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PE3IOME

AxTyanbHicTb. [OWMPEHICTb Y CBITi aCUMNTOMHOIO KapoTMOHOrO CTEHO3y MoTpebye
iCHYBaHHs1 anroputMy Ans BM3HAYEHHS Naui€eHTIB 3 BMCOKMM PU3MKOM iLLIEMiIYHOro
iHcynbTy. OuiHka KapoTuAHOI atepocknepoTuyHoi 6nswkn (AB) Ha ocHoBI Ti Mmopdbonorii
Ta cknaay, Ha AoAATOK A0 KiMbKiCHOro napameTpa «CTeHO3», MOXNMBa 3a AOMOMOrol
KOMMIEKCY pafionoriyHMX AOCNIMKEHb, 30KpeMa, ynbTpacoHOrpadivyHmnx, sKi MOXyTb
OyTu nornmbneHi HOBMMM yNbETPa3BYKOBUMW TEXHIKaMMU.

MeTta po6oTu — BM3HAUMTU ynbTpacoHorpadivHi KpuTepii Bpas3nMBoi KapoOTUAHOI
ONAWKN Ha nigcTaBi OLUHKM XapakTepUCTUK OMALWKM 3 BUKOPUCTAHHSIM Cy4acHWUX
YNbTPa3BYyKOBUX TEXHIK.

Marepiann ta Metogu. Po6oTta 6asyeTbcsl Ha aHanisi gaHux 105 nauieHTiB, BikOM
41-84 pokn, skum 3a JdaHumy  ynetpacoHorpadii  (YC) BCTaHOBNEHO CTEHO3
BHYTPILWHBbOI COoHHOI apTepii (BCA). Metoan obcTexeHHs — KniHiYHi, gynnekcHa YC
3 BKIIIOYEHHSIM TEXHIK «4y4OBOro MikpoBacKymnsipHOro 3obpaxeHHsi» (SMI) ana susie-
neHHs1 MikpoBackynspu3auii 6nswkM Ta enactorpadii 3cyBHoi xBuni (SWE) ans
OULjiHKM >xopcTKocTi bnsawkn, MPT ronoBHoro mo3ky, MCKT-aHriorpadis (MCKTA),
ctatuctnyHi. CchopmoBaHO 2 3icTaBnioBaHi 3a BIKOM rpynu: rpyna 3 CUMNTOMHUM
kapoTuaHum cteHosom (CKC) — 55 nmauieHTiB, Ta rpyna 3 acCMMNTOMHUM KapoTUOHUM
cteHo3oMm (AKC) — 50 nauieHTiB.

Pe3ynbratn Ta ix o6roBopeHHA. CTaTMCTUYHO 3HA4YMMi BigMiHHOCTI B rpynax CKC
Ta AKC BCTaHOBNEHO 3a TakMMK XapakTepuUCTUKamn KapoTUOHMX OnswoK: KinbKiCHi
KpuTepii — makcumanbHa ToBwMHa AB (p = 0,02), y rpagauii ToBwMHa AB
Oinbwe 3,5 MM — pu3nK iHCYnbTY nigBuwyeTbes B 2,2 pa3n (p = 0,03), cTyniHb
cteHo3yBaHHs BCA 3a npotokonom NASCET (p = 0,01 no npagin BCA), nokasHuk
winbHocTi 6nawkn 3a gaHummn SWE (p = 0,001); sikicHi kpuTepii — exo-Tun 6nsaLwkm
3a knacudikauieto Gray-Weale (p = 0,001), HasiBHICTb MikpoBacKkynsipusauii 3a ga-
HuMmM SMI (p = 0,04). BctaHOBNEHO KOpensiyinHi 3B’si3KM MiXK MOKa3HWKaMW XOPCT-
kocti Ab 3a gaHumun SWE ta MCKTA (p = 0,60; p = 0,004), 3a gaHumun SWE
Ta exo-tunom Ab (1 = 0,56; p = 0,006).

BucHoBku. B komnnekc pagionorivyHoi OuiHKUM KapoTUAHMX CTEHO3IB 3 BUCOKMM pU3M-
KOM ilemivyHuxX nogin Ao ctaHgapTHux YC KpuTepiiB OUiHKM CTyMeHsl CTEHO3y Ta exo-
Tvny AB gouinbHO AodaTv BM3HAYeHHS TOBLUMHM 6nswku Ginbwe 3,5 MM, HU3bKY
XKOPCTKICTb Bnsiwkm 3a gaHumm SWE, HasBHICTb MikpoBackynsipu3adii 3a gaHumm SMI.

moba M.B., Oepkay B.B. 3Hauyulictb ynbTpacoHorpadidyHux KpWUTepiiB y KOMMMEKCHIA pagionorivHin  ouiHLi
KapOTMOHUX CTEHO3IB «BUCOKOTO PU3NKY». YkpaiHCcbkull padionoeidHuli ma oHkonoeiyHul xypHarn. 2024. T. 32. Ne 2.
C. 176-188. DOI: https://doi.org/10.46879/ukroj.2.2024.176-188
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ABSTRACT

Background. The prevalence of asymptomatic carotid stenosis (ACS) requires the
existence of an algorythm to identify patients at risk of ischemic stroke. Assessment
of carotid atherosclerotic plaque (AP) based on its morphology and composition
in addition to the quantitative parameter «stenosis» is possible using a complex
of radiological studies including ultrasonographic ones, that can be deepened by
new ultrasound techniques.

Purpose — define ultrasonographic criteria for vulnerable carotid plaque based on
evaluation of plaque characteristics using current ultrasonic techniques.

Materials and methods. The study is based on the analysis of data obtained from
105 patients aged 41 to 84, diagnosed with stenosis of the internal carotid artery (ICA)
according to ultrasonography (US). Examination methods — clinical, duplex US
with the inclusion of shear wave elastography (SWE) and superb microvascular
imaging (SMI) techniques to assess plaque stiffness and plaque microvascularisation;
brain MRI, MSCT angiography (MSCTA), statistical. Two age-matched group were
formed: a group with symptomatic carotid stenosis (SCS), 55 patients, and a group
with asymptomatic carotid stenosis (ACS), 50 patients.

Results. Statistically significant differences in the groups of patients with and without
stroke were determined according to the following parameters of carotid plaques:
quantitative criteria — maximum thickness (p = 0,02), with an AP thickness of more
than 3.5 mm, the risk of stroke increases 2.2 times (p = 0,03), stenosis degree accor-
ding to the NASCET protocol (p = 0,01 in the right ICA), plaque stiffness indicator
according to SWE data (p = 0,001); qualitative criteria — type of plaque echogenicity
according to the Gray-Weale classification (p = 0,001), presence of microvasculari-
zation according to SMI data (p = 0,04). Correlation of AP stiffness indicators
according to SWE and MSCTA data (p = 0,60; p = 0,004) was established, as well as
between AP stiffness according to SWE data and echo- type of AP (1 = 0,56; p = 0,006).
Conclusions. Determination of plaque thickness greater than 3.5 mm, low plaque
stiffness according to SWE data, the presence of microvascularization according
to SMI data it is advisable to add to the complex of radiological assessment of
carotid stenosis with a high risk of ischemic events, in addition to the standard US
criteria of stenosis degree and AP echo-type.

Globa MV, Derkach BV. The significance of ultrasonographic characteristics in the comprehensive radiological
assessment of «high risk» carotid stenoses. Ukrainian journal of radiology and oncology. 2024;32(2):176-188. DOI:
https://doi.org/10.46879/ukroj.2.2024.176-188
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BCTYN

MowmnpeHicTb acCMMNTOMHOIO KapOTMAHOIO CTEHO3Y
(AKC) 3i 3ByxeHHsiM npocBiTy noHag 50% y nauieHTiB
Bikom Big 30 oo 79 pokiB, 3a gaHumu rnobanbHOro meta-
aHanidy 2020 poky, ctaHoButb 1,5% (95% OI 1,1-2,1),
i ue osHavae 36inbweHHa Ha 59% 3 2000 poky [1].
Taki gaHi nigkpecnowTb akTyanbHICTb MUTaAHHA iCHY-
BaHHA anroputMy Ans BM3HA4YeHHs1 nauieHTiB 3 AKC
3 BUCOKMM PU3MKOM iLLIEMIYHOIO iIHCYNbTY.

Migpxoogn po ouiHkm AKC nuwe 3a cTyneHem
CTEHO3yBaHHA MPOCBITY CyAMHW B acnekTi IiKkyBaHHS
Ta NPoiNakTUKN OCTaHHIM 4YacoM 3MiHTbCs. CydyacHi
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INTRODUCTION

The prevalence of asymptomatic carotid stenosis
(ACS) with a narrowing of lumen of more than 50%
in patients from 30 to 79 y.o0. according to the 2020
global meta-analysis is 1.5% (95% IQR 1.1-2.1), and
this means an increase by 59% since 2000 [1]. Such
data highlight the relevance of the existence of a vali-
dated algorithm used to identify patients with ACS at
high risk of ischemic stroke.

Approaches to the assessment of ACS only by the
degree of stenosis of the vessel lumen in the aspect of
treatment and prevention have recently been changing.
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HeiHBa3MBHIi MeTOAM Bi3yanisauii CTEHO3iB  COHHUX
apTepii NpoAEeMOHCTpyBanu CBOK 34aTHICTb XapakTe-
pu3yBaTy 0COBNMBOCTI aTepOCKNEpPOTUYHUX brisitok (AB)
SIK NpeaukTopiB ManbyTHIX ilemidHUX nogdiid, NpPonoHy-
04N 3HAYHWUA BHECOK Yy cTpaTuddikauilo rpyn puUsmky.
PekomeHgaujii 3 KniHiYHOT NpakTukn €BPONencbKoro
ToBapucTtea Kkapgionoris 2017 p. pagaTb ouiHOBaTH
Ha pgopaTtok Ao ctyneHs AKC xapaktepucTuku 306pa-
KEHHs1 ONsILOK, AKi MOXYTb BKadyBaTW Ha NigBULLEHWUIA
pu3uK incunatepanbHoro iHcynety. Ciogn BXOAsiTb,
cepen HWOrO, BHYTPILUHLOONSLWIKOBMA  KPOBOBUMNMB
abo 3b6arayeHe ninigamMuM HeEKPOTMYHE $SOPO — Ha
MarHiTHO-pe3oHaHcHi Tomorpadii (MPT), i Benuki exo-
nposopi OnsawkM abo  36inblUEHHS  TiNOEeXOreHHUX
JiNsHOK — Ha yNbTPa3ByKOBOMY AOCHiAXeHHI [2].

