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3a aBa pecstunetvs, NpPOoLUEALUVX MOCAE BHEAPEHWST BHYTPUCOCYANCTbIX METOAVK BU3Yann3aumy B KIIMHUYEe-
CKYIO MPakTuKy, 3TV TEXHOJI0MMM 3aHsiiM [OCTOMHOE MECTO B apCeHasle CPeACTB JIeYEHUsI KOPOHapPHOro
arepocksiepo3sa v, 6e3 rnpeyBeIndeHus, MoJIHOCTbIO TPAHCHOPMUPOBAIN Kak KOHOUIrypaLumio npouecca, Tak v
exefHeBHYI0 paboTy B PEHTreHornepaumoHHO. [TOMUMO 4OCTUrHYTOro TEXHOJI0MM4YEeCKOro rnporpecca, caeany-
€T OTMETUTb COJINAHbIVI 0ObEM HaKOMIEHHbIX 3@ 3TO BPEMS Ka4€CTBEHHbIX A0Ka3aresbHbIX AaHHbIX, CBUAE-
TEIbCTBYIOLUMX O MPENMYLLECTBE METOAMK BHYTPUCOCYANCTON BU3Yann3aLmmy B CPaBHEHUN C TPaANLMOHHOM
aHrvorpagueri B onTUMU3aLmmy YpeCcKOXHbIX KOPOHaPHbIX BMeLuaTesibCTB. OCHOBbLIBAsICb Ha MOLLHOW [0Ka3a-
TesIbHOM 6a3e 1 60JIbLLIOM JIMYHOM OrbITE, aBTOPbI AaHHOIrO AOKYMEHTa AarT 000CHOBaHWE )15 IPUMEHEHUS
MEeToANK BHYTPUCOCYANCTOM BU3Yyann3aumy B €XEOHEBHOV KIMHUYECKOV MpPakTuKe, OLEHUBAaKOT VX POJIb
B YJIYHLUEHUN PE3YJIbTATOB YPECKOXHbIX KOPOHAPHbIX BMeLuaresnscTB. Kpome Toro, npeanaaraercs TpexypoB-
HeBasi cuctemMa 0Oy4eHWsT CreLnaancToB 1 CriIoCOOCTBOBAHUSI MPOABUXEHNIO METOANK BHYTPUCOCYANCTOM
BU3yann3aumm C LeJbio X BHEAPEHWS B KIIMHUYECKYIO MPAaKTUKY KaXXA0V PEHTreHoNnepaLmnoHHOM CTPaHbI.
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Two decades have passed since the introduction of intravascular imaging techniques into clinical practice.
These techniques have taken their rightful place in the treatment toolset for coronary atherosclerosis and,
without overstating, have completely transformed both the procedure configuration and the daily work in the
CathLabs. In addition to the technological advances achieved, it should be noted that substantial amount of
qualitative evidences have been accumulated during this time, suggesting the superiority of intravascular
imaging techniques over conventional angiography in optimizing percutaneous coronary interventions. Based
on the strong evidential base and extensive personal experience, the authors of this paper provide a rationale
for the use of intravascular imaging techniques in routine clinical practice, evaluating their role in improving the
results of percutaneous coronary interventions. In addition, we propose a three-level system to train specialists
and promote intravascular imaging techniques in order to introduce them into the clinical routine of every
CathLab in Russia.

Keywords: intravascular imaging, percutaneous coronary interventions, IVUS, OCT, optimal stenting
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AKTyanbHOCTb BOMNpoca

ExerogHo B Mupe BbInonHsaeTca 6onee
1 MJTH YPECKOXXHbIX KOPOHAPHbIX BMELLATENLCTB
(HKB) no noBoay aTtepocCKNepoTnyecknx no-
paXXeHin KOPOHaPHbIX apTepui, 1 NPUMEPHO
NONOBMHA Npouenyp BbINOJHAETCA Npu Xpo-
HMYEeCKOM KopoHapHoOM cuHgpome (XKC) (1).
OCHOBHbIM METOAOM MHBA3MBHOIO KOHTPOJIS
HenocpencTBEHHbIX pe3ynbratoB YKB saBns-
eTcsa aHrmorpadpua (kKopoHaporpadpud).
Mexpagy Tem, no paHHbIM aBTOPOB MpOC-
MEKTUBHOIO MHOMOLLEHTPOBOro mccrnenoBa-
Husa STLLR, n3yyaBwunx 4acTtoTy M BAUAHUE
cybonTumanbHbix pedynbratoB YKB Ha oTaa-
JNleHHble pe3ynbTaTbl BMelwartensctea y 1557
nauneHToB U3 41 knuHnyeckoro uentpa CLUA,
OblNI0 YCTAHOBJIEHO, HYTO MNPUMEPHO 2/3 CTEH-
TOB OblI UMMNIAHTUPOBAHbI HEKOPPEKTHO.
B wacTtHOCTU, B 66,5% cnyyaeB HeNpaBUJIbHO
OblNM BbIOpPaHbl NPOKCUManbHbIE WU/ AUC-
TanbHble TOYKM MMMJAHTALUWN CTEHTOB (Tak
HasblBaeMblli geographic miss), B 47,6%
c/lydaeB oTMevanacb manannos3uums 6anok
cTeHToB 1 B 16,5% cny4aes oba BapunaHTa (2).
O6LWwen3BecTHO, 4TO cybonTMMalbHble HENo-
CpeaCcTBEHHbIE pe3ynbTaTbl HEraTUBHO BUS-
IOT Ha OTOa/IEHHbIE KIIMHUYECKNE U aHrmo-
rpadunyeckmne pesdynstatel HKB. Tak, B TOM Xe
nccnepgosaHum STLLR dpeHomeH “geographic
miss” dBNANCA MPUYNHON TPEXKPaTHOro
yBeJIMYEeHNSA 4acToTbl MHdapKTa Mumokapna
(MM) n HezaBUCUMBIM PUCK-DAKTOPOM MMO-

BTOPHbIX BMELLATENIbCTB Ha LLENIeBOM COCyae
yepes 1 rog nocne YKB (2).

KoHTpacTHasa KopoHapHasa aHrmorpadus,
nnm “nymmHorpadusa”, Ha NPOTXKEHUM Nocnea-
Hux 40 neT cumTaeTcd “30/10TbiM CTaHAApPTOM”
JONarHOCTUKN COCTOSAHMSA KOPOHAPHbIX apTeEPU,
1, KPOME TOro, CNYXUT MHCTPYMEHTOM KOHTPO-
N9 BbINOJIHEHUS MPOLEaypbl U OLLEHKN Pe3yJib-
Tata YKB. OpHako W3y4eHUE TPEXMEPHON
CTPYKTYPbl, KOTOPOWN SBNSETCA KOPOHapHasi
apTepusi, C NOMOLLbIO METOAMKU OBYXMEPHOIO
(MNOCKOCTHOrO) mnccnenoBaHUss MMEET CBOU
3HaunTeNbHblE OrpaHuyeHusa. Kpome TOro,
KopoHaporpadusa gaeT npencraBieHne Nullib
O COCTOSIHMM NMPOCBETA apTeEPUN 1 HE NO3BONS-
€T Mn3y4aTb XapakTepuUCTUKU BMONOrnM4ecKux
TKaHen n cyomTb O npoueccax, npoTeKaroLLmx
B CTEHKe apTepun.

MIMEHHO 3T orpaHnyeHnsd KOPOHAPHOM aH-
ruorpadumn 3aganm MOLLHbIA UMMYNbC Pa3Bu-
TUIO OOMOJIHUTESIbHBbIX METOLOB BHYTPUCOCY-
ancrton Buayanmsaumm (BCB) ona yBenuue-
HUS HALLWX ANArHOCTUYECKUX BO3MOXHOCTEMN,
OCOOEHHO B TOM, 4TO KaCaeTcs N3yyeHuns xa-
pakTepucTuk n Mopdonornm aTepoCcKepoTu-
4yeckoW BFLKN N NSBMEHEHWUIN B CTEHKE apTe-
pun. B coBpeMEHHON KIIMHNYECKOW NpakTuke
Hanbosbllee pacnpocTpaHeHMe MoayyYnnu
[JBa MeTo[a BHYTPUCOCYOAUCTOW Bu3yasnu3a-
UMM — BHYTPUCOCYAUCTOE YbTPa3BYKOBOE
nccnegosaHue (BCY3U) 1 onTuko-KOrepeHT-
Hasa Tomorpadpusa (OKT).
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KpaTkuii TexHu4yeckuii 063op
COBpEeMeHHbIX CpeacTB
BHYTPUCOCYAUCTON BU3yasn3auumn

MepebiM MeTogom BCB, pa3sButme KOTOpO-
ro Hayanochb euie B 1970-e roapl, 6bISIO0 BHY-
TPMCOCYANCTOE YNbTPa3BYKOBOE WCCrenoBa-
HMe. A nepBbl cnydan npumeHeHmns BCY3U
in vivo 6bin onucaH B 1988 1. (3). B ocHOBY Me-
TOAMKW NOSIOXEH NMPUHLUMMN FrEHepaumn n otTpa-
>KEHUS YNbTPa3BYKOBbIX BOJIH OT MOBEPXHOCTEN
BuonornMyecknx CTpPyKTyp. YnbTpasByKOBbIE
BOJIHbI pasnuyHon yacTtoTtbl (20, 40 n 60 ML)
reHepupylTCa MNbe303/IeKTPUYECKUM KPWU-
cTaJINIoM, KOTOPbIN 3akpensieH Ha KaTeTepe, U
pacrnpocTpaHATCa Mo OKpYyXHocTn 360°.
Bnaropaps nx B3aMMoOeNncTBUIO CO CTPYKTY-
pamMn CTEHKU apTepumn (padHas CTerneHb oTpa-
XEHUS N MOMOLWEHNS B 3aBUCMMOCTUN OT Xa-
pPakTEPUCTUK BMONOrMYECKNX TKAHEN) Mbl MO-
XEM MNONy4YnTb M3ob6paxeHne MNonepeyHoro
ceyeHns npoceeTa apTepun (360°) B pexume
peanbHoro BpemeHu. OObIMHO Oonee nnoT-
Hble — GMOPO3HbIE N KalbLUMHNPOBAHHbIE TKa-
HM B OOSbLUEN CTEMEHW OTpaxkatT 3BYKOBbIE
BOJIHbI, YEM MOIOLLAIOT, U, COOTBETCTBEHHO,
BUOHbI KaK 9XOreHHble curHasnbl. 1 HaobopoT,
MeHee MNOTHbIe TKaHW (Hanpumep, IMnmaoHoe,
HEeKpoTUYeckoe aa4po ONALWKY, CyOuUHTUMANb-
Has rematoma) B OonbLUEN Mepe MOornoLwatT
3BYKOBOW CUrHanm U SABASOTCA “9xonpo3pad-
HbIMW” CTPYKTypamu.

Ha coBpemeHHOM 3Tane B 3aBUCUMOCTU OT
OmnsariHa katetepa noslyunan pacnpocTpaHe-
Hue gea Tna BCY3W: ¢ MmexaHn4eckum (C Kpy-
TAWMM TPAHCOBIOCEPOM) U Tak Ha3blBAEMbIM
conuaHbIM (C HENOOBUXHBLIMW TpaHcAbloCcepa-
MU) kaTeTepoM. [epBbii TUN kKaTeTepa CHab-
>XEH BpaLLAOLLMMCS OaTYMKOM Ha OMCTasIbHOM
KOHUEe kaTeTepa. BpalleHue partyumka npowuc-
XOOUT C MNOCTOSIHHOM CKOPOCTbLIO (MPUMEPHO
1800 06./MW1H) Ans paBHOMEPHOIro pacnpege-
JIEHNS U3/Tly4aeMoro 1 OTPaXEHHOro curHana.
BTopon Tun katetepa COAepXUT psan Henoa-
BUXKHbIX TPaHCObIOCEPOB, 3aKPEMEHHbIX MO
Kpyry Ha OucTanbHOM KOHLe kaTeTepa, KOTo-
pble aKTMBU3UPYIOTCS NOOYEPEOHO A1 CUHTE-
3a MNOJIHOrO M300paxeHns MO OKPYXHOCTW
360°. B 3aBMCUMOCTM OT AM3aliHa onpenens-
IOTCS U apyrme TEXHMYECKMEe NapaMeTpbl KaTe-
TepoB (NMpodunb, PpacCTOAHME OT KOHYMKA Ka-
TeTepa OO0 TpaHcapkocepa, AJIMHA MOHOpPEesb-
CoBOMNYaCTU), KOTOPbIE HEOOXOAVMO Y4MUTbIBATb
npu peweHnn 3agay BCB B KOHKPETHbIX aHATo-
MUYECKUNX CUTYaLMSX (XPOHNYECKNE OKKITIO3UN,
N3BUTOCTb M KaNlbLMHO3 apTepuun, CTEMEHb
cTeHo3a n T.4.). KateTtepbl C MexaHMYeCKM Bpa-

LWaLWMMCS TPaHCObIOCEPOM UMEIOT Mpenmy-
LWeCcTBO BBUAY WX MPOCTOro Au3aiiHa, MeHb-
wero nNpodunsa v ny4wero COOTHOLLEHUSI CUr-
Has/WyMm, 4TO, B UTOre, OnpeaenseT nyywee
KayecTBO M300paxeHUss B CPaBHEHUM C KaTe-
TepaMmy C HENOABWXKHbIMWU TpaHcObloCepamu.
OpHako nocnegHWin UMeeT MPEenMYLLECTBO
B npouenypax BCY3W-ynpaBnsemMbix pekaHa-
NN3aLNI CIIOXHBIX XPOHNYECKUX OKKJTIO3UIN KO-
poHapHbIx apTepuin (XOKA), Nockobky NO3BO-
naet 6onee AuCTasbHO MO3UUMOHMPOBATL
TpaHcOblOCEPbl N3-32 MEHbLUEro pacCToAHMS
OT KOH4YMKa kateTepa OO0 AatymkoB. Kpome
TOro, ny3blpbkXM BO3Ayxa, KOTOPble MOryT
MMEeTbCA MeXay MexaHM4eCckM BpaLlaoLLmMMCS
0AaTYNKOM 1 YEXTTOM KaTeTepa, CNOCOOHbI yYXy/-
WnTb n300paxeHne, NO3TOMY HeobXoanMbl
TWaTeNbHasa NPOMbIBKA M OCBODOXAEHME Y3KO-
ro NPOCTPaHCTBa MeXAy OAaTYMKOM U KaTeTe-
pomM OT Bo3ayxa. [Ansa kaTeTepoB C HENOOBUXK-
HbIMM TpaHCObOCEPAMM Takas npoleaypa He
HY>XHa.

Paspelwatowiass crnocobHOCTb U Ka4eCcTBO
n306paxkeHns NOCTOSHHO yNy4llanmnchb B Teve-
HMe nocnegHUX OBYX OECATUNEeTUI BNOTb OO0
HepaBHero nogasneHna BCY3U BbicOKOro pas-
peweHus (High Definition IVUS). MNpu atom
MEeTOLE NCMNOJb3YIOTCS KaTETEPbI C BbICOKOYAC-
TOTHbIM TpaHcabiocepom 40-80 MI'u. B uenom
akcuasbHasa paspellarouas cnocobHOCTbL 3a-
BUCUT OT YACTOTbl U LUNPUVHBI YIIbTPA3BYKOBOIO
uMmnynbca u coctaBnaetr npumepHo 100-
120 mkm. OpgHako BCY3W BbICOKOro paspetle-
HMSA MNO3BONSET YBENNYUTb 3TOT NokasaTteslb
0o 70 mkm (4). Tem He MeHee ynydleHue
kadyectBa BCY3U-nsobpaxeHunss npoucxoout
3a CcYET YMEeHbLUEHUS MYyOUHbI MPOHUKHOBEHUS
(rnyBuHBbI CKaHNPOBaHNS) 3BYKOBbIX BOJIH.

PaanoyacTtoTHbIN aHanM3 OTpaXeHHbIX 3BY-
KOBbIX CUFHa/IOB (KOAVPOBKA B 3aBUCMMOCTU
OT 4acTOTbl OTPAXEHHOrO0 CUrHana) NO3BoNnseT
MosyYnuTb TakK HasbiBaemMoe un3obpaxeHue
BMPTYaNIbHOM MMCTONOMMK, NMOCKOJIbKY YacToTa
OTPaXEHHOro curHana 3aBMCUT OT XxapakTepu-
CTUK BMONOrNYECKOM TKaHM 1, Taknm 06pasom,
passinyHble TUMbl TKAHEW MOTYT MOJIYYUTb LBE-
TOBYIO KOOMPOBKY Npu obpabotke BCY3U-
n3obpaxeHus. Takol aHann3, B CBOIO o4epeb,
nomMoraeT yTOYHWUTb TKaHEBOW COCTaB aTepo-
CKNepoTuyeckon O6nawKn (kanbumHo3, ub-
PO3HO-NMNMAHasa 6nsLKa UM Hanndne HeKpPo-
TUYECKOro aapa), a Takke COCTOsSHUE COoCyaun-
CTON CTEHKU U PUBPO3HOI Kancynbl BASALLKN.
Kpome TOro, BupTyanbHas rmcTonormsa no3so-
naeT  mnpeHTMduumpoBaTb HecTabunabHYIO
ONSALIKY 1 aTepoMy C TOHKON pnOPO3HONM Kan-
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cynoin (5, 6). HyBCTBUTENBHOCTbL OOHAPYXXEHUS
6NAWKN ¢ TOHKON GMOBPO3HOW Kancynow ¢ no-
MOLLIbIO Paano4acTOTHOro aHanmsa (BupTyasb-
HOM TMCTONOMMKM) OOBOJILHO BbICOKA, OAHAKO
cneumduyHOCTb OCTAeTCSH HU3KOW U3-3a HEBbI-
CcokoW paspeliatoulen cnocobHocTu. MNMpaBaa,
cneunduyHOCTb MOXHO MOBLICUTbL MYTEM KOM-
OVMHUPOBAHHOIO MPUMEHEHUS PaJMOYaCTOT-
Horo ananmaa n OKT (7).

dDyHKUMA aBTOMATUYECKOM 0OpaTHOWM Mpo-
TSXKKM KaTeTepa C MNOCTOAHHOM CKOPOCTbIO
(0,5-1,0 mm) no3BonseT NoOAy4UTb MHDOPMa-
LMIO O OJIMHE MOPaXEHUs U KONMYECTBEHHO
U3mMepnTb 00beM BNALLIKU, YTO OCOOEHHO BaXkKHO
npuv NnNaHMpoOBaHUM MpoLeaypbl CTEHTUPOBA-
HUs. Takke OJIMHY NoOpaXXeHUs MOXHO OLEHUTb
1 C NOMOLLbIO COBPEMEHHbIX CUCTEM TaK Ha3bl-
BaeMOM aHrnmorpaduryeckom Ko-permcrpauuu,
Korga MoJsIoXeHue TpaHcablocepa B apTepumn
KOHTPOSIMPYETCS Ha COBMELLEHHOM aHruorpa-
duryeckom n3obpaxeHunn.

B otnnume ot BCY3U, OKT B kavyecTBe MH-
CTPYMEHTa AUCTAHUVMOHHOIO 30HAVUPOBaHUS
B10NOrnM4ecKmX TKaHEW N CTPYKTYP UCMNOSb3YEeT
CBETOBble BOJIHbl O/M3KOro MH$pPakpacHoro
cnekTpa. KoHuenuna OKT 6bina paspadoTaHa
B Hayane 90-x rogos XX Beka (1991), a nepBoe
coobuWeHne O KIMHMYECKOM MNPUMEHEHUN
OKT-TexHOonornm B KOPOHaPHbIX apTEPUSIX MNOSA-
Bunocb B 2006 r. (8, 9). Katetep ana OKT-
nccnegoBaHms npeacTaBnseT cobon BpaLlato-
Lieecs BOKPYr OCW OMTUYECKOE MOHOBOJIOKHO
C COBMELLEHHON MUHWU-TIMH30M O/ OTPaXeH-
HOro CBETOBOrO CUrHana, KoTopbl 3aTemM nofa-
BepraeTcss KoMnbioTEPHOW undpoBon obpa-
60TKe B pexmmMe peanbHOro BPEMEHU C Moy-
YyeHMeM Kn300paxkeHUn Kak B MoMNepevyHom
cpese (nnockocTHoe 2D-n3obpakeHune), Tak u
B NPOCTPaHCTBEHHOM (3D-n3obpaxeHne) Buge
(10). OKT o6napaet Hawny4ywnm MNPOCTPaH-
CTBEHHbIM pa3peLleHneM cpeam N3BECTHbIX Ha
cerogHa mopanbHocTen BCB (akcuanbHoe
paspewieHne — 10-20 MkMm, nonepeyHoe uim
natepanbHoe — 20-90 MKM), YTO NPUMEPHO B
10 pa3s Bbiwe, 4yem y BCY3W. OgHako rmybuHa
NPOHNKHOBEHWSI CBETOBbIX BOJIH B COCYAUCTYIO
CTeHky B 2—3 pa3a MeHblue, 4em y BCY3U (11,
12).

