significant stenoses with very high accuracy for overall vessels lesions quantity
and burden (r = 0.95, p < 0.0001) with very high prognostic method accuracy (AUC 0.99; OR >>1000, p < 0.0001),
making high multi-sliced CTCA safe and extremely accurate method for qualitative and quantitative diagnosis of ath-
erosclerotic CA lesions absolutely comparable to iCAG, including hemodynamic significance evaluation.
Key words: atherosclerosis, atherosclerotic plague, coronary calcium, coronary arteries disease, computed tomogra-
phy, coronary angiography, multimodality visualization.
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BCTVYII
He3paxkatoun Ha 3HAUHUI AiarHOCTUYHUM i JIIKYBaJIbHUM
MPOrpec MPOTSATOM OCTaHHIX IECATUPIY, illleMidHa XBOPO-
0a cepus (IXC) 3anuIla€eTbCsl OMHIEID 3 HAMBAXIMBILLIMX
MPUYIMH CMEPTHOCTI B YKpaiHi Ta Bciit €Bpori [1, 2].
ATepOoCKIepo3 € XpPOHIYHUM 3aNaJbHUM 3aXBOPIOBaH-
HSIM, 110 XapaKTepU3y€EThCs (POPMYBaAaHHSIM B IHTUMI ap-
Tepiil GaraTMx Ha JMiAW aTepOCKIEPOTUYHUX OJISIIIOK
(ADB). [1y1s1 Kpa1oro po3yMiHHsI POJIi Ta BITHOCHMX Mepe-
Bar pi3HUX OIILIi MyJbTUMOIAJIbHOI Bi3yasi3allil aTepo-
CKJIEpOTUYHHUX ypakeHb KopoHapHux aptepiii (KA)
BaxkJIMBO PO3yMiTH 0ioJioTiio Ta maTtodi3ioorito arepo-
ckiaepo3y Ta Ab. Taki 06a30Bi 3HaHHSI [103BOJISIIOTh
KJIiHILICTaM Kpallle OpiEHTYBATUCS MiX Pi3HUMU METO-
JaMU Bi3yajizallii KOpOHApHOIO aTepoCKJIepo3y Ta Po-

P« Svitlana V. Fedkiv, e-mail: fedkiv@gmail.com

INTRODUCTION
Despite marked diagnostic and treatment options
progress over the past decades coronary artery dis-
ease (CAD) remains the biggest mortality and
morbidity cause in Ukraine and Europe [1, 2].
Atherosclerosis is a chronic inflammatory arteri-
al wall disease leading to lipids rich atherosclerotic
plaques (AP) formation in arterial intima. Better
understanding the role and relative advantages of
different options of multimodality imaging of coro-
nary arteries (CA) atherosclerotic lesions requires
better understanding of atherosclerosis atheroscle-
rotic plaque (AP) biology and pathophysiology.
Such fundamental knowledge allows clinicians to
better navigate between different coronary athero-
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3yMIiTU TicTosoriuyHi mpouecu B Ab. JlaHi ricrosorii i
Bi3yastizallii MOCTiAHO JAeMOHCTPYIOTh, 1110 iH(papKT-3a-
JIexXHi Ab MaroTh Taki XapaKTepUCTUKN: BEIMKUI 00’ €M
ADb, GaraTe Ha Jinigyu HEKPOTUUHE SIAPO, TIO3UTUBHE pe-
MOJENI0BaHHS, NepudepuuyHy HeoBacKyJspu3alilo,
XpOHiUHe 3arajieHHsI Ta TOHKY (iOpO3HY MOKPUIIKY.
KoxHa 3 nux xapakTepucTUK IPeAcTaBiisie co0010 I0-
TEHLIiHY «MillleHb» IJIS1 CydacHUX 3ac00iB Bi3yaJizallii 3
MeTol0 ineHTudikalii Ab BUCOKOro pu3uKy in vivo i rmo-
JaIbLIMX TAKTUYHUX PillleHb IIOA0 JdiKyBaHHS [1, 2].

PemopentoBaHHSI apTepiil BUSIBIISIETbCS Mig4ac MYJib-
TUCIipaJabHOiI KoM 1oTepHoi Tomorpadii (MCKT) 3 ko-
poHapHoto aHriorpadieto (KAI') 1me 10 po3BUTKY cTe-
HO3iB mpocBiTy aptepiil. Ilo Mipi po3BUTKY JIiMiAHOTO
saapa BoHO Moxke 0yt BusBieHe 1mim yac MCKT-KAT 3
HU3bKOIO TIMMOJEHCHOIO IIiIJbHICTIO [1].

ITpu owiHIi KAiHIYHOT PoOJi HEIHBA3MBHOI Bidyasizallii
BaxXKJIMBO CTpaTU(iKyBaTH MaLli€HTIiB HA OCHOBI HasB-
HOCTi ab0 BIACYTHOCTI CMMIITOMIB ilemili Miokapna.
[Mauientn 6e3 ssBHUX cumnToMiB IXC — 1e 3a3Buyaii
XBOpi 3 MiJ03pOoI0 Ha CTAOiIbHY CTEHOKApIilo Hampy-
JKeHHST 200 3 MOXJIMBUM T'OCTPUM KOPOHAPHUM CUHAPO-
moM (I'KC).

TakuM 4yMHOM, 3aBIAHHSIM HiarHOCTUKU € imeHTUi-
Kallist abo BUKIIOUeHHST HassBHOCTI B KA 0OCTpyKTHMBHOI
Ab, 1o 6 OyJia 1OCTaTHBOIO ISl 3HAUYYLIOTO 3BY>KEHHSI
npocBiTy KA 3 HegocTaTHiM 11 MeTa0OIiYHUX TTOTPed
MioKapAa KpOBOTOKOM. | HaBmaku, KOpoHapHa Bi3y-
ajtizalisl B MOIYJIsILil O€3CMMIITOMHUX TALliEHTIB TMepe-
BaXKHO CIIpSIMOBaHA Ha BM3HAYEHHSI pU3MKY MaiOyTHIX
CepleBO-CYIMHHUX MOIiH IIJISIXOM imeHTndiKarii 6e3cm-
MIITOMHUX aT€POCKJIEPOTUYHUX YpaXkeHb, BKJIIOUAIOUU
NiarHOCTUKY HEOOCTPYKTUBHOIO aTePOCKIIEPO3Y, B TOMY
yuci BUsiBIeHHsI Ab BUCOKOro pusuky (puc. 1).

Yotupu HaNOiAbII PO3BUHYTI HEIHBA3WMBHI METOAU
Bizyauizailii KA BKJI104alOTh OLIIHKY KOPOHAPHOTO KaJlb-
nito (OKK) nim ywac MCKT-kamnplieBoro CKpuHiHry i
MCKT-KAI, MPT-KAT Tta ITET-KT, 110 3a3Buyaii Bu-
KOHyeThes B KoMmbOiHatii 3 MCKT ado MPT.

CenextuBHa IKAI' 10 cbOorofHi BBaXa€eThCsl «30J10-
TUM CTaHAApPTOM» i HAWOINBII IIUPOKO BXMBAHUM Y
cBiTi MmetonoM giarHocTuku Ab KA Tta ctymeHst ypa-
JKEHHSI KOPOHApHOro pycia. Aje 1ie iHBa3uBHa METO-
JIMKa, a MIOTeHIiHO BUCOKE HaBaHTaXXEHHS KOHTpac-
TOM i3 BMiCTOM oAy MOXKe MPU3BECTU JO BUHUKHEHHS
HUPKOBOI HEAOCTAaTHOCTi, OCOOJMBO y MAli€HTIB 3
nykpoBuMm piaderom (LI/1), xoua it HeuacTo. ToMy cho-
roJHi BCe yacTille 3aMicThb BEHTpUKYyaorpadii BUKO-
PUCTOBYIOTh HEiHBa3WMBHi METOAU MYJbTUMOIATIbLHOIL
Bi3yani3zauii 3 MeToto niarHocTuku IXC Ta OLiHKHU CTy-
TeHS ypaKeHHsI KOPOHAPHOTO PycJia i BU3HAUYEeHHSI MO-
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sclerosis imaging methods and understand histo-
logical processes in AP. Histology and imaging data
constantly demonstrate that infarction dependent
AP show following features: higher AP volume,
rich in lipids necrotic core, peripheral neovascular-
ization, chronic inflammation and thin fibrotic
cap. Each of these features is a potential target for
modern imaging methods in order to identify high
risk vulnerable AP in vivo for further tactics and
treatment interventions decisions [1, 2].