Y KNiHIYHMX NpaKTUYHUX pekoMeHaauisx €sponen-
CbKOro ToBapucTtea cyauHHoi xipyprii (ESVS) Haronowy-
€TbCSl Ha BaXNUBICTb OUIHKM BpPa3nNuMBOCTi OnsLwokK.
Tak, pekomeHgauii ESVS 2017 p. 6ynu nepwwvmu, Lo
3anponoHyBanu  KniHiyHi/BidyanizauinHi  kputepii  ans
BUSIBMEHHSA BULLIOMO PU3MKY iHCYMbTY B KOropTi nauieHTiB
3 AKC, ki oTpumyloTb MeAMKaMeHTO3HY Tepanito, i AKuX
MOXHa HauinuTh Ha peBackynsapu3saduito. [peacrasneHi
WiCTb KPUTEPIiB «BMCOKOrO pU3MKY iHCYnbTy» Oynu nig-
TBEPMKEHI MeTa-aHanizom 64 obcepBauiiHUX pocnia-
xeHb 2020 poky, B KOMY OTpMMaHO HOBi JaHi Ta 3a-
NPONOHOBAHO [OeB’ATb KpUTEpIiB «BUCOKOTO PU3NKY»
y naujieHTiB 3 AKC. BoHu Bkntoyanu HasiBHIiCTb ninigHoro
abo HEeKpPOTUYHOro sapa, OTOMEHOro PiBPO3HOK TKaHW-
HOIO 3 MOXNMBOK Kanbuudikauiero 3a gaHumn MPT,
wo signosiganu IV-V Tnnam 6rsilku 3a MopdororiYHo
knacudikauieto AMepuKaHCLKOI KapaionoriyHoi acouia-
uii (AHA); 6nswky VI Tuny 3a AHA 3 noBepxHeBum aedek-
TOM, KpoBoBMnMBOM abo TpomGom 3a gaHumu MPT;
€X0npo30piCTb BSILLKM; BENNKE HEKPOTUYHE AApO, Garate
ninigamu; «HIMUAY» iHapKT MO3KY; TOHKMI/PO3ipBaHUi
hibpo3HMI  kOoBNaYoK; BUpaska OnsLWKM; BHYTPILLHLO-
ONsILLKOBUIA  KPOBOBWUMMB, MOPYLUEHHS LiepebpoBacky-
NSpHOiI  peakTUBHOCTI | CnoHTaHHa Mikpoembonisauis
3a AaHnMK TpaHcKpaHianbHoi gonnneporpadii [3].

PekomeHgauii ESVS 2023 p. nocunatTbCa Ha AaHi
MeTa-aHani3iB 3 KhNiHiYHUX Ta Bi3yanbHUX YWHHUKIB
NigBULLEHOr0 pPU3UKY Mi3HLOro IHCYNbTY B MauieHTiB
3 AKC 3i ctyneHem cteHo3dy noHag 50%. Cepen Hux
npeacrtaeneHi, 3okpema, ynbrpacoHorpadivHi  (YC)
YMHHWUKN — €XOMPO30pIiCTb BrisiLLKK, Ska NiABULLYE PU3KK
iwemivyHoi nogii B 2,6 pasn, NOPIBHAHO 3 €XOLLUiNbHOW
AB, a TakoX Benuka nnowa Onawku y nauieHTis
3i creHo3om noHag 70% 3 MiABULLEHHAM PU3KKY
B 2,0-5,8 pa3u BignosigHo 36inbleHHO nnowi ABb
Ginble 40 Ta 80 mm? BignosigHo [4].

HesBaxatoum Ha iCHyKO4i CMCTEMU OLIHKM OKpemMmx
moganoHocTe AB (Hanpuknag, moamdikoBaHi TuUnu
ypaxxeHb AHA gna MPT, ouiHka kapoTugHux 6nsiwok
Ons yneTpasByKOBOro AOCHIMKEHHS), yHiBepcanbHOI Kna-
cudikauii onsa pisHuX BidyanbHWX MeToAdiB ouiHkM Ab
He icHye. BukopucrtoBylouu nigxia MynsTMMOZAnbHOroO
aHanisy rpyna ekcnepTiB Bu3Hana HeoOXigHICTb po3-
pobkn cuctemmn knacudikauii kapoTuaHoi Gnsawkm Ta i
BM3HaYanbHUX XapaKTepUCTUK 3 METOK CcucTeMaTu-
3auii Bi3yanbHOI OUiHKM Ta 3BIiTHOCTI. 3anponoHoBaHa
knacudikauis Plaque-RADS 3anpoBagXye OLiHKY Ts-
KOCTi aTepOCKINEPOTUYHOIO YpaXKeHHs1 Ha OCHOBI MOpdO-
norii Ta cknagy kapotuaHoi Ab Ha gogaTok 4O KinbKiCHOro
napameTpa «CTEHO3» 3a [0MNOMOrOK KOMMIEKCYy pafio-
NOriYHMX  JOCHigXeHb, L0 BKIOYAKTb  YNbTPasByK,

Current non-invasive carotid stenoses imaging tech-
niqgues have demonstrated their ability to characterize
atherosclerotic plaque (AP) features as predictors of
future ischemic events, offering significant contribution
to risk group stratification. The 2017 European Society
of Cardiology Clinical Practice Guidelines advise
assessing, in addition to the degree of ACS, the
characteristics of plaque imaging, which may indicate
an increased risk of ipsilateral stroke. This includes,
among other things, intraplaque hemorrhage or lipid-
enriched necrotic nucleus in magnetic resonance ima-
ging (MRI) and large echotransparent plaques or
enlargement of hypoechogenic sites in ultrasound (US)
examination [2].

Clinical practice guidelines from the European Society
for Vascular Surgery (ESVS) emphasize the importance
of assessing plaque vulnerability. Thus, the 2017 ESVS
recommendations were the first to propose clinical and
imaging criteria to identify a higher risk of stroke in
a cohort of patients with ACS who can be targeted for
revascularization. The 6 «high risk stroke» criteria
presented were supported by the meta-analysis of
64 observational studies in 2020, which obtained new
data and proposed 9 «high risk» criteria in patients
with ACS. These included the presence of a lipid or
necrotic nucleus surrounded by fibrous tissue with
possible calcification shown by MRI data consistent
with V=V plaque types according to the morphological
classification of the American Heart Association (AHA);
VI-type plaque according to AHA with surface defect,
MRI-registered hemorrhage or blood clot; plaque
echotransparency; a large necrotic nucleus rich in
lipids; «mute» brain infarction; thin/ruptured fibrous
cap; plaque ulcer; intraplaqgue hemorrhage, impaired
cerebrovascular reactivity and spontaneous microem-
bolization according to transcranial dopplerography [3].

The 2023 ESVS guidelines cite data from meta-
analyses of clinical and visual factors of increased risk
of late stroke in patients with ACS with a stenosis degree
higher than 50%. Among them, ultrasonographic (US)
factors are presented — plaque echo-transparency,
which increases the risk of an ischemic event
2.6 times compared to echodense AP, as well as
a large plaque area in patients with a greater than
70% stenosis and a 2.0-5.8 times risk increase [4].

Despite existing assessment systems for individual
AP modalities (e.g. modified AHA lesion types for MRI,
carotid plaque assessment for US), there does not exist
any universal classification for different visual methods
of AP assessment. Using a multimodal analysis
approach, a team of experts has proposed a classifi-
cation of the carotid plaque and its defining characte-
ristics for the purpose of systematization of visual
assessment and reporting. The proposed Plaque-RADS
classification introduces an assessment of the severity
of atherosclerotic lesion based on the morphology and
composition of carotid AP in addition to the quantitative
parameter «stenosis» with the help of a set of radiolo-
gical studies involving ultrasound, multispiral computed
tomographic angiography (MSCTA) and MRI, with
categories from 1 (complete absence of plaques) up
to 4 (a complicated plaque).The criteria for plaque
evaluation include maximum wall thickness, a fibrous
cap; intraplaque hemorrhage; lipid-saturated necrotic
nucleus, as well as « additional signs» of plaque vul-
nerability, namely inflammation and neovascularization
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MynbTUCHipanbHy KOMM'IOTEPHY ToMorpadidHy aHriorpa-
dito (MCKTA) ta MPT, 3 kateropiamu Big 1 (noBHa Bia-
CYTHiCTb 6nsilwkn) oo 4 (ycknagHeHa bnsiwka). Y kputepil
OLiHKM OMsILLKM BKIOYEHO MaKCUMaribHy TOBLUWHY CTiH-
K1, piGpOo3HMIA KOBNaK; BHYTPILUHLOOMSILLKOBUIA KPOBOBK-
NYB; HacuyeHe ninidaMmuM HEKPOTMYHE SIAPO, a TaKoX
«OOMOMiXKHI  O3HaKku» BpPa3NMBOCTI OGNAWOK, a came
3ananeHHs i HeoBacKynsipusauis OnswoK, MNo3MTUBHE
pemoaerntoBaHHA COHHOI apTepii, MporpecyBaHHs CTe-
Ho3y Ta kanbuudikauisa, wWo MoxyTb OyTv goaaHi
no karteropin 3 Ta 4 [5].

Ha ocHoBi npegctaeneHoro nigxogy YC aiarHocTtuui
cepeq pagionoriyHmx metogie ouiHkm AB nignsraioTb
kateropii 3 2 go 3a, iHWi BM3Ha4alTbLCA 3 MiOKNHOYEH-
HAM MPT Ta MCKTA [5]. Tak, YC ouiHUi 3 OCHOBHMX
KpuTepiiB  OOCTYMHi: MakcumanbHa TOBLUMHA CTiHKU
(ToBwmHa AB), sika po3rnsgaeTbecsa B Kateropisax 4o 3 Mm
Ta = 3 MM, OCTaHHIO PO3MsAAalTb K Taky, WO niaBu-
Wye puU3MK YCKNagHeHb, TOBCTUIA pibpo3HUii KoBnak
(nokpuLKa), 30Ha HWU3bKOI LWINBHOCTI, 9Ky MOXe nped-
CTaBNSATU HacuyeHe ninigamy HekpoTudHe sapo abo
BHYTPILUHEOOMNSALWIKOBANA  KPOBOBUNMB. 3 JOMOMDKHUX
KputepiiB TpaguuinHa YC 3gatHa ouiHMTM Kanbuudika-
Lit0 Ta NO3UTUBHE PEMOLENOBAHHS.

Btim, cyuvacHi YC TexHikM nornmbnioiTb AiarHoc-
TUYHI  MOXIMBOCTI CTPYKTYpPHOI XapakTepuctukn Ab
Ta 34aTHi JONOBHUTY TpaauLinHy YC OLiHKY.

loeHTuikauis BpasnuBOi  KapoTUAHOI ORsAWKM €
6aratoobiusounM KNiHIYHUM 3acCTOCYBaHHSIM enacTorpa-
oii 3cyBHoi xBuni (Shear Wave Elastography — SWE).
HocnigkeHHs NokasyloTb  XOpOLy  BiATBOPIOBAHICTb
Ta MNOTEHUINHY KniHiYHY kopucTb Mogyns HOHra, noro
Kopensuii 3 sikicHoto ouiHkoto AB y B-pexumi 3a wkanoto
Gray-Weale. NpogeMOHCTpOBaHO, WO 3HAYHO HUXKYUN
moaynb HOHra cnoctepiraBca B Ab 3 KkpoBoBMnMBaMu
abo Tpombamu BcepeauHi, KpiM TOr0 BU3HAYEHO
acouiauito HU3bKMX 3HayeHb moaynsa KOHra 3 iwemiy-
HUMK nofisimm [6], TOBTO XapakTepucTmKa XopcTkocTi Ab
3a gaHumn SWE moxe po3rnsgatucb siK iHCTPYMEHT
Ans OUiHKKM 1T NoTeHUinHOT HecTabinbHOCTI.