MocKkonbKy CBETOBble BOJIHbI, WUCMOJNb3ye-
mble B OKT-uccnepgoBaHuu, nornowaoTcs
KPOBbIO, AN NOJy4EeHUS KayeCTBEHHOro N30-
OpaxkeHuns TpebyeTcs o4McTKa onepaumMoHHOro
nonga (NpoceeTta cocyaa) OT KPOBSIHOW cpefpbl.
Kak npaBwnio, ong 3Toro Mcnosib3yeTca KOH-
TpacTHOe BELWECTBO, BBOOMMOE MHTPAKoOpO-
HapHO NOA4 AaBfIEHMEM, HEOOXOoAUMbIM ANs

MOJTHOM OYUCTKM MPOCBETA apTeEPUM OT KPOBU.
Takast ocobeHHocTb OKT-mnccnemoBaHust Hakna-
OblBaeT OnpeneneHHbie OrpaHnyeHusa Ha ero
NPUMEHEHNE — HanpMMep, y NauMeHTOB C Ha-
PYLWIEHHON YHKUMEN MNO4YeK UM B Cchay4asix
aopTOOCTUASIbHbLIX MOPaXeHUN KOPOHAaPHbIX
aptepuin. Opyrne aHaTtoOMMYECKUE YCIOBUS,
Takme, Kak HeobXxoOauMOCTb WCCenoBaHUS
O4Y€Hb KPYMHbIX (5 MM 1 Gonee) N Menknx
(MeHee 2 MM) apTepuii, KPUTUYECKMX CY>KEHUIA
(90% n 6bonee), TakxKe ABNAOTCS NMPENATCTBU-
emM ana nHpopmatuBHoro OKT-uccnenoBaHus
C MNOJIyYEHUEM NPUrOAHLIX ON9 OUEHKW UN30-
6paxeHuin (13, 14). OgHako npu yYCrnoBUU
a[eKBaTHOM OYMUCTKM ONepaunoHHOro nons
KOHTPACTHbIM  BELLECTBOM MoJly4aemble
OKT-n306paxeHns alT aeTanbHylo MHOOpP-
MaLMI0 KaK O COCTOSIHUM CTEHKU apTepun
(cTpoeHne u CTPYKTYPHbIE U3MEHEHUS CJIOEB
CTEHKM cocyna), Tak M 0O Mopdosornm
aTtepocknepoTuyeckon onawkn (15, 16).

CoBpemMeHHble OKT-cucTtembl MO3BOJSIOT,
MOMMMO N3YYEHUSA MOPDONOrNM CTEHKM apTe-
pUn 1 aTEPOCKNEPOTUYECKOW BAALLKM, BbINOJI-
HUTb TOYHbIE UBMEPEHNS FrEOMETPUN NMPOCBETA
apTepun (OanHa nopaxeHus, pedepeHCHbIN
M MMUHUMAJIbHBLIA guamMeTp U naowads none-
peyHoro cedeHms npoceeTa). CoBmelleHHas
c OKT aHrmorpadunyeckas ko-permcrpaums
npeaocTaBasgeT BO3MOXHOCTL elle 6osiee To4-
HOro “kKapTUPOBaAHUA” NOPaAXEHHOro cerMmeHTa
N N3MEPEHMNS ero reoMeTpun4ecknx napamerT-
poB. ABTOMaTtuyeckas obpadboTka msobpaxe-
HUA C OOHapyXeHWeM KallbLMHMPOBAHHbIX
y4yacTKOB TakXXe No3BOJIIET pa3paboTaTb ONTU-
MarnbHbIV anropuTMm neyeHusa. U, HakoHel, no-
cnegHue TexHonoruyeckme paspaboTku ans
KoMbuHmposaHHol (BCY3U + OKT) Buayanu-
3auMn AT YHUKAJIbHLINA LLAHC YBUOETb COB-
MelleHHOEe N300paxeHne LeneBoro cermeHTa
apTepun c NOMOLLBIO OOHOro KateTepa.

Mpwn BbIGOpPE TOM UAN NHOW MOAANILHOCTU
BU3yannsaumun, KOTOPYK crlenyeT NPUMEHUTb
BO BpeMs ONarHOCTUYECKOro mny 9HO0BaCKY-
JNIIPHOro BMellaTeNnbCcTBa, HeobXoOMMO MNpu-
HUMaTb BO BHMMaHWE CPaBHUTESIbHYIO Xapak-
TepucTuky asyx metoamk BCB (Tabn. 1).

Ncxonosa n3 pusanveckmnx xapakTepucTmk Uc-
TOYHMKA CKaHUPYIOWErO W3JTyYEHUS, MOXHO
CpPaBHUTb OCOOEHHOCTU ABYX YKa3aHHbIX MO-
nanbHocTen BCB. Hanpumep, BCY3U He Tpe-
OyeT 0O4MCTKM onepaumoHHOro NoJsst KOHTpacT-
HbIM BELLLECTBOM, YTO CYLLLECTBEHHO BaXKHO AJ151
OLLEHKM aOpPTOYCTbEBbLIX MOPaxXeHWin, Onsa pe-
KaHanMsaunm XPOHUYECKUX OKKJIIO3UIN, Korga
BBELEHME KOHTPaCTHOro BeLlecTBa MOXET
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Ta6nuua 1. CpaBHUTEbHAA XapPaKTEPUCTMKA ABYX MOAANbHOCTEN BHYTPUCOCYANCTON BU3yanM3aLmm

XapakTtepucTtuka

BCY3H OKT

NCTOYHUK n3nyyeHns

[nnHa BONHbI, MKM

Paspeluatowas cnocobHOCTb, MKM

MakcumanbHbIn AuaMeTp CKaHMPOBaHUS, MM

MpoHuKatoLlas cnocobHOCTb, MM

OumcTka onepaunoHHOro nonaga OoT KPoBU

40-200 (akcuanbHoe),
200-300 (natepanbHoe)

CBeToBbI€ BOJHbI 6/IM3KOr0
nH@pPakpacHoro cnekTpa

35-80 1,3

YnbTpasByk

15-20 (akcuanbHoe),
20-40 (naTepanbHoe)

15 7
10 2-2,5
He Tpebyetcsa Tpebyetcs

npmMBECTU K 60/bLION CYOUHTMMAaNbHOW rema-
TOoMe U Heygade npouenypbl. Kpome Toro, oT-
CyTCTBME HEOOXOAMMOCTU BBEOEHUS KOH-
TPaCTHOro BELLECTBA SBASETCSH AOMOJHUTESb-
HbIM APryMEHTOM B MOJIb3y MPUMEHEHUS
BCY3W y naumeHTOB C HapyweHnemMm OyHKUUn
no4yek. bnaropaps OJIHHOM BOJSIHE U3NYYEHUS
yNbTPa3BykK MPOHUKAET rnybxe B CTPYKTYpPbI
CTEHKM apTepun n, Takum obpasom, npeno-
CTaBNgeTCsl BO3MOXHOCTb U3YHYEHUS apTepuii
6onblioro kannbpa (Hanpumep, CTBOJ NEBOM
KOPOHApPHOM apTepun) mnn aHeBpusMaTuye-
CKW paclUMpeHHbIX y4acTKkoB cocydoB. M3-3a
MeHbLUEN MpOHUuKalouwieln crnocobHocTn OKT
B cpaBHeHun ¢ BCY3W Bo3HMKaeT puck Heao-
OLUEHKN OCTaTo4yHoro obbema 6nawkM nog
HankamMmmy CTeHTa WM Ha Kpak CTEHTUPOBAH-
Horo yvactka (17, 18). MNpumeHeHne dusmno-
JIOrMY4EeCKOro pacTeopa BMECTO KOHTPACTHOMO
BellecTBa 411 OYNCTKM OMnepaumMoHHOro rnons
cenyac HaxoaUTCs B CTaaun OLLEHKMU.

Tem He MeHee Gnarogapsi CBOeN Hecpas-
HEeHHO Oornee BbICOKOW paspeLluatoLlen cro-
cobHocTn OKT nosBonsieT nony4yntb Oonee
OeTanbHylo MHPOPMaLMIO O CTPOEHNU COCTaB-
HbIX 3JIEMEHTOB COCYAUCTON CTEHKWU (MHTUMA,
Menua), aTepoCKiepoTuyeckomn 6nawku (nu-
nuaHasi, GubposHaa UNM KalbLMHMPOBAHHAsA
6nawka) n ee GrubposHonm kancynbl. C Nnomo-
wbto BCY3U ¢ TpaaULMOHHOW ONIMHOW 3BYKO-
BbIX BOJIH (20—40 MTI4) HEBO3MOXHO NONY4YUTb
Takylo geTanbHyo nHdopMaumio O BbllLEOTME-
YeHHbIX BMONOrNYECKNX TKaHAX U CTPYKTypax.
Tem He meHee BCY3W BbicOkOro paspelleHusa
(Hanpumep, katetep 60 MIy) ynyywaeT kade-
CTBO M3006paxeHusa B cpaBHeHUn co BCY3U-
KaTeTepamMu CTaporo NnokKoJIeHus .

Kpome Toro, 6narogaps BbICOKOW paspeLua-
towenn cnocobHocTn OKT onepartop nonyyaer
BO3MOXHOCTb 0Oosiee rnyboko uccnenoBaTtb
npoLecc pecTeHO3a BHYTPU CTeHTa, OOHapy-
XNUTb U N3Y4NTb HEOATEPOCKIEPO3 N E€ro pas-

HoBUAHOCTU. Takxke ¢ nomMmoLlbio OKT BO3MOX-
HO Oonee pOeTanbHOE U3y4eHUE KanbUMHO3a
CTEHKM apTepum (pacnpoCTPaHEHHOCTb, TOJLLM-
Ha, flokanusaums), NocKOJIbKY CBETOBbIE BOJIHbI,
B OT/IMYUME OT yNbTpasByka, He NOJIHOCTbLIO OTpa-
KalTCS OT KaNbUVHMPOBAHHOIO cybcTpaTa.

Bo Bpems npouenypbl HKB OKT nossonser
6onee petanbHO BU3yanm3mpoBaTb OOKOBbIE
BETBM, CTEHT (Manannosmuud, gedpopmaums).
OKT Takxe obnagaeT BbICOKOW Y4yBCTBUTEIb-
HOCTbIO NPU 0OHAPYXXEHUN MHTUMaSIbHO-Meau-
anbHOM guccekuuy (B TOM 4YuCHe M Ha Kpasix
CTEeHTa), NPOTPY3UN TKAHEW 4Yepesd CTPYKTYPY
cteHTa. 3D-pekoHcTPyKuma OKT-ns3obpaxeHus
oKasblBaeTCHd MNoJIe3HOM MNpU CTEHTUPOBaAHUU
6udypKaLMOHHBIX NopaxeHun. HecmoTpsa Ha
JOCTOMHCTBA U HEOOCTaTKM KaxAon mopalb-
HOCTW BHYTPUCOCYAUCTOWM BM3yanm3aumun, obe
TEXHOIOMMN NMEIOT NPEUMYLLECTBO NMepen aH-
rmorpaduyecknm mccnegoBaHmem (“nymMmmHo-
rpadpusa”) ¢ TOYKM 3PEHUSA TOYHOCTU AMArHO-
CTUKU NMPU 3HO0BACKYSAPHOM JIEYEHUN KOPO-
HapHOro aTtepockieposa.

0630p pokasaTenbHOW O0a3bl
M pe3ynbTaToOB UCcnefoBaHUN
metToauk BCB anga onarHoCTUKu
KOPOHapPHOro atepocksiepo3a
n onTuMmu3sauum npoueanypsl HKB

Ewe B anoxy cteHTOB 6e3 /IEKApPCTBEHHOIO
MOKPbLITUS OTAESIbHbIE NCCNE0BAHUS NOKa3bl-
Bann npeumyuiectso BCY3U-ynpaBnsemoro
YKB nepen YKB nog aHruorpaduyecknm KoH-
TPOJNIEM C TOYKN 3PEHUSA YMEHbLUEHUS YACTOThI
PECTEHO30B BHYTPU CTEHTOB B OTAASIEHHOM
nepuoge (19, 20). B uenom BeiBOgbLI 8 13 9 ca-
MbIX KPYMHbIX PaHAOMU3NPOBaHHbIX MUCCNeno-
BaHW, cpaBHMBaKOLWMX pesynbraTtbl HKB nopg,
BCY3N u aHrmorpadpuyeckmm KOHTPOJIEM,
cBuaeTenbcTBOBaiM B nonb3dy BCB, n nuuwb
onHo nccneposanme (OPTICUS) (20) gano Hen-
TpasnbHble pea3ynbratbl. MeTaaHanma, BKlOYa-
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IOWMIA pe3ynbTaTtbl BCEX 3HAYMMbIX CpPaBHU-
TeNbHbIX MCClegoBaHUN (BHYTpUCOCyaucTasd
BM3yanmsauusa npoTuB aHrmorpadum) npu
onTumMmmnsaumn pedynetatos HYKB B anoxy cteH-
ToB 6€3 NeKapCTBEHHOrO MNOKPbLITUSA, NMokasarn,
410 BCY3U-ynpasnsemoe HKB nmeet npenmy-
LLEeCTBO rnepen, aHrmorpadpuyeckm KOHTPON-
pyembiM YKB B ymeHblUueHun yactotel MACE
(19% npotmne 23%, oTHoweHMe puckoB (OP)
0,69, 95% AW 0,49-0,97, p = 0,03) n pecTeHo-
30B 4yepes 6 mec (22% npoTtue 29%, OP 0,64,
95% AWM 0,42-0,96, p = 0,02), Toroa kak pas-
HUUbI B 4YacTtoTe netanbHoctTn (p = 0,18) n B
puCKe BO3HUKHOBEHUS CNOHTaHHOro VIM B oT-
naneHHom nepuoge (p = 0,51) He 6bin1o (21).

MosiBneHue n pasBmuTmMe TEXHONOIMIA nekap-
CTBEHHbIX CTEHTOB 3HAYUTENIbHO YMEHbLLUUIIO
yactoty MACE, » 3TOT nokasartenb okasascsi
HaCTOJIbKO MaJibiM, YTO CTa10 3aTPYOAHUTENIbHO
[okasaTb pasnuume B nonb3dy metomos BCB
B ontumMuzauumn pesynstatoB HKB B ob6uien
nonynsaumn naymeHToB. TeM HE MEHEE CO Bpe-
MEH LWNPOKOro BHEOPEHUS NEKAPCTBEHHbIX
CTEHTOB B KJIMHMYECKON MNpakTuke Obiinm npo-
BeOEHbl 3HA4YVMble PaHAOMU3NPOBAHHbIE UC-
cnegoBaHus C LUENbio CPaBHEHUST PE3Y/IbTaToB
YKB, KOHTPOIMPYEMBbIX C MOMOLLLIO aHrmorpa-
b N BHYTPUCOCYONCTBIX METOO0B BM3yanu-
3aumn. JIOrMYyHO, 4TO yXe BbIMOJSIHEHHbLIE WU
npoLoJKaLWMeCa mnccnegoBaHns BKIIOYAOT
NMaLMeHTOB CO CJIOXHBLIMU NOPaXXEHUSIMN KOPO-
HapHbIX apTepuin, U 3TO Bonee peanbHO OTpa-
XaeT cuTyaumio, Habngaemyio B NOBCEOHEB-
HOW KJIMHMYECKOW npakTuke (Tabn. 2).

PesynbtaTthl 10 U3 10 nccnepoBaHuii, BKIO-
YeHHbIX B Tabn. 2, ABNSIOTCA NO3UTUBHLIMW 0151
BU3yann3npylowmx MO4AIbHOCTEN, Kak cpen-
cTtBa ontuMmudaumm YKB, n nmwb ogHO nccne-
OOBaHMe [ano HeuTpasibHble pe3ynbTaThl.
Hwn B 0AHOM 13 nccnenoBaHuii He Oblv Nosy-
YeHbl HeraTuBHbIE pPe3ynbTaTtbl O/ BHYTPUCO-
CYOUCTbIX MOAANIbHOCTEN, KakK WHCTPYMEHTa
onga ontummndaumm YKB B cpaBHEHUU aHrmorpa-
dunyeckm KoHTponmpyemoro YKB.

Ocob6eHHO OTMETUM BbICOKYIO BOCMPOWN3BO-
OMMOCTb pe3ynbTaTOB CPaBHUTENbHbLIX UCCe-
OOBaHM (BHYTpUCOCyAucTasa BuU3yanmsaums
MPOTUB aHrnorpadum ongd KOHTPOAA 1 ONTUMN-
3aumu pesynsratoB HKB), npoBeaeHHbIX B pas-
Hoe Bpems. Cneanyet ob6paTuTb BHMMaHME Ha
Ha pes3ynbTaTbl ABYX MOXOXUX UCCNEA0BAHUN —
IVUS XPL (2015 r.) n ULTIMATE (2018 r.)
(Tabn. 3).

YkasaHHble B Tabs. 3 ABa paHAOMU3VPOBaH-
HbIX MCCNef0BaHMs, KOTOpPblEe MPOBOAUSINCH
B pa3HOe BpeMSA U B pasHbIX KIIMHMKAX, BKIIHO-

yanu npakTU4eCcku OAUNHAKOBOE KOJMYECTBO
CpPaBHMMbIX Fpynn naymeHToB (“BCe BXoAs-
wme”, nogasngaooLliee 60SbLLUNHCTBO C OJIMHHbI-
MW MNOPaXEHUAMN apTepuin) C WNOAEHTUYHON
MepPBMYHON KIIMHUYECKOW TOYKON (Kapawvasb-
Hasa neTanbHOCTb, VIM, NoBTOpHas peBackyns-
pur3aumns, CBA3aHHasa C LLesieBbIM MOPaXeHnem
WU LenesbiM cocynom). MNMonyy4nnoce, 4To Yac-
TOTa Pas3BUTUSA NEPBUYHOW KIIMHNYECKOMN TOYKM
B OBYX MCCNenoBaHusx Obla oauMHAKOBOW Ye-
pe3 12 mec B nonb3dy BCY3U (2,9% npoTtus
5,8% B nccnepgosanum IVUS XPL n 2,9% npoTtme
5,4% B nccnegosaHun ULTIMATE), uTo cBuae-
TeNnbCTBYET O XOPOLIEN BOCMPOU3BOANMOCTU
peaynsTatoB npuMeHeHns BCY3W y aTow cnox-
HOM KkaTeropun naumeHToB. O6paTMM Takxe
BHMMaHME Ha OO0CTOBEPHOE N 3HAYUTENbHOE
CHMXEHMNE 4acToTbl TPOMOO30B CTEHTOB B 60-
nee otpaneHHble cpokn (36 mec) nocne YKB,
BbINOSIHEHHOrO nop, BCY3WM-koHTponem (mc-
cneposaHue ULTIMATE). MoxHO npeanono-
XWUTb, YTO TakMe pe3yNbTaTbl OTY4ACTU Oblin
OOCTUTHYTbl 32 CYET YJy4YlEHUS FeoMeTpumn
MpocCBeTa apTepmm Nocne MMnaaHTaumMn CTEH-
Ta nop kKoHTponem BCY3W. Hanpuwmep, B nc-
cnepoBanmn IVUS XPL B rpynne ¢ KOHTPOJIEM
BCY3WM noctaunataumsa npoBoamnacb AOCTO-
BEPHO 4Yaule, yem B rpynne YKB ¢ aHrmnorpa-
dunyecknm KoHTponem (76,3% npotme 57,4%
cooTBeTcTBEHHO, p < 0,001), a dunHanbHbIN
onameTp 6annoHa gnsa noctgunaraumm Obin
3Hayumo Bbiwe (3,14 = 0,43 MM nNpoTuB
3,04 + 0,42 mm cooTBeTCcTBEHHO, p < 0,001)
(22). MNockonbKy BbILLEYNOMSIHYTbIE MCCNeno-
BaHMSA Ookasanu npeumyliectso BCY3U ne-
pen aHruorpaduven gns koHtpons YKB npoTs-
>KEHHbIX MOPAaXEHUN 1N NPU MMNAaHTaunum OByxX
n 6onee CTEHTOB, TO HEYOMBUTESNIbHO, YTO OBa
paHOOMM3NPOBAHHLIX uccneposaHus — AlR-
CTO umn CTO IVUS nokasanu [0OCTOBEpPHOE
YMEHbLLEHME 4acTOTbl PECTEHO3a U MOBTOP-
HbIX peBacKynapunsauuin Lenesoro cocyna no-
cne pekaHannsauum XOKA nopn KOHTponem
BCY3WM B cpaBHeHun ¢ YKB nopn aHrnorpadpu-
yeckumM KoHTponem. Kpome Toro, B CTO IVUS
O6b1N10 NOKa3aHOo U yy4LLEeHME OTAANEHHbIX K-
HNYECKNX WMCXOO0B; B YaCTHOCTW, 4acTtoTa
MACE 3HaumMTenbHO CHM3uIacb B rpynne pe-
kaHanm3aumn XOKA non BCY3UM-koHTponem
B CpPaBHEHUWN C aHrmorpaduryeckm KOHTPOIu-
pyembim YKB (2,6% npoTtuB 7,1% cooTBeT-
CTBEHHO, p = 0,035). Takasa xe kapTruHa Habnto-
janacb nNpu CpaBHEHUN KOMOUHMPOBAHHOW
TOo4Ykn — netanbHOCT/MIM B AByx rpynnax
(0% npotme 2% cooTBeTcTBEHHO, p = 0,045)
(25, 26).
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TaGnuua 2. Xapaktepuctuka u KpaTkoe onvcaHmne pesynbTaToB 3HAYNMbIX CPABHUTESbHbIX UCCIEA0BAHNIA MO MPUMEHEHMIO
MOAaJIbHOCTEN BHYTPUCOCYANCTON BU3yannaaumm Bo Bpems HKB