Arteries remodeling is diagnosed during multi-
spiral computed tomography (MSCT) with coro-
nary angiography (CAG), or computed tomogra-
phy coronary angiography (CTCA) even before
lumen stenosis development. As lipid core grows,
it can be identified by CTCA with low density [1].

Non-invasive imaging clinical role evaluation is
important for patients stratification based on pres-
ence or absence of myocardial ischemia signs.
Patients without manifested CAD symptoms are
usually the patients with suspected stable angina
pectoris or with suspected acute coronary syn-
drome (ACS).

Therefore, diagnosis tasks are identification or
exclusion of obstructive coronary AP, big enough
for significant CA narrowing with insufficient for
myocardial metabolic needs blood flow. And on
the contrary the CA imaging in asymptomatic
patients population mainly aims future cardiac
events risk stratification by identifying asympto-
matic atherosclerotic lesions, including the
dianostics of non-obstructive atherosclerosis and
particularly but not exclusively the high-risk AP
(Fig. 1).

The four most advanced non-invasive CA imag-
ing modalities include CA calcium scoring
(CACS) during MSCT calcium screening and
CTCA, MRI-CAG and PET-CT, which also may
be performed in combination with MRI (PET-
MRI).

Selective iCAG today is still appreciated as a
«golden standard» and is the most widely used
imaging method for CA atherosclerotic lesions
and severity diagnosis. Still, it should be remem-
berd that it is an invasive procedure, while poten-
tially high iodine contrast load may also provoke
kidneys damage, especially in patients with dia-
betes, although not often. That is why today in
routine clinical practice non-invasive CA imaging
methods, including, CTCA, are more and more
widely implemented for CAD diagnosis, CA ath-
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PucyHok 1. KomnnemeHTapHi poni HeiHBa3uBHOi Bisyanisauii ypaxkeHb KOpOHapHUX apTepii

BukopucTtaHHA HeiHBa3MBHOI Bidyanisauii ypaxeHb KA cnig po3rmanaTty 3 TOYKM 30pYy TPbOX KOHTEKCTIB, KOXEH 3 AKUX Mae
cneundiyHi 3agadi, Lo 3yMoBoTbL BUGIp MeToAy Bidyanisauji.

A. MCKT-KAI 3ab6e3neyye TO4HY OLiHKY BUPaXXeHOCTi KOPOHAPHMX CTEHO3IB, L0 MOXE BIIMHYTY Ha BUOIP TAKTUKM NiKyBaHHS
y MauieHTiB i3 Nimo3poto Ha cTabinbHy CTeHOKapAilo Hanpyry abo AONOMOITY AiarHOCTyBaTW rocTpuii iHdapkT miokapaa (FIM)
y nauieHTiB i3 nigo3poto Ha NKC. B. Po3paxyHOK CTyneHs KOPOHAPHOro KanbUUHO3Y 34aTeH HaAiHO KiNbKiCHO OLiHUTK 3a-
rasibHy BUPaXXeHICTb aTepPOCKIEPOTMHYHOIr0 NMPoLecy Ta NoNNwWnTK cTpaTudikauilo pusnky y 6€3CcMMNTOMHNX NaujieHTiB. B.
MPT-KATI B pexumi T1 moxe ineHTndikyBaT o3Hakm HecTabinbHoCTi AB, BKIlOYa04M HasiBHICTb iHTPAKOPOHapPHOro TPOMO0-
3y Ta KpoBoTevi B AB, a TakoX Mae LiHHICTb npu nino3pi Ha FKC abo ana ctpatudikauii puauky y 6€3CMMNTOMHMX NaLLEHTIB.
I MET-KT no3Bonsie 3acTocyBaHHs crieundivyHnx MapKkepiB (Tpelicepis abo «MiTok»), po3p0o6sieHnX 4Jis NOTParsisiHHS B cre-
uMdiyvHi TKAHMHHI MilleHi-Mapkepy BpasnmeocTi AB, WO MOXe NoKpaLLmTX OLLHKY NPOrHo3y, abo BUCTyNaTy 03HaKOo Tepa-
NeBTUYHOI BiANOBIAI HA NliKyBaHHS y 6€3CUMMNTOMHUX naujieHTiB [1].

Figure 1. Coronary lesions non-invasive imaging complementary roles
CA lesions non-invasive imaging should be understood from three contexts point of view. Each context implies specific tasks
which explain choice of imaging method.

A. CTCA provides precise evaluation of coronary stenosis significance, which might influence interventions and treatment
strategies in the patients with suspected stable angina or help to diagnose acute myocardial infarction (AMI) in the patients
with suspected ACS. B. Coronary calcinosis extent count allows to trustworthy evaluate the extent of atherosclerotic burden
and to improve risk stratification in asymptomatic patients. C. MRI-CAG in T1 mode allows to identify signs of AP instability,
including intracoronary thrombosis or hemorrhage in AP, as well as of value in cases of suspected ACS or for risk stratification
asymptomatic patients. D. PET-CT allows use of specific tracers, developed for uptake by specific tissues targets of AP vul-
nerability, which may improve prognosis evaluation or be a marker of therapeutic response after treatment in asymptomatic
patients [1].

Ka3zaHb 10 peBacKkyaspu3salii [1, 2], 3okpema MCKT-  erosclerotic lesions severity evaluation and defin-
KAT. ing indications for revascularization [1, 2].
OctaHHI pekoMmeHjalil €BpoNneichbKOro TOBapuUCTBa Latest 2019 European Cardiology Society (ESC)
kapaionoriB (ESC) 2019 p. mono miarHoctuku i jiky-  Guidelines for the diagnosis and management of
BaHHS XPOHIYHUX KOPOHAPHMUX CUHIAPOMIB 3rifHO 3 HO-  chronic coronary syndromes according to newer
BHMMH J10Ka30BUMM JAaHMMU CBiluaTh, 110 HeiHBa3uBHA  evidence data state that non-invasive functional
(¢yHKIIIOHATbHA Bi3yamizaiisg imremii mMiokapmy peko- — imaging for myocardial ischaemia or CTCA is rec-
MEHIIYEThCS IK 00CTeKeHHS TIepIoi JiHii mpy miarHoc-  ommended as the initial test for diagnosing CAD
tuui IXC y cumnromuux namieHTiB (Kiac I), a MCKT-  in symptomatic patients (Class I), while CTCA
KAT moxe BBaxatucs ansrepHatuBoio IKAT, saxkio pe-  should be considered as an alternative to invasive
3yJIbTaTH iHIIMX HEiHBa3MBHUX TECTIiB € HeiH(GopMaTuB-  angiography if another non-invasive test is equivo-
aumu abo cymuiBHUMHE (Kiac Ila, puc. 2) [3]. cal or non-diagnostic (Class Ila, Fig. 2) [3].
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MepeBaxHO po3rngAaeTbes, AKILO:
+ Bucoka KiiHiYHa AMOBIPHICTb

HeinBasuBHwmiA . .
TecT | + VimoBipHa peBackynspusauis
Ha lwemito + Micuesa ekcnepTi3a Ta AOCTYMHICTb
+ Takox noTpibHa OLHKA XUTTE3AATHOCTI
MepeBaxHO pO3rNSfAETLCS, AKLLO:
+ Hu3bka kniHiyHa AMOBIPHICTb
+ XapakTepucTuky nawienTa cain4ab MeaukaMeHTo3Ha
MpO BUCOKY SIKICTb 300paXeHHs! MCKT-KAT —— tepanis
+ Micuesa excrepTi3a Ta AOCTYMHICTb
+ baxaHa iHdpopmaLis npo atepocknepo3 .
+ IXC B aHamHe3i BinCyTHs! Tpuatoui
cumnTomu MepeBaxHo po3rnapacTbes, AKIIO:
+ Bucoka kniHiyHa iMOBIPHICTb | BaXKi CUMITOMM,

I CTilKi O MEAVKAMEHTO3HOI Tepanil

K:ggm;’:l: + TWNoBa CTEHOKApAisi NPU HU3bKOMY PiBHi

auriorpadis disnyHoro HABAHTAXEHH Ta KNiHIYHA OLHKA,

BKII0YaI04m EKT i3 HaBaHTaXEHHSIM, BKasyloTb
Ha BUCOKWIA pU3NK NOLIN
+ OucoyHkuis JILL, wo cipumtb npo IXC
CreHo3 >90%
1 abo 3 BCTAHOBJIEHOO
Kopenauiet 3 1emMiern

MenukamenTo3Ha g PYHKUIOHANbHA
ig6  ® oUiHKa
Tepanis u

~- Y
PeBackynapu3sauis

PUCYHOK 2. OCHOBHi WwnAxu AiarHOCTMKM Y CUMNTOMHMX NayieHTiB 3 nigo3poto Ha IXC

3anexHo Bif, KNiHIYHOro CTaHy Ta PiBHS JOMOMOrM, AiarHOCTUYHUIA MPOLLEC MOXE CK1aaaTucs 3 TPbOX OML,li: HEeiHBA3MBHOI
niarHocTukm, MCKT-KAT abo IKAT. KoxeH 3 wnaxiB, Sk GyHKLioOHaNnbHa aiarHocTuKka, Tak i ouiHka aHaTomii KA moxe HagaTtu
BiANOBIAHY iHDOPMALLO NPO AiarHO3 Ta TaKTUKY NiKyBaHHS.