Bisyanizauis HOBOYTBOpPEHMX BHYTPUONSLUKOBUX Cy-
OWH (HeoBacKynsipuMsauisl) OCTaHHIM 4acom po3rnsga-
€TbCA SK MOXNMBUIA dakTop i HecTabinbHOCTI i K
NOTEHLiNHE [XXeperno BHYTPILIHbOGMNSALWKOBOrO KpOBO-
BunuBy [7]. 3BuualHi OONMNMEpiBCbKi  AOCNIMKEHHS
3anobiraoTb Bidyanisauii ApiOHMX CcyauH, BBaXaeTbCs,
Lo ouiHka MikpoBacynsapu3sadii Ab moxnvBa 3a Aonomo-
roro koHTpacTtHoi YC [8].HoBa YC TexHika «4ygoBOro
MiKpOBacKynsipHoro  3obpaxeHHsi»  (superb  micro-
vascular imaging — SMI) posBonse igeHTUdikyBaTn
HU3bKOLUBMAKICHI cuUrHanu notoky ©6e3 BUKOPUCTaHHSA
yNbTPa3ByKOBOrO KOHTpacTty, pesynsratu SMI-Bizyani-
3aLii cniBBIAHOCATLCH 3 OLHKOK HOBOYTBOPEHWUX CYAMH
Npw riCTONOriYHOMY AOCRiAXeHHi [9].

3Baxaloun Ha TexHiYHy CKnagHiCTb PYTUHHOrO 3a-
ctocyBaHHa MCKTA ta MPT gnsa ouiHkM BpasnuBOCTI
kapotugHoi AB, nepcnekTMBHUM Moxe OyTu BUKOpMC-
TaHHs HoBux YC TexHik SMI, SWE nopsg i3 3actocy-
BaHHAM TpaauuinHux YC kputepiis.

MeTta po6oTM — BU3HAYUTM ynbTpacoHorpadidHi
KpuTepii Bpasnueoi KapoTuaHO! OnswkM Ha nigcTasi
OLiHKM XapaKTePUCTUK BMSALIKA 3 BUKOPUCTAHHSAM Cy4ac-
HUX YNbTPa3BYKOBMX TEXHIK.

of plaques, positive carotid remodeling, stenosis pro
gression and calcification, which can be added to
categories 3 and 4 [5].

On the basis of the presented approach, among
the radiological methods of AP assessment, categories
from 2 to 3a are subject to US diagnostics; others are
determined with the help of MRl and MSCTA [5]. Thus, the
following main criteria are available for US assessment:
the maximum wall thickness (AP thickness), which is
considered in categories up to 3 mm and =23 mm, where
the latter is considered to be increasing the risk of
complications; a thick fibrous cap, a low-density area
that may be represented by a lipid-saturated necrotic
nucleus or intraplaque hemorrhage. Of the auxiliary
criteria, traditional US is able to evaluate calcification
and positive remodeling.

However, modern US techniques deepen the diag-
nostic capabilities of the AP structural characteristics and
are able to complement the traditional US assessment.

The identification of the vulnerable carotid plaque is
a promising clinical application of shear wave elasto-
graphy (Shear Wave Elastography — SWE). Studies
show the potential clinical benefit of Young’s modulus,
its correlation with a qualitative B-mode AP score on
the Gray-Weale scale. It has been demonstrated that
a significantly lower Jung modulus was observed in AP
with hemorrhages or blood clots inside. Besides, the
association of low Young modulus values with ischemic
events [6] was determined, that is, the characteristics
of AP stiffness according to SWE data can be considered
as a tool for assessing its potential instability.

Imaging of neoplastic vessels (neovascularization)
has recently been considered as a potential source of
intraplaque hemorrhage [7]. It is believed that the
assessment of AP microvascularization is possible
with the help of contrast US [8]. The new US technique
of «superb microvascular imaging» (SMI) allows you to
identify low-speed flow signals without the use ultrasonic
contrast; the results of SMI imaging are correlated
with the assessment of newly formed blood vessels in
a histological study [9].

Due to the technical complexity of the routine use
of MSCTA and MRI to assess the vulnerability of the
carotid AP, the use of new US techniques of SMI
and SWE along with the use of traditional US criteria
can be promising.

Objective — define ultrasonographic criteria for
vulnerable carotid plaque based on evaluation of plaque
characteristics using current ultrasonic techniques.
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MATEPIAAU TA METOAU AOCAIAXXEHHSA

Po6GoTta 6a3yeTbcs Ha aHanisi gaHux 105 nauieHTis
Bikom 41-84 poku, cepegHin Bik 67,1 + 10,1 (Me = 69,0;
IQR: 59,0-74,0), nepeBaxanu Yonosiku — 79 oci6 (75,2%).
MauieHTn obcTexeHi Ha 6Gasax: HauioHanbHOro Hayko-
BOro ueHTpy IHcTuTyTy Kapgionorii imeHi M. . Ctpaxecka,
MeawnyHoro ueHTpy «CoHonand» ta KomyHanbHoro He-
KomepuinHoro nianpuemctea KuiBcbkoi obnacHoi paam
«KniBcbka obnacHa kniHidHa nikapHsa» y 2020-2024 pp.
Komnnekc pgocnigxeHb BKMNOYaB OLiHKY KIrliHIKO-aHaM-
HECTUYHUX [aHUX, YNbTPa3ByKOBE [JYMNeKCHe cKaHy-
BaHHA (Y3OC) maricTpanbHUX CyauH LWKi 3 BUKOPUCTaH-
Ham Y3 cuctem Toshiba Aplio 400 i Canon i800, MPT
ronosHoro Mo3ky Ta/abo MCKT ronoBHOro Mo3Ky
3 METOH BM3HAYEHHSI CUMMNTOMIB Ta pagionoriyHnx o3Hak
iLuemiyHoro iHcyneTy. 24 nauieHTam y roctpomy nepiogi
iHCYNbTY BMKOHaHO 3a nokasaHHsamMu MCKTA cyauH wui
Ta ronosHoro Mo3ky (MCKT GE Revolution EVO,
DLP =2430 mGy-cm). Y gocnigyxeHHsi BKNoYeHi nauieHTn
i3 BCTAHOBMEHMM CTEHO30M BHYTPILUHbOI COHHOI apTepii
(BCA) 3a gaHumu gynnekcHoi YC, ouiHka nposoaunach
3a CTaHOApPTHOK METOAMKOK 3 BM3HAYEHHSIM CTYMNEeHsi
cTeHosy 3a npotokonom NASCET [4], BkntoveHi nauieHTu
3i ctyneHem cteHo3dy BCA noHag 20%. Y BocnimKeHHs
He BKMYanM MauieHTiB 3 MOpYLIEHHAMW CepLEeBOro
pUTMY 3 METOK BWKIKOYEHHS KapgioemboniyHoro nig-
TUNY iLEeMIYHOrO IHCYNbTY.

3a ponomoroto gynnekcHoi YC ouiHioBanu nnaHi-

METPUYHY Ta reMoAMHaMiYHy CKNnaJoBy CTEHO3IB.
BusHavyanu makcumanbHy TOBWMHY AB, xapakTte-
pusy-sanu exo-tunn  AB  BignosigHo  knacudikauii

Gray-Weale [10].

BnpoBagxeHi HoBi TexHikn ouiHkn AB [ogaTkoBo
no TpaguuinHnx pexumisa YC. TexHika enactorpadii
3cyBHOi xBuni (SWE) 3actocoBaHa Ans BW3HaAYeHHS
LWiNbHOCTI GNsILLKK, OUiHIOBaBCS NMOKasHUK Moaynb FOHra
B klMa. BukoHyBanu 3anponoHoBaHi pekoMeHAauii ans
OTPMMaHHSA ONTMMarnbHOI Bidyaniszauii B NOB3A0BXHOMY
ckaHi [11]. TexHiyHi moxnusocTi ouiHkn AB 3a pgono-
moroto SWE 6ynu cnpustnueumn ans 84 nauieHTiB,
ouiHoBanu AB 3 sikicHoto Bidyanisauieto, 6e3 BUpaxeHoi
Kanbumdikauii. CTaHgapTM3yBanu HanalwiTyBaHHS CKa-
Hepa ana SWE: konipHun pianason (0-180 «lla),
akyctmyHa notyxHicte (0,0), nocuneHHs (70-90%).
O6upanu 3oHy iHTepecy SWE (ROI) 3 nokputtsam BCiei
OnsAWKM 3i CTiIHKOK COHHOI apTepil Ta M'SKUMKU TKaHW-
Hamum nobnudy B ABa-Tpu pas3un Ginbwe po3mipy AbB.
KonipHy kapty SWE ouiHioBanu 3a TakMmu napamet-
pamMu: CUHI konip Ans BiooGpa)keHHs1 HU3bKOro Moayrs
lOHra (M’sikniA), YepBOHUI KOMip — ANsi BACOKOrO MoAyns
lOHra (>xopcTkuMI).

TexHika «4ygoBoi MiKpoCcyaMHHOI Bidyanidauii» (SMI),
HasiBHA B MNporpaMHoMy 3abe3neyveHHi BMKOPUCTaHUX
Hamm Y3 cucteM, npoBogunacb 3 METOK MOLUYKY
HOBOYTBOPEHMX cyaunH y cTpykTypi AB. 3actocoByBaHHSA
SMI 6yno TexHiyHO MoxnuBuMM Yy 96 Bunagkax. SMI
3aCTOCOBaHO Y ABOX pPeXUMax: MOHOXPOMHOMY (BiATiHKM
ciporo) i konbopoBomy. [ns oTpuMaHHS BUCOKOSKICHUX
300paxeHb NpOBOAWMM KOPEKLUilo napameTpiB 3o06pa-
JKEHHS: LWKana LWBMAKOCTI MeHLUEe HiX 2,5 cm/c, niacunen-
Hs1 YyTNMBOCTI KOMbOPY, 30iNbLUEHHS Yacy 3rnafkyBaHHs
ONs NOKpaLLEeHHS TMMYacoBOI po3ainbHOI 3gaTHoCTi [12].