Konu- OTpa-
yecTtBOo | Mopanb- | NneHHbIN
UccnepoBaHue lopn, naLu- HOCTD nepwoa, OnucaHue pe3ynbLTaToB
€HTOB mec
IVUS-XPL* (22) 2015 1400 BCY3U1 12 + Yactota MACE 3Haummo Huke B rpynne BCY3U -

2,9% npotme 5,8% (p = 0,007)

+ YacToTa peBackynsipusaumm LeneBoro nopaxeHns —
2,5% npotme 5,0% (p = 0,02)

« Moctaunartauuio yalle nosogwnu B rpynne BCY3U —
76% npoTnB 57% (p < 0,001)

ULTIMATE* (23) 2018 1448 BCY3M 12 + 3HauYMMOE CHMXEHME HexenaTenbHbIX COBbITUIA,
CBSI3aHHbIX C LieNieBbiM cocynoM B rpynne BCY3U
(2,9% npotue 5,4%, p = 0,019)

+ 3HAYMMOE CHUXEHME YaCTOTbl MOBTOPHbIX
peBackynspuaauuii u Tpom60308 cteHToB (OP 0,407,
95% A1 0,188-0,880, p = 0,029) B rpynne BCY3U

+ B rpynne BCY3W HexenaTenbHble cobbITUS,
CBSI3aHHbIE C LieeBbiM COcyaoM, coctaBmnm 1,6%

B CNyyasix, rae Obinm oTMeyeHbl onTuManbHbele BCY3U-
KpUTEpWM MMNAaHTaumm ctenTa, u 4,4% B cnyyasix,
rae 3T KpuTepum He bl ocTurHyThl (p = 0,029).

ADAPT-DES IVUS | 2014 3349 BCY3M 12 + 3Haunmoe ymeHblueHne MACE B rpynne BCY3U

subgroup (24) (2,5% npotue 3,7%, p = 0,004), peBackynsapusaumm
uenesoro cocyaa (1,5% npotus 2,4%, p = 0,007)
1 ueneBoro nopaxexus (2,4% npotus 4,0%,
p =0,0001)

+ 3HAYMMOE YMEHbLLEHME YaCTOTbl CMOHTaHHOro VIM
(2,5% npotue 3,7%, p = 0,004)

+ 3HaYMMOE YMeHbLLIEHNE YacTOThl TPOMOO3a CTeHTa
(0,6% npotue 1,0%, p = 0,003)

+ MNop BnnsiHMem gaHHbIx BCY3W onepaTopbl MeHsinm
ctpareruto YKB B 74% cnyyaeB

AIR-CTO* (25) 2015 230 BCY3M 12 * YMEHbLUEHME OMHBI CYOUHTUMANBHOIO KaHana
B rpynne BCY3WM (10,8 £ 3,9 mm npotue 17,2 £ 9,4 mm,
p =0,002)

+ 3HauYMMOoe ynyylleHne reoMeTpun NpoceeTa:
YBEJIMYEHME NNOLLaAM NONEPEYHOr0 CeYeHNsl MPOCBETa
nocne YKB (5,92 + 2,2 mm? npotuB 4,37 £ 1,1 Mm?,
p=0,01)

+ 3Ha4YMMOE YMEHbLLIEHME YaCTOTbl PECTEHO3A
(8,9% npotue 13,7%, p = 0,021)

+ HeT 3Haummoit pasHuupl B 4actote MACE
(18,3% npotue 22,6%, p = 0,531) 1 B NOBTOPHOM
peBackynapusaumm (4,3% npotus 9,6%, p =0,314)

CTO-IVUS* (26) 2015 204 BCY3M 12 + 3HaunMoe ymeHblueHmne yactoTel MACE B rpynne
BCY3W (2,6% npotus 7,1%, p = 0,035)

+ 3HaYMOe yMeHbLLEHNE KOMOMHMPOBAHHOMN TOYKM —
netanbHocTb/MIM B rpynne BCY3UM (0% npoTue 2%,
p =0,045)

+ HeT 3HauMMoli pa3HuLLbl B peBacKynspu3aumm
ueneson aptepun (2,6% npotms 5,2%, p =0,186)

J.M. De la Torre 2014 1670 BCY3M 36 + 3HaunmMoe yBennyeHue BblxmnsaemocTn 6e3 MACE
Hernandez et al. B rpynne BCY3U (88,7% npotue 83,6%, p = 0,04)
(27) + 3HAYMMOE YBENNYEHWNE BbIXIBAEMOCTU C

BudypKaLMOHHBIMU NopaxeHusMmn cteona JIKA
B rpynne BCY3U (90% npotme 80,7%, p = 0,03)

+ 3HaYMMOE YMEHBLLEHWE YacTOTbl TPOMOO3a CTEHTOB
B rpynne BCY3U (0,6% npotume 2,2%, p=0.04)

+ BCY3U-koHTponnpyemas pesackynsapuaaums
ABNSETCS HEe3aBncMbIM npeankTopoMm MACE
(OP 0,70, 95% AW 0,52-0,99, p = 0,04)
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Tabnuua 2 (okoHYaHue).

UccnepoBaHue

Konum-

fon naum-

€HTOB

4ecTBO

Mopanb-
HOCTb

Otpa-
JIeHHbIN
nepvoga,

mec

OnucaHue pesynbTaToB

J.S.Kimetal.*
(28)

2013 543

BCY3N

12

* ﬂ,OCTOBepHOG yBenn4yeHne MMHMManbHOro gnamMmeTpa

aptepwum nocne YKB B rpynne YKB (2,58 mm npoTms
2,51 mm, p=0,04)

+ HeT 3Haummoit pasHuupl B 4actote MACE B aByx

rpynnax (4,5% npotue 7,3%, p = 0,16)

DOCTORS™ (29)

2016 120

OKT

+ JlocTOBEPHO BLICOKMIA NoKasaTtesib GpakLMOHHOro

pesepBa kpoBoToka nocne OKT-ynpasnsemoro YKB
(0,94 £ 0,04 npotne 0,92 = 0,05, p = 0,005)

+ MeHblue pesvayanbHbiin cTeHo3 nocne OKT-

koHTponupyemoro YKB (7,0 = 4,3% npoTtue 8,7 = 6,3%,
p=0,01)

+ HacToe ncnonb3oBaHue noctamnaTaumm ns-3a

Mananno3vuum, He[OPaCcKPbITUS CTEHTOB, KPAEBOW
anccekuun B rpynne ¢ OKT-koHTponvpyembim YKB
(43% npotne 12,5%, p < 0,0001)

OCTACS* (30)

2015 50

OKT

* YMeHbLUEHMe konnyecTBa 6anok CTEHTOB

¢ mananno3uuyen B rpynne ¢ OKT-KOHTpONMpyembim
YKB (3,4% npotus 7,8%, p < 0,01)

+ MeHbLLee KONMYeCTBO HEQHAOTENN3NPOBAHHBIX 6anok

CTeHTOB Yepe3 6 mec B rpynne ¢ OKT-
KoHTponupyembim YKB (4,3% npotme 9,0%, p < 0,01)

ROCK II* (31)

2021 730

BCY3W/
OKT

12

+ 3HaYMMOE CHMXEHME HexXenaTenbHbIX COOLITUIA,

CBSI3aHHbIX C LiefIeBbIM COCYA0M B rpynne
Budyanusaumu (12,7% npotus 21,2%, p = 0,039)

* HeT 3Ha4MMON pasHuLbl B NePBUYHON KOHEYHOW TOUKE

mexay rpynnamu BCY3W n OKT (p = 0,26)

+ BCY3U aBnsieTca NnpeamKTopoM OTCYTCTBUS

HexenaTtesnbHbIX COObITUIA, CBA3aHHbIX C LieNIEBbIM
cocynom B rpynne susyanuaauun (OP 0,46, 95% O
0,23-0,93, p =0,03)

+ YacToTa HexenaTesibHbIX COObITUI, CBA3AHHbIX

C LeneBbIM COCYa0M, B rpynne aHrmorpadpum — 16%,
B rpynne OKT - 7%, B rpynne BCY3U - 6%

(p = 0,03 mexay rpynnamm aHrmorpaduyecku
koHTponupyemro YKB n YKB ¢ Bu3yanusaumeit)

lMpumeyaHne. * — paHOOMU3NPOBaHHbLIE CCNEeA0BaHMNS.

Ta6nuua 3. OTganeHHble pesynbTathl NprMeHeHrs BCY3W npu AfnHHbLIX NOPaXeHWax KOPOHapHbIX apTepuii

Bpems
UccnepoBaHue, | Konuyecteo Kputepumn MepBuyHas OTAaNIEHHOro .
roa nauveHToB BKJIIOYEHUS TOuYKa pe3ynbrara, Otpanenbiii pesynetar
Mec
IVUS XPL, 2015 1400 OnvHHblE Komno3autHas 12 Yepes 12 mec:
(>28 mm) MACE - MACE - 2,9% npotus 5,8%
nopaxeHust KapavanbHas (p=0,007)
NeTaibHOCTb, MNPM - 2,5% npoTtus 5,5%
1M, NMPM (p=0,02)
ULTIMATE, 2018 1448 Bce Bxogsiume: CobbiTug, 12 Yepes 12 mec:
OnvHHbIE CBA3aHHbIE TVF - 2,9% npotus 5,4%
(>25 mm) C LieneBbim (p=0,02)
nopaxenusi — | cocynom (TVF): Yepes 36 Mec:
60% kapavasnbHas TPOMGO3 CTeHTa —
NneTanbHOCTb
’ 0,1% npotme 1,1%
M, NPM (p=0,02)

Mpumeyarme. NMPM — noBTOpHas PeBacKynapusaLImMs MMokapaa, CBs3aHHas C LieneBbiM COCYI0M/MOPaXEHUEM.
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Ocobbii MHTEepec NpeacTtaBnseT udydeHuve
ponn BCB B ontummzdauuun npouenyp YKB
y NAUMEHTOB CO CJIOXHbIMU MOPAXEHUSIMU
KOPOHAPHOro pycna C LEeblo yayylleHusa He-
NOCPEACTBEHHbIX N OTOAANEHHbIX KITIMHNYECKUX
ncxonoB. B nocnegHee BpemMsa B Hay4YHOW Me-
ONUMHCKON nnTepaTtype Obinn onybsmkoBaHbl
pesynbratbl OBYX UCCNELOBaHUN, NMOCBALLEH-
HbIX 3TOW nNpobneme. B paHooMuM3npoBaHHOE
KOHTponmpyemoe uccneposaHne RENOVATE-
COMPLEX PCI 6b1no BktoyeHo 1620 nauupeH-
TOB CO CJIOXHbIMW NOPaXeHUAMN KOPOHAaPHbIX
apTepui, B TOM 4YMUCle€ CO CTEHO30M CTBOJA,
XOKA, AnuHHbIMU MopaxeHusamMmu (>38 Mm),
“UCTUHHBIMN” ONPYPKALMOHHLIMU MOPaXEHU-
aAMU C BOBJiIe4eHneM OOKOBOW BeTBU >2,5 MM,
MHOrococyamucTbeiMn (6onee OByX apTepuit),
KanbUMHNPOBAHHBIMU N YCTbEBBLIMU MOpPaxe-
HUAMW, PECTEHO3aMU BHYTPU CTEHTOB. Takmm
obpa3omMm, Koropta nauuMeHTOoB, BKJIOYEHHAs
B uccneposaHne RENOVATE-COMPLEX PCI,
Obina Hanbonee MPUBIMXKEHHOW K peasibHOM
KIMHUYECKOW npakTuke. NepBmnyHas KoHe4YHas
Touka (netanbHocTb, MMM B GacceiriHe ueneBom
apTepumn 1 NOBTOPHas peBacKynsapmnsauns) oT-
Mevanacb B 7,7% n 12,3% cny4aeB B rpynnax
BCY3W1N/OKT-ynpaensemoro YKB n 6e3 BCB
cooTBeTcTBEeHHO (p = 0,008). Takum ob6pasom,
BCY3WM/OKT-accucteHuus npu MNepBUYHOM
YKB cHuxana puck passutmsa 60/bLINX Kapan-
anbHbIX OCNOXHEHU Ha 36% (OP 0,64, 95% /U
0,45-0,89). lMNMpn 3TOM OTMEYEHHbIN 3D PeKT
BCY3U1N/OKT-ynpaengemoro YKB nposasnsancs
BO BCEX pucknoarpynnax rnauyeHToB (amnaberT,
XPOHMYECKAdA no4YeyHas HenoCTaTO4YHOCTb,
CHUXEHHast GYHKLMSA NEBOIO XENyn04ka) n He-
3aBUCUMO OT KIMHMYeckoro TtevyeHuss UBC
(XpOHUYECKU 1N OCTPbIN KOPOHAPHbIA CUH-
apom (OKC)) (32). B gpyrom HepaHOOMM3NPO-
BAHHOM  MOMYNAAUMOHHOM  WUCCNEeO0oBaHUMU
OPTIVUS-COMPLEX PCI Takxe ungdydanca oT-
naneHHbin (1roa) adpdekt npumeHeHns BCY3U
npun YKB cnoxHbIX NopaxeHnin KOPOHapPHOro
pycna. Ona oueHkn HenoCpeacTBEHHbLIX pe-
3ynbtatoB ObinKM paspabdotaHbl OPTIVUS-
BCY3U-kputepuun: 1) MMHMManbHasa naowanb
nonepe4vHoro cedeHus (MIMNC) B cTeHTe > pe-
dEepPEHCHOro 3Ha4YeHns NAoLaan NoNepPeyHoro
CeyeHuns gucTtasibHeEe CTeHTa (ecnu OavHa
cTteHTa =28 mm); 2) MIMC B ctente > 0,8 X
cpegHee 3HayeHue pedepeHCHOoOM nnowaan
aptepun (ecnu pgnvHa cTeHTa <28 Mm).
MepBUYHON KOHEYHOM TOYKOW OLEHKM OTaa-
NeHHbIX pesynbtatoB Obina MACE (netanb-
HOCTb, VIM, nHcynbT, Ntobas noBTOpHasa pesa-
ckynsapusaumsa mumokappa). Npun cpasBHeHUn

COMNOCTaBMMbIX MONYyNSAUMA NaUMEeHTOB B MUC-
cnepoBaHun OPTIVUS-COMPLEX PCI n ucto-
pPUYECKOr0O perncrtpa nauueHTOB C peBackKy-
napusaumen mmokapaa ¢ noMoOLLbIO a0pPTOKO-
POHBPHOro wyHtupoBaHusa (AKLU) wnnn YKB
(CREDO-Kyoto-permncrp) oka3anocb, 4TO B KO-
ropte naumeHtoB co BCY3U-ynpaBnsembiM
YKB nepBuyHasa KoHe4YHasi Todka Habnoganach
CTaTUCTMYECKM OOCTOBEPHO pexe, 4yem B HKB
koropTte naumeHToB B pernctpe CREDO-Kyoto
6e3 npumeHeHunss BCY3WM-accucteHumm, -—
10,3 n 27,5% cootBetctBeHHO (p < 0,001).
OpHako pasHuua Obina HeOOCTOBEPHOW npwu
cpaBHeHUWM C rpynnon naumeHtoB ¢ AKLI
(13,6%). Tem He MeHee OTAANEHHbIE KITMHUYE-
ckme wucxogbl BCY3WUM-ynpasBnsemoro YKB
OblIN HEe XyXe, YeM B COMOCTaBUMOW rpyrnmne
naumeHToB ¢ AKLL.

MpumeyaTtenbHo, 4To B OPTIVUS-COMPLEX
PCl B 41,2% cny4yaeB ucxogHas cTpaTerus
YKB meHsanachk nop,snnsaHnem BCY3UM-gaHHbIX,
a Ha 3aBeplialowemM aTane (MmniaaHtTayms
cteHTa) cTtpaTterua YKB ©6bina uvameHeHa
B 39,6% 13 BCcex ne4veHbix nopaxeHumn (33).

YnyylleHne KIMHUYECKNX UCXOO40B — YMEHb-
weHne 4actotbl MACE, a Takxe 4acToTbl MOB-
TOPHbIX peBackynapuaaunii 1 TPOMOO30B CTEH-
TO0B — nocne BCY3WU-koHTponmpyembix YKB
ObIsI0 NOKa3aHO B HECKOJIbKMX MeTaaHanmsax,
BKJIIOYABLUMX 3HAYNMbIE PaHOOMU3NPOBAHHbIE
1 HabnogaTenbHble NCCNeaoBaHNA C OecaTKka-
MU Tbicsad nauyeHTos (34—-36). B HepaBHO ony-
6/1MKOBAaHHOM MeTaaHanm3e, BKJ/0YaBLUEM
19 3HAYMMBbIX CPaBHUTENbHbIX UCCNEeO0BaHUM
n cymmapHo 6onee 27 000 nauneHTOB, Moka-
3aHO 3HA4YMMOE N OOCTOBEPHOE YMEHbLUEHUE
Ha 37% (216 (1,9%) npotuB 627 (3,9%),
RR 0,63, 95% W, 0,54-0,73, p < 0,001) cep-
OE4YHO-COCYANCTON CMEPTHOCTU B OTAANIEHHOM
nepuoae (1 ron n 6onee) B crny4yae npuMeHe-
Hna BCY3U-ynpasnsemoro YKB. B atom xe
cucTeMaTnyeckom 0063ope OblI0 OTMEYEHO
CcCHMXeHne Ha 43% purcka TpoMmbo3a CTEHTOB B
rpynne naumeHtoB co BCY3UM-ynpaBnsiembim
YKB (160 (1,4%) npoTtuB 360 (2,2%), RR 0,57,
95% Ou, 0,41-0,79, p = 0,0006) (37).