IXC - iwemiyHa xBopoba cepust; MCKT-KAI — mynbTuchipansHa koMmn'’toTepHa Tomorpadis 3 KOpOHapHO0 aHriorpadieto;
EKT — enextpokapgiorpadis; JILL — niBuii wnyHo4oK cepust; a — Nifo3pa Ha MiKpOCYAMHHY CTeHOKapAito; 6 — aHTUaHriHabHI
MeaukaMeHTn Ta/abo moandikalis pakTopis pnamky [3].

Preferentially considered if:
Non-invasive + High clinical likelihood
testing for + Revascularization likely
ischaemia + Local expertise and availability
+ Viability assessment also required
Preferentially considered if:
+ Low clinical likelihood
+ Patient characteristics suggest 0
high image quality Coronary rug
+ Local expertise and availability CTA therapy?
+ Information on atherosclerosis
desired Ongoinga
+ No history of CAD symptoms Preferentially considered if:
] + High clinical likelihood and severe
Invasive symptoms refractory to medical therapy
coronary + Typical angina at low level of exercise and
angiography clinical evaluation including exercise ECG
indicates high-risk of events
\ + LV dysfunction suggestive of CAD
Stenosis >90%
or with established
J correlation to ischaemia
Drug Functional
therapy? < assessment
Y A
Revascularization

Figure 2. Main diagnostic pathways in symptomatic patients with suspected obstructive coronary artery
disease

Depending on clinical conditions and the healthcare environment, patient workup can start with either of three options: non-
invasive testing, coronary computed tomography angiography, or invasive coronary angiography. Through each pathway,
both functional and anatomical information is gathered to inform an appropriate diagnostic and therapeutic strategy. Risk-
factor modification should be considered in all patients.

CAD - coronary artery disease; CTA — computed tomography angiography; ECG - electrocardiogram; LV — left ventricular.

a — consider microvascular angina; b - antianginal medications and/or risk-factor modification [3].
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3 1€l TOYKM 30py 1IKaBUM i MPAKTUYHO 3HAUYYIIUM €
MOPiBHSIbHE TOCIiIXKEHHS 1iarHOCTUYHOI LIiIHHOCTI 000X
METOJMK Ha JIOCTaTHill KiIbKOCTi XBOpUX 3 Mig03por0 abo
JoBeneHoto IXC B yMoBax OJHOIO JiarHOCTUYHO-JIiKY-
BaJIbHOTO 1IEHTPY. {0 chorogHi B YKpaiHi He MpOBOAM-
JIOCh JOCHimKkeHHsT TouHocTi 640-3pizoBoi MCKT-KAT
OCTaHHBOI reHepalii B giarHocTuili pisHux ¢popm IXC.

META JOCJIIJIZKEHHA

MerTo1o gocaigkeHHs OYyB NOPiBHSUIbHUM aHaTi3 AiarHOC-
muHoi TouHOCTi MeTomiB MCKT-KAID Ta iKAID y
MalieHTiB 3 pisHUMHU (GopMamu xpoHiuHoi IXC mepen
XipypriyHoIO0 peBacKyJIsIpu3alli€lo.

MATEPIAJIA 1 METOAN JOCJIII2KEHHS
HocmimxeHHs OYyJIO CXBaJIeHO JOKaJIbHOIO ETUYHOIO
KOMici€lo.

B nocnimxenns 3a nepion 3 ciunsg 2019 no tpaBeHb 2021
p. Oy mpocneKTUBHO BKimoueHi 201 xBopwuii 3 pisHUMU
popmamu IXC (76,6 % 4donosikiB Ta 23,4 % XiHOK) B ce-
penHboMy Billi (61,8 + 9,2) pokiB, 110 roCITiTaTi3yBaIKCs
JI0 HAIIOTO LIEHTPY 3 METOIO HiarHOCTUKM i BU3HAYCHHS
MoKa3aHb 10 peBacKyasgpu3ailii (aopro- (AKIL) ta mama-
po-kopoHapHe (MKIII) myHTyBaHHST 200 CTEHTYBaHHS
KA). Ilix yac Ta miciig iHBa3WBHOI a00 XipypTidyHOi peBac-
KyJasipy3alii 3a MOKa3aHHSIMU MOCIiIXKYyBaauUCs CTaH-
npaptHi Mapkepu 'KC — y xxomHoro mamieHTa He po3BU-
Hynocsa nepuoneparuBHoro 'KC. MeaukaMeHTO3Ha Te-
pamisl BCiX MalliEHTIB BKJIIOYaja aHTUArperaHtyu abo aH-
TMKOAryJISIHTU, CTaTMHHU, OeTa-OJoKaTopu, OJI0KaTOpu
cucTeMM peHiH-aHTioTeH3MH-anbprocTepoH (PAAC) Tta
JiypeTHKU Ta HiTpaTH 3a moka3zaHHsaMM). BciM manieHTam
no BTpydyaHHs1 IutaHoBo TpoBoauiucst MCKT-KAI Ta
iKAI. Kputepiem BUKIIOUEHHS OyJia KJIiHiYHO 3HaA4ylla
NaToJIOTisI HUPOK 3 XPOHIYHOI HEAOCTATHICTIO Oiblie |
CTYIIEHS.

iKAI' BUKOHYyBasacs 3a CTaHIAPTHOI METOAMKOIO 3a
Judkins 3 ouiHKO1O 300paxkeHb Ta BiAeO AOCBiTYEHUMU
oreparopaMy €KCIEPTHOIO piBHS. 3HAUYYIIMMU BBaXKa-
nucs ypakeHHsT KA > 70 % nipocBiTy cynauHu y OyIb-SIKO-
My cermeHTi. CteHo3u 50—70 % npocsity KA BBaxkanucst
aMOiBaJICHTHUMU.

MCKT BukonyBanacs Ha 640-3pizoBomy KT-tomorpadi
«Aquilion One» (Canon Medical Systems, fImoHist)» 3 BUKo-
PUCTaHHSIM MMPOCTIEKTUBHOI Ta peTpocniekTuBHOI EKT -cruHx-
poni3zauii. ITpu npoBeneHHi MCKT-gocnimpkeHHsT Aiana3oH
CKaHyBaHHSI OXOILTIOBAB Oe3IocepeIHbO MISTHKY cepls Ta
BiHIIEBMX CYIMH — Bill CMHYCiB BanbcaibBy 10 HUKHBOI rpa-
HuLIi cepirsl. ToBIIMHA 3pi3iB Y CIipaTbHOMY PEXHMi TOMOT-
pacii craHoBua 0,5 MM, CKaHyBaHHSI TTPOBOAWIOCH 3 TAKH-
Mu TexHiuHnMHU Tiapamerpamit: 100—120 kB, 300—400 MA,

From that point of view comparative study of
both imaging methods diagnostic accuracy
involving big cohort of patients with suspected or
proven CAD in one medical center is of great
interest and practical importance. Until now in
Ukraine there were no studies evaluating accura-
cy of last generation 640-sliced CTCA in diag-
nosing of different CAD form:s.

OBJECTIVE

The aim of the study was comparative analysis of
CTCA and iCAG diagnostic accuracy in the
patients with different CAD clinical forms prior
to surgeon revascularization.

MATERIALS AND METHODS
The study was approved by local ethics commit-
tee.

In the period from January 2019 to May 2021
we prospectively enrolled 201 patient with differ-
ent CAD clinical forms (76,6 % men and 23,4 %
women) with mean age of 61,8 = 9,2 years hospi-
talized to our center for diagnosis and defining
indications for revascularization (coronary arter-
ies bypass grafting (CABG) or coronary stent-
ing). Standard ACS markers were traced at and
after procedure or surgery — no perioperative
ASC developed in a single patient. All patients
were administered medication treatment includ-
ing antiaggregants or anticoagulants, statins, BB,
renin-angiotensin-aldosterone system (RAAS)
blockers and diuretics and nitrates, if indicated.
All patients underwent elective CTCA and iCAG
before intervention. Exclusion criterion was sig-
nificant kidneys disease with more than mild
chronic kidneys failure.

iCAG was performed by Judkins standard pro-
cedure with images and videos evaluation by
experienced expert level operators. CA lesions
> 70 % in any CA segment were considered
sifnificant. 50—70 % levels were considered
ambivalent.