MCKTA nposegeHa 24 nauieHTam B rocTpomy nepio-
4i iwemiyHoro iHcynbTy. [JogaTkoBo OO CTaHAapTHOro

MATERIALS AND METHODS

The work is based on an analysis of data from
105 patients aged 41 to 84, average age 67.1 + 10.1
(Me = 69.0, IQR: 59.0-74.0), males predominated —
79 (75.2%). The patients were examined at the bases
of the National Scientific Center of M. D. Strazhesko
Institute of Cardiology, «Sonolife» Medical Center and
the Municipal Non-Profit Enterprise of the Kyiv Regional
Council «Kyiv Regional Clinical Hospital» in 2020—-2024.
The set of studies included the evaluation of clinical
and anamnestic data, ultrasound duplex scanning of the
main vessels of the neck using Toshiba Aplio 400 and
Canon i800 ultrasound systems, MRI of the brain and/or
MSCT of the brain in order to determine symptoms
and radiological signs of ischemic stroke. MSCTA of
the neck and brain vessels (MSCT GE Revolution EVO,
DLP = 2430 mGy-cm) was performed in 24 patients in
the acute period of stroke according to indications.
The study included patients with established internal
carotid artery (ICA) stenosis according to duplex US data;
the assessment was carried out according to the stan-
dard method, with determination of the degree of
stenosis according to the NASCET protocol [4]; it inclu-
ded patients with the degree of ICA stenosis higher
than 20%. The study did not include patients with heart
rhythm disorders in order to exclude the cardioembolic
subtype of ischemic stroke.

The planimetric and hemodynamic components of
stenoses were evaluated using duplex US. The maxi-
mum thickness of AP was determined, the echo types
of AP were characterized according to the Gray-Weale
classification [10].

New AP assessment techniques have been intro-
duced in addition to traditional US modes. The shear
wave elastography (SWE) technique is used to deter-
mine the density of the plaque, the Jung modulus in
kPa was estimated. Recommendations to obtain
optimal visualization in a longitudinal scan were imple-
mented [11]. The technical capabilities of evaluating
AP with SWE were favourable for 84 patients; we
evaluated clearly visible AP, without significant calcifi-
cation. The scanner settings for SWE were standardized:
colour range (0-180 kPa), acoustic power (0.0), gain
(70-90%). The SWE region of interest (ROI) was adjus-
ted to cover the entire plaque with carotid artery wall
and nearbly soft tissue about two to three times the size
of the plaque. To evaluate the SWE color map, the
following options were selected: the blue color on
the elastogram showed a low Young modulus (soft),
the red color indicated a high Young modulus (hard).

The technique of excellent microvascular imaging
(SMI), available in the software of the systems we used,
was carried out in order to search for newly formed
vessels in the structure of AP. The use of SMI was
technically possible in 96 cases. SMI was used in
two modes: monochrome (shades of gray) and colour.
To obtain high-quality images, the image parameters
were corrected-adjusted: a speed scale of less than
2.5 cm/s, an increase in colour sensitivity, an increase
in smoothing time to improve time resolution [12].

MSCTA was performed according to the indications
in 24 patients the acute period of ischemic stroke. In addi-
tion to the standard examination, we introduced the
determination of the plaque density with a view to
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OGCTEXEHHSI HaMK 3anpoBaPKEHO BU3HAYEHHS LLUiMb-
HOCTi OnsWKM 3 METOK HACTYMHOrO MOPIBHSAHHS 3 i
YC-xapaktepuctnkamu. LinbHicTb Gnisitiok BuMiptoBanu
3a JOMOMOroK KifbKOX HakpecrneHux Bpy4vHy enincoig-
HMX 30H iHTepecy (ROI) Ha ocboBMI 3pi3, LLO OXONnto-
BanM He MeHwe Hik 70% nnowi 6nswok. 3anexHo
Big po3amipy 6nsiwku nposogunu Big 5 o 10 Bumipto-
BaHb B AinsHkax nnoileto go 2 mm2 llig yac Bumipto-
BaHHA YHUKanu [insHkM Kanbuudpikauii Ta nocuneHoro
KOHTpacToM MpocBiTY cyauvHu. bByna pospaxoBaHa
cepeaHst wWinbHictb B oamHmusax HU BumipsiHux ROl
Ha KOXHOMY akcianbHomy nepepisi. 3 wuboro 6yno
pO3paxoBaHO CcepedHE Ppenpe3eHTaTVBHE 3HAYEHHS
winbHocTi B oamnHuusax HU ans seiei Gnsawkm [13].

3a [JaHuMKM  KMiHIYHKMX Ta  pagionoriyHux gocnia-
XeHb MauieHTu posnodineHi Ha Agi rpynu. 55 nauieHTiB
copMyBanm rpyny CUMMATOMHOIO KapoTWAHOIO cTe-
Ho3y (CKC), B HMX BCTaQHOBMEHO O3HaKv MOPYLUEHHA
MO3KOBOIro KpoBOObGiry B kapoTugHomy 6acelHi npots-
roM OCTaHHiX 6 MicauiB: ilWeMiYHuA iHCynbT —
B 53 BuMnagkax, TpaH3UTOpPHa illemiyHa aTaka y OBOX
crnoctepexeHHsix. 50 nauieHTiB i3  6e3cMMNTOMHUM
nepebirom cdopmyBanu rpyny acMMNTOMHOMO Kapo-
TMaHoro cteHosy (AKC). Mpynu sicTaBnioBaHi 3a BikOM
(U=1279,0, p=0,51) i ctaTTi0 (32=1,41 p=0,24).

CTtaTucTu4yHMn aHani3a 3gincHioBanu 3a [A0NOMOrok
naketa nporpam MS Office Ta «Statistika 6». OuiHky
CTaTUCTUYHOI 3HAYMMOCTI pi3HMLI MK rpynamu npoBoO-
OVnn 3 ypaxyBaHHsIM HeBIOMNOBIAHOCTI JaHWMX NapameT-
pamMm HOpMarnbHOro po3noAiny, Ans MOPIBHAHHA Kifb-
KICHMX MOKa3HWKIB — 3a kputepieM MaHHa—YiTHi, ans
SKICHMX MOKa3HWKIB — 3a KpuUTepieM y2, BU3Ha4yanu
BIOHOCHWIA PU3NK BNNMBY YMHHUKY Ha PO3BUTOK MOAii.
OuiHtoBaBcs piBeHb 3HaunmocTi p < 0,05.

[ocnigXeHHsa BUKOHaHI Yy BignoBiAHOCTI A0 NPUHLUMNIB
[enbciHcbKOT Aeknapauii BcecBiTHLOI MegMyHOi acouiadii
(1964—-2000 pp.) Ta «KoHBeHuii Pagn €sponu wono
npas noauHM Ta GiomeauuMHW» y pamkax nporpamu
AucepTtauinHoro gocnimpkeHHs. Big ycix ydacHukiB oTpu-
MaHO iH(POPMOBaHY 3rogy Ha y4acTb Y OOCTIiAXEHHI.

PE3YABTATU TA IX OBFOBOPEHHS

3a paHuMK pagionoriyHMx AOCHigKEeHb Yy MauieHTiB
roynn CKC BorHuwe iwemii B GacenHi kposornocTta-
yaHHa npasoi BCA mano micue B 24 Bunagkax, niBoi
BCA — B 22, B 06ox kapotugHux bGaceviHax — B 7.
OujiHioBanncb BOrHWLIA iemii kopkoBoi abo nigKopko-
BOi nokanisauii poamipamu 21,5 cm y rpyni AKC
3a gaHumu MPT pomiHyBanu O3Hakm AWCLMPKYNATOP-
HMX 3MiH FOfIOBHOIO MO3KY.

KapoTuaHi CTeHo3n y nauieHTiB nepeBakHO Manwu
ABobivyHy nokanisauito, y rpyni CKC y 52 (94,5%),
y rpyni AKC — B 49 (82,0%). CniBcTaBneHHs y rpynax
npoBoaunnmMcb 3a Takumm YC XapaktepucTukamu Kapo-
TUOHOTO  CTEHO3y: CTyneHeM CTeHo3yBaHHA BCA
3a npotokonom NASCET, makcumaneHa ToBwuHa AB,
nokanbHi  3MiHW KpPOBOTOKY B 30HIi cTeHo3y BCA,
exo-tun AB 3a knacudikauieto Gray-Weale, HasBHICTb
BMpPasKyBaHb, HasfABHICTb MiKpOBacKynspwusauii 3a AaHu-
Mu  SMI, nokasHukM XopcTkocTi 3a paHumm SWE.
[opatkoBo npoBedeHi CniBCTaBMEHHSA XapaKTepUCTUK
wopcTkocTi AB, ouiHeHux 3a gaHumum MCKTA Ta paHu-
mMun YC y 24 nauieHTis.

comparing it with its US characteristics subsequently.
Plaque density was measured using several hand-
drawn ellipsoid regions of interest (ROIs) per axial slice
covering at least 70% of the plaque area. Depending
on the size of the plaque, 5 to 10 measurements were
made in areas of up to 2 mm?. During the measurement,
we avoided the calcification site and the contrast-
enhanced lumen of the vessel. The average density in HU
units of measured ROls at each axial section was calcu-
lated. From this, the average representative density
value in HU units for the entire plaque was calculated [13].

According to clinical and radiological data, patients
were divided into 2 groups. 55 patients formed the
symptomatic carotis stenosis (SCS) group, they showed
signs of cerebral circulation disorder in the carotid
basin during the last 6 months: ischemic stroke — in
53 cases, transient ischemic attack in 2 observations.
50 asymptomatic patients formed the asymptomatic
carotis stenosis (ACS) group. The groups were age-
and gender-matched (U = 1279.0, p = 0.51) and
(x%=1.41, g = 0.24) respectively.

The statistical analysis was carried out with the
help of MS Office and Statistika 6 software packages.
The statistical significance of the difference between
the groups was assessed taking into account the dis-
crepancy between the data with the parameters of the
normal distribution; for comparison of quantitative indi-
cators — according to the Mann-Whitney criterion, for
qualitative indicators — according to the x? criterion, the
relative risk of the factor influence on the development
of the event was determined. The assessed level of
significance was p < 0,05.

The studies were carried out in accordance with
the principles of the Helsinki Declaration of the World
Medical Association (1964—2000) and the «Council of
Europe Convention on Human Rights and Biomedicine»
within the framework of the dissertation research
program. All the participants gave their informed consent
to participate in the study.

RESULTS AND DISCUSSION

According to radiological studies in patients of the
SCS group, the focus of ischemia in the blood supply
basin of the right ICA occurred in 24 cases, of the
left ICA in 22, and in both carotid basins in 7 cases.
Ischemia lesions of cortical or subcutaneous localization
> 1.5 cm in size were assessed. According to MRI data,
signs of discirculatory brain changes were prevalent
in ACS group»

Carotid stenoses in patients mainly had bilateral
localization, 52 (94.5%) in the SCS group, 49 (82.0%) in
the ACS group. Comparisons in the groups were carried
out according to the following US characteristics of caro-
tid stenosis: the degree of ICA stenosis according to the
NASCET protocol, the maximum thickness of AP, local
changes in blood flow in the zone of ICA stenosis, the echo
type of AP according to the Gray-Weale classification, the
presence of ulcers, the presence of microvascularization
according to SMI data, stiffness indicators according
to SWE data. In addition, comparisons of the stiffness
characteristics of AP were carried out, assessed accor-
ding to the MSCTA data and the US data in 24 patients.
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MopiBHSAHHSA y rpynax cBig4MTb Npo GinbLl BUCOKWIA
BigcoTok crteHo3yBaHHs BCA y rpyni CKC, BigsHauyeHa
pocToBipHa pisHuus cnpasa (U = 601,5; p = 0,01).
BignosigHo, nopylleHHs MiHIMHOI LUBMAKOCTI KPOBOTOKY
B 30Hi CTEHO3Y TaKoX YacTiwe 3yctpiyanuck y rpyni CKC,
NpoAeMOHCTPyBanu 3Haudylli BiAMIHHOCTI MO npaBoMYy
kapoTugHoMy GacenHy (y? = 4,40; p = 0,04; BigHOCHWIA
pu3uk nogii 36inbwyBaBcs B 2,3 pasu).