HecmoTps Ha TO 4TO B MUMPOBOW Ookasza-
TenbHoW 6ase OTCYTCTBYIOT PaHOOMU3NPOBAH-
Hbl€ NCCIeA0BaHUSA, MOCBSLLEHHbIE U3YYEHUIO
BNvsHUS metonos BCB Ha pesynsratel YKB
CTBONa sieBoW kKopoHapHow aptepun (JIKA), He-
DAaBHO OnybnMKOBaHHbIE PE3YsbTaTbl KPYNHOro
permcTtpa CBUAETENLCTBYIOT O HANYUK OOCTO-
BEpHO Hu3kow 4vactoTbl MACE (kapamanbHomn
netanbHocTn, VIM, NOBTOPHOW peBacKynspu-
3aummn), a Takke TPOMOO30B CTEHTOB MNpwu

COITIACUTEJIbHbBIVI JOKYMEHT SKCINEPTHOW IPYrIrbl POCCUNCKOIO
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BCY3UN- wnnn OKT-koHTponmpyemom YHKB
B CPaBHEHWUM C nMpoueaypamm C TONbKO aHrmo-
rpapuyecknum KoHTtponem (27, 31, 38).
MpuHMMasa BO BHUMaHME KJIMHUYECKYIO 3HaUU-
MOCTb nopaxeHus cteona JIKA, kpoBocHabxa-
owero > 75% maccbl MMmokapaa JieBoro Xxerny-
[o4Ka, nocnegHee pykoBOACTBO MO peBackKy-
napusaumn mmokapaa non aruaonn ACC/AHA/
SCAIl nogaepxano nNpucBOeHMe Knacca Peko-
MeHgaumm lla (pokasaTesnbHbll ypOBEHbL B)
meTonam BCB npu YKB ctBona JIKA (39). B Ha-
LMOHAIbBHOM PYKOBOACTBE AMOHMM MO peBa-
ckynapusaumn mmokapga npumenenuio BCY3U
npn YKB cteHo30B cTtBosia JIKA npuceoeH
6onee BbICOKMI pekomMeHaaTesNbHbIA Ypo-
BeHb — |A (40).

PaHooMn3vpoBaHHbIE NCCea0BaHUS C NpPU-
MeHeHnemMm OKT Takxe nokasanu ynydlleHue
reoMeTpumn npoceeTa CTEHTUPOBAHHOW apTe-
pun 1 yBenunyeHme ¢GpakuMoHHOro pesepsa
kpoBoToka nocne OKT-koHTponupyemoro HYKB
B CpaBHEHUM C Npouenypon ¢ aHrmorpadpu-
yeckmm KoHTponewm (41). Kpome TOro, uccne-
nosaHuna OCTACS un DETECT OCT nokasanu
yAydlIEHNE 3HOOTENM3auun CTEHTA B rpynne
YKB non OKT-koHTponem. B unccnemoBaHun
OCTACS y naumeHToB ¢ OKC 4yepes 6 mec nocne
MMMAaHTaAUMN CTEHTA KOIMYECTBO HEMOKPbIThIX
aHpoTennem 6asiok CTEHTOB ObII0 JOCTOBEPHO
HWxe (4,3% npotne 9,0%, p < 0,001) (42).
AHaNOrM4yHbIM pesdynbrtaTt Obll NOJlydYeH B WUC-
cneposaHun DETECT OCT nocne OKT-koHTpO-
nnpyemoro YKB B rpynne naumeHtoB ¢ XKC
(7,5% npoTuB 9,9% cooTBeTCcTBEHHO, p = 0,009)
(43). B TACTICS-registry npu neyeHum naymeH-
ToB ¢ OKC cTpatermnsa nepsuyHonn YKB Obina
nameHeHa B 58,1% cny4yaeB, n3 Hux y 4,8%
nauyeHToB He Obll UMMNAHTUPOBAH CTEHT Ha
OCHOBaHUM ndydeHnsa OKT-xapakTepucTuk He-
CTabuNbHOro aTepOCKIEPOTUHECKOrO Nopaxe-
HUs apTepun, B 54,6% cnydaeB Obina nposeae-
Ha nocTaunataumd, a B 3% cny4aes nog BAuUs-
HMemMm paHHbix OKT Ha 3aBepLiarolem aTtane
YKB Obln MMMNaHTMpPOBaH AOOMNONHUTESNbHbIN
cTeHT. Taknm obpasom, OKT Bnusana Ha cTpa-
Terunio BbinosHeHns YKB Ha kaxxaom n3 aTanos
BMeLuaTenbcTBa (44).

HeyamBmnTenbHO, 4TO KOANYECTBO UCCNeno-
BaHWN, NOCBALWEHHbIX UCNONb30BaHuio BCY3U,
3HAYNTENBHO MPEBLIWAET YMCO MCCeaoBa-
Hum OKT wu3-3a nosgHero BHeppeHust OKT
B KJIMHWYECKYIO MpakTuMky. HecmoTps Ha 9To,
HEKOTOPbIE HEAABHO 3aBeEPLUMBLUMECS PAHOO-
MM3NPOBAHHbIE WCCIe00BaHUSA TMOCBALLEHDI
CpaBHUTENbHbIM pe3ynbTaTaM MCNOIb30BaHUS
3TUX AByX MeToguk. B wunccnepoBaHuu

ILUMIEN Il 6b1na oueHeHa MUHMManNbHas nno-
waab MOrMepeyHoro CEeYEeHUs1 BHYTPU CTeHTa
rnocne npouenypbl B Tpex rpynnax nauneH-
T0B — ¢ OKT-, BCY3WN- n aHrmnorpadpunyeckm
KoHTponmpyembim YKB. CteneHb packpbiTus
cTeHTa (MegmaHHoe 3HaveHme MITMC npocee-
Ta BHyTpM cTeHTa) B rpynne c¢ OKT-
KoHTponmpyemMbiM HYKB (5,79 mm?, IQR 4,54-
7,34 mm?2) Obina He xyxe (p = 0,001), HO 1 He
nydwe (p = 0,42), yem B rpynne YKB nom KOH-
Tponem BCY3U (5,89 mm2, IQR 4,67-7,80 mm?).
Takke mMegmaHHbii nokasdatens MIMC nocne
OKT-koHTponupyemoro YKB Obln He nydule,
yeM B rpynne aHruorpadunyeckn KOHTponmpye-
MOW mnpoueaypbl cTeHTupoBaHus (p = 0,12)
(45). OTn pe3dynbTaTthl CTAAN NPUYNHOM U OCHO-
BaHMeM AJ19 NnpoBeneHmnsa 6onee MacluTabHoro
pPaHOOMU3UPOBAHHOIO ncecnenoBaHus
ILUMIEN IV, cpaBHuMBaloLLLEro reomeTpu4eckme
napamMmeTpbl GUHANBLHONO MOCTNPOLELYPHOro
npoceeTta aptepun B rpynnax OKT- u aHrvo-
rpadpuryeckm koHTpoampyemoro HKB. M'mnoTtesa
3TOr0 UCCNEeLOBaHUA COCTOSANA B YydLLEHUN
KJIMHNYECKMX MCXOOO0B B rpyrnne nauveHTOB
BbICOKOro pucka ¢ OKT-koHTponmpyembim HKB
B CpPaBHEHUWN C aHrmorpaduryeckm KOHTPOIu-
pyemow npouenypori (46). OkoH4aTenbHble pe-
gynbtatbl ILUMIEN 1V, kak n opyrnx TekyLwimx
nccnegoBaHu, NOCBSLLEHHbBIX BOSMOXHOCTAM
n ponn metoamk BCB B KOPOHapHbIX UHTEP-
BEHLUSX, eLle He NOoJTyyYeHbl, 1 OXNOAETCH, YTO
OHK ByayT CNOCOOCTBOBATD Y/YHLLEHMIO HALLNX
3HaHWN M nomoryT onpegenntb mecto BCB
B KJIMHUYECKOW MPakTUKe 3HA0BACKYSAPHbIX
KOPOHapHbIX BMeLLIaTEeNbCTB.

HecmoTps Ha cyuwecTtBOBaHME CONNOHOMN
hokasaTefibHOl 6a3bl B NOJIb3y MNPUMEHEHUS
BU3Yann3npyloLwwmx MeTOAVK Mpu NPOBEAEHNN
YKB ¢ uenbto ontumMmsaumm HenocpencTBEH-
HbIX N YNYYLWEHUS OTOANIEHHbIX KIMHUYECKUX
MCXOO0B BMellaTenbCcTBa, HabnwgaetTca Oo-
BOJIbBHO MO3anyHas KapTuHa 4acToTbl NpuMe-
HeHns BCY3W B pas3nnyHbix permoHax mupa.
Tak, B flnoHnn n B cTpaHax lOro-BocTo4yHomn
A3nn BCY3WM npumeHseTcsa npmmMmepHo B 80%
cnyydaeB YKB, Torga kak B lepmaHuu, B Utanun
n CLLUA sToT nokasaTtesnb coctaBnget 20% v no
5% cooTBEeTCTBEHHO (47).

B AnoHun pekomeHaoyeTcs pyTUHHOE Mpu-
meHeHne BCY3UM-accucteHumm Bo Bpema HKB
HE3aBUCKMO OT CJIOXKHOCTU NOPAXEHMS U OMbl-
Ta ONepurpyroLLErO0 MHTEPBEHLMOHOIO Kapano-
nora (48), n, cornacHo HauMOHalbHbLIM PEKO-
MeHZauMsaM Nno pesackynapusaumn Mmokapaa,
npumeHeHne BCY3UM npu YKB ctBona JIKA,
XOKA n gnddy3HbIX MOPaKEHUN KOPOHAPHbIX
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apTepuin MMeeT BbICLUMIA KfacC pekomMeHaa-
umn — IA (40). C ppyrov CTOPOHbI, B aMepuKaH-
CKUX M eBPOMNENCKUX PYKOBOACTBAx Mo peBa-
cCKynapusaumn Mmmokapaa npuMeHeHmne Bmaya-
NN3NPYIOLLUX METOOMK BO BPEMA KOPOHAPHbIX
MHTEpPBEHUNIA nmeeT B6onee HU3KUIA Knacc pe-
komeHgaumn — lIA (B-R) (49) n IIA (B) (50)
COOTBETCTBEHHO. B 3TMX pyKOBOACTBax CMy-
LLaeT ypoBEHb gokasaTtesibHoCTu B, HecMoTps
Ha MHOIOYMCJIEHHbIE OAaHHblE Ka4eCTBEHHbIX
PaHOOMU3NPOBAHHLIX KOHTPOJIMPYEMbIX UCChe-
[OBaHUM 1 cUCTEMATMYECKMX 0O30POB 1 MeTa-
aHanmaoB. OgHako 60/bLUVMHCTBO AAHHbIX CpaB-
HUTENbHLIX UCCNegoBaHum 0 3Ha4YnmocTy BCB
ong ontuMmmdauun peadynstatos HKB nony4veHsl
B cTpaHax Oro-BocTto4yHom A3umn, 1, NOCKOJSIbKY
CYLLECTBYIOT MHOIo ¢akTopoB (aHaTOMUYECKMX
U KJIWHUKO-AemMorpadpuyeckmx), OTandaroLmx
nonynsuyn NaumMeHToB B 3TOM PErmoHe mmpa ot
naupenToB B EBpone mn CLUA (51), k aHanmay
CpaBHUTENbHbBIX AaHHbIX HEOOXOOMMO MOAONTU
C N3BECTHOM [0J1e OCTOPOXHOCTN.

NMpakTuyeckoe npumMmeHeHue

metToauk BCB pna ontumusauum YKB
Ona ontumudaunm pesdynsratos HKB meTo-

onkn BCB MOXHO NMPUMEHUTb Ha KaXaom un3

aTanoB NpoLueayps.bl.

OueHka nopaxeHusa nepepn YKB

MeTtoaonkn BCB nepeg npouepypon Y4KB
MPUMEHSKAIOTCSA 019 OLLEHKM TKAHEBOIro cocTaBa
ONAWKM, a Takke Takux KIo4YeBblX rMokasa-
Tenem nons nocnenylouwero BMellaTenbCcTBa,
Kak OJMHa nopaxeHus, pedepeHcHbI gua-
METP U MJowadb NONepeyHoro Ce4eHms nNpo-
cBeTa aprtepuvi, onpegeneHnus npokcumManb-
HbIX U ANCTasIbHbIX TOYEK MPUITOXEHWNS CTEHTA B
cny4ae ond@y3HOro nopaxeHmst CTEHKU COCy-
na. Cncremartnyeckoe npumeHeHne BCB ne-
pen YKB no3BonnT pe3ko YMEHbLINTb YacTOTy
UMMJIaHTaULMmM CTEHTOB, HE COOTBETCTBYIOLLUX
WCTUHHOMY OMaMeTpy apTepum U NPOTSKEH-
HOCTK nopaxeHus (2). BCB no3eongeT getanb-
HO N3Y4UTb COCTOSIHNE aTEPOCKIEPOTNYECKOIrO
nopaxeHnuss He3aBMCUMO OT Toro, 6yaet nm
BbIMNOJIHEHO 3HO0BAaCKYNSPHOE BMeLaTeNb-
CTBO MOCJIE NEPBMNYHOI0 NCCNenoBaHns (B cny-
yae HanM4ns reMoguHaMNYEeCKM HE3HAYNUMOrO
cTeHo3a). B yactHocTn, BCB paeTt BO3MOX-
HOCTb YCTAHOBUTb TONLLUMHY (PUOPO3HOM Kancy-
Nbl, TKaHeBOW CcOCTaB (Hanu4ne u pac-
MPOCTPAHEHHOCTb JINNMUOHOIO KOMMOHEHTA) U,
Takum o06pasom, naeHTuduumpoBaTb aTtepo-
CKNIEPOTUYHECKYIO ONSLLKY C BbICOKMM PUCKOM
pas3pbiBa. ATO, B CBOK 0OYepenb, MO3BONAUT

060CHOBaTb MeOMKaMEHTO3HYO Tepanuio Mno-
TeHuuasnbHO HecTabusbHON, HO reMoanHaMn-
yecku He3Haymmon Onawkm (5, 52, 53),
MOCKOJIbKY U3BECTHO, 4TO B 80% cny4aes npu-
YMHOI pa3BuUTUS ocTporo MM aBnseTcsa MMeH-
HO reMoAMHaMmnyeckm HesHadymmas Onswika
(54). BHaUMMOCTb XapakTepa aTtepockiepoTu-
yecko 6nawku — npudrHel OKC — ang onpene-
JNIeHUs cTpaTernm SHO0BACKYNAPHOro evyeHud
OKC ©Obina HarnggHo nokas3aHa aBTopamu
B MHOIMOLLEHTPOBOM PaHOOMU3NPOBAHHOM UC-
cnepoBaHmn EROSION Il (55). Onpepnenenmne
XapakTePUCTUKN HeCTabMNbHOM BNSLLKK (3PO0-
3u1s, pa3pbiB, KAJIbLVHNPOBAHHbIN POKYC) C NO-
Moo OKT no3sonuna 4OCTOBEPHO CHU3UTb
4acTOTy nMMNnaHTauun ctenTa Ha 15% B cpas-
HEHUW C rPynnomn NauneHToB C aHrmorpadpuye-
ckn KoHTponupyembim YKB (43,8% npoTtue
58,8%, p = 0,024). AHanorn4yHble pesynbraThbl
6bnn nonydeHbl n B TACTICS Registry, roe
n3yyanucb OAHOrOAUYHbLIE OTAANEHHbIE pe-
3ynbraTtbl OKT-KOHTPONMPYEMOIro 3HO0BACKY-
napHoro nedyeHuss OKC. Bbiflo yCTaHOBAEHO,
4yTO, BO-nepBbix, OKT-gaHHbIE O MOpPdONOrnn
HecTabuabHOW ONALWLKM BAUAIOT HA OTOANEH-
Hbl€ KITMHMYEeCKne ncxoabl, U, BO-BTOpbixX, OKT
urpana onpengeneHHyo posjib Ha Kaxaom aTa-
ne YKB. Ha guarHoctunyeckomMm aTtane nocre
OKT-oueHkn mopdonornm atrepocknepoTnye-
ckon 6nawkm B 58,1% cnyyaer 6bina nameHe-
Ha TakTuka BMellaTenbCcTBa, B 4,8% CTEHT He
ObIn MNNaHTUpoBaH. Ha atane onpeaenenus
napameTpoB cTeHTa B 15,7 u 16,0% cnyvaes
OblNV UBMEHEHbLI AMaMEeTP U AJIMHA CTEHTA CO-
OTBETCTBEHHO. Ha atane ontummusaumm npo-
uenypsbl noa, BnuaHuem OKT-paHHbIX B 54,6%
cnyyaeB Oblnla BbINOJIHEHA MOCTAWAaTaAUMSA
(56). Takum obpasom, nayyeHne mopdosaorum
aTepockepoTMHeckon ONALKN MeToauKamMun
BCB (3po3usi, pa3pbiB OASLKA, KanbLMHUPO-
BaHHbIN y3en) AaeT BO3MOXHOCTb UHAVBUAOYA-
NM3nMpoBaTb NOAXOL K 9HOOBACKYNAPHOMY Jle-
yeHuto (HKB) n nepecmoTpeTb cTpaTernto onTu-
ManbHOM MeOVKaMEHTO3HOW Tepanuu nocne
OKC (57).

Kpowme Toro, metogukm BCB mMoryT ObITb NO-
NesHbl B gnarHoctuke VIM npu HeoBCTpPyKTUB-
HOM KOPOHapHOM aTepOoCKepo3e, Hanpumep,
npwv cuHapomMme Takouybo, apTepumnTe, MmoKap-
ONTe, CMOHTAHHOM OUCCEKUMM CTEHKM cocyaa
v npu gpyrux atuonormax OKC (58). Beigenum
Takke uenbli psan KIVMHUYECKNX U aHaTOMU-
yeckmnx BapmaHToB, roe metoamkm BCB moryT
nUrpaTtb KJIOYEBYIO POJIb B ONpeneneHnmn guar-
HO3a WM CcTpaTernm 3HOO0BACKYNAPHOro nedye-
HUS1; HanpuMep, CropHbIE U HEACHbIE CUTya-
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LUK NpY a0pPTOOCTUASIbHbIX MOPaXeHUsX KOpPOo-
HapHbIX apTepuii (0CcoBeHHO YCTbsA CTBONA
JIKA), onccekun n nHTpamypasbHOM remaTo-
Me, aHeEBPU3MeE, BaCKynonaTtum nocne TpaHc-
nnaHTauum cepaua (59-61).

Mpouenypa YKB nop KkoHTpOnem

meTtoauk BCB

MeTtogukn BCB aBASOTCA NONE3HbIM UH-
CTPYMEHTOM [OJid MOArOTOBKM MOPaxXeHus
(nnowaakn) nepen CTEHTUPOBAHUEM, ONS KOP-
PEKTHOW MMMAaHTaUMmM CTeHTA N MOCTCTEHTO-
BOW onTtumMmsaumun. Hanpumep, npensapu-
TenbHas OuEeHKa KanbumHOo3a (TOMWUHA, pac-
MPOCTPAHEHHOCTb MO OKPYXHOCTW, AOJIMHA)
¢ nomoupbto BCY3U nnn OKT nomoxeT Bbipa-
6oTaTb ONTUMAasbHYIO CTpaTervto U TEXHOJ0-
rmio ons abnaumn KanbLUMHUPOBAHHBLIX nopa-
XXEHUIN (aTEP3KTOMUS, “pexyLUnin® 6annoH nnm
BHYTpUCOCyOuUCTass NUTOTPUNCUA) N OLEHUTb
pesynbratbl UX MPUMEHEHUA ONS MOCneaylo-
Len onTuMasnbHOM MMnaaHTaumm cteHTa (non-
Hoe packpbiTne 6e3 gedopmaumn CTPYKTYpbI
CTeHTa) (62—64). B HekoTOpbIX paboTax Hanu-
yme KanbUMHVUPOBAHHOIO NOPaXXeHus onpeae-
NISIeTCHa Kak puUcK-dakTop HEQOPACKPLITUS U
oedopmMaumm CTeHTa U 4aeTca pekomMmeHaaums
npumMmennTs BCY3U nnn OKT gns Bbibopa Bnaa
abNAUMOHHBLIX MEeToAuK Ansg Moandukaumnm
KanbUMHUPOBAHHbBIX MopaxeHun (65, 66).
Ha cerogHsiwHnin geHb BCY3U-kputepusamm
KanbLMHO3a, Kak puck-dakrtopa Hegopacnpas-
NIeHUda CTEeHTa, FABASIOTCH: HalmMyue MnoBepxX-
HOCTHOrO KaJibLMHO3a C YrJIOM OXBaTa OKPYX-
HOCTU npoceeTa >270°, oanHon Gonee 5 mm,
NOKanbHbIN KanbLWHMPOBAHHbIM HOKYC (y3en)
B aTepock/iepoTM4eckon 6nsduike u guameTp
aptepumn <3,5 mm (56). CooTtBeTcTBYlOLWME
OKT-kpuTepmm MOXHO chHOPMYIMpoBaThb Tak:
Ha/IM4Yne NOBEPXHOCTHOIO KaibLMHO3A C YI/IOM
oxBaTa OKPY>XHOCTU npoceeTa >180°, TonuwuHa
KanbumHosa >0,5 MM 1 gfiMHa KanbUMHUPOBAH-
HOro yyacTka >5 mm (67).