MSCT was performed on a 640-slice CT
scanner <«Aquilion One» (Canon Medical
Systems, Japan) with prospective and retro-
spective ECG-gating. Scanning area included
heart and CA from Valsalva sinuses to heart
lower borders. Slice thickness in spiral mode
constituted 0.5 mm. Scanning was performed
with the following technical parameters:
100—120 kW, 300—400 mA, tube turnover rate
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IBUIKICTh 00epTaHHs1 Tpyoku 0,35 cek. KT-ckaHyBaHHS
BiIOYBaJIOCh ITiJl Yac 3aTPUMKHM AMXAaHHSI BIPOIOBX 5—6 ce-
KYH/I TTiCJIs1 BHYTPIiLLTHBOBEHHOIO O0IFOCHOTO BBEAEHHS HEIOH -
HOI MOAMUCTOI PEHTITeHOKOHTPACTHOI PEYOBUHM B 00’eMi
70—100 M1 31 IIBUAKICTIO 5—6 MJI/C 3 IOAATBIIMM GOJTIOCHUM
BBegeHHsIM 0,9 % po34urHy XJ10pHAYy HATpito B 00°eMi 30—50 M
3i mBuaKicTio 3—4 mi/c. Oopodka KT-maHux mpoBoguiach
Ha KapioJIoriyHiii poOouiii cTaHIlii — «Vitrea Software».
AHaIi3 TaHUX BUKOHYBAJIM 3 BUKOPUCTAHHSIM ITPOTPaMHMX
naketiB SPSS 20.0 niss Windows (SPSS Inc., Chicago). B ycix
BUIIAIKaX 3Ha4eHHsT posoikHocTeil p < 0,05 cBimumiIo mpo
CTaTUCTUYHY JOCTOBIPHICTh OTpMMaHUX JaHUX. [TopiBHSIHHS
Pi3HMX METO/iB BUKOHYBAJIM METOJIOM MHOXXWHHOI perpecii 3
95 % noBipuMM iHTEPBAIOM i PO3PaXyHKOM KOE(ILIIEHTIB KO-
peJsiLii Ta IX JOCTOBipHOCTI. JIJ1s1 BUBHAYUEHHSI LIIHHOCTI METO-
Iy BU3HAYaJld YyTIuBicTh (Se), crietmdivHicTs (Sp), mo3u-
tuBHiI (PPV) Ta HeratusHi (NPV) npenvkTuBHI LIHHICTH 3
PO3paxyHKOM iHTETPaJIbHOTO ITOKa3HMKA ITPOTHOCTUYHMX
MOKJIMBOCTEN MOCHTIIKeHHS «IUIola Min rpadikoM» («area
under curve», AUC) Ta BimHOIIIEHHSIM pU3HKiB («odds ratio»,
OR) w1 koxHoi 3 metoauk. CepeaHi AaHi MpeAcTaBeHi SIK
cepenHe 3HaYeHHs + cTaHaapTHe BinxuieHHs (M = SD).

PE3VIJIBTATU TA OBTTOBOPEHHA
3HauyILIMX YCKIaAHEHb I1iJl Yac MPOBeAeHHsI 000X METO/iB
JociaKeHHs 3aikcoBaHO He OyJ10.

ITpu o6pob1i orpumannx MCKT-gaHnx BChOro BUBYEHO
2412 cermenTiB KA aprepiii, i3 akux 54 cerMeHTH 3i CTeHTa-
MU, 72 BEeHO3HHMX a0pTO-KOPOHAPHHUX IITYHTa Ta 16 MaMapHUX
LIYHTIB. 23 cerMeHTa BiHLEBUX CYAWH OYyJ10 BUKIIIOUYEHO i3
KiJIbKICHOTO aHaJIi3y y TporpaMi «Smart Score» y 3B’I3Ky 3i
BCTaHOBJIEHHSIM B iXHbOMY ITPOCBITi CTEHTIB, SIKi MaJIU TTiIBH -
ILIEHY PEHTTeHIBChKY LIUIbHICTD, 1110 HE JaBaJI0 OKPEMO ieH-
TU(hIKYBaTU KATbLIMHATU. Y 14 XBOPUX MPU KiJIbKICHiM OLIiHLI
O3HaK KOPOHAPHOTO KaJbIIMHO3Y He Oyiio BUSBIEHO. Y 187
XBOPUX IMpU 00poO1Ii JaHMX «Smart Score» OyJIo MiaTBepIKe-
HO HasIBHICTb KaJIBLIMHO3Y B aTePOCKJIEPOTUYHO 3MiHEHUX
KA. TTpu 1iboMy BU3HAYaId HasIBHICTh, TOUHY JIOKaJi3aLlis i
PO3IIOBCIOMIKEHICTh KOPOHAPHOTO KAaJIbIMHO3Y ITOCETMEH-
tapHo. ITig yac migpaxynky KI 3a Metonom Agatston |1, 2, 16]
y 12 mauienTiB BusisneHo KI B mexkax 2—10 oa., y 79 — Big 11
on. 10 99 on., y 58 — Bin 100 ox. no 399 ox. ta'y 38 — Binm 400
on Ta 10 3018 on. Cepenniii KI ckiagas — 461 on.

Kinpkichuii migpaxyHok KI BUSIBUB 3a1€XKHICTh MixXK TTOKa3-
Hukamu KI Ta po3noBCIOKEHICTIO KanblIMHO3Y B KA, a came
noctoBipHe minBuineHHs1 KI mpu GaraTocyiMHHUX ypaskeH-
HIX i mudy3HOMY XapakTepi ypaxkeHb KA 3 omHOro 60Ky, Ta
BiAnoBinHO HKYi 3HaYeHHs KI mpu 1-cynuHHUX Ta BOrHU-
1eBuX atepockiepoTuuyHux 3MiHax KA. KilbKicTh KaJbliito
BHMCOKO KOpEJTIoBajia 3 JaHUMHM TSKKOCTI CTEHO3IB 3a JaHUMU
CyMU HalOIbIIMX 3BY>K€Hb MTPOCBITY B KOXHili 3 MaricTpaib-

0.35 s. CT scanning was performed during
5—6 s patients’ breathing pause after 70—100
ml non-ionic iodine contrast agent bolus i/v
injection with a rate of 5—6 ml/s with consec-
utive bolus injection of 30—50 ml of saline at a
3—4 ml/s rate. CT imaging data was processed
on cardiological «Vitrea Software» working
station.

Statistical analysis was performed using SPSS
20.0 for Windows (SPSS Inc., Chicago) program
package. In all cases differences with p < 0.05
were considered significant. Methods compari-
son was performed by multiple regression with
95 % CI and correlation coefficients and their t-
test significance calculation. For diagnostic
accuracy evaluation sensitivity (Se), specificity
(Sp), positive (PPV) and negative (NPV) were
calculated, as well as integral index of method
predictive accuracy «area under curve» (AUC)
and odds ratio (OR) for each imaging method.
Mean data are presented as mean value * stan-
dard deviation (M £ SD).

RESULTS AND DISCUSSION
There were no significant complications during
all imaging procedures.

At MSCT imaging data processing 2412 CA
segments were studied, including 54 stented
segments, 72 venous grafts and 16 mammary
grafts segments. 23 CA segments were exclud-
ed from «Smart Score» program due to coro-
nary stents increased X-ray density, not allow-
ing to separately identify calcifications. 14
patients had no signs of CA calcinosis. In 187
patients «Smart Score» analysis confirmed
calcinosis in CA with atherosclerotic lesions.
On a per-segment basis presence, exact local-
ization and overall coronary calcinosis burden
were evaluated. CCS by Agatston [1, 2, 16]
showed that 12 patients had CCS 2—10 AU, 79
patients — 11-99 AU, 58 patients — 100—399
AU, and 38 — 400—3018 AU. Mean CCS was
461 AU.