MakcumaneHa ToBwMHa AB BusBMNacL cratuc-
TUYHO 3HauyLle Ginbwoto y rpyni CKC no npasum BCA,
(U=680,0; p=0,02), no nisum BCA pi3HuUA cTaTUCTUYHO
He 3Hauyuma. [oJaTKoBO MNPOBEAEHO CNIBCTABIEHHS
y rpynax rnokasHvka MakcumanbHoi ToBwuMHU AB y rpa-
nauisix = 2,5 mm, Ab = 3 mm, ABb = 3,5 mm. BcTtaHoBneHo
CTaTUCTUYHO 3HaudyLly BiAMIHHICTb Yy rpynax 3a nokas-
Hukom AB = 3,5 mm 3 obox 6okiB (cnpasa y? = 5,04;
p = 0,03 Ta 3niea %2 = 4,2; p = 0,04), BiZHOCHWIA pU3MK
nogii  (NopylweHHs MO3KOBOro KpoBoobiry) 36inbLuy-
BaBcs B 2,1-2,2 pa3u (1abn. 1).

Comparison in groups indicates a higher percentage
of ICA stenosis in SCS group, a significant difference
on the right was noted (U = 601.5; p=0,01). Accor-
dingly, blood flow velocity in the stenosis zone were also
more common in the SCS group, significant differences
were shown in the right carotid basin (x2 = 4.40; p=0,04;
the relative risk of the event increased 2.3-fold).

The maximum thickness of the AP was statistically
significantly greater in the SCS group in the right ICA,
(U =680.0; p = 0.02), while in the left SCA, the difference
is not statistically significant. In addition, a comparison
of the indicator of maximum AP thickness in gradations
of 22,5 mm, AP =23 mm, AP 23,5 mm was carried out.
A statistically significant difference in groups was
found/established in terms of AP 23,5 mm on both
sides (right 2 = 5.04; p = 0.03 and left y? = 4.2; p = 0.04);
the relative risk of the event (cerebral circulation disorder)
increased by 2.1-2.2 times (Table 1).

Tabnuus 1. YneTpacoHorpadcivyHa xapakTepucTuka KapoTUAHUX CTEHO3IB Y rpynax
Table 1. Ultrasonography characterization of carotid stenoses in groups

Mpynn / Groups MopiBHAHHA y rpynax
. CKC / SCS AKC / ACS Comparison in groups
MokasHuk / Indicator
cnpasa 3niBa cnpasa 3niBa U: o 42
on the right | on the left | on the right | on the left PP
Cnpaga / on the right
CryniHb cteHo3y / Degree of stenosis, % 45 36 30 35 U =601,5; p=0,01;
Me (Q1-Q3) (30-60) (25-60) (20-50) (25-50) | 3niBa/ on the left
U =940,0; p=0,44
Cnpaga / on the right
ToswmHa AB, mm / AP thickness, mm 3,3 3,1 2,7 3,0 U =680,0; p=0,02;
Me (Q1-Q3) (2,5-3,9) (2,3-3,7) (2,1-3,3) (2,3-3,4) | 3niBa/on the left
U =959,5; p=0,56
CnpaBa / on the right
ToBwwmHa AB Ginble 3,5 MM (KinbkicTb, (%)) %?=5,04;p=0,03; RR=2,2;
AP thickness more than 3.5mm; quantity, (%) 20 (40) 17(35.4) 7(17.5) 7(16,3) 3nisa / on the left
1?*=4,2;p=0,04;RR=2,1
Tun ACB 3a Gray-Weale, kinbkictb (%)
Echo-type by Gray-Weale quantity, (%)
1 4(8,0) 5(10,4) 1(2,5) - Cnpasga / on the right
2 16 (32,0) | 13 (27.1) 2 (5,0) 5(11,6) | %% =19.4;p=0,001;
3nisa / on the left
3 18 (36,0) 13 (27,1) 14 (35,0) 14 (32,6) ¥2, = 12,4; p = 0,01
4 4 ,
4 10 (20,0) 15 (31,3) 23 (57,5) 24(55,8)
5 2 (4,0) 2(4,2) - -
Cnpaga / on the right
YopcrTkictb ACB, klMa / AP stiffness, kPa, 70,0 72,0 82,0 85,0 U =390; p = 0,001;
Me (Q1-Q3) (57,0-80,0) | (60,0-79,0) | (77,5-89,0) | (74,0-94,0) | 3niea / on the left
U = 380; p = 0,001
HasBHicTb MikpoBackynsipuaauii Cnpasa / on the right
Presence of microvascularization x2=4,2; p=0,04;
n/N, kinbkicTb / quantity, 30/49 29/48 14/36 17/43 3niea / on the left
(%) (61,2) (60,4) (38,8) (39,5) x> = 4,0, p=0,05

CniBcTaBneHHs exo-CcTpyktypu AB y pexumi cipoi
WKanu BignNoBiAHO exo-Tunam 3a  Knacudikauieto
Gray-Weale nokasanu CTaTMCTUYHO 3HAYMMi BiAMIHHOCTI
y rpynax: x%, = 19,4, p = 0,001 no npasum BCA,
Ta y?, = 12,4, p = 0,01 no nisum BCA. ¥ rpyni CKC
3nebinblwe 3ycTpivanuce HeopHopiaHi AB 3 nepesa-
XKaHHAM TinoexoreHHoro (2-v Tun) Ta rinepexoreHHoro
(3-# Tn) KOMNoHeHTIB, y rpyni AKC — vacTiwe BusBreHi
rinepexoreHHi AB 3-ro Ta 4-ro Tuny. 5-n Twun Ab

Comparison of the AP echo structure in gray scale
mode according to the Gray-Weale classification of
echo-types showed statistically significant differences
in the groups: %, = 19.4; p = 0.001 in the right ICA
and 2, = 12.4; p = 0.01 in the left ICA. In the SCS group,
heterogeneous APs with the prevalence of hypoecho-
genic (type 2) and hyperechogenic (type 3) components
were more common, in the ACS group, hyperechogenic
APs of type 3 and 4 were more often detected. Type 5 of
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He BM3HaYeHOI eXOreHHOCTi 3a paxyHOK exO-TiHi BUKMIo-
YaBcs 3 aHanidy. Yactota yMoBHO HecTabinbHMX Gnsiok
HWU3bKOI exoreHHocTi (1-ro Tuny) Gyna manot Ta ckna-
Aana B 1-n rpyni 2 (4,0%) cnpaea Ta 2 (4,2%) 3nisa.

BusHayeHHs1 xopcTkocTi AB 3a pgonomoroio SWE
003BONWUMO  BUAINMTM  OBnawku 3 mogynem HOHra
Big 34 po 102 «kMa. Y rpyni CKC piBeHb XopcCT-
kocti 6yB poctoBipHO Hwxuum (Me = 70,0 klMa —
B npasux BCA, Me = 72,0 — B nisux BCA) nopiBHsiHO
3 rpynoto AKC (Me = 82,0 kla B npasux BCA, p = 0,001;
Me = 85,0, B nisux BCA, p = 0,001), (puc. 1).
Mu He ouiHoBanu 3a pgonomoroto SWE 6Gnswku
3 BUpaxeHot Kanbuudikauieto (5-n Tun 3a Gray-Weale)
Ta TOBLUMHOK MEHLLE 2 MM.

AP of undefined echogenicity due to echo-shadow was
excluded from the analysis. The occurrence of condi-
tionally unstable plaques of low echogenicity (1 type)
was low: there were 2 in group 1 (4.0%) on the right
and 2 (4.2%) on the left.

Determining the stiffness of AP using SWE made it
possible to isolate plaques with a Young modulus from
34 to 102 kPa. In the SCS group, the stiffness level was
significantly lower (Me = 70.0 kPa in the right ICA,

Me = 72.0, in the left ICA) compared to the ACS group
(Me = 82.0 kPa in the right ICA, p = 0.001; Me = 85.0,
inleftICA, p=0.001), (Fig. 1). We did not evaluate plaques
with pronounced calcification (type 5 by Gray-Weale-
Geroulakos) and thickness less than 2 mm with the
help of SWE.

Puc. 1. OuiHka aTepocknepoTM4HOI bnsikvM CoHHOI apTepii 3a gonomoroto SWE.
3abapBneHHs NepeBaxkHO B CYHIN KOMip BiANOBIAAE HM3bKIN XOPCTKOCTI BnsLukm
Fig. 1. SWE assessment of the atherosclerotic carotid plaque. The blue staining corresponds to the low stiffness of the plaque

Pesynbratv pgaHux 3actocyBaHHs pexumy SMI no-
Kasanu HasiBHICTb MikpoBacKynsapu3auii nepeBaxHo
B 6nsilwkax 2-ro 1a 3-ro TMny 3 nepeBaXKaHHsM 3HaXxiaok
y rpyni nauienTiB 3 CKC (puc. 2). Jlokycn mikpocyaunH
6ynn BigcytHiMm B ACB 4-ro Tuny. YacTtota peectpauii
MiKpOBacKynsipHuUx nokycis Oyna 6inbLuoto y rpyni naui-
EHTIB i3 NepeHeceHMM iHCynbTaMmn, CTaHOBWMA y NpaBuX
BCA 61,2% y rpyni CKC, Ta 38,8 — y rpyni AKC (x? = 4,2;
p = 0,04), no nieux BCA 60,4 Ta 39,5% y rpynax CKC
Ta AKC BignosigHo (x2 = 4,0; p = 0,05).

The results of the SMI regimen showed the presence
of microvascularization mainly in type 2 and 3 plaques
with a predominance of finds in the group of patients
with SCS (Fig. 2). Microvascular loci were absent in
type 4 ASP. The incidence of microvascular loci was
higher in the group of patients with stroke. It was 61.2%
in the right ICA and 38.8% in the ACS group (x*= 4.2;
p = 0.04), on the left ICA 60.4% and 39.5% in the SCS
and ACS groups, respectively (x2 = 4.0; p=0.05).

Puc. 2. MikpoBackynsipusaulisi aTepocknepoTnyHOI BrsLLKM COHHOT apTepii B pexumi konboposoro SMI
Fig. 2. Microvascularization of the atherosclerotic carotid plaque in the mode of colored SMI

3a kputepiem ycknagHeHHs AB 3 BuMpaskyBaHHSIM
NMOBEPXHi B HALUMX CMOCTEPEXEHHSIX HE BUSIBUMO OOCTO-
BipHMX BigMiHHOCTen y rpynax (x2 = 1,1; p = 0,30 no npa-
Bin BCA, Ta %2 = 2,5; p = 0,11 no nisiit BCA).