Ona Bbibopa onTMManbHOro guameTpa
CTEHTaA CYLWECTBYET MHOXECTBO KOHLEMNUWIA
M NPeasioXXeHNM, OCHOBAHHbIX HA U3MEPEHUSIX
pPassiNYyHbIX aHATOMUYECKUX CTPYKTYP Ha BHY-
TpucocyamcTbix mnaobpaxeHuax. MNpepgnara-
I0OTCA cnenywuwue BapuaHTbl: a) U3MEPUTb
cpegHVA N MakCUMalbHbI pedepeHCHbIN
anameTp npoceeTta aptepumn, 6) onpenenntb
CpedHee 3HA4YeHMe U3MepeHun “megua-me-
ova’, B) onpenenntb HaMeHbllee 3HaveHue
pedepeHCcHOro guameTpa, U3MepPeHHOro Mex-
LY HapY>XHbIMW KOHTYypaMn Hapy>HOW anactu-
yeckon membpanbl (HOM), nnn r) onpegenntb

cpenHee 3HadeHue gumameTtpa, U3MEepPEeHHOro
MeXay HapyXHbIMU KOHTypamu HOM (23, 40,
68-70). B cBow o4epeab, B MccnenoBaHum
ULTIMATE 6binn chopmynmnpoBaHsl BCY3U-
KpuUTepuu npoueaypbl ONTUMaNbHOrO CTEHTU-
pOBaHUA (PacKpbITUS N apMUPOBAHUA NMPOCBEe-
Ta apTepuun): a) MMHUMaJIbHOE 3Ha4YeHue nio-
Laam nonepeyHoro cevyeHnst NPpoCcBeTa BHYTPU
CTEHTUPOBAHHOIO cermenTa >5 mm? nnn 90%
OT 3Ha4eHus aucTasbHON pedepeHCHOM nno-
Laanm rnornepevyHoro ceveHus; 6) cteHo3 (Mac-
ca aTepoCKePOTNYECKOM BAALLKIM) HA MPOKCU-
ManbHOM U OAUCTaJIbHOM Kpasix CTeHTa B npe-
genax 5 MM He pomxeH ObiTb mMeHee 50%,
B) OTCYTCTBME [MUCCeKUUU, OXBaTblBaloLLEN
MeauasbHOW CJ/ION CTEHKU apTepuun, OJIMHON
6onee 3 MM (23). 3aech xe gobaBuM, 4TO, CO-
rmacHo gapyron pabote, wuayyaBwen OKT-
KPpUTEPUA ONTUMANIbHOrO CTEHTUPOBAHMUS,
06beM MpPOTPYy3UM TKAHEW 4Yepel3 CTPYKTYypy
CTeHTa He poskeH npesbiwaTth 0,33 mm® (71),
a yros npoTpy3un (yroa no OKpPy>KHOCTU Mpo-
cBeTa apTepun, 3aHATOro TkaHamm) >180° aB-
naetca HesaBucumbiM npegmktopom MACE
y nauyeHtoB co STEMI (72). OtmeTnm, 4TO
B ps4e uccrnegoBaHui NpoTpy3nst TKaHeEn 4e-
pPe3 UMMAAHTUPOBAHHLIV CTEHT NPU3HaHa 3Ha-
YMMBIM PUCK-(AKTOPOM OCTPOro U NogoCTPO-
ro Tpombo3sa cteHTa (73-75).

Y10 Kkacaetca OKT-kputepueB onTumMasib-
HOM0 CTEHTUPOBAHUA (CM. PUCYHOK), TO OHU
6b1nn chopMynMpoBaHbl B HEQABHEN paboTe B
Bnge KoHuenumm MLD-MAX. YkasaHHasa KOH-
Lenumsa cocTouT 13 apyx 6510KOB: a) cTpaTeruns
nepeg YKB (mopdonorvsa-gnuvHa-gmamertp/
Morphology-Length-Diameter) n 6) ontumun-
3auna nocne YKB (oTcyTcTBME AUCCEKUUUN
Megmn-anno3numsa 6anok CTeHTa-packpbiTue
cteHTa/Medial dissection-Apposition-eXpan-
sion) (76). B mMHOrogasoByld KJIMHUYECKYIO
nporpammy no ncnonb3oBaHunio OKT B KNUHK-
4yeckoW npakTmke ObISI0 BKIIOYEHO 12 KINMHW-
yeckux ueHtpoB CLUA. [nameTp cTeHTa no
KoHuenumn MLD-MAX onpepgenancsa kak
CpenHee 3HadeHue gmameTpa apTepun, us-
MEPEHHOIO MEXAY HapPYXHbIMU KOHTypamu
H3M B Onuxanwen pucTanbHOW TOYKe OT
npeanosiaraéMoro Mecta MMmnaaHTaumMm CTEH-
Ta, nnn ecnn HOM umngeHTMdmnumpoBaTb He
yoaeTcs, TO HeobXoOMMbIA guamMeTp CTeHTa
OMpenensncd Kak cpegHee 3Ha4YeHne gname-
Tpa npoceeTa apTepun, U3BMEPEHHOIO MO BHY-
TPEHHEe NOBEPXHOCTU MHTUMbI B Bnuxariien
ONCTaNnbHOM TOYKe OT MecTa UMIJaHTaumm
cTteHTa. [pu aHann3e pes3ynbLTaTtoB NCMNOJ1L30-
BaHUA koHuenumn MLD-MAX okasanocb, 4To
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Macca 6nswkn <50%
Ha Kpat CTeHTa
6e3 nunuagHoro sapa

KPAEBAA OVCCEKLUNA
(<60°, He IMMUTUPYIOLLNIA NTOCKYT,
onvHa <2 Mm)

[MpokcrManbHbIn
nuameTp cocyaa

Be3 3HaunTenbHoOM
npoTpysnu

MunHumanbHasa nnowaab

MANAMNO3NLNA
(akcuanbHasa guctaHuus <0,4 mm
onvHa < 1 mm)

AdvcTanbHbil
amameTp cocypa

nonepeyYyHoro cevyeHns
BHYTpW cTeHTa (MMMC), mm?

MIMC > 4,5 mm?
MMMNC/CPEAHNI BA3OBbIN IMAMETP > 80%

MIIMC > gucTanbHbIn gnameTp
>9

MMnc 0% npokcumMasnbHbIN AnamMeTp

PucyHok. Cxematuyeckoe nsobpaxerHve BCY3W-kputepues ons onTUMasnbHOW MMMaHTaLMmM CTEHTA.

OKT-unccnegoBaHme okasbiBaso BAUSHUE Ha
npuHatue peweHnsa B 88% cnyyaes YKB, ns-
Hux B 83% cnyyaeB Ha cTpaTeruio nepen YKB
1 B 31% cnyyaes Ha ONTUMU3ALUIO pe3ynbTa-
Ta nocne npouepnypsbl. Npun aTtom OKT-nccne-
[OoBaHMe npoanesano obuiee Bpems npoue-
Aypbl HE3Ha4YNTENbHO (Ha 9 MuH; p < 0,0001).

Mockonbky Hambonee onTUMasnbHylO CTpa-
Tervio BbIOOpa pa3mMepoB CTeHTa elle npeg-
CTOUT ONPEOENNTb, MOSIOXUTENbHbIN KINHNYE-
ckmin adpdpekT ncnonb3osaHna BCB oueBnaeH
HE3aBUCKMO OT MPUMEHEHHOrO TUna Moaasb-
HocT BCB »n pasnn4yHbiX anroputMOB OMNTU-
MasibHOrO CTEHTUPOBAHMSI.

OnuHy cteHTa (0COBEHHO B ciydasax and-
GY3HbIX aTEepPOCKNEPOTUYHECKUX MOPaAXKEHUN)
HeoOXoAMMO BbIOMpPaTb C YYETOM HaNMyus
Hanbosnee “300POBbIX” YHAaCTKOB CTEHKM apTe-
pvn NpoKCcUMasnbHee N OUCTallbHEE Mopaxe-
HUA. Bo MHOrmx pabotax 6b110 NoKa3aHo, Y4TO
npucyTcTeme 0o0nblWworo obbema ONALWKN
(cteHo3 >50%) unu Hanndre 60NbLLIOIO KOMN-
yecTBa IMMNOHOrO KOMMNOHEHTA NN BbIPAXXEH-
HOI KasbumMdpmKaunum Ha NPokKCrMasrbHOM/OUC-
TallbHOM KOHLIE CTEeHTa 4YpeBaTO BO3HMKHO-
BEHWEM KpaeBOW ANCCEKUMU WK KPaeBoro
pecTteHO3a B OTAaneHHoM nepuoge (77, 78).
HeobxoaMMo NOMHUTL, YTO B Cllydae UMNaaH-
Tauum CTeHTa (MM HaxXOXOEeHUS NpPoKCUMalb-
HOIo UV OUCTaNIbHOrO Kpasi CTeHTa) Ha MecTe

nopaxeHusi ¢ 60NbLUMM JIMNMUAOHBIM COOEPXW-
MbIM MOBBILLIAETCH PUCK ONCTaNIbHON 3MbB0NN-
3aumun, TPOMOO30B CTEHTOB UM Pas3BUTUS de-
HomeHa no-reflow (79). Takum o6pa3om, nNpu-
MeHeHne BCB nos3BonseT TOYHO onpenenntb
Kak obLiee KONM4ecTBO, Tak v AJVHY UMMNNaH-
TUpyemblx cTeHToB. ConoctaBneHue BCB-
OaHHbIX C pes3ynbratamMm aHrmorpadum (tak
Ha3biBaemas Ko-perucrpauns gaHHbIX) NO3BO-
NIFIeT 3HAYUTENbHO YMEHbBLLUNTL OObEM MUCMOJIb-
3yemMoro KoHTpacTHoro Bewectsea (80) n nosbl-
CUTb TOYHOCTb MMNAHTaUUM CTEHTOB U, B UTO-
re, ontummampoatb YKB. B HepgaBHO onybnun-
KOBaHHbIX paboTax Oblna noaTBepXaeHa
BO3MOXHOCTb KPaTHOIro yMeHbLUEeHNs1 obbema
BBEOEHHOr0 KOHTpacTHOro BeuwecTtBa (81)
1 gaxe BbinosiHeHMa YKB 6e3 ncnosib3oBaHus
KOHTPaACTHOro BELLECTBA B Cllydae MnpuMeHe-
HUA meToamk BCB (82).

OTtoenbHO oTMeTUM ponb BCB B ougHke no-
paxeHus cteona JIKA (mnu noboin budypka-
uMn) u noodbope CTEHTOB MNPU 3HAYUTENbHOWN
nepekanbpoBke apTepum B MPOKCUMaIbHOM
M guctanbHom cermeHTax. Metogukmn BCB no-
3BOJISIIOT OLLEHUTb XapakTep, TKaHEBOM COCTaB,
a Takxke pacnpeneneHme maccbl 6nsLLKN B 00-
nactun budypkaumn. 3T AaHHbIe, B CBOKO O4e-
penb, BAUSIOT He TOMIbKO Ha BbIOOP napame-
TPOB CTEHTOB (4/MHa, AMamMeTp), HO U Ha pas-
paboTtky ctpaterum YKB OGudypkaumMoHHbIX
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MOopaxXeHni B LEesoM (B TOM 4YUCNE KOHTPOIN-
poBaTb MOCTCTEHTOBYIO MPOKCMMaIbHYIO ONTU-
musaumio — POT (83, 84)). MNpuHrumasa BO BHU-
MaHMe YyHuKanbHble MOPQONorMieckme 0co-
O6EeHHOCTN OUPYPKALNOHHBLIX MOPaAXEHWU
cteona JIKA B oTnnume oT apyrux budypkaum-
OHHbIX CTEHO30B, MHOIME aBTOPbI peKoOMeHay-
0T NpUMeHsaTb MeToankm BCB ons koHTpons
passinyHbIX 3TaArnoB CTEHTUPOBAHUS BUdypka-
LMOHHbIX cTeHo30B cTBona JIKA (85, 86).
MuHUManbHO NpUeMNEMbIE 3HAYeHUs Mapa-
MEeTPOB reOMETPMK NPOCBETA apTepun (M3me-
peHHoro ¢ nomoubio BCY3W) ona cteona JIKA
nocne CTEHTUPOBaHUA OXuaaemo Oosblue,
4YyeM Mpu HECTBOJIOBbLIX NOpaXxeHusax (ansg auc-
TanbHOro cermernta crteona JIKA >7-9 mm?,
a nons npokcumanbHoro — 8—10 mm?2 1 6onee)
(59, 87, 88). OTmeTnM Takxe, 4TO B NocieaHee
BPEMS pacTeT posib M 4acToTa NPUMEHEHUS
meToamk BCB (B wactHocTn, BCY3W) ansa pe-
LIEHNS Pa3/INYHbIX MarHOCTUYECKNX Npobiem
1 ynpaBfieHUs HaBUraymen npoBogHMKamMuy npum
cnoxHbix XOKA (89-93).

OueHka pe3ynbsTaToB npoueaypbl HKB

M AMarHOCTUKa OCJNIOXKHEHUM

MeTtogukmn BCB nocne YKB mncnonb3yloTtcs
Kak aJjisi onpeneneHns BaXHbIX KOHEYHbIX pede-
PEHCHbIX TOYEK, XapaKTepusyloLnx peaynstar
npouenypsbl, Tak U ons ANarHOCTUKM OCJTIOXHE-
HUN, KOTOPble HEBO3MOXHO OOHapPYXuUTb MNpwU
aHrmorpadun4eckoMm wuccnegoBaHun (Hanpwu-
Mep, HEKOPPEKTHOE MOJIOXEHNE KPAaeB CTEHTA
BHYTPU NPOCBETA apTeEPUN — TaK Ha3biBaEeMbI
geographic miss, guccekumss CTEHKM cocyna
Unv Mananno3numsa 6anok cTeHTa).

CTeneHb packpbITUSa CTEHTA (COOTHOLLEHME
MIMC BHYTpWM CTEHTaA U CpenHero 3Ha4deHus
pedepeHcHoro (6a3oBoro) auamerpa apTte-
puUn, CM. PUCYHOK) SABNSAETCA OOHOW U3 BaX-
HEWMLLUMX KOHEYHbIX TOYeK, XapakKTepu3YILLUX
pesynbtat YKB, n n3eectHa Kak He3aBUCUMbIN
NPeauKToOp Kak Ana MNpoxXoauMMOCTU CTeHTa
B OTOAJZIEHHOM nepuoae, Tak 1 Angd pucka BO3-
HUKHOBEHUS HexXenaTebHbIX KITMHUYECKMX CO-
ObITUIN. DTOT NapamMeTp GUHaNbLHOIO peaynbTa-
Ta CTEHTUPOBAHUS OMNPEenEenseTcsa Kak 3Hadve-
Huem MIMNC BHyTpU cTeHTa (abCONOTHbIN
rnokasartesnb), Tak U CPaBHEHMEM C pedepEeHC-
HbIM AOVaMETPOM apTepum MNpPOKCUManbHee
UNn guctanbHEe CTEeHTa WM CO CPEOHUM MO-
Kazatesnem pedepeHCHbIX AYaMeTpoB B yka-
3aHHbIX y4acTkax apTepumn (CM. PUCYHOK) (15,
22, 29, 40, 68, 77, 94-97).

MeTtogukm BCB patoT yHUKanbHYO BO3MOX-
HOCTb 4eTKO auddepeHumMpoBaTb HEKOTOPLIE

MPU3HaKW, BbiIBNIIEMbIe KakK Nnpu aHrnorpadu-
yeckoM mnccnegosaHun, Tak u npu BCB nocne
MMMaaHTaumm cteHTa. Hanpumep, Tak Ha3biBa-
emMasi KpaeBasi ANCCEKLUNSA HE UMEET KINHnYe-
CKUX MOCNeACcTBUA NMLIb B TOM Cllydae, ecim
npu BCB oHa orpaHuMyeHa TOAbKO WMHTUMasb-
HbIM C/TOEM CTEHKWN apTepumn, oxeaTbiBaeT <45°
OKPY>XHOCTU MpocBeTa U ee MPOTSXEHHOCTb
<2 MM (98). OpHako ecnn anccekums 3axeaThbl-
BaeT Oosiee rnybokMe CJIOM CTEHKU apTepumn
(MHTMMa-MmeguanbHas OUCCEKUUS), OXBaTbl-
BaeT >60° OKpPY>XXHOCTW NpocBeTa U ee OJnHa
nMpeBbILLIAeT 2 MM, TO Takas kKpaeBas ANCCEK-
LMK aCCOUMNPYETCS C HEXeNnaTeNbHbIMU KIN-
HUYECKMMU MNOCNEACTBUAMM UM Henocpen-
CTBEHHbIMU OCNOXHEHUAMU U TpebyeT Aonon-
HUTENbLHOrO BMelwartenbcTBa (59, 89, 99).
Takum o06pasoM, MCMNOb30BaHWUE MEeTOAUK
BCB nocne CTeHTUPOBaAHUS MOXET MOBAUATb
Ha M3MEeHeHue cTpaTernm SHO0BACKYISPHOro
Nle4eHNs C Lenblo onTuMmaaumm peaynbraTa
YKB.

Ewe oguH npusHak, 4yacTto obHapyxuBae-
MbIi npyn BCB, — mananno3uuus 6anok CTeHTa
WM NX HEMIOTHOE npuXaTue K BHYTPEHHEN No-
BEPXHOCTW NpocBeTa apTtepum. Manannosmums
MOXeT HabnaaTbCs HENOCPeaCTBEHHO noche
YKB Bcnencrteme NpUMEHEHUS HEKOPPEKTHOro
OnameTpa CTeHTa, HEerMoJIHOro ero packpbITud
B pesynbraTte MNpPUMEHEHUS HOMWHAaIbHOro
DaBrieHna B 6ansioHe nnm HegoCTaTo4yHOM No4-
rOTOBKM MNOPaxXeHua nepeg uMnnaHtaumen
cteHTa (59, 100). MNo3gHaa mananno3nums
B OTOAJIEHHOM Mepuoge B OCHOBHOM BO3HWU-
KaeT n3-3a No34HEro PeMoaENMPOBaHUA NPO-
CBeTa cocyda, OOgHako 3TO HE CBSI3aHO C yBe-
nnyeHnem pucka MACE (netanbHoCTb, VM
1 MOBTOPHAasA peBackynsipmsaunst LLeseBoro co-
cyna, TpoMb603 CTeHTa) B CPpaBHEHUWU C rpyn-
now naumeHToB 6e3 no3gHer mManannosvuum
cteHTa (7,3% npotue 10,5%, p = 0,282) (101).
[MocKoNbKy cUMTaAETCH, YTO HAAEXHbI KOHTAKT
6anok CTeHTa C BHYTPEHHEW MOBEPXHOCTbLIO
npoceeTa apTepun cnocobCcTBYET Jy4LLEN U Obl-
CTPOWN SHOOTENM3auMKU, XenatenbHO OOCTUYb
MaKCMMaJIbHO NPUEMIEMONM anno3nunm CTPYK-
TYypbl CTEHTA C MHTMMAalIbHOM MOBEPXHOCTLIO.
OnHako 60NbLUMHCTBO YHaCTKOB Mananmnosnuvm
CTEHTa B OTAAJIEHHOM Mepunoae Takke noasep-
raeTcsi SHOOTENU3auUN U HE3HAYUTENBHO BANSI-
€T Ha OTAANIEHHbIE KIIMHNYECKME N aHrnorpadu-
yeckmne ucxogsl (91, 92, 102, 103). Tem He me-
Hee Mananno3muusa cTeHTa BO Bpems YKB
O61PYPKALMOHHBIX MOPAXEHM MOXET Cnocob-
CTBOBaTb MPOXOXAEHWIO NPOBOAHMKA MO, CTEH-
TOM MpW MNOMbITKE KaTeTeEPU3NPOBaTb OBOKOBYIO
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BETBb, YTO, B CBOIO O4YepPedb, MOXET Bbi3BaTb
HeXenaTtenbHble NMOCNEeACTBUS N TEXHUYECKUE
TPYOHOCTW NMpu OBYXCTEHTOBOW cTpaTternm HYKB
OudypKaLMOHHbIX CTeHO30B (104).