CC quantification showed significant relation
between CCS and overall CA calcification bur-
den, namely significant CCS in cases of multi-
vessel disease and diffuse CA lesions character
on one hand, and respectively lower CCS in
cases of 1-vessel disease and focal lesions, on the
other. CCS highly correlated with stenoses
severity according to severest lesions sum in

(1) 532
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Hux KA (r= 0,73, p <0,0001), 1110 miaTBepIKyeThCSI HAsSIBHU -
MM JITEpaTypHUMM T0Ka30BUMM manumu [1, 2, 16]. Bisy-
ajtizallisl BIHIEBUX apTepiid i po3MOBCIOMXKEHICTh aTepOCKIIe-
POTUYHUX 3MiH B iX MPOEKIIil 0AaTKOBO OyJia BUBYEHA HAMU
3a norioMororo MPR-, MIP- 1a 3-D peKkoHCTpyK1IiA, sIKi 103-
BOJIMJIM TaKOX BUM3HAYaTH aHATOMi4Hi 0OCOOIMBOCTI CyaMH Ta
CTYIiHb KOHTPACTyBaHHS KOPOHAPHOI'O pycJa.

BusHaueHo 3aKOHOMIipHICTb 30iNbIIeHHS 3HaYeHb KI B
ypaxkeHux KA micist 50 pokiB, NepeBakHO y YOJOBIKiB.
Tak, 79 % oOcTexXeHUX YOJIOBIKIB 3 BUSIBJIEHUM KaJbLIU-
Ho3oM KA Oynm y BikoBomy miama3oHi Big 51 qo 81 pokiB.
ITpu obOcTexkeHHi XKiHOK JEMO3UTU Kajbllilo Y BiHIIEBUX
apTepisix OyJIu BUSIBIICHI MepeBaXkHO Mmicist 57—60 pokiB.

3a pesynbraramu iKAI' tTa MCKT-KATI y 201 nauieHTta
3arajioM Oyji0 BUSIBJIEHO ypaxKeHb Pi3HOrO CTYMEHS 3Ha-
YYyIIOCTi CTEHO3M CTOBOypa JIiBOI KOPOHApHOI apTepil
(JIKA) — 110, 3 gkux 40 OidypkaumiiiHux, pi3HMX cer-
MEHTIB 1 TUIOK TIepeaHbOol MiXIITYHOYKOBOI TiJKMH
(IMMMILUT) JJKA — 364, orunatouoi rinku (OI') JIKA —
238, Ta mpaBoi kopoHapHoi apTepii (ITKA) — 295 ypaxkeHb
(pazom 1007 ypakeHb pi3HOIO CTyIeHs). 3 LKMX ypaxkeHb
3arasiom 770 (76,5 %) manu 3By>keHHsI TipocBiTy KA > 50 %
(reMogMHAMIYHO 3HAuyIli CTEHO3M), 3 aKuX 294 (29,2 %)
oynu cyortoranbHuMu okimodismMu (CTO) 3i 3By:KeHHSIM
npocsity cermeHTy KA > 95 %. Binnosinno, 237 (23,5 %)
ypaxkeHb OyJIM TeMOAMHAMIYHO HE3HAUyIIMMU Ta HE BH-
Maraju peBacKyJsgpu3sailii. AMOiBajeHTHiI cTeHO3M 50 —
70 % y BunaakKax 6araToCyIMHHOTO YPaKeHHSI ITiUIsiraiu
A(M)KIII. Adxmnio BupinryBajiocss MATaHHS MPO CTEHTY-
BaHHsI, 3HAYYIIiCTh CTEHO31B BU3HAYaIacs 3a JOIIOMOTOIO
ctpec-exokapmiorpadii 3 mooyraminom (JACE). Bci mani
MCKT-KI 3zicraBasiucd 3 iteHTUYHUMU JaHuMHU iKAT,
MIpY YOMY XMOHO-HETaTMBHUX Pe3yJIbTaTiB BUSIBJIEHO HE
oyio.

«Hucti» KA 3a ganumn iKAI' ta MCKT-KAT nepen
peBackysipusanieto oynu BusisieHi y 20 (9,9 %) Ta 14
(6,9 %) BimnosinHo (p =0,21). Ll HemocTOBipHA Pi3HU-
st Oyyia 3ymMoBIIeHa TUM, 10 Y 6 (2,99 %) iKAT He BusI-
BUJIa 3HAYYLIMX aTepOCKICPOTHMYHUX YpaXKeHb, a Ha
MCKT o6ynu BusiBnenHi He3Hauyii (30—50 %) onHocy-
IUHHI ypaXeHHs pi3HMX JoKadi3aliil, 1o MoXHa
PO3LiHIOBATU SIK XMOHO-TT03UTUBHI pe3yabratu MCKT.
Y Bunmamkax IiarHOCTOBAaHMX ABOCYAMHHUX Ta GaraTto-
CYAMHHUX ypaxKeHb iX KiTbKicTh 30irajacs 06e3 pi3HUIi
MixX n1BoMa Metogamu (tabj. 1). Taka BUCOKa TOUHICTb
30iriB  3yMoBJieHa JyXe€ BHCOKOI MPOCTOPOBOIO
po3ainbHoIo 3naTHicTio 640-3pizoBoro KT-ckaHepa oc-
TAaHHBOTO TIOKOJIIHHS i JOCBiZOM OIlepaTopiB eKCIepT-
HOTO KJIacy.

ITopiBHgHHS nmiarHocTuyHOI TouHOocTi MCKT-KAI 3
iKAI 3a HalllMMK JaHUMMU M0Ka3aJl0 HaA3BUYailHO BUCOKY

each magistral CA (r = 0.73, p < 0.0001), sup-
porting known evidence-based data [1, 2, 16].
CA imaging and overall atherosclerotic burden
was studied by means of MPR-, MIP- and 3-D
reconstruction, allowing to evaluate anatomic
features of CA and coronary bed contrasting
extent.

CCS increase consistent pattern in CA lesions
after 50 years was defined, especially in men.
I.e., 79 % of studied men with diagnosed CA cal-
cinosis belong to 51—81 years age range. In
women calcium deposits were defined largely
after 57—60 years.

According to iCAG and CTCA results in the
group of 201 patients there were diagnosed 110 dif-
ferent extent left main (LM) left coronary artery
(LCA) lesions, including 40 bifurcation lesions, 364
different segments and branches of left anterior
descending (LAD) LCA branch lesions, 238 cir-
cumflex (Cx) LCA brach lesions, and 295 right
coronary artery (RCA) lesions. Overall different
extent and severity lesions quantity was 1007. 770
(76,5 %) lesions were > 50 % (significant stenoses),
of which 294 (29,2 %) were chronic total or subto-
tal occlusions (CTO) with > 95 % CA lumen nar-
rowing. Accordingly, 237 (23,5 %) of lesions were
insignificant without revascularization necessity.
Ambivalent 50—70 % stenoses were grafted in cases
of multivessel coronary disease. In cases of percuta-
neous interventions (PTCA) stenoses significance
was evaluated by dobutamine stress echocardiogra-
phy (DSE) with myocardial speckle tracking. All
CTCA data was compared with corresponding
iCAG results, with no false negative results found.

«Clean» CA by iCAG and CTCA before revascu-
larization were diagnosed in 20 (9,9 %) and 14
(6,9 %) patients, respectively (p = 0,21). This
insignificant difference was explained by the fact
that in 6 (2,99 %) cases iCAG did not find signifi-
cant CA lesions, while CTCA found insignificant
(30—50 %) 1-vessel disease of different localiza-
tions, which may understand as false positive CTCA
results. In cases of proven 2-vessel and multivessel
disease quantity of damaged CA beds by iCAG and
CTCA coincided without difference between two
imaging modalities (Table 1). Such high accuracy of
coincidences is explained by extremely high spatial
resolution of 640-sliced CT scanner of the latest
generation and high experienced expert operators.