According to the criterion of AP complication with
surface ulceration, in our observations there were no
significant differences in the groups (x2 = 1.1; p = 0.30
on the right SCA and x2= 2.5; p = 0.11 on the left ICA).
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Takum 4MHOM, [OCTOBIpHI BIOMIHHOCTI y rpynax
CMOCTEPEXEHb BCTAHOBMNEHO 3a TakMMU MNOKa3HMKaMMW:
MakcMMarnbHa ToBLWMHA Onswkn (no npasBux BCA),
3HAYyLLO BENUYMHOK BUSIBUNACb TOBLUMHA OnsiLLKM
> 3,5 MM, CTyniHb CTeHo3yBaHHSA (cnpasa), Tunu bnswok
3a knacuaikauieto Gray-Weale, xopcTkicTe 6nsilwku 3a
faHnmn SWE, HasBHICTb MikpoBacKynsipusauii 3a AaHu-
Mu SMI. OTpumaHi pesynstatv MOXyTb OyTU BpaxoBaHi
Yy MNPOrHO3yBaHHi PU3UKY PO3BUTKY ilUEMiYHUX nogin
Ha Ooui KapoTMOHOro CTEHO3y B KOMIMMEKCH iHWKX
KMNiHIYHMX MOKA3HWKIB, a TakoX MOXyTb OyTu 3acToco-
BaHi Ans nepcoHanisoBaHoOro nigxody Mpu MnaHyBaHHi
nofanbLUoro fikyBaHHs nauieHTa.

3 MEeTOK MOPIBHAHHA OaHWX LOCNIAXEHb >XOPCTKOC-
Ti AB, BM3Ha4YeHUX Pi3HUMK PagioNoriMHUMKM MeTogaMu
(YC y pexwumi cipoi wkanu, YC y pexumi SWE 1a MCKTA)
y 24 nauieHTiB npoBedeHi CniBCTaBNEeHHS KinbKiCHUX
MOKa3HMKIB >XOPCTKOCTI M cobo Ta 3 exo-Tunamu
OnsLWKM 32 4ONOMOrO paHroBoi kopensuii CnipmeHa.

BuBYeHi kopensuiiHi 3B’A3kM MK cepefHiM nokas-
HWKOM XopcTKocTi 3a gaHnummn SWE (kla) Ta nokaszHukamu
LWiNbHOCTI (CepedHiin, MiHiManbHWA Ta MakcUMaribHUN)
3a paHummn MCKTA (B ogunuusix HU). BcraHoeneHo
KOpensiliiHi  3B’A3KNM cepefHboi CUMK: MiX cepegHim
nokasHukoMm xopcTkocTi Ab 3a gaHumn SWE Ta piBHeEM
winsHocTi 3a gaHumn MCKTA - cepegHim (p = 0,60;
p = 0,004, nBOGi4YHUI 3B’A30K) Ta MiHiMansHUM (p = 0,54;
p = 0,012, oBoGiYHMIA 3B’A30K).

[ocnigpkeHi cniBBigHoLWEHHSA exo-TuniB Ab 3a knacu-
dikauieto Gray-Weale Ta piBHIB XOPCTKOCTi 3a AaHu-
mn SWE. BusHaueHo, wo I-ll exo-tunam ABb Bignosinae
Oiana3oH MOKa3HWKIB cepefHboi XopcTkocTi 3a SWE
40-55 kMa (Me = 51,5, (Q1-Q3): 41,5-61,7); lll Tuny —
NoKasHMKN cepegHboi XopcTkocTi 3a SWE 56-69 «klla
(Me = 62,0, (Q1-Q3): 54,0-66,0); IV Tuny AB — 70 i Ginb-
we klMa (Me = 74,0, (Q1-Q3): 70,0-74,0) kla, koediui-
€HT kopensuii Kengana (r = 0,56; p = 0,006, nBOGIYHMI
3B’A30K). BcTaHoBneHi [ABOOGIYHI KOpensuiiiHi - 3B’s13Ku
cepegHboi cunn Mix exo-tunom AB 3a Gray-Weale
Ta MOKa3HMKOM >XOpCTKOCTi 3a paHumn SWE (kla):
p = 0,57; p = 0,007, wo cBigYNTL NPO NEBHY BIAMNOBIA-
HICTb XapaKTepPUCTUK eXO-TUNIB BnsLWKN 3a gaHUMK cipoil
LKanu Ta xopcTkocTi 3a SWE.

Hamn BuMBYeHi cniBBigHOWEHHS exo-Tunie Ab 3a
knacudpikauieto Gray-Weale Ta piBHiB wWinbHOCTi AB
3a gaHmmm MCKTA. BcraHoBneHo, wo |-l Tunam Ab
Bi4NOBI4aOTb CepeaHin nokasHuk LWinbHocTi 3a MCKTA
38,7 +2,9 (Me = 38,5, (Q1-Q3): 36,0-41,2) HU; Il Tuny —
cepegHs wWinbHicTb 3a MCKTA 43,7 £ 8,9 (Me = 41,5,
(Q1-Q3): 37,2-54,0) HU; IV tuny AB — cepegHs wWinb-
HicTb 3a MCKTA 46,3 + 2,3 (Me = 45,0, (Q1-Q3):
45,0-46,0) HU. BctaHoBneHi kopensuiiHi 3B’A3kM
cepedHboi cunu Mix exo-tunoMm Ab 3a Gray-Weale Ta
wineHicTio Ab 3a MCKTA: p = 0,53; p = 0,014 ans nokas-
HWKa cepedHboi LWinbHocTi; p = 0,49; p = 0,021 ana
nokasHuMKa MiHimanbHOI wWinbHocTi. OTpuMaHi gaHi nig-
TBEPOXKYIOTb  BiOMOBIAHICTE  OUIHKWM  XapaKTepucTuKu
ONsLWKM 3a AaHMMM CipoT WKanu Ta winbHocTi 3a MCKTA,
Oinbll CTATUCTMYHO 3HAYUMUM BUSIBUBCS MOKA3HMK
cepeaHboi WinbHocTi 3a MCKTA noOpiBHSAHO 3 OUiHKOM
MiHiManbHOI LWiNbHOCTI. AHani3 nokasHuWka Makcumarb-
HOT wWinbHocTi 3a MCKTA He BM3HauMB KOpensauiHMx
3B’A3kiB 3 YC kpuTepismu (T1abn. 2).

Thus, reliable significant differences in the obser-
vation groups were established according to the
following indicators: the maximum thickness of the
plaque (on the right ICA), the thickness of the plaque
was 23.5 mm, the degree of stenosis (on the right),
the types of plaques according to the Gray-Weale
classification, the stiffness of the plaque according
to SWE data, the presence of microvascularization
according to SMI data. The results can be taken into
account in predicting the risk of ischemic events on
the side of carotid stenosis in combination with other
clinical indicators, and can also be applied for a perso-
nalized approach in the planning of further treatment
of the patient.

In order to compare data from AP stiffness studies
obtained by different radiological methods (gray-scale
US, SWE-mode US and MSCTA), quantitative stiffness
indicators of 24 patients were compared with each
other and with echo-types of plaque using the Spearman
rank correlation.

The correlation relationships between the mean
stiffness score from the SWE data (kPa) and the density
scores (mean, minimum and maximum) from the MSCTA
data (in HU units) were studied. Medium strength corre-
lations were established: between the average AP
stiffness indicator according to SWE data and the density
level according to the MSCTA data — average (p = 0.60;
p = 0.004, two-way bond) and minimum (p = 0.54;
p = 0.012, two-way bond).

The ratios of AP echo types according to Gray-Weale
classification and stiffness levels according to SWE data
were investigated. It was determined that the |-l echo
types of AP correspond to the range of average stiffness
indicators according to SWE 40-55 kPa (Me = 51.5,
(Q1-Q3): 41.5-61.7); Type lll — indicators of average
stiffness according to SWE 56-69 kPa (Me = 62.0,
(Q1-Q3): 54.0-66.0); type IV AP — 70 or more kPa
(Me =74.0, (Q1-Q3): 70.0-74.0) kPa, Kendall correlation
coefficient (t = 0.56; p = 0.006, two-way bond). Two-way
correlations of medium strength between the AP echo
type according to Gray-Weale and the stiffness indicator
according to SWE (kPa) were established: p = 0.57;
p = 0.007, which indicates a certain compliance of the
characteristics of the echo types of the plaque according
to the gray scale and the stiffness according to SWE.

We studied the ratio of AP echo types according to
the Gray-Weale classification and AP density levels
according to the MSCTA. It was found that the I-Il types of
AP correspond to the average density indicator according
to MSCTA38.7 £2.9 (Me = 38.5, (Q1-Q3): 36.0-41.2) HU;
Type lll — average density according to MSCTA 43.7 £ 8.9
(Me = 41.5, (Q1-Q3): 37.2-54.0) HU; type IV AP —
average density as per MSCTA 46.3 + 2.3 (Me = 45.0,
(Q1-Q3): 45.0-46.0) HU. Average strength correlation
between the AP echo type by Gray-Weale and the AP
density by MSCTA: p = 0.53; p = 0.014 for average den-
sity; p=0,49; p = 0.021 for minimum density. The obtained
data confirm the conformity of the estimate of the plaque
characteristics according to the gray scale and density
according to the MSCT, the average density indicator
according to the MSCT compared to the estimate of
the minimum density was more statistically significant.
The analysis of the maximum density indicator according
to the MSCTA did not determine correlation relations
with the US criteria(Table 2).
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Ta6nuus 2. KopensuiiHa MaTpyus NOKa3HUKIB LLiNbHOCTI Ta €X0-TUMiB KapoTUAHUX GrsILLOK
(koedpiuieHT kopensauii CnipmeHa (p) Ta piBeHb 3HaYMMOCTi (p))
Table 2. The correlation matrix of density and echo types of carotid plaques
(Spearman correlation coefficient (p) and significance level (p))

LLlinbHicTb 328 MCKTA E P . . S
i Density according to MSCTA PO f2) (EIESINEENE ORI

MEEESTTR i Ineezier = Y : J Echo type by Gray-Weale | Stiffness by SWE

minimal maximal mean
LLinbHicTb 38 MCKTA 1.000 -0,183 0,651 0,499 0,539
Density according to MSCTA ’ 0,427 0,001 0,021 0,012
LinbHicTe 3a MCKTA -0,183 1.000 0,509 0,183 0,223
Density according to MSCTA 0,427 ’ 0,018 0,427 0,331
WinbHicTb 3@ MCKTA 0,651 0,509 1.000 0,529 0,601
Density according to MSCTA 0,001 0,018 ’ 0,014 0,004
Exo-tun 3a Gray-Weale 0,499 0,183 0,529 1000 0,572
Echo-type by Gray-Weale 0,021 0,427 0,014 ’ 0,007
XopcTkicTe 3a SWE 0,539 0,223 0,601 0,572 1.000
Stiffness by SWE 0,012 0,331 0,004 0,007 ’

Pesynbratv cniBcTaBneHb €X0-XapakTepUCTUK Ta
xopcTkocTi ABb, oTpumaHoi 3a pgonomoroto MCKTA
Ta YC B HalUMX CMNOCTEPEXEHHSX, CBig4YaTb Npo edek-
TMBHiICTb YC MeTogiB OUiHKM CTPYKTYpu ORsiLLKu.
3 opgHoro GOKy, Le NiAKPEeCMnoe CaMOCTINHE 3HaYeHHs
Ta NEepCnekTUBy BWKOPUCTAHHS YNLTPa3BYKOBUX TEXHO-
norin - B OUiHUi KapoTuAHMX CTeHo3iB. 3 iHwWoro Goky,
Le Haronollye Ha AOUinbHICTb noganbluMx OChigKeHb
y HanpsiMky kombiHauii meTtoais YC 1a MCKTA B anro-
PUTMi OLiHKM Bpa3nuemx onsiok [14].