MeTtogukmn BCB urpaioT KpuTuHeckn Bax-
Hyto ponb npu YKB cnoxHbix XOKA, cTEHO30B
cteona JIKA v gpyrmx 6udypkaumMoHHbIX nopa-
XeHun. BCB npu Takux nopaxeHusax BaxkHa
ONs netanbHOM OUEHKN POPMUPOBAHUST CTEH-
TUPOBAHHOIO MpPOCBETA apTEPUU, MOJIHOFO U
KOPPEKTHOrO MOKPLITUS BCEr0 MOpaxeHus, a
Takke Ons ycTpaHeHus pucka noadopa Hea-
LeKBaTHbIX pa3MepoB (guameTp, O/iMHa) CTEH-
Ta. BCY3U n/mnm OKT mMoryT gartb BaXHyIO UH-
dopmauuio ons Bbibopa ToUKM pekaTeTepmaa-
uMm OOKOBOM BETBM NPOBOOAHUKOM 4Yepes
CTPYKTYpPY CTEHTA B OCHOBHOW apTepuun, ONTu-
MN3NPOBaTb OJHOBPEMEHHYIO DaNIOHHYO AMn-
naTtaumio C NMOMOLLBIO TEXHMKM “uenyrowmxcs”
6anaoHOB M MNOCTCTEHTOBYID OMTUMWU3ALMIO
npocBeTa, CTeNeHb NOKPbITUS BankamMm cTeHTa
ycTbsl 6okoBoM BeTBU (95, 105, 106). B cnyyanx
cnoxHbix XOKA pesynbstaTbl NPUMEHEHUS pas-
Nn4HbIX MeToamk BCB moryT BnmaTb Ha cTpa-
TErn pekaHanmsaumm m no3BoONsST apedek-
TUBHO KOHTPONMPOBATb NpPOLEaypy HaBuraumm
MPOBOAHMKAMM YEPE3 OKKJIIO3MPOBAHHbIN Cer-
MeHT. Ewe ogHa nonesHasa dyHkums npu OKT-
nccnegoBaHn — 3D-pPEKOHCTPYKUUS CTEHTU-
pOBaHHOIrO npoceeTa — OaeT BO3MOXHOCTb
BbISIBUTb ONTUMAJlIbHYIO TO4YKY B CTPYKType
CTeHTa B OCHOBHOW apTepumn Ong npoBeneHus
npoeBogHuka B 6okoByto BeTBb (107), a Takxe
OUEHUTb MNPOLOSbHYIO AedopmMaunio CTeHTa
nocsne ero uMmnnaantaumm B ctone JIKA, no-
CKOJIbKY TakOW TuM NoOBpPeXAeHNda CTEHTA acCco-
LMMNPYETCS C OTOANIEHHBIMU HeXenaTebHbIMU
KNnHnyecknmu nocnegcteuamn (74, 108).

Taknm obpasom, meToankm BCB moryT npu-
MEHATbCS Ha KaxkaoMm atane YKB kak ong oueH-
K1 MOP®OSIOrMn 1 Macchbl BNKGLLIKK, peEMOOENN-
poOBaHUA NpPOCBETa apTepum U ONarHOCTUKMU
M3MEHEHWIN COCTaBHbIX YaCTEW CTEHKU apTepuu,
Tak 1 Ojs TOYHOro OnpenesieHns MexaHu3ma
aHrMonNacTuku U CTEHTUPOBAHUS B KaXOOM
KOHKPETHOM cny4dae, Heo6XoANMOCTU BO3AEN-
CTBUS Ha ON4LWKY cneuyanbHbIMU MHCTPYMEH-
TamMmu onsa moamdbukaumm nopaxeHua (109).
Mcnonb3oBaHne BCB B KNMHNYECKOW MPaKTUKE
MOXEeT ObITb TakXe MOJIE3HbIM A1 OLEHKN
SHAOOTENMN3aUUN CTEHTA, OLEHKM MEXaHM3MOB
pPEecTeHO3a U PEMOAENMPOBAHUSA MpoOCcBeTa
apTepun B OTAANIEHHOM NEPUOAE B pe3yabraTte
BO34ENCTBUS Pas/iNYHbIX CneumasnbHbIX UHCTPY-
MeHTOB 1 cTeHToB (110) nnmn dpapmakonornye-
CKUX MpenapaTos.

3agaum ong npoaBUXEHUs MeToauk
BCB B uensax nx npyuMmeHeHus

B €)XXeAHEeBHOMN KJINHUYECKOM NpaKkTuke
M o0y4yeHusa cneuuanncToB

Mbl nogaepxmBaem npeaoXXeHne n HacTo-
ATEeNbHO pekomeHayem ocHactute BCE (!)
peHTreHornepaunoHHbIe CTPaHbl O4HOM 13 MO-
nanbHocten BCB. lMpuHumMasi BO BHUMaHue
npevmMyLLecTBa M HeOoCTaTKyM KaXxaon uns3
BM3yanuampyowmx metoank (BCY3N n OKT)
noeanbHO MMETb B onepauuoHHoW obe Mo-
nanbHocTn BCB. OpHako NOCKOJIbKy BBUAOY
npobnem ¢ ¢puUHaAHCUPOBAHMEM [O0OCTATOYHO
CJ/IOXXHO 0B6ecnevynTb KIMHUKKU 06enMu TEXHO-
norvsmMu, Hanbornee onTUMalsbHbIM NMpeacTaB-
nsetcs obs3aTeNibHOE HanMymMe B peHTreHorne-
paunoHHom BCY3U (BkaoUYas onumio BbICOKOro
paspeweHus — HD). BCY3U (B Tom umncne HD-
BapuaHT) MOXET ObITb YCNELUHO NCMNOSIb30BaHO
MPakTU4eCkn BO BCEX BO3MOXHbIX KIIMHUKO-
aHaToMM4Yeckux cueHapusax. B To xe Bpewms
yHMKanbHaa paspeliatouiaa cnocodbHocTb OKT
nosposiget 6osiee TOYHO AMarHoCTUpoBaTb
TKaHeBOW cocTaB U Mopdonoruto 6adaLKu, co-
cTosiHMe ee pUOPO3HOW Karncybl. Kpome Toro,
aTa MeToamKa rno3BOSISET NPELN3NOHHO yCTa-
HOBUTb NpuydnHy passutusa OKC wn nepexoga
O6ndWwKM B HecTabunbHOe cocTodHue, bonee
MOJSIHO XapakTepm3oBaTb Pe3ybTaTbl CTEHTU-
poBaHuMg (Mananmno3muusa, nponosibHaa ne-
dopmMaums CTeHTa, CTeneHb PacKpPbITUS CTEHTA
1 NOKPbITUS yCTbst GOKOBOV BETBU Npun budyp-
KaUMOHHBbIX MopaxeHudax u T.4.). Ncxopoa wms
3TOro, HECOMHEHHO, 4TO AOCTYMHOCTb 06enx
MOOANIbHOCTENW B PEeHTreHonepaumoHHON
npeacTaBnseT coboi naeanbHylo KOHGUrypa-
umio ona 6onee apEPEKTUBHOrO NPUIMEHEHUS
meTtoamk BCB gng ontumMusaumm npouenypsbl
YKB.

Bce naHHble (0TaeNbHblE N300paXKeHus, BU-
0e0, N3MepeHns reoMeTpum npoceeTa apTe-
puUn 1 T.A4.) OOMKHbI ObITb aPXMBUPOBaHbLI aHa-
JIOrMYHO AAaHHbIM TPAAMLMOHHOM aHrmorpadum
B 00WenpuHATOM dopmaTte XpaHeHusa u nepe-
hayn vHpopmaumn. ITO0 NO3BOSUT PaACCMOT-
peTb pesynbraTbl BCB B COOTHOWEHWM C OaH-
HbIMW aHrmorpadmm m Takoe COMnOCTaBlEHNE
DaHHbIX MOMOXeT pa3paboTaTb Hambonee
onTUMalbHYIO CcTpaTernio BbinosiHeHUs YKB.
Ha nokanbHOM (MM HauMoOHasIbHOM) YypPOBHE
DOJKEH ObITb pa3dpaboTaH YHNPULIMPOBAHHLINA
MPOTOKON C AeTasibHbIM ONUCAaHNEM pe3ynbTa-
TOB Kak aHrmorpadun4eckmx, Tak U BHyTPUCOCY-
ONCTbIX UCCNenoBaHUNA.

B TeveHne nocnegHero necatuneTmsa noka-
3aTefnibHas 6a3a OTHOCUTENIbHO MPUMEHEHUS
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meToamk BCB aona ontummnsaumm HYKB 3Hauum-
TenbHOo pacwupunacb. OCHOBLIBAACb HA MHO-
FOYMCNEHHbIX O0Ka3aTenbHbIX AAHHbIX, Mbl pe-
KOMEHAYEM PYTUHHOE MPUMEHEHUE MOAasib-
HocTern BCB kak HeoTbemnemon 4dactm YKB
B CNeAyIOLLNX CUTYyaLMNAX:

— nopaxeHue cTBoJa (BK/oYas yCcTbe, Teno
MU OUCTasIbHYIO 4acCTb) M NMPOKCMMaNbHOIO Cer-
meHTa NMMVIXKA,;

— CJIOXHble aHaTOMMYECKNE MOpPaXeHUs,
B TOM ymchne in-stent pecteHos, TpoMO03 CTEH-
Ta, cnoxHbie XOKA, BbIPpa>XEHHbIV KaNbLIMHO3
W ONIVHHbIE (Bonee 25 MM) NopaxeHus;

— nocne TpaHcmnaHTauun cepgua (yepes
4-6 Hen n 12 mec) ons AMarHoCTUKM BO3MOX-
HOW BacKyonaTtuy AOHOPCKOro opraHa n onpe-
OeneHns nporHosa B OTAaNeHHOM nepuoae
(111);

— BCE€ MNOpaxeHus, roe aHrvorpadusa He
[aeT 0ocTato4HOM MHpopMauum 06 aHaToMum
1 MOpdONormy nopaxeHus, HeodbxoamMom ans
onpeneneHnsa ontumasnbHom ctpaterum YKB.

HeobxoamMmMo Takxke MOMHUTb, 4TO MeToaun-
kn BCB aBAAIOTCA MHBA3MBHbIMU, MOCKObKY
TpebyloT BBEOEHUSI KaTeTepoB C AaTdymkamu
BHYTPM npoceeTa apTtepun. [loatomy moryTt
BO3HUVKHYTb TEXHUYECKUE CITOXKHOCTM NMPU NpOo-
BeOEHUN KaTeTepa Yepes KabLUVMHUPOBAHHbLIE,
YpPE3MEPHO U3BUTbIE CErMEHThLI apTeEPUN, Bbl-
paxeHHble (>90%) cTeHo3bl. na npeopone-
HMS 9TMX Npobnem HeobxoauMbl BnageHuve
COOTBETCTBYIOLLMMUN MHCTPYMEHTaMM U JOCTa-
TOYHbIV OMbIT MPUMEHEHUA PA3NINYHBLIX METO-
ank BCB. Nomumo atoro, peako (<0,5% cny-
YaeB) MOIryT BO3HUKHYTb OCJIOXKHEHWS, CBA3aH-
Hbleé C MIHBA3UBHbIM XapakTepom metoank BCB;
B 4YACTHOCTU, CNa3M 1 ANCCEKLUMS KOPOHAPHbIX
apTepuin, TpaH3MTOpPHas UWEMUS MMOKapAa,
deHomeH Slow-flow n/unu Tpom603 NpoceeTa
LLeSIEBOro cocyna, noBpexaeHue yXxe MMniaH-
TUPOBAHHOIO CTEHTa, 3acTpeBaHume u dpar-
MeHTaUMs KaTeTePOB C PUCKOM pa3BUTUS BOJIb-
LIMX KapAananbHbIX OCNOXHeHWR (112—-114).

YuuTbiBas BbllLECKA3aHHOE, MOXHO KOHCTa-
TUPOBaTb, YTO OJ19 MNOBbILWEHNS YPOBHS 3KC-
NepTmM3bl B BbIMOJIHEHUM N WHTEpNpeTaumnm
pesynstatoB Mmetoamk BCB, a Takxe ansa cHu-
XKEHUST PUCKA OCIIOXXHEHUN KPUTMYECKOE 3Ha-
yeHue npuobpeTaeT obOydyeHne cneumnanu-
CTOB — PEHTrEeH3HA0BACKYAPHbIX XUPYProB.
HavanbHbIl 3Tan o6y4yeHuss OOIKEH BKIOYaTb
O3HakoMNeHne 1 oBnageHne cneayoummm 6a-
30BbIMUW 3HAHUSIMU N HABbIKaAMW:

— 0 MOpPGOSIOrM4ecKon xapakTepucTtuke
OGNAWKN 1N aTEPOCKIEPOTUYECKOTO MOPaKEHUS
CTEeHKM apTepumn (MaeHTNGUKaUna CNOEB CTEH-

KN apTtepun, KanbLUUHO3, TKaHEBOM COCTaB
ONAWKM U cocTossHue GUOPO3HOIM Karcyibl,
pacrno3HaBaHne BUAOB TPOMOOB U T.4.);

— N3MEPEHUSA reOMETPUYECKNX NAPaMETPOB
npocBeTa M CTEHKM apTepPUn N UMMNIAHTUPOBAH-
HOro CTeHTa (OUCTaNbHbIN/MPOKCMMalbHbIN pe-
depEHCHbIV AnamMeTp apTepun, 4JnHa nopaxe-
HUS, Nowanb NOMNEPEYHOro CEYEHUS BHYTPU
CTeHTa, UHAEKC U MOJIHOTA PACKPbLITUS CTEHTA);

— pacno3HaBaHua U MHTepNpeTaLnm OCNoX-
HEHUIA 3HOO0BACKY/APHOro BMELIATENbLCTBA
(He MOSHOCTBIO PACKPbLITLIA CTEHT U/UAK Masl-
annosuuus 6anok CTeHTa, KpaeBasi ANCCeKLUWS,
NPOTPY3nsa TKaHel 4epes3 CTPYKTYpy CTeHTa,
nponosibHasa nedopmMaumsa u/mnv pasnom CTeH-
TaunTao.).

HecMoTps Ha HanMume 4YeTKux uenem v 3a-
0ay 006y4yeHVst SHA0BACKYSIPHbIX XMPYProB Me-
Toaukam BCB, B MMpPOBOM NpakTUke noka He
CYLLECTBYET CTPYKTYPUPOBAHHOM NpOrpammbl
MOJIHOLLEHHOr0 00y4YeHUs cneunannucToB, KOTO-
pble Mornn 6kl Nocsie 06y4yeHns CaMOCTOSATE b-
HO BbIMOJIHATL M a0eKBATHO MHTEPNPETNPOBATb
pesyneratel BCB-unccnepgosanumsa. Hanpuwmep,
B NporpamMme noaroToBKW CreumanmucToB B 00-
nacT MHTEPBEHUMOHHOW Kapauonorum, pas-
pabotaHHon B 2015 . ACC-COCATS4
(American College of Cardiology — Core
Cardiology Training Symposium 4), npnsHaeT-
Ccsl He0OXOAMMOCTb BBEAEHMS B COCTaB oby4a-
IOLLMX NIEKTOPOB 3kcnepTtoB B obnactn BCB
n dusmnonorun. lNpmn 3TOM B NepevyHe HeobXo-
ONMbIX HaBbIKOB M OMbiTa, NpuobpeTaembix
B pe3ynbrate oby4yeHust Mo STOW nporpamme,
HE YNOMWHAETCH HXM OgHa M3 MOOANIbHOCTEN
BCB (115). B nporpamme nocCTAUMIOMHOIO
obpas3oBaHus, paszpabotaHHon B 2017 T.
American College of Graduate Medical
Education (ACGME), ynomMmunHaetTca 0 Heobxo-
OMMOCTU Hannums HaBblkoB B obnactu BCB
(B yacTtHocTn, BCY3W), xoTa 1 6e3 netanusa-
LMW, N COBEPLLUEHHO HE YNOMMHAETCH O HEOD-
XO0OMMOCTN 00y4veHmsa metoguke OKT (116).
OTaenbHble crieumanmM3npoBaHHble Meponpusa-
TUS, MPOBOANMbIE N3BECTHbLIMW B MUpe nnaTt-
dopmamm, He MOryT peLunTb NPobaemMy NoHO-
LLEHHOro M agekBaTHOro obyyeHus creuma-
nmctoB B obnactm BCB. Tak, Hanpumep,
Cardiovascular Research Foundation (CRF)
npoBesia onpoc cpenm y4acTHUKOB cneuuanu-
3MpoBaHHoOM ceccum no BCB u dunsuonormn
Ha cBoux 06pasoBaTeNibHbIX MepPOnpPUATUAX
B 2018 n 2019 rr. Okasanocb, 4To nuwb 15%
Yy4aCTHMKOB MOATBEPAWUN CBOW SKCNEPTHbIN
YPOBEHb 1 OTMETUSIN CBOIO FOTOBHOCTb K HE3a-
BMCMMOW paboTe 1 MHTepnpeTaumn peaynbra-

Ne 74, 2023



DIAGNOSIS AND TREATMENT

ToB BCY3W, a aHanorm4yHbln nokasartenb Ongd
OKT coctaBun 18%. Ewe 40% y4acTHMKOB
yKasanu Ha HeOoCTaTOYHbIM YPOBEHb KOMMe-
TEeHUMI K NpUMeEHeHMIo 06enx ModanbHOCTeNn
BCB. lNpn 3TOM ypOBEHb KOMMNETEHLUUN U FO-
TOBHOCTb K CaMOCTONATEsNbHOW paboTe cpean
YYaCTHUKOB ObI/IN KPATHO HMXE Aas MeToaunK
BCB B cpaBHeHUM C METOAMKAMU NHTPAKOPO-
HapHOW GU3nonornm (M3amepeHns GpaxkumMoH-
HOro pes3epsa KPOBOTOKA). Takon HN3KUIN YPO-
BEHb FOTOBHOCTU K CAMOCTOATESNIbHOMN KJTNHW-
YeckoW mpakTuke B 06/1acCTM MCNOJIb30BaHMS
meToank BCB He mMeHancsa B CpaBHEHUM C
npegbloywmm onpocom (117). B Hawen cTpa-
He TakXe OTCYTCTBYeT AeTanm3mpoBaHHas
cneumanM3npoBaHHasa nporpaMmma noctau-
nJaoMHoOro obpasoBaHus B 061acTtm MeToank
BCB u ¢pusmonormun.

Ina peweHns HacylwHbIX npobnem oby4ve-
HUS, a Takke npoasmxeHus metoamk BCB
C UENbi0 NX BHEAPEHUS B PYTUHHYIO KJTIMHUYE-
CKYIO NPaKkTUKy npeafiaraeTcs TPEXYPOBHEBbLIN
anropuTM peLleHns 3aaau.

Ang cneunannucTos

PEHTreH3HA0BaCKYJIIPHbIX XUPYProB

1. Metoagmkmn BCB pekomeHayloTCs Kak He-
obxoaymoe OOMOoSIHEHME B CllydasiX Hanmuus
OTAENbHbIX KIMHUKO-aHAaTOMUYECKUX CLEHa-
pueB: nopaxeHue cTBona (Bkl4Yas yCTbe,
Teno N OUCTalIbHYIO 4acTb) N NPOKCUMasIbHOIro
cermeHnTa NMXA, in-stent pecteHos, TpomMb603
cTeHTa, crnoxHble XOKA, BblpaXXeHHbI KasbLy-
HO3 U OJIMHHbIE (Gonee 25 MM) mMopaxeHus,
rnocne TpaHcrnnaHTauum cepaua (Yepes 4—6 Hep,
n 12 mec), BCe NnopaxeHus, rge aHrmorpadus
HEe JaeT OOCTaTo4HOM MHpOopMaumMm O aHaTo-
MUU 1 MOPDONOrUY NOPaXKEHUS.