Comparison of CTCA and iCAG diagnostic
accuracy according to our study showed extreme-

533 @&



K/TIHIYHA

MPAKTUKA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynny 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

Ta6nuusa 1

Pe3ynbtatn MynsTUMOAANbHOT Bisyanisalii KopoHapHOro atepockneposy B rpyni gocnipxeHusa (n = 201)

Table 1

Coronary atherosclerosis multimodality visualization results in study group (n = 201)

Pe3ynbTatu Bidyanisauii / Visualization results iKAT / iCAG MCKT-KATI / CTCA  [ocTosipHicTb / Significance, p
«Yucri» KA / «Clean» CA 20 (9,9 %) 14 (6,9 %) 0,28
OpHocyamHHe ypaxerHs / 1-vessel disease 9 (4,5 %) 15 (7,5 %) 0,21
[lBocyamHHe ypaxeHHs / 2-vessels disease 30 (14,9 %) 30 (14,9 %) 1,0
baratocynuHHe ypaxerHs / Multivessel disease 142 (70,7 %) 142 (70,7 %) 1,0

KOpeJIsiliio Ipyu BUBHAUYEHHI CTyMNEeHs BiICOTKA CTEHO3iB y
npoxkcuMmaabHux (r= 0,99, p <0,0001) Ta IMCTATBHUX CET-
MeHTax MarictpaibHux aprepit (r = 0,99, p < 0,0001), a
TaKOX JyXe BUCOKY KOPEJIsILilo MPYU BU3HAYEHOCTI Kilb-
KOCTI i po3n0oBCIoAXKeHOCTi maricTpajibHux KA 3a naHumu
KiJIbKOCTI ypaxxeHux cyauH (r = 0,95, p <0,0001) (puc. 3).
BinnoBigHo, 3a Hammmu gaHumMu MCKT-KAI nopiB-
HsHO 3 maHuMu iKAI 11010 BU3HAYEHHS BiacoTKa i re-
MOAMHAMIYHOI 3HAUyILIOCTi cTeHo3y KA Maa HaaBUCOKi
Se Ta Sp (100,0 % Tta 97,5 %, BinnoBinHo), PPV ta NPV
(99,2 % ta 100,0 %, BiAMOBIAHO) 3 HAABUCOKUM IHTET-
paJlbHUM TIOKA3HUKOM IIPOTHOCTUYHUX MOXKJIMBOCTEH
metomxy AUC (0,99) i BimHOomeHHsaM pusukiB OR >>1000
(p <0,0001).

Ouinka ctymneHs Kanbuudikauii KA a6o OKK € onHum
3 HaWyacTillMX MOKa3aHb OO0 HEiHBa3UBHOI Bidyasizallii
KA. Bzaemo3B’sa30k Mixx Kambnudpikamigsmm KA i
obctpykTuBHOw IXC OyB croyaTky BU3HAYeHMI 3a Ja-
HUMU peHTreHorpadii rpyaHoiI KJIITKM Ta MiATBepIKEHUIA
crocTepexXeHHsIMHU in vivo mig yac KAI Ta ex vivo 3a aa-
Humu rictosorii [1, 4—6]. Koponapuuii kansuin (KK)
BU3HAYAETHCA K HASIBHICTb YpaxKeHHS 3i IIiJIbHICTIO
> 130 on. XayHcdinma (Hounsfield) Ha mioii He MeHIIe

ly high correlation between two modalities in
quantification of stenoses severity in proximal (r =
0.99, p <0.0001) and distal coronary segments (r =
0.99, p < 0.0001), as well as very high correlation
between modalities in evaluating quantity and
overall ischemic burden by quantity of damaged
CA (r = 0.95, p < 0.0001) (Fig. 3). Accordingly,
CTCA compared to iCAG in quantification
lesions severity and hemodynamic significance in
our study proved to have extremely high Se and Sp
(100.0 % and 97.5 %, respectively), PPV and NPV
(99.2 % and 100.0 %, respectively) with extra-high
integral method prognostic accuracy index AUC
(0.99) and OR >>1000 (p < 0.0001).

Evaluation of CA calcification burden or
CACS) is one of the most often indications for
CA non-invasive imaging. Relationship between
CA calcifications and obstructive CAD was ini-
tially established by chest X-ray, later confirmed
by studies in vivo by CAG and ex vivo by histol-
ogy [1, 4—6]. Coronary calcium (CC) is defined
as lesions of >130 Hounsfield units density across
> 1 mm? area. Atherosclerotic calcifications can

PucyHok 3. Kopensuis mix BusHa-
YEHHAM CTYNEeHA CTeHO3Y MaricTpanb-
Hux KA 3a paHumu MCKT-KAT nopiBHsa-
Ho 3 iKAT (r=0,99, p < 0,0001)

Figure 3. Correlation between major
vessels coronary stenosis significance

Kopensuis 3a gaHumm MHoXUHHOT perpecii / Correlation according to multiple regression data
iKAT % cTeHo3y / stenosis %, iCAG = -0,5007+0,9926*x; 0,95 Conf. Int.
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1 Mm% ATepoCKJIEpOTHYHI Kaibludikalli MOXHa Kilb-
KiCHO oliHIOBaTu 3a 00’€éMoM abo 3a Macolo, ajie Haii-
qacTime iX onmucyoTh B onMHUIIIX 3a Agatston (AU), mo €
HAaIliBKUJIBKICHOIO OLIIHKOIO, SIKa BKJIIOYA€E ACIIEKTU IILIb-
HOCTi Ta posnoainy Kaibllito B KA. baisna OKK mpoBo-
JUTBHCS Y TIALliEHTIB SIK 3 MiJ03pOI0 Ha CTEHOKAP/Iilo, TaK iy
0e3CMMITOMHUX XBOPUX.

JHoci icHye HeBU3HaUeHICTh cTOCOBHO 3acTocyBaHHSI OKK
cepell CMUMIITOMHUX Mali€HTIB, Y IKUX KiJIbKiCTb OaIiB ITi yac
OKK >0 Mae miarHOCTM4YHY YyTJIMBICTh 1IOJ0 BU3HAYEHHS
HasIBHOCTI KOpOHApHHUX cTeHo3iB > 50 % Bim 89 mo 99 %
[7—9]. Btim, BinnoBigHa crielinidHICTh € TOCUTh HU3bKOIO —
Bim 40 10 59 %. Tomy OKK He € peKOMEHIOBaHMM METOIOM
BisyaJtizalii y CAHMOTOMHMX Mali€HTIB 3 00JIMU Yy TPYAHii
xuniti. Xoda He Bci Ab MicTITh Kasblliid, 1110 BUSBISIETHCS
nimyac MCKT, BTim, OyJI0 mpoaeMOHCTPOBAHO, 1110 3arajib-
Huii 6an KK Hamae MOXIUBICTh MPUIAHSITHOIO PiBHS TTPUO-
JIM3HOI OLIIHKM 3arajbHOI BUPAXKEHOCTI aTePOCKIEPOTUYHO-
ro mpolecy y iHAMBIIa MOPiBHSIHO 3 JaHUMM MaTOrICTOJIONI] i
BHYTPIIlTHBOCYAMHHOTO YJIBTPa3BYKOBOTO JIOCIiI>KEHHS
(IVUS) KA. B 1boMy KOHTEKCTI, SIK peKoMeHaalii AMepu-
KaHChbKOro KapaiosioriuHoro konemky (ACC) ta Amepu-
KaHcbKoi acomrarii cepusg (AHA) 2013 p., tak i Pekomen-
nauii ESC 2016 p. o0 npogitakTUK cepLeBO-CYTUHHUX
3axBoproBaHb, Haganu OKK kmac pekomenaartii I1b [10, 11].
PyrunHe kniniuHe 3actocyBaHHS MOCKT-KAI' goBro
BiIKJIamamocs BHACHTIZOK MPOOJIeM, OB’ I3aHNX 3 CEPLICBU-
MU pyXaMHM Ta BUCOKOIO MPOMEHEBOIO eKcro3ulliero. Ha
CbOTOJIHi, MpPOrpec B TEXHOJOTiSIX CKaHyBaHHS i BTiIICHHS
npocnekTuBHoi EKI'-cuHXpoHi3alii J03BOJWIM TMOA0JATU
i mepelkoau, a Bidyadizallisl HiarHOCTUYHOI SIKOCTi ChO-
roaHi MoxmBa B 95 % normyJsiii [ 12]. Bunaaku HewiTkux Ta
HesIKiCHUX 300pakeHb, 3a3BUYail MoB’A3aHi 3 apTedakTaMu
BHacHigokK pyxiB npu BHcokiii UCC, WiNbHUMM Kajb-
mudikamisMu B KA i kopoHapauMm ctreHTaMH. Taki oome-
JKeHHST MOXYTh OyTM MiHiIMi30BaHi ILJISIXOM BiAITOBiIHOTO
BiIOOpY Ta MiATOTOBKY MAIliEHTIB, B TOMY YMCJIi PO3CYUTMBO-
ro npu3zHadyeHHs 6eTa-aapeHoobaoKkaropiB (bAB) nepen cka-
HyBaHHSM. Bisyasizaliiss BUKOHYEThCSI Ha CydacHUX 64-
3pizoBux i Oinpimie MCKT ckaHepax 3 BUKOPMCTAHHSIM
BHYTPIIIHLOBEHHOTO (B/B) BBEIEHHSI KOHTPACTHUX PEYOBUH
3 IIPOMEHEBOIO €KCITO3ULIIEI0 B JAiara3oHi 3—5 M3B.