Pe3ynbratv cniBcTaBneHb €X0-XapakTepUCTUK Ta
»opcTkocTi ABb, oTpumaHoi 3a gonomoroto MCKTA ta YC
B HalUMX CMOCTEPEXEHHSIX, CBiAYaTb Npo eeKTUBHICTb
YC-meTofiB OUiHKM CTPYKTYpu Gnisitkn. 3 ogHoro Goky,
ue nigKpecntoe CaMoCTiliHEe 3Ha4YeHHs Ta MepCrnekTUBY
BMKOPWUCTAHHA YNbTPa3BYKOBUX TEXHOMOriA B  OUiHLi
KapoTuAHWX CTeHos3iB. 3 [HWoro — LuUe Haronowye
Ha [OUinbHICTb MoAanblMX [OCNioXKEHb Y HanpsiMKy
kombiHauii metogie YC 1a MCKTA B anroputmi ouiHKM
BpasnuBmx Gnswok [14].

HesBa)katounm Ha YMCNEHHi OOCNIAKEHHS OCTaHHIX
OecsaTuniTb, He BAANOCb BU3HAYUTU OKPEMY O3HAKYy, LLO
[ocToBipHO nepeabadana NoTeHUiNHMIA pU3KK incunare-
panbHOro iHCYNbTY MpU KapoTMOHOMY CTEeHO3i. Pesynb-
TatM Haworo aHanizy YC kputepiiB HecTtabinbHoi Ab
niaTBepaXytoTb GaratoakTopHiCTb npoueciB  opmy-
BaHHS CTEHO3iB «BUCOKOrO pu3nky». CTOCOBHO Tpaau-
uinHoi YC oUiHKM BpasnMBUX KapoTUOHMX BRsiLLoK Hamu
OoTpuMMaHi pe3ynsTaTi, WO cniBnagalTtb 3 OGaratbma
JocnigkeHHsiMu (CcTyniHb cTeHo3y BCA, ToBLUMHA GnsiLuku,
reMogvHaMmivHi NOpyLUEHHs1 B 30HI CTEHO3Y, CTPYyKTypa
6nsiwkn 3a knacudikauiero Gray-Weale).

3a cyyacHUMU yABNEHHAMW, OOHUM 3 MOTEHLiIAHUX
mMapkepiB HectabinbHocti AB € posnogin Hanpyru
B cepeaunHi 6nsawkn. OuiHka >xopcTkocTi 3a SWE
LIMASXOM  KifnbKiCHOTO  BU3HadeHHs wMopgyns OHra €
NepcnekTMBHOK ANsi  OTPUMaHHA  iHopmauii  npo
cknag AB [15]. Kpim Toro, nonepegHi [ocnimKeHHs
BM3HaAYMNN 3B’AA30K Hk4mMx mopynie KOHra 3 HeBporno-
riyHMMKM cumnTomamu [6]. B pesynbrati aHanisy Hawmx
JaHUX TakoX OTPMMaHO CTaTUCTUYHO 3HaYUMi BiOMIH-
HOCTi MokasHukiB mogyns KOHra B rpynax CMMNTOMHUX
Ta aCUMNTOMHUX NaLUiEHTIB.

Y UeHTpi yBarn ocTaHHix gocnigXeHb € NaTonoriyHni
aHrioreHe3 AB, nponidepauis He3pinux Kaninspis, WO
noxoasTe 3 afBeHTUUianbHMX vasa vasorum, To6To

The results of the comparison of the echo-charac-
teristics and stiffness of AP obtained with the help of
MSCTA and US indicate the effectiveness of US methods
for assessing the structure of the plaque.

On the one hand, it emphasizes the independent
significance and prospects of using ultrasonic techno-
logies in the assessment of carotid stenoses. On the other
hands, it indicates the expediency of further research
in the direction of the combination of the US and
MACTA methods in the algorithm for the evaluating
vulnerable plaques [14].

Despite numerous studies in recent decades, it
was not possible to determine a separate sign that
reliably predicted the potential risk of ipsilateral stroke
in carotid stenosis. The results of our analysis of the
US criteria of unstable AP confirm the multifactorial
nature of the processes of «high-risk» stenoses
formation. As regards the traditional US assessment
of vulnerable carotid plaques, we have obtained results
that coincide with many studies (the degree of ICA
stenosis, the thickness of the plaque, hemodynamic
disorders in the stenosis zone, the structure of the
plaque according to the Gray-Weale classification).

According to modern concepts, one of the potential
markers of AP instability is the distribution of voltage in
the middle of the plaque. Evaluation of the SWE stiffness
by quantification of the Young moduli is promising for
obtaining information on the composition of the AP [15].
In addition, previous studies have identified the asso-
ciation of lower Jung modulus with neurological symp-
toms [6]. The analysis of our data also yielded statistically
significant differences in Jung modulus scores in groups
of symptomatic and asymptomal patients.

The focus of recent studies is the pathological
angiogenesis of AP, proliferation of immature capilla-
ries originating from adventitial vasa vasorum, that is,
intra-peritoneal vascularization. These vessels are
responsible for the processes of inflammation, and are
also immature and prone to ruptures and hemorrhages.
Methods of contrast ultrasound and SMI have great
prospects in the diagnosis of newly formed vessels
[8, 16]. In our study, the findings suggested the likely
effect of signs of microvascularization on the risk of
ischemic events. The litera-ture also reflects the asso-
ciation of the presence of newly formed vessels with
potential plaque instability and risk of cerebral ische-
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BHYTpILWIHbOONSAWKOBa Backynsipusauis. Lli cyanHn €
BigNOBiAaNbHMMM 3a MpoUecK 3ananeHHs, 00 TOoro X
€ He3pinMMM Ta CXWUIbHUMKM OO0 PO3PUBIB i KPOBOBU-
nmBiB. MeToaukn KOHTpacTHOro ynbrpa3syky i SMI
MatoTb BENuKi NepcrnekTMByM B AiarHOCTULi HOBOYTBOpE-
HUX cyauH [8, 16]. Y Hawomy [OCnigXeHHi OTpuMaHi
pe3ynbTatu  CBigYMNM NpO WMOBIPHUA BMMMB O3HaK
MiKpoBackynsipmsauii Ha pU3MK  iLLEMIYHUX  NOAIN.
JlitepaTypHi paHi Takox BigoOpaxatoTb 3B'sI30K HasiB-
HOCTi HOBOYTBOPEHMX CyAMH 3 MOTEHLiNHOI HecTabinb-
HicTIO ONSWKM Ta pU3NKOM LepebpanbHuX ileMivHUX
nogin [9]. Takmm uYmHOM, MynbTMNapameTpuyHe YC
AocnimxeHHs B KOMOGiHaUii TpaguuinHux Ta nepenoBumx
yNbTPa3ByKOBMX METOAUK NPEACTaBnsitoTb rapHy nep-
CMEeKTUBY Ansi HEIHBA3WBHOIO AOCHIAKEHHSI KapOTUAHUX
CTEHO03iB «BMCOKOIO PU3MKY».

BUCHOBKMU

BctaHoBneHo CcTaTUCTUYHO 3HAYMMi  BiAMiIHHOCTI
xapaktepuctuk AB y rpynax nauieHTiB 3 CUMMNTOMHUM
i aCMMNTOMHUM KapoOTMAHMM CTEHO30M: MaKcumarbHa
TOBLWMHA OnsAWKn 3i 36iNbLIEHHSM CTYNEHs1 pPU3NKY
npu ToBWWUHI Binbwe 3,5 MM, CTyniHb CTEHO3yBaHHS
BCA, tunu Onswok 3a knacudikauiero Gray-Weale,
a TaKoX XOPCTKiCTb OnsAwkn 3a gaHumm SWE, HasBHICTb
MikpoBackynspu3sauii 3a gaHumn SMI.

BctaHoBneHi ABOGIYHI  KOpPensuiiHi - 3B’A3KM  MiX
nokasHukamu xopctkocTi AB, oTpumaHummn 3a gaHuUmu
SWE T1a MCKTA, mix xapaktepuctukor exo-tunisa Ab
3a knacudikauieto Gray-Weale Ta nokasHukamu >opcT-
kocTi 3a gaHnmm SWE T1a 3a gaHnmmn MCKTA.

HasagHicTb MikpoBackynsipusadii 3a gaHuvmn SMI Ta
HM3bKa >XOPCTKICTb Onswkn 3a gaHnmm SWE MoxyTb
XapakTepu3yBaTu MOTeHUiiHy HecTabinbHicte ACB,
ui YC kpuTepii gouinbHO gogatyv B KOMMIEKCHY pagio-
NOriYHy OLiHKY KapOTUOHUX CTEHO3IB.
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mic events [9]. Thus, multiparametric US studies in
a combination of traditional and advanced ultrasound
techniques present a good perspective for the non-
invasive study of «high risk» carotid stenoses.

CONCLUSIONS

Statistically significant differences in the characte-
ristics of AP in groups of patients with symptomatic and
asymptomatic carotid stenosis were found: the maximum
thickness of the plaque with an increase in the degree
of risk at a thickness of more than 3.5 mm, the degree of
stenosis of the ICA, the types of plaques according to
the Gray-Weale classification, as well as the stiffness
of the plaque according to SWE data, the presence of
microvascularization according to the SMI data.

Two-way correlation between the AP stiffness indi-
cators obtained from the SWE and MSCT data, between
the characteristics of the AP echo-types according to the
Gray-Weale classification and the stiffness indicators
according to the SWE data and according to the MSCT
data have been established.

The presence of microvascularization according to
SMI data and the low stiffness of the plaque according
to SWE data can characterize the potential instability of
the ASP; these US criteria should be added to the com-
prehensive radiological assessment of carotid stenoses.