2. Llenecoobpa3Ho pyTUHHO BbIMNONHUTbL OOHY
n3 metogmk BCB npu npoeeneHun YKB gns
MOJIOAbIX Ha4YMHAKLWIUX CNeuuanmcToB, Oaxe
B c/lyyae “npocTbix” (Tvn A no knaccudukaumm
ACC/AHA) nopaxeHui. Ina aHO0BACKYNAPHbIX
XVPYProB, MMeLWMX 60/bLON ONbIT UCMOJb-
3oBaHus metoguk BCB, HeT HeobxoaumocTu
PYTUHHOIO UX NPUMEHEHUSA B KaXA0M Cllyyae
Takoro “npocToro” nopaxeHusa ni-3a apdpek-
Ta 00y4yeHUsa (Tak HasbiBaeMblii (peHOMEH
BCY3W -HaTpeHmpoBaHHoro rnasa). lMpobnema
“BCY3W HaTpeHMpoOBaHHOIO masa” B TOM, 4TO
peyb naeT, Kak NpaBuno, TOJIbKO O BbiOope ana-
MeTpa cTeHTa. YTo Xe kacaeTca NPOTSKEHHO-
CTU MopaxeHus MU BbliOOpa Tak Ha3blBaeMbIX
To4yek npunoxeHuda cteHta (landing zone) Ha
aTane nnaHmpoBaHusa YKB, 6e3 metoank BCB
Ux onpeneneHvie npakTuyeckm HEeBO3MOXKHO,

Tak Kak npu aHruorpadumy Mbl BUOUM J1LLb
MPOCBET cocyaa. [ae e Ha caMoM Aerne 3akaH-
ymBaeTcHa Macca O/ALKM, MOXHO OnpeaenuTb
TONBbKO MO OOMOSIHUTENLHOW BU3yannsauunu.
MmeHHo noatomy B rpynne BCY3W/OKT cTeHT
Bcerga 4yTb AJIMHHEe, 4eM riaHupoBanamn ero
B34ATb MO aHruorpamme. HYto ke kacaeTtcs on-
TUMaNbHOro PackpbITUS cTeHTa, TO 6e3 A40Non-
HUTENbHOW BU3yannsaunm B NPUHLNMNE HENb3S
0BONTUCL, Tak Kak Mo gaHHbIM aHrnmorpadun,
Kak mpaBwflo, CTEHT BCerga packpbiT ONTu-
ManbHO, B TO Xe Bpemsi no BCY3W/OKT y Toro
Xe naumeHta 6onee 4em B NMOJIOBMHE Clly4aeB
3TO JaneKko He Tak.

3. Hannure 6a30BOro ypoBHS 1 Npoaosika-
loLLleecs NMOCTOSAHHOE OOy4YeHMEe U COBEPLLEH-
CTBOBaHMeE 3HAHWI B 0611aCTU BHYTPUCOCYAN-
CTbIX METOLOB BM3yanm3auun aBNSEeTCS Bax-
HENWMM  3JIEMEHTOM ONs KOPPEKTHOro
npoeegeHusa BCB-nccnenoBaHua n nHTepnpe-
Tauum ero pesysbTaTos.

4. Heobxogoumo paspaboTaTb MNPOTOKOJ
npoBedeHNs nUccnenoBaHMs U 0ObEKTUBHOMN
VHTepnpeTauum pe3ynbTaToB, BaXHbIX A1 Bbl-
paboTku cTpaternm YKB.

5. Heobxoanmo vmMeTb cuctemMy Osisi nepe-
0aun 1 apxmBauun OaHHbIX B OOLLENPUHATOM
dopmare.

Ana yupexaeHuii 34paBoOXpaHeHUs

1. Bce peHTreHonepauyoHHble A0/MKHbI ObITb
OCHaLLeHbl XOTs 6bl 04HOM MoganbHOCThLo BCB
(Hanpumep, BCY3U ¢ BOBMOXHOCTbLIO BbICOKO-
ro paspeweHus HD nnn BupTyanbHas rMcTos0-
rms n pexxum Chroma Flow, 4To o4eHb nomMmoraeT
B VHTEpnpeTauum CTPYKTYpPbl OASLLKN, BbisiBE-
HUS HEOONBLUMX ANCCEKUUA U UCTUHHOIO MNpo-
cBeTa cocyna).

2. B ngeanbHOM BapuvaHTe cnenyer MMeTb
06e mopanbHocTn BCB (BCY3U n OKT).

3. PyTMHHOE NMpUMEHeHne B KJIMHWUYECKOM
npakTuke metoauk BCB cnocobcTByeT MOBbI-
LIEHMIO YPOBHS KOMMETEHLUN KaK OTAESIbHbIX
ONEPUPYIOLLUX XMPYPIroB, Tak U BCEN KOMaHAbI
B LLENIOM.

4. Heob6xoaMMoO MeTb CUCTEMY ONa nepe-
0ayu N apxmBaunn OaHHbIX B OOLLENPUHATOM
dopmare.

Ha HauuoHasIbLHOM YpPOBHE

1. Heobxogmmo paspabdoTaTb AeTann3npo-
BaHHYIO, CMeuvanmManpoBaHHYlO nporpamMmmy
MOAroTOBKWN creumnannctoB B obnactn BCB
M BKJIIOYNTb €e B 0OLLylD cucTtemMy obydeHus
CMeunanmncToB-PeHTreH3HO0BAaCKYNAPHbIX XW-
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2. NMpodeccrnoHasnbHble cooOLLLEeCTBA O0J1XK-
Hbl y4acTBOBaTb B pa3paboTke crneunann3npo-
BaHHbIX NporpamMm OOy4eHUs, opraHuM3oBaTb
pasnuyHble TEMaTUYECKME MEPOMPUATUS 1 MNO-
MOYb Xenawlwym (Kak KInHuKam, Tak U OT-
OenbHbIM cneunannucTtam) A0CTUYb YPOBEHb
KOMMNEeTEeHUU, HeobXoaUMbIX O79 ONTUMKU3a-
LU1m paboTbl peHTreHonepaLuyoHHOW.

3. [na oby4aloLlero npoLlecca WmMpoKo UcC-
MoJsIb30BaTb OHAAMH-PecypCbl NpodEeCCUoHasb-
HbIX COODOLLLEeCTB.

4. YynTbiBasd BO3MOXHbIE CJIOXXHOCTU DUHAH-
CUPOBAHMS MPOrpaMm PyTUHHOIO NPUMEHEHUS
meToamk BCB B KNMHUYECKOM NpaKTUKe OT CUC-
Tembl OMC, uenecoobpa3Ho pekoMeHOoBaTb
BbIOOPOYHOE NPUMEHEHME 3TUX METOOVK B CO-
OTBETCTBUM C OMbITOM W CHAOXHOCTbIO KJIMHU-
YECKOM KapTUHblI U MOPaXeHUsa KOPOHAPHOro
pycna.

OTMETUM TakXe, YTO CYLLECTBYIOT MHOXe-
CTBO OHNAMH-PECYPCOB, BO3MOXHOCTU KOMMY-
HMKaLUWWN C OTAENbHLIMU 3KCrepTamMy B 06nacTun
BCB, CTaXumpoBKM B KIMHUKWU, FOe MMeeTcs
BbICOKMIN YPOBEHb 3KCMEPTU3bl B MPUMEHEHNN
meToaunk BCB.

3aknovyeHme

BHyTpucocyaomcTble MeToamkn Buayanmnsa-
LMW, MOSIBUBLUNECS B KIIMHUYECKON MpakTuKe
B Havane 90-x rogoB XX Beka, 3a KOPOTKWUM
nepuon pasBuUTUS 3aHSaIM MNPOYHOE MECTO
B apCeHane MHCTPYMEHTOB OJ1 ONTUMU3auumn
MHTPaKopoHapHbIX BMeLIaTenbcTB. HecmoTps
Ha pe3ysibTaTbl MHOMOYUCIIEHHbLIX PaHOOMN3N-
pPOBaHHbIX N HabnooaTeNbHbIX NCCNea0BaHUN,
PErucTpoB, MeTaaHaaM30B, BKJIOYAOLWUX Oe-
CATKM TbiCAY MNaUMEHTOB, CPEeOHAs 4YacToTa
npumMmeHeHnsa metoguk BCB Bce ewe octaeTtcs
HM3kon. OpgHako 4acToTa WCMOAb30BaHUSA
B KJIMHNYECKOW MpakTuke mopanbHocTen BCB
3HAYUTENIbHO BapbMPYET B 3aBMCUMOCTU OT
KOHKPETHbIX ONepaTopoB, KANHUK U PEFMOHOB
B Mmupe. Tak, ecnm B AnoHun n KOxHon Kopee
meToamkn BCB npumeHsitoTcs B 6onee 4em
90% cnyyaeB (104), To B CLUA aHanornyHbin

nokasaTtenb cocTtaBndetr <15% (no AaHHbIM
NCDR Cath PCI Registry (118)), a B eBponem-
ckux ctpaHax (119) u Toro menble (=10%).
AHanormnyHas kapTuHa HabnwogaeTcsa Uy Hac
B CTpaHe, rae eCTb KIMHUKU C BbICOKOM 4acTO-
TOon npumeHeHnsa metoauk BCB B exxegHeBHOM
PYTUHHOW K/IMHMYECKOW MNpakTuke, U, Haobo-
POT, BO MHOIMMX NeYebHbIX y4YpexaeHusx, rae
MMEIOTCH OTAENEHUS PEHTTEHOXUPYPrNYECKUX
METOO0B UCCAed0BaHUSA U JIEYEHUS, HET BO3-
MOXHOCTU NPUMEHUTb 3TN METOAMKM N NX CO-
BpeMeHHble Moaudukaumm. OCHOBHbIMU
NPenaTcTBUSMN O/ LUMPOKOTro MPUMEHEHNS
mMeToamk BCB saBAs0TCSA OTCYTCTBME COOTBET-
CTBylOLLLEro 060pyaoBaHUs, HEAOCTAaTOYHOCTb
3HaHUM 1M KoMneTeHuun B obnactm BCB, He-
KOPpPEKTHoe ybexaeHne CO CTOPOHbI KOJUIET,
4yTo NpumeHeHne BCB B pPYyTUMHHOW KMHUYe-
CKOW MpakTuke npoasiesaeT BpPeMs BMella-
TenbCTBa M MOXET HapyLIUTb OonepauvioHHbIN
rpaduik B PEHTFEHONEPALMOHHBIX C MIHTEHCUB-
HbiIM pexumMomMm paboTbl. AprymeHTbl 00
3KOHOMMWYECKOIN HelenecoobpasHoCTU U yao-
poxaHun npouenypbl HKB B criyyae npumeHe-
HMa mMetoamk BCB ObinmM OnpoBeprHyThbl BO
MHormx pabotax (120-124). B HepaBHeM
MccnenoBaHUM KOPEencKkre aBTOPbl Nokasanu,
4yTO NpMMeHeHne metoamk BCB Bo Bpemsa HKB
no3BonsieT n3bexaTb 8 neTasibHbIX UCXOAO0B,
35 cnoHTaHHbIX NHMAPKTOB MmMokapaa, 69 no-
BTOPHbIX peBackynapusaumii Ha 1000 nauneH-
TOB B TedeHue 5 net (110).

Tem He MeHee pa3BUTUE HOBEWLLUUX TEXHO-
NIOrnin — KO-perncTpaumm aHruorpapuyHeckmnx
n BCB-unsobpaxeHuii, KOMOWUHUPOBAHHbIX
(MynbTMMOOanbHbIX) KaTeTeEPOB, COBMELLAIO-
wmx OKT- n BCY3UM-pgatunku, BHeOgpeHue Tex-
HOMOMMN WCKYCCTBEHHOIO WHTENSIEKTA B UH-
Tepnpetauum n3obpaxeHuin, a Takxe HakKo-
nieHne onbiTa onepartopamun M pazpaboTka
CreunanmanpoBaHHbIX 0byYaloLWKMX NporpaMmm
MOryT CNOoCOOCTBOBaTb ONTUMM3ALUM PABOThI
B peHTreHonepauuoHHOM 1 6onee LWMpoKoMy
BHeapeHunio metoamk BCB B kKNMHMYecKyto npak-
TUKY.
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Relevance

Over 1 million of percutaneous coronary in-
terventions (PCI) for coronary artery (CA) ath-
erosclerosis are performed worldwide each
year, and approximately half of them are per-
formed in chronic coronary syndrome (CCS)
(1). The main technique for invasive control of
the immediate results of PCI is angiography
(coronarography). Meanwhile, according to the
data provided by authors of the prospective
multicentre study STLLR, aimed at the investi-
gation of the rate and the influence of subopti-
mal results of PCIl on the long-term outcomes in
1557 patients from 41 clinical centres in the
USA, about 2/3 of stents were implanted incor-
rectly. In particular, in 66.5% of cases, proximal
and/or distal sites of stent implantation were
selected incorrectly (so-called “geographic
miss”), in 47.6% of cases malapposition of
stent struts was observed, and both variants
were observed in 16.5% of cases (2). It is well
known that suboptimal immediate results ad-
versely affect the long-term clinical and angio-
graphic outcomes of PCI. In the STLLR study,
the geographic miss led to a threefold increase
in the incidence of myocardial infarction (Ml)
and was an independent risk factor of repeat
interventions on the target vessel in 1 year after
PCI (2).

For the last 40 years, contrast coronary an-
giography or “luminography” has been consid-
ered the gold standard for the evaluation of
coronary arteries condition. Further, it serves as
a control tool during the procedure and as an
evaluation tool for PCI result. However, the
evaluation of a three-dimensional structure, i.e.
coronary artery, using the two-dimensional
(planar) examination technique has its own sig-
nificant limitations. Besides that, coronarogra-
phy provides information only about condition
of arterial lumens and allows neither to examine
the characteristics of biological tissues nor to
conclude processes in the arterial wall.

Just these limitations have given powerful
boost to the development of additional intra-
vascular imaging (IVl) techniques, in order to
increase our diagnostic performance particu-
larly with regard to the assessment of charac-
teristics and morphology of atherosclerotic
plaques and abnormalities of the arterial wall. In
modern clinical practice, the most widely used
methods of intravascular imaging are intravas-
cular ultrasound (IVUS) and optical coherence
tomography (OCT).

Brief technical overview of modern
intravascular imaging techniques

The first IVI method, the development of
which began in the 1970s, was intravascular
ultrasound The first case of in vivo using of IVUS
was described in 1988 (3). This technique is
based on generation and reflection of ultra-
sound waves from surfaces of biological struc-
tures. Ultrasound waves of various frequency
(20, 40, and 60 MHz) are generated by a pie-
zocrystal, which is fixed on the catheter, and
propagate in 360° circle. US waves’ interaction
with the arterial wall structures (different de-
grees of reflection and absorption depending
on the characteristics of biological tissues)
gives a real-time 360° cross-sectional image of
the arterial lumen. Typically, more dense tis-
sues (e.qg. fibrotic and calcified) reflect sound
waves to a greater extent than they absorb
them, and thus are visible as echogenic signals.
Conversely, less dense tissues (e.g. lipid, ne-
crotic core of plaque, subintimal hematoma)
absorb sound waves to a greater extent and are
echolucent structures.

To date, two types of IVUS are widespread
depending on the design of the catheter: with
a mechanical catheter (rotating transducer)
or a solid catheter (fixed transducers). The first
type of catheter has a rotating transducer at its
distal end. The transducer is rotated at a con-
stant speed (approximately 1800 revs. per min-
ute) to evenly distribute the emitted and re-
flected signal. The second type of catheter
contains a series of immobile transducers fixed
in a circle at the distal end of the catheter, which
are activated alternately to generate a full 360°
circumferential image. Depending on the de-
sign, other technical parameters of catheters
(profile, the tip to transducer distance, length of
the monorail part) are determined, which should
be considered when using IVI in specific ana-
tomical situations (chronic occlusions, arterial
tortuosity and calcification, degree of stenosis,
etc.). Catheters with a mechanically rotating
transducer have an advantage due to their sim-
ple design, smaller profile and better signal-to-
noise ratio, resulting in better image quality
compared to catheters equipped with fixed
transducers. However, the latter has an advan-
tage in IVUS-guided recanalization for complex
chronic coronary occlusions as it allows more
distal positioning of transducers due to the
shorter distance from the catheter tip to the
transducer. In addition, air bubbles that may be
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present between the mechanically rotating
transducer and the catheter sheath can de-
grade the image quality, so careful flushing of
and air evacuation form the narrow space be-
tween the transducer and catheter is required.
Catheters with fixed transducers don’t require
this procedure.

Resolution and image quality have improved
steadily over the past two decades until the re-
cent introduction of High Definition IVUS. This
method uses catheters with a high-frequency
(40-80 MHz) transducer. In general, the axial
resolution depends on the ultrasound pulse
frequency and width and is approximately 100-
120 um. However, HD IVUS can boost this para-
meter up to 70 um (4). Nevertheless, improve-
ment of the IVUS image quality occurs due to
reduction of penetration depth (scanning
depth) of sound waves.

Radiofrequency analysis of reflected sound
signals (coding depending on the reflected sig-
nal frequency) allows obtaining the so-called
“virtual histology” image, since the reflected
signal frequency depends on the biological tis-
sue characteristics and, thus, different types
of tissues can get their colour coding when
processing IVUS images. Such analysis, in turn,
helps to clarify the tissue composition of the
atherosclerotic plague (calcification, fibrous li-
pid plaque or presence of a necrotic core), as
well as the condition of both vascular wall and
plaque fibrous capsule. In addition, virtual his-
tology allows identification of unstable plaque
and atheroma with thin fibrous capsule (5, 6).
The detection sensitivity with regard to plaques
with a thin fibrous capsule using RF analysis
(virtual histology) is quite high, but the specific-
ity remains low because of low resolution.
However, specificity can be improved by com-
bining RF analysis with optical coherence to-
mography (7).

The function of automatic catheter pullback
at a constant speed (0.5-1.0 mm) makes it
possible to get information about the lesion
length and to measure the plaque volume,
which is especially important when planning
a stenting procedure. The lesion length can
also be evaluated using modern systems of so-
called angiographic co-registration, when the
transducer position in the artery is monitored
on the combined angiographic image.

In contrast to IVUS, optical coherence to-
mography (OCT) uses light waves of the near
infrared spectrum as a tool for remote explora-
tion of biological tissues and structures. The
concept of OCT was developed in the early

1990s (1991), and the first report on the clinical
use of the OCT in coronary arteries appeared in
2006 (8, 9). The catheter for OCT examination
is an optical monofiber rotating around the axis
with a combined mini-lens for the reflected light
signal, which is then subjected to real-time
computer digital processing in order to obtain
both cross-sectional (2D planar image) and
spatial (3D image) views (10). OCT has the best
spatial resolution out of all currently known VI
modalities (axial resolution is 10—20 um, trans-
verse or lateral resolution is 20-90 um), which
is about 10 times higher than that of IVUS.
However, the penetration depth of light waves
into the vascular wall is 2-3 times less than that
of IVUS (11, 12).

Since the light waves used in OCT are ab-
sorbed by blood, in order to obtain a high-
quality image we need to remove blood from
the surgical field (vessel lumen). Usually, we use
contrast media injected intracoronary under
the pressure necessary for complete clearance
of the blood from the arterial lumen. This spe-
cific feature of OCT examination imposes cer-
tain limitations on its use, for example, in pa-
tients with renal impairment, or in cases of
aorto-ostial lesions of coronary arteries. Other
anatomical conditions, such as the need to
examine very large (5 mm or more) or small
(less than 2 mm) arteries, presence of critical
stenoses (90% or more), also interfere with an
informative OCT examination and acquisition of
evaluable images (13, 14). However, provided
that the surgical area is adequately cleared with
contrast media, the OCT images give detailed
information about both the arterial wall condi-
tion (structure and structural changes in the
vascular wall layers) and the atherosclerotic
plague morphology (15, 16).

Modern OCT systems allow, beyond the
morphology examination of arterial walls and
atherosclerotic plaques, to perform precise
measurements of the arterial lumen geometry
(lesion length, reference and minimum diame-
ter, and lumen cross-sectional area). Angio-
graphic co-registration combined with OCT
provides even more precise “mapping” of the
affected segment and measurement of its geo-
metrical parameters. Automatic image pro-
cessing with detection of calcified areas also
allows to get an optimal treatment algorithm.
Finally, the latest technological developments
for combined (IVUS + OCT) imaging provide
a unique chance to get a combined image of
the target arterial segment using a single cath-
eter.
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Table 1. Comparative characteristics of two intravascular imaging modalities

IVUS OCT

Emission source Ultrasound Near-infrared light waves
Wave length, um 35-80 1.3
Resolution, pm 40-200 (axial), 15-20 (axial),

200-300 (lateral) 20-40 (lateral)
Maximum scanning diameter, mm 15 7
Penetrability, mm 10 2-2.5
Clearance of the operating area from blood Not required Required

When choosing one or another imaging mo-
dality to be used during diagnostic or endovas-
cular intervention, comparative characteristics
of two VI techniques should be taken into ac-
count (Table 1).

Based on the physical characteristics of the
scanning emission source, it is possible to
compare the features of these two intravascular
imaging modalities. For example, IVUS does
not require clearance of the surgical area with
contrast medium (which is essential for the as-
sessment of aorto-ostial lesions) for recanali-
zation of chronic occlusions, when contrast
medium administration may lead to a large
subintimal hematoma and procedure failure.
Additionally, no need for contrast medium ad-
ministration is another argument towards the
use of IVUS in patients with renal impairment.
Due to the greater length of the emission wave,
ultrasound penetrates deeper into the arterial
wall structures, allowing examining large-calibre
arteries (e.g., the left main coronary artery) or
aneurysmal segments of the vessels. Due to the
lower penetrating power of OCT compared to
IVUS, there is a risk of underestimating the re-
sidual plague volume under the stent struts or at
the edge of the stented area (17, 18). The use of
saline instead of contrast medium for clearing
the surgical area is currently under evaluation.