OKpiM B1acHe AiarHOCTUKY TeMOIMHAMIYHO 3HAYYIIINAX aTe-
pockiiepotnyHux ypaxkeHb KA MCKT-KAI 3matHa nocuth
TOYHO KiJTbKiCHO OLIiHIOBaTY aHATOMiYHUIA pO3ITO/iA i CTYITiHb
TSDKKOCTI KOPOHAPHOI'O aTepoCKiIepo3y. 3a JaHUMU iHBa3UB-
Hoi KATI (iKAI), BimomMo 1po 3HaYHe YiTKe TTOTipIIeHHS IIPO-
THO3Y TIpM 30iIbIIeHHI KiJIbKOCTi ypaskeHnx KA [1]. CroromHi
Te came miarBepmkeHe i ;1 MCKT-KAI, 1m0 Mae oco6iBo
CUJIbHY CTOPOHY Y BUIJISIAI JTOCTOBIpHOI cTpaTtucikalii pu-
3MKiB 3aBASIKA CBOIM UYTJIMBOCTI B HiarHOCTULII HEOOCTPYK-

be quantified by volume or mass. Most com-
monly they are described in Agatston units
(AU) which is a semi-quantitative evaluation
incorporating CA calcium density and distribu-
tion features. CC scoring (CCS) is studied in
both patients with suspected angina and asymp-
tomatic ones.

There is still uncertainty regarding useful-
ness of CCS in symptomatic patients, in
whom CC score > 0 has 89—99 % diagnostic
sensitivity (Se) for identifying CA stenosis
> 50 % [7-9]. However, corresponding speci-
ficity (Spe) is rather low — 40 to 59 %. Thus,
CCS is not recommended imaging method in
symptomatic patients with chest pain.
Although MSCT shows that not all AP con-
tain calcium, it was shown that total CC score
offers adequate approximation of individual
overall atherosclerotic process burden com-
pared to pathohistology and CA intravascular
ultrasound (IVUS) data. That is why 2013
ACC/AHA and 2016 ESC guidelines on car-
diovascular prevention state CCS to have
Class IIb in CAD diagnosis [10, 11]. Routine
clinical use CTCA was long postponed by
issues of cardiac motions and high X-ray
exposure, but fortunately today’s advances in
scanners technologies along with prospective
ECG-synchronization allowed to overcome
these obstacles, and appropriate imaging
quality may be reached in 95 % of population
[12]. Cases of poor imaging quality are still
connected to motion artifacts at high heart
rate with dense CA calcifications and coro-
nary stents. These limitations can be mini-
mized by appropriate patient selection and
preparation before scanning, including beta-
blockers (BB) prior administration. Imaging
is conducted on 64-sclice or more MSCT
scanners with intravenous (i/v) contrast
media administration with radiation exposure
in 3—5 mSv diapason.

In addition to significant CA stenoses diagno-
sis CTCA is able to accurately quantify anatom-
ical distribution coronary atherosclerosis severi-
ty. According to iCAG data we know that
increase of CA lesions quantity is clearly pro-
portional to prognosis worsening [1]. Today
same trend is proven for CTCA, too, due to its
sensitivity in non-obstructive CA AP diagnosis
and abilty to characterize additional adverse AP
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TUBHUX KOpoHapHUX Ab i 31aTHOCTI XapakTepu3yBaTy 10AaT-
KOBi HecrnipusTiubi o3Haku Ab. Ak Oyso 3ragaHo Bulle, mna-
ToricTojioriunHi gocimimkeHHs Ta maHi iKAI inenTmdikysamm
psI O3HAaK, 110 MpuTamMaHHi Ab 3 TinBUILIEHUM PU3UKOM pO3-
puBy [1, 2]. Lli 03HaKu KOPEIOI0Th 3 03HaKaMU, sIKi BUSIBIISI-
I0Th ITpY HeiHBa3uBHii Bizyauizaitii mimyac MCKT-KALI, a ca-
Me: IIO3UTMBHUM pemoneatoBaHHIM KA, HU3BKOIO
LITBHICTIO AB, TsiMucTO0 Kanblydikallieo Ta CHMITTOMOM
«napkin-ring sign» («KiTbLg 17151 cepBeTKW») (puc. 4) [1, 2].
ITi3Hile Takox OyJIM onucaHi 3MiHU B CKJIafi TepUBacKYyJIsIp-
Hoi xkupoBoi TKaHnHM mig yac MCKT-KATI, 1110 KopenmoioTs 3
TiCTOJIOTIYHMMU O3HaKaMu 3anajieHHs B Ab Ta € BiIloBiaIo
Ha TapakpuHHy curHajizaiiio [1]. YucaeHHi JoCimKeHHs
MPOJEMOHCTPYBaAJIM acoLiallilo MixK HECIIPUSITIIMBUMUA XapaK-
tepuctukamMu Ab B KA i minBuieHnM pu3nKoM ceprieBo-Cy-
JuHHMX nofii [1]. Kpim Toro, Oys0 onmucaHo neKiibKa 6aib-
HUX IIKaJT OLIHKY IporHo3y. Ha HaiimpocTilmomy piBHi, Iika-
Jla cerMEHTapHOro 3ajydeHHsl «Segment involvement score»

features. This makes risk stratification a special
strength of CTCA. As previously mentioned,
pathohistology and iCAG studies allowed to
identify list of features of coronary AP at higher
rupture risk [1, 2]. These features significantly
correlate with those described at non-invasive
CTCA, namely positive CA remodeling, low
attenuation AP, spotty calcification and «nap-
kin-ring» sign (Fig. 4) [1, 2]. Later on corre-
sponding changes in perivascular adipose tissue
nave also been described at CTCA, correlating
with histological features of AP inflammation as
a response to paracrine signaling [1]. Numerous
studies demonstrated association between
adverse AP characteristics and increased cardio-
vascular events risk [1]. Variety of prognostic
scores have been described. At simpler level the
segments involvement score (SIS) sums the

PucyHoK 4. Hecnpuatnusi xapakrepuctuku Ab KA, wo igeHTudikyiotbca 3a gonomoroio MCKT-KAT

A. Mo3uTMBHE peMoaentoBaHHs, Lo BU3HAYaETbCA sIK 30BHILLHIN aiameTp KA (Benuka nyHKTMpHa fiHis) 6inblie, Hix Ha 10 %
BULLNI 3a cepenHiil giameTp cerMmeHTiB 6e3nocepenHbo NPoKCcUMarbHille (MasieHbka NyHKTUPHA NiHis) Ta auctanbHiwe Ab;
B. Bnswka 3 HU3bKOO LLIAIBHICTIO, L0 BU3HAYaETLCS K doKanbHa LeHTpanbHa 30Ha Ab 3 HM3bKO WinbHICTIO<30 oanHULB
3a XayHcoingom (ctpinka); B. MNnamucTa kanbumdikauig, Wwo BM3Ha4YaeTbCa 9k pokanbHa kanbumodikauis B CTiHUi KA <3 mm
3a MakcumanbHUM giametpom (cTpinka); I Cumntom «napkin-ring sign» — ueHTpansHa 30Ha Ab 3 HM3bKOIO LUiMIbHICTIO Ta 3 ne-
pUdEPINHUM KiNlbLLEM BUCOKOI LWiNbHOCTI (cTpinka) [1].

Figure 4. Adverse CA AP features identified by CTCA

A — Positive CA remodeling defined as outer CA dimeter (large dotted line) 10 % bigger than immediately proximal and distal
to AP mean diameter (small dotted line); B — Low attenuation AP defined as AP focal central zone with signal attenuation den-
sity below 30 Hounsfield Units (arrow); C — Spotty calcification — focaus of calcification within CA wall with maximal diameter
below 3 mm (arrow); D — «Napkin ring» sign — low attenuation AP central zone with high attenuation peripheral rim (arrow) [1].
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(SIS) mincymMoBYye KiTbKiCTh ypakeHUX cerMeHTiB KA, a 1ka-
JIa TSLKKOCTI CTEHO3YBaHHS «Stenosis severity score» (SSS) Ta-
KO 3ajJyJa€ KiIbKiCHY OLIIHKY TSDKKOCTI KOPOHApHMX CTe-
HoziB [1]. HemaBus apantoBana MCKT-1mkana 3a Leaman
BKJTIOYA€ B ceb6e KOMOIHOBaHY OLIIHKY CTYIIEHSI TSKKOCTI CTe-
Ho3iB KA, ypaxxeHoro Miokapaa ta o3Haki Ab BUCOKOTo pu-
3HMKY, 110 AO3BOJISIE Aedali MOKpallUTU CTpaTUdiKallio pu-
3uKiB y xBopux Ha IXC [1, 2]. Bci 11i 03HaK1 BUKOPHUCTOBYBa-
JIUCh B Halliil poOOTi, AO3BOJSIOUM OLIBII TOYHO i CITe-
11pivyHO AiarHocTyBaTu ypaxkeHHs KA.