REFERENCES

1. Song P, Fang Z, Wang H et al. Global and regional prevalence,
burden, and risk factors for carotid atherosclerosis: a systematic review,
meta-analysis, and modelling study. The Lancet Global Health.
2020;8:721-9. DOI: https://doi.org/10.1016/S2214-109X(20)30117-0

2. Aboyans V, Ricco J-B, Bartelink M-LEL et al. 2017 ESC guidelines
on the diagnosis and treatment of peripheral arterial diseases, in
collaboration with the European Society for Vascular Surgery (ESVS):
document covering atherosclerotic disease of extracranial carotid and
vertebral, mesenteric, renal. European heart journal. 2018;39(9):763—
816. DOI: https://doi.org/10.1093/eurheartj/ehx095

3. Kamtchum-Tatuene J, Noubiap JJ, Wilman AH, Saqqur M,
Shuaib A, Jickling GC. Prevalence of High-risk Plaques and Risk
of Stroke in Patients With Asymptomatic Carotid Stenosis:
A Meta-analysis. JAMA neurology. 2020;77(12):1524-35. DOI:
https://doi.org/10.1001/jamaneurol.2020.2658

4. Naylor AR, Ricco JB, de Borst GJ et al. Editor’s Choice — Management
of Atherosclerotic Carotid and Vertebral Artery Disease: 2017 Clinical
Practice Guidelines of the European Society for Vascular Surgery
(ESVS). European journal of vascular and endovascular surgery.
2018;55(1):3-81. DOI: https://doi.org/10.1016/j.ejvs.2017.06.021

5. Saba L, Cau R, Murgia A et al. Carotid Plaque-RADS: A Novel
Stroke Risk Classification System. JACC Cardiovasc Imaging.
2024;17(1):62-75. DOI: https://doi.org/10.1016/j.jcmg.2023.09.005

6. Garrard JW, Ummur P, Nduwayo S et al. Shear Wave Elastography
May Be Superior to Greyscale Median for the Identification
of Carotid Plaque Vulnerability: A Comparison with Histology.
Ultraschall  in  der  Medizin. 2015;36(4):386-90. DOl:
https://doi.org/10.1055/s-0034-1399676

OpuwuriHanbHi 4oCnigpKeHHSs

186

Original research


https://doi.org/10.1016/S2214-109X(20)30117-0
https://doi.org/10.1093/eurheartj/ehx095
https://doi.org/10.1001/jamaneurol.2020.2658
https://doi.org/10.1016/j.ejvs.2017.06.021
https://doi.org/10.1016/j.jcmg.2023.09.005
https://doi.org/10.1055/s-0034-1399676
https://doi.org/10.1016/S2214-109X(20)30117-0
https://doi.org/10.1093/eurheartj/ehx095
https://doi.org/10.1001/jamaneurol.2020.2658
https://doi.org/10.1016/j.ejvs.2017.06.021
https://doi.org/10.1016/j.jcmg.2023.09.005
https://doi.org/10.1055/s-0034-1399676

YKpaiHCbKWI pafionoriyHniA Ta OHKOMNOTiYHWA XXypHar. 2024. T. 32. Ne 2. C. 176188
Ukrainian journal of radiology and oncology. 2024;32(2):176—188

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

10.

1.

12.

13.

14.

15.

16.

YOOCKOHaneHHs

Meng Q., Xie X., Li L., Jiang C., Zhao K., Bai Z. Assessment of
neovascularization of carotid artery atherosclerotic plaques using
superb microvascular imaging: a comparison with contrast-enhanced
ultrasound imaging and histology. Quantitative imaging in
medicine and surgery. 2021. Vol. 11(5). P. 1958-1969. DOI:
https://doi.org/10.21037/qims-20-933

Uchihara Y., Saito K., Motoyama R., Ishibashi-Ueda H., Yamaguchi E.,
Hatakeyama K. Neovascularization From the Carotid Artery Lumen
Into the Carotid Plaque Confirmed by Contrast-Enhanced Ultrasound
and Histology. Ultrasound in medicine & biology. 2023. Vol. 49(8).
P.1798-1803. DOI: https://doi.org/10.1016/j.ultrasmedbio.2023.04.002
Zamani M., Skagen K., Scott H., Russell D., Skjelland M. Advanced
ultrasound methods in assessment of carotid plaque instability:
a prospective multimodal study. BMC neurology. 2020. Vol. 20(1). 39 p.
DOI: https://doi.org/10.1186/s12883-020-1620-z

Fedak A., Ciuk K., Urbanik A. Ultrasonography of vulnerable
atherosclerotic plaque in the carotid arteries: B-mode imaging.
Journal of ultrasonography. 2020. Vol. 20(81). P. e135-e145. DOI:
https://doi.org/10.15557/JoU.2020.0022

Saftoiu A., Gilja O.H., Sidhu P.S. et al. The EFSUMB Guidelines
and Recommendations for the Clinical Practice of Elastography in
Non-Hepatic Applications: Update 2018. Ultraschall in der Medizin.
2019.Vol.40(4). P.425-453. DOI: https://doi.org/10.1055/a-0838-9937
Hata J. Seeing the unseen: New techniques in vascular imaging
Superb Micro-vascular Imaging. Medical Reviw. URL: https://at.med-
ical.canon/wp-content/uploads/sites/2/2015/01/Seeing-the-unseen-
2014-SMI-on-Aplio-500.pdf

Saba L., Loewe C., Weikert T. et al. State-of-the-art CT and MR
imaging and assessment of atherosclerotic carotid artery disease:
the reporting — a consensus document by the European Society of
Cardiovascular Radiology (ESCR). European Radiology. 2023. Vol. 33.
P. 1088-1101. DOI https://doi.org/10.1007/s00330-022-09025-6
Singh A., Nasir U., Segal J., Waheed T.A., Ameen M., Hafeez H.
The utility of ultrasound and computed tomography in the
assessment of carotid artery plaque vulnerability-A mini review.
Frontiers in cardiovascular medicine. 2022. Vol. 9. 1023562 p.
DOI: https://doi.org/10.3389/fcvm.2022.1023562

Guo Y., Wang X., Wang L., Wei X., Duan Y., Yang X., Zhang M.,
Zhao B. The Value of Superb Microvascular Imaging and Contrast-
enhanced Ultrasound for the Evaluation of Neovascularization in
Carotid Artery Plaques. Academic radiology. 2023. Vol. 30(3).
P. 403-411. DOI: https://doi.org/10.1016/j.acra.2022.08.001

Davidhi A., Rafailidis V., Destanis E., Prassopoulos P., Foinitsis S.
Ultrasound Elastography: another piece in the puzzle of carotid
plaque vulnerability? Medical ultrasonography. 2022. Vol. 24(3).
P. 356-363. DOI: https://doi.org/10.11152/mu-3190

MepcnekTMBU NOAAABLUMX AOCAIAXEHD

[iarHOCTUYHOrO  anroputMy  HeiHBa3uBHOI

OLHKM TSKKOCTI KapOTUAHMX CTEHO3iB 3a [OMOMOrOK KOMIM-
nekcy pagionoriyHnx JAocnigXeHb, 3 BU3HAYEHHSIM OKPEMOI
poni Ta obcAry ynerpacoHorpadiyHoi AiarHOCTUKKN AK HanMbInbLL

AOCTYNHOro mMetoay. Baxnueum

HanpsiMKOM € po3pobka

MPOrHOCTUYHOT MOAENi PU3MKY iLLIEMIYHMX MOAIA Yy nauieHTIB
i3 6e3CMMNTOMHMM Nepebirom aTepoCcKNepOTUYHOIO YPaXKeHHs
COHHUX apTepin.

KoHdAikT iHTepecis

ABTOpPK 3asABNSAIOTb NPO BiACYTHICTb KOHMMIKTY iHTEpeCiB.

IHdbopMalis npo chiHaHCYBAHHA

®iHaHcyBaHHs BUaaTkamu JepxxaBHoro 6romkety YkpaiHu.

10.

1.

12.

13.

14.

15.

16.

Meng Q, Xie X, Li L, Jiang C, Zhao K, Bai Z. Assessment of
neovascularization of carotid artery atherosclerotic plaques using
superb microvascular imaging: a comparison with contrast-
enhanced ultrasound imaging and histology. Quantitative
imaging in medicine and surgery. 2021;11(5):1958-69. DOI:
https://doi.org/10.21037/qims-20-933

Uchihara Y, Saito K, Motoyama R, Ishibashi-Ueda H, Yamaguchi E,
Hatakeyama K. Neovascularization From the Carotid Artery Lumen
Into the Carotid Plaque Confirmed by Contrast-Enhanced Ultrasound
and Histology. Ultrasound in medicine & biology. 2023449(8):1798—
803. DOI: https://doi.org/10.1016/j.ultrasmedbio.2023.04.002
Zamani M, Skagen K, Scott H, Russell D, Skjelland M. Advanced
ultrasound methods in assessment of carotid plaque instability:
a prospective multimodal study. BMC neurology. 2020;20(1):39.
DOI: https://doi.org/10.1186/s12883-020-1620-z

Fedak A, Ciuk K, Urbanik A. Ultrasonography of vulnerable
atherosclerotic plaque in the carotid arteries: B-mode imaging.
Journal  of  ultrasonography. 2020;20(81):e135-45. DOI:
https://doi.org/10.15557/JoU.2020.0022

Saftoiu A, Gilia OH, Sidhu PS et al. The EFSUMB Guidelines
and Recommendations for the Clinical Practice of Elastography in
Non-Hepatic Applications: Update 2018. Ultraschall in der Medizin.
2019. Vol;40(4):425-53. DOI: https://doi.org/10.1055/a-0838-9937
Hata J. Seeing the unseen: New techniques in vascular imaging
Superb Micro-vascular Imaging. Medical Reviw. URL: https://at.med-
ical.canon/wp-content/uploads/sites/2/2015/01/Seeing-the-unseen-
2014-SMl-on-Aplio-500.pdf

Saba L, Loewe C, Weikert T et al. State-of-the-art CT and MR imaging
and assessment of atherosclerotic carotid artery disease: the
reporting — a consensus document by the European Society of
Cardiovascular  Radiology = (ESCR). European  Radiology.
2023;33:1088-101. DOI https://doi.org/10.1007/s00330-022-09025-6
Singh A, Nasir U, Segal J, Waheed TA, Ameen M, Hafeez H.
The utility of ultrasound and computed tomography in the
assessment of carotid artery plaque vulnerability-A mini review.
Frontiers in cardiovascular medicine. 2022;9:1023562. DOI:
https://doi.org/10.3389/fcvm.2022.1023562

Guo Y, Wang X, Wang L, Wei X, Duan Y, Yang X, Zhang M,
Zhao B. The Value of Superb Microvascular Imaging and Contrast-
enhanced Ultrasound for the Evaluation of Neovascularization in
Carotid Artery Plaques. Academic radiology. 2023;30(3):403-11.
DOI: https://doi.org/10.1016/j.acra.2022.08.001

Davidhi A, Rafailidis V, Destanis E, Prassopoulos P, Foinitsis S.
Ultrasound Elastography: another piece in the puzzle of carotid
plaque vulnerability? Medical ultrasonography. 2022;24(3):356—63.
DOI: https://doi.org/10.11152/mu-3190

Prospects for further research

The improvement of the diagnostic algorithm for the non-inva-
sive assessment of the severity of carotid stenoses using
a complex of radiological studies, with the definition of the
separate role and scope of US diagnostics as the most acce-
ssible method. An important focus is the development of
a prognostic model for the risk of ischemic events in patients
with asymptomatic atherosclerotic carotid involvement.
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