Nevertheless, due to its incomparably higher
resolution, OCT allows to get more detailed in-
formation on the vascular wall structures (intima,
media), atherosclerotic plaque (lipid, fibrous or
calcified plague) and its fibrous capsule. The
use of IVUS with conventional length of sound
waves (20-40 MHz) does not allow to obtain
such detailed information on these biological tis-
sues and structures. However, HD IVUS (e.g.,
60 MHz catheter) improves image quality com-
paring to IVUS catheters of previous generation.

In addition, due to the high resolution of OCT,
the operator is able to examine the process of
restenosis inside the stent more deeply, to de-

tect and study neoatherosclerosis and its vari-
ants. OCT also enables more detailed examina-
tion of arterial wall calcification (extent, thick-
ness, localization) as light waves, unlike
ultrasound, are not completely reflected from
the calcified substrate.

During PCI procedure, OCT allows the more
detailed visualization of side branches and
stent (malapposition, deformation). Moreover,
it is highly sensitive for detection of intimal-
medial dissection (including dissection at the
stent edges) and tissue protrusion through the
stent structure. 3D reconstruction of OCT im-
ages appears to be useful in stenting of bifurca-
tion lesions. Despite the advantages and disad-
vantages of each IVI modality, both technolo-
gies have an advantage over angiography
(luminography) in terms of diagnostic accuracy
in endovascular treatment of coronary athero-
sclerosis.

Overview of the evidences
and study results for IVI techniques
used for diagnosis of coronary
atherosclerosis and optimisation
of PCI procedures

Before the era of drug-eluting stents, several
studies showed the advantage of IVUS-guided
PCI over angiography-guided PCI in terms of
reducing the long-term incidence of in-stent
restenosis (19, 20). In general, results of 8 out
of 9 largest randomized trials comparing the
results of IVUS-guided PCI and angiography-
guided PCI, supported IVI, and only one study
(OPTICUS) (20) was neutral. A meta-analysis of
results from all relevant comparative studies
(intravascular imaging vs. angiography) in opti-
mizing PCI results before the era of drug-elut-
ing stents showed that IVUS-guided PCI has an
advantage over angiography-guided PCI in re-
ducing the incidence of MACE (19% vs. 23%;
risk ratio — 0.69, 95% CI 0.49-0.97, p = 0.03)
and restenosis in 6 months (22% vs. 29%; risk
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ratio — 0.64, 95% CIl 0.42-0.96, p = 0.02),
whereas there was no difference in mortality
rate (p = 0.18) and risk of spontaneous Ml
in long-term period (p = 0.51) (21).

Emerging and further development of drug-
eluting stents significantly decreased the inci-
dence of MACE to such a degree that it became
difficult to prove the difference in favour of
IVl techniques in regard to optimizing the PCI
results in the general patient population.
Nevertheless, since the widespread introduc-
tion of drug-eluting stents into clinical practice,
relevant randomized studies have been con-
ducted to compare the results of angiography-
guided PCI with IVI techniques. It is reasonable
that already completed or ongoing studies in-
cluded patients with complex coronary artery
lesions, and this more objectively represents
the situation observed in daily clinical practice
(Table 2).

The results of all ten studies from Table 2
argued for the use imaging modalities as tools
for PCI optimization; and only one study had
neutral results. None of the studies reported
negative results for intravascular modalities as
tools for PCI optimization compared to angiog-
raphy-guided PCI.

We particularly want to note the high repro-
ducibility of results provided by comparative
studies (intravascular imaging vs. angiography
to control and optimize the PCI results) con-
ducted at different times. Now let’s look at the
results of two similar studies — IVUS XPL (2015)
and ULTIMATE (2018) (Table 3).

Two randomized studies listed in Table 3,
which were conducted at different times and
different clinics, included almost the same
number of comparable patient groups (“all en-
rolled”, the vast majority with long arterial le-
sions) with the same primary clinical endpoint
(cardiac mortality, MI, repeat revascularization
related to the target lesion or target vessel).
The incidence rate of the primary clinical end-
pointin two studies was similar after 12 months
in favour of IVUS (2.9% vs. 5.8% in the IVUS
XPL study and 2.9% vs. 5.4% in the ULTIMATE
study), indicating good reproducibility of the
IVUS results in this complex patient popula-
tion. We also note a reliable and significant
reduction of the long-term stent thrombosis
rate (836 months) after IVUS-guided PCI
(ULTIMATE study). It can be assumed that such
results were achieved partially due to the im-
provement of the arterial lumen geometry after
IVUS-guided stent implantation. For example,
in the IVUS XPL study, post-dilation was per-

formed significantly more often in the IVUS-
guided group compared to the angiography-
guided PCI group (76.3% vs. 57.4%, respec-
tively, p < 0.001), and the final balloon diameter
for post-dilation was significantly higher
(3.14 £ 0.43 mm vs. 3.04 = 0.42 mm, respec-
tively, p < 0.001) (22). As the above-mentioned
studies proved the advantage of IVUS over an-
giography for guiding PCI in extended lesions
and for implantation of two or more stents,
it is predictable that two randomized trials -
AIR-CTO and CTO IVUS - showed a significant
reduction in the rate of restenosis and repeated
target vessel revascularization after the IVUS-
guided recanalization of chronic coronary oc-
clusions (CCO) compared to angiography-
guided PCI. In addition, the CTO IVUS study
also showed an improvement in long-term clin-
ical outcomes; in particular, the incidence of
MACE was significantly lower in the IVUS-
guided CCO recanalization group versus angio-
graphy-guided PCI group (2.6% vs. 7.1%, re-
spectively, p = 0.035). The same was observed
when comparing the combined endpoint -
mortality/IM in two groups (0% vs. 2%, respec-
tively, p = 0.045) (25, 26).

It is of particular interest to study the role
of IVI in optimizing the PCI procedures in pa-
tients with complex coronary lesions in order
to improve immediate and long-term clinical
outcomes. Recently, the results of two studies
focused on this problem have been published
in the scientific medical literature. The rand-
omized controlled RENOVATE-COMPLEX PCI
study included 1620 patients with complex
coronary lesions, including trunk stenosis,
CCOs, long lesions (>38 mm), true bifurcation
lesions with side branch involvement >2.5 mm,
multivessel (more than 2 arteries), calcified and
ostial lesions, and in-stent restenosis. Thus, the
patients cohort of the RENOVATE-COMPLEX
PCI study was the closest to real-life clinical
practice. The primary endpoint (mortality, Ml in
the target artery territory, and repeat revascu-
larization) was observed in 7.7% and 12.3% of
patients in the IVUS/OCT-guided PCI groups
without intravascular imaging, respectively
(p = 0.008). Thus, IVUS/OCT-assisted primary
PCl reduced the risk of major cardiac complica-
tions by 36% (RR = 0.64, 95% confidence inter-
val 0.45-0.89). At that, the observed effect
of IVUS/OCT-guided PCI was noted in all risk
subgroups of patients (diabetes, chronic renal
failure, reduced LV function) and regardless
of the clinical course of CAD (chronic or acute
coronary syndrome) (32). Another non-rand-
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Table 2. Characteristics and summary of results of relevant comparative studies on the use of intravascular imaging
modalities during PCI

Long-
Number term
Study Year of Modality eriod Description of results
patients r?n onth ;
IVUS-XPL* (22) 2015 1400 IVUS 12 + The incidence of MACE was significantly lower in the

IVUS group - 2.9% vs. 5.8% (p = 0.007)

+ The rate of target lesion revascularization was
2.5% vs. 5.0% (p = 0.02)

« Postdilation was performed more frequently in the
IVUS group - 76% vs. 57% (p < 0.001)

ULTIMATE* (23) 2018 1448 IVUS 12 « Significant reduction in number of adverse events
related to target vessel in the IVUS group
(2.9% vs. 5.4%, p =0.019)

« Significant reduction in the rate of repeat revascular-
ization and stent thrombosis (RR: 0.407,
95% CI10.188-0.880, p = 0.029) in the IVUS group

+ In the IVUS group, adverse events related to target
vessel were 1.6% when optimal IVUS criteria for stent
implantation were observed and 4.4% when these
criteria were not achieved (p = 0.029).

ADAPT-DES IVUS | 2014 3349 IVUS 12 « Significant reduction of MACE in the IVUS group

subgroup (24) (2.5% vs. 3.7%, p = 0.004), revascularization of the
target vessel (1.5% vs. 2.4%, p = 0.007) and target
lesion (2.4% vs. 4.0%, p =0.0001)

« Significant reduction in the rate of spontaneous Ml
(2.5% vs. 3.7%, p = 0.004)

« Significant reduction in the rate of stent thrombosis
(0.6% vs. 1.0%, p = 0.003)

+ In response to IVUS data, operators changed their
PCl strategy in 74% of cases

AIR-CTO* (25) 2015 230 IVUS 12 + Reduction in subintimal canal length in the IVUS group
(10.8 £3.9mmyvs. 17.2 9.4 mm, p = 0.002)

« Significant improvement in lumen geometry: increased
lumen cross-sectional area after PCI (5.92 £ 2.2 mm?
vs. 4.37 1.1 mm? p=0.01)

« Significant reduction of restenosis rate
(3.9% vs. 13.7%, p = 0.021)

+ No significant difference in the MACE rate
(18.3% vs. 22.6%, p = 0.531) and repeat revasculari-
zation incidence (4.3% vs. 9.6%, p = 0.314)

CTO-IVUS* (26) 2015 204 IVUS 12 « Significant reduction in the rate of MACE in the IVUS
group (2.6% vs. 7.1%, p = 0.035)

« Significant reduction in combined endpoint —
mortality/IM in the IVUS group (0% vs. 2%, p = 0.045)

+ No significant difference in target artery
revascularization (2.6% vs. 5.2%, p = 0.186)

J.M. De la Torre 2014 1670 IVUS 36 + Significant increase in MACE-free survival rate
Hernandez et al. in the IVUS group (88.7% vs. 83.6%, p = 0.04)
(27) - Significant increase in survival rate with bifurcation

lesions of the left main coronary artery in the IVUS
group (90% vs. 80.7%, p = 0.03)

« Significant reduction in the rate of stent thrombosis
in the IVUS group (0.6% vs. 2.2%, p = 0.04)

+ IVUS-guided revascularization is an independent
predictor of MACE (RR 0.70: 95% CI 0.52-0.99,
p =0.04)
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Table 2 (end).

Study

Year

Number
of Modality
patients

Long-
term
period,
months

Description of results

KimJ.S. etal *
(28)

2013

543 IVUS

12

- Significant increase in minimum arterial diameter after

PClin the PCI group (2.58 mmvs. 2.51 mm, p = 0.04)

+ No significant difference in the rate of MACE between

two groups (4.5% vs. 7.3%, p =0.16)

DOCTORS* (29)

2016

120 OCT

« Significantly higher FFR after OCT-guided PCI

(0.945% 0.04 vs. 0.92 £ 0.05, p = 0.005)

+ Less residual stenosis after OCT-guided PCI

(7.0 + 4.3%vs. 8.7 £ 6.3%, p=0.01)

+ More frequent use of postdilation due to malapposition,

stent underexpansion, and edge dissection in the
OCT-guided PCI group (43% vs. 12.5%, p < 0.0001)

OCTACS* (30)

2015

50 OoCT

+ Reduction in number of stent struts with malapposition

in the OCT-guided PCI group (3.4% vs. 7.8%, p < 0.01)

« Fewer number of non-endothelialized stent struts at
6 months in the OCT-guided PCI group (4.3% vs.
9.0%, p < 0.01)

ROCK II* (31) 2021 | 730 IVUS/

OCT

12 « Significant reduction in the rate of adverse events

related to target vessel in the imaging group
(12.7% vs. 21.2%, p = 0.039)

+ No significant difference in the primary endpoint
between the IVUS and OCT groups (p = 0.26)

+ IVUS is a predictor for absence of adverse events
related to the target vessel in the imaging group
(OR 0.46: 95% CI 0.23-0.93, p =0.03)

+ The rate of adverse events related to target vessel
was 16% in the angiography group, 7% - in the OCT
group, and 6% — in the IVUS group (p = 0.03 between
angiography-guided PCI and imaging-guided
PCI groups)

Note. * — randomized studies.

Table 3. Long-term results of IVUS use in long lesions of coronary arteries

. Time of
No. Inclusion . .
Study, year of patients criteria Primary endpoint | long-term result, Long-term result
months
IVUS XPL, 2015 1400 long Composite MACE - 12 After 12 months:
(>28 mm) cardiac mortality, MACE - 2.9% vs. 5.8%
lesions MI, repeat (p=10.007)
myocardial revascu- RMR - 2.5% vs. 5.5%
larization (RMR) (p=0.02)
ULTIMATE, 2018 1448 All included: Target vessel fail- 12 After 12 months:
Long >25 mm | ures (TVF): Cardiac TVF - 2.9% vs. 5.4%
lesions — 60% | mortality, Ml, RMR (p=0.02)
After 36 months:
Stent thrombosis —
0.1%vs. 1.1%
(p=0.02)
Note. RMR - repeat myocardial revascularization related to the target vessel / lesion.
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omized, population-based OPTIVUS-COMPLEX
PCI study also examined the long-term (1-year)
effect related to use of IVUS for PCI in complex
coronary lesions. OPTIVUS-IVUS criteria were
developed to assess immediate outcomes:
1. In-stent minimal cross-sectional area (MCSA)
> reference value of cross-sectional area dis-
tal to the stent (when stent length > 28 mm);
2. In-stent MCSA > 0.8 x mean arterial refer-
ence cross-sectional area (when stent length
< 28 mm). The primary endpoint for assessing
long-term outcomes was MACE (mortality, M,
stroke, any repeat myocardial revasculariza-
tion). When comparing the matching patient
populations in the OPTIVUS-COMPLEX PCI
study and a historical registry of patients with
myocardial revascularization by CABG or PCI
(CREDO-Kyoto registry), it appeared, that the
primary endpoint was statistically less frequent
in the cohort of patients with IVUS-guided PCI
than in the cohort of patients without IVUS-
assisted PCI — 10.3% and 27.5%, respectively
(p < 0.001). However, the difference was not
significant when compared to the group of pa-
tients with CABG (13.6%). Nevertheless, the
long-term clinical outcomes of IVUS-guided
PCI were no worse than those in the matching
group of patients with CABG.

Notably, that in the OPTIVUS-COMPLEX PCI
study, the initial PCI strategy was changed in
41.2% of cases in response to IVUS data, and
at the final stage (stent implantation) the PCI
strategy was changed in 39.6% of all treated
lesions (33).

Improvement of clinical outcomes — a reduc-
tion in the rate of MACE, repeat revasculariza-
tions and stent thrombosis after IVUS-guided
PCI — was shown in several meta-analyses in-
cluding large randomized and observational
studies with tens of thousands of patients
(34, 35, 36). A recently published meta-analy-
sis including 19 significant comparative studies
with a total of more than 27,000 patients showed
a significant and reliable reduction by 37%
(216 [1.9%] vs. 627 [3.9%]; RR, 0.63; 95% ClI,
0.54-0.73; p < 0.001) of cardiovascular mortal-
ity in the long-term period (1 year and more) in
case of IVUS-guided PCI. The same systematic
review reported a 43% reduction of the stent
thrombosis risk in the IVUS-guided PCI group
(160 [1.4%] vs. 360 [2.2%]; RR, 0.57; 95% Cl,
0.41-0.79, p = 0.0006) (37).

While the global evidence base does not
comprise any randomized studies concerning
the effect of IVUS techniques on the results of
PCl on LMCA, the recently published results

of a large registry demonstrate a significantly
low incidence of MACE (cardiac mortality, Ml,
repeat revascularization) as well as stent
thrombosis during IVUS- or OCT-guided PCI
compared to angiography-guided procedures
(27, 31, 38). Taking into account the clinical
significance of lesions of the LMCA, which pro-
vides blood supply to > 75% of the left ventricu-
lar myocardium, the latest ACC/AHA/SCAI
guideline on myocardial revascularization sup-
ported the assignment of recommendation
class lla (evidence level B) to IVI techniques
in PCI of LMCA stenosis (39). In Japanese na-
tional guideline on myocardial revasculariza-
tion, the use of IVUS in PCI of LMCA stenosis
got a higher recommendation level (1A) (40).
Randomized studies using OCT have also
shown an improvement in the lumen geometry
of the stented artery and an increase of frac-
tional flow reserve (FFR) after OCT-guided PCI
compared to angiography-guided procedure
(41). In addition, the OCTACS and DETECT OCT
studies showed improved stent endothelializa-
tion in the OCT-guided PCI group. In the
OCTACS study in patients with acute coronary
syndrome in 6 months after stent implanta-
tion the number of non-endothelialized stent
struts was significantly lower (4.3% vs. 9.0%,
p < 0.001) (42). A similar result was obtained
inthe DETECT OCT study after OCT-guided PCI
in a group of patients with chronic coronary
syndrome (7.5 vs. 9.9%, respectively, p=0.009)
(43). In the TACTICS-reqgistry, the strategy of
primary PCI for patients with ACS was changed
in 58.1% of cases, of which 4.8% of patients did
not have a stent implanted based on OCT char-
acteristics of unstable atherosclerotic arterial
lesion; post-dilatation was performed in 54.6%
of cases, and an additional stent was implanted
at the final stage of PCI in 3% of cases in res-
ponse to OCT data. Thus, OCT influenced the
PCI strategy at each stage of intervention (44).
It is no wonder that the number of studies
focused on the use of IVUS significantly ex-
ceeds the number of OCT studies due to the
late introduction of OCT into clinical practice.
Despite this, some recently completed rand-
omized studies were focused on comparative
results of these two techniques. In the ILUMIEN
lll study, the in-stent minimal cross-sectional
area after the procedure was assessed in three
groups of patients — with OCT-, IVUS- and
angiography-guided PCI. The degree of stent
expansion (median minimal cross-sectional
area of the in-stent lumen) in the OCT-guided
PCI group (5.79 mm?, IQR 4.54-7.34 mm?)
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was no worse (p = 0.001), but also no better
(p = 0.42) than those in the IVUS-guided PCI
group (5.89 mm?, IQR 4.67-7.80 mm?). Also,
the median minimal cross-sectional area after
OCT-guided PCIl was no better than in the
angiography-guided stenting group (p = 0.12)
(45). These results served as a reason and jus-
tification for a larger randomized ILUMIEN IV
study comparing the geometric parameters of
the final postprocedural arterial lumen in the
OCT- and angiography-guided PCI groups. The
authors of this study hypothesized the improve-
ment of clinical outcomes in a high-risk group
with OCT-guided PCI compared to an angiog-
raphy-guided procedure (46). The final results
of the ILUMIEN 1V, as well as of other ongoing
studies focused on IVl capabilities and roles
in coronary interventions, are still pending and
it is expected, that they will improve our knowl-
edge and put IVl to good use in clinical practice
of endovascular coronary interventions.

Despite the existence of a solid evidence
base in favour of imaging techniques in PCI
in order to optimize immediate results and
improve long-term clinical outcomes, there is
a quite mosaic picture of the IVUS use in diffe-
rent regions. For example, in Japan and South-
East Asia, IVUS is used in approximately 80%
of PCI cases, whereas in Germany, Italy, and the
USA, this figure is 20%, 5% and 5%, respectively
(47).

In Japan, routine use of IVUS-guiding during
PCl is recommended regardless of lesion com-
plexity and experience of the interventional
cardiologist (48), and, according to the national
guidelines for myocardial revascularization, use
of IVUS in PCI of the LMCA, CCO, and diffuse
coronary lesions has the highest recommen-
dation class of IA (40). On the other hand,
in American and European guidelines on myo-
cardial revascularization the use of imaging
techniques during coronary interventions has
a lower recommendation class of lIA (B-R) (49)
and llA (B) (50) respectively. These guidelines
have a confusing level of evidence — B, despite
the abundant evidences from high-quality
randomized, controlled studies, systematic
reviews and meta-analyses. However, the majo-
rity of data from comparative studies on the
significance of IVI for optimizing PCI outcomes
were obtained in South-East Asia, and since
there are many factors (anatomical and clinical-
demographic) that differentiate patient popula-
tions in this region from those in Europe and the
USA (51), the analysis of comparative