OpHe 3 HaAWOITBII paHHIX 3aBHaHb TSI BUKOPWUCTAHHS
MCKT-KAI' 6yno moB’si3aHe 3 TIOKpallleHHSIM CTpa-
Tr(iKallii Ta BiZOOPY MaLiEHTIB i3 IMiI03pOI0 Ha CTaOLTbHY
cTeHoKap/ito Ha iHBa3uBHY KA, a nepiii 1oC/TiaKeHHS IbO-
T0 3aco0y Bi3yaJtizalii (poKycyBaImcs Ha JiarHOCTAYHIN TOU-
HOCTI 1I0AO JiarHOCTUKM a00 BUKIIIOUEHHSI OOCTPYKTUBHOI
IXC. doseneni uyrmsictb 93 % Ta crietmdiunicts 96 % Ha
MOCEerMEeHTapHilA OCHOBI TSI BUSIBJIEHHS cTeHO3iB KA > 50 %
[13] y cMMIITOMHUX MAIliEHTIB 3 TOMipHOIO BipOTiTHICTIO
ooctpyktuBHoi IXC mepen TecToM 3 HEraTMBHOIO MPEIUK-
tuBHOMO 1iHHicTIO (HITLI) Bin’emHoro pesyasraty MCKT-
KATI > 95 % [14]. Ha ocHOBIi pe3y/bratiB 1IUX JOCTIIKEHb
MCKT-KAI 6yna BBeeHa B MixKHapOIHiI peKOMEHIaIlil STK
METOJ, MPUIHITHO JOCTOBIpPHOI HEiHBA3MBHOI Bi3yamizallil y
BiIOBIAHO BifiOpaHux mauieHTiB [1, 4, 15]. Pe3ynbratu Ha-
1LIOrO AOCTIMKEHHS LIJIKOM MiATBEPIXKYIOTh aHi CBITOBUX
JIOKA30BYX JAHWX Ta peKOMEHAALIM, 110 JO3BOJISIE BBAXKATH i
BUKOPHMCTOBYBAaTH cydacHi reHepauii 640-3pizoBoi MCKT-
KAI' nosHoro ansrepHatuBoto IKAIT B agiarHocTuii
XpOHIYHUX cTabinbHUX (popM IXC 3 HAIBUCOKOIO MPOTrHOC-
TUYHOIO TouHicTIo MeTomy (AUC = 0,99; p < 0,0001).

TakuM 4yrMHOM, IS OTPUMAaHHS MaKCUMaJIbHOI Ta IIOB-
HOLIiHHOI iH(hopMallii 1100 CTaHY KOPOHAPHOTO pycJia y XBO-
pux Ha pi3Hi popmu IXC 3 MeTo0 ONTUMAIbHOI CTpa-
TAdIKaLl pU3UKY i BU3HAYEHHS TAKTUKK Ta 00’ €My BTpyJ4aHb
3 METOIO peBacKyJsIpy3allii HeoOXigHUM € TipoBeaeHHsT KAT.
IBrakuit TexHiYHWIA Tporpec y po3BUTKY HoBux KT-cka-
HepiB 3i 3HAUHUM yIOCKOHAJICHHSIM ITOCTIIPOLIECUHTY 300pa-
JKeHb Tipr3Benn 1o peBosmorii B MCKT-Bisyamizariii cepud i
CYIMH, 10 3pobwmio Gararo3pizoBy (640 3pi3iB B HalIOMY
nocnimkeHHi) MCKT-KATD (aktnyHOw ansTepHaTUBOIO
iKAI 3a paxyHOK HaIBUCOKOI 1iarHOCTUYHOI TOYHOCTI 32 Ha-
MU JAHUMH, 1110 LIIJTIKOM 30ira€Thbcsl 3 HaIBHUMM JOKa30-
BUMU gaHumu [1, 2, 7,9, 10, 16], 1110 103BOJISIE BUCOKOTOUYHY
JliarHOCTUKY ypaxkeHb KA pa3oM 3 feTaibHOI0 (heHOTUTIOBOIO
XapaKTepH3alli€l0 KOPOHAPHOTO aTepOCKIICPO3y i CYIYTHIX
ypaXkeHb CepIIsl Ta MariCTpaIbHUX CYIMH.

BUCHOBKU
Pesynbratu xiabkicHoi OKK g yac 640-3pizoBoi MCKT
JIO3BOJISIIOTh 3 BMCOKOK JI0JICKO BipOTiZHOCTI 3aMigo3puTu

number of damaged CA segments, while stenosis
severity score (SSS) also includes stenotic sever-
ity [1]. Recent MSCT-adapted Leaman score
includes combined evaluation of CA stenosis
severity, damaged myocardium at risk and high
risk AP characteristics, allowing to improve
risks stratification in CAD patients [1, 2]. All
these symptoms were used in our study, allow-
ing more accurate and specific coronary lesions
diagnosis.

One of the first tasks for CTCA was related to
stratification improvement in selecting patients
with suspected stable angina for invasive coro-
nary angiography (iCAG), while first studies of
this imaging method focused on its diagnostic
accuracy or excluding obstructive CAD. Per-
segment imaging of CA stenoses > 50 % [13] in
symptomatic patients with moderate obstructive
CAD probability before test proved to have 93 %
Se and 96 % Spe with negative predictive value
(NPV) of negative test result > 95 % [14]. Such
studies results allowed to approve CTCA as a
method of a reasonable accurate non-invasive
imaging in appropriately selected patients by
contemporary international guidelines [1, 4, 15].
Our study results fully confirm existing evidence
data and guidelines allowing to consider and
apply modern generations of 640-sliced CTCA
as a complete alternative to iCAG in stable CAD
diagnosis with extremely high prognostic method
accuracy (AUC =0.99; p < 0.0001).

Therefore, CAG is necessary method in cases
of CAD patients for maximum and comprehen-
sive information regarding CA lesions situation
for optimal patients stratification treatment
strategy and revascularization indications defin-
ing. Rapid technologies advances in newer CT
scanners development with significant imaging
postprocessing improvement lead to revolution
in MSCT heart and CA imaging, making multi-
sliced (640-slice in our study) CTCA a true
iCAG alternative according to our results, sup-
ported by existing evidence in press [1, 2, 7, 9,
10, 16]. It allows highly accurate CA atheroscle-
rotic lesions diagnosis along with detailed coro-
nary and big vessels atherosclerosis phenotype
characterization.

CONCLUSIONS
Quantitative CCS results by 640-slice CTCA
allow high accuracy in suspecting stable CAD
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ctabinbHi popmu IXC 3a paxyHOK BUCOKOI KOpeJIsilii 3 1a-
HUMHU CYMM HaNOiIbIIMX 3BYXXEHb IPOCBITY B KOXHIl 3
marictpanbHux KA (r= 10,73, p <0,0001) 3a nanumu iKAT,
npuyomy Kl rmporpecuBHO 3pocTae 3 BiKoM, paHillle y 40-
JIOBIKiB, BiZOMBalOYM IPOTPeCyBaHHSI aTEPOCKIEPOTUY-
Hux 3MiH B KA. MCKT-KATI Ha 640-3pizoBoMy CKaHepi €
0e3MeYHUM Ta HAATOYHUM METOIOM KiJIbKiCHOI /iarHoc-
TUKU ypaxkeHb KA 3 BU3HaUeHHSIM reMOAMHAMIYHOI 3Ha-
yyniocTi cteHo3iB KA, 3ictaBHuM 3 nannumu iKAI 3 myke
BUCOKOIO miarHocTuyHOIo TouHicTio (AUC 0,99; OR
>>1000, p < 0,0001). MoxnMBiCTh BimOOpy XBOpMX Ha
XipypriuHy peBacKyJspu3alilo micist 0arato3pizoBoi
MCKT-KATI 6e3 ogHovyacHoi iKAI' 3 MeTor0 3MeHIIEHHS
PU3MKY YCKJIamHEHb i IPOMEHEBOIO HaBaHTaXKEHHS Ha
naiieHTa Ma€e OyTU JOCTiIKeHO JOKAa30BO B MaliOyTHHOMY.

KoHdniKT iHTepeciB
ABTOpPH AEKIapYyIOTh BiACYTHICTh KOH(JIIKTY iHTEPECIB.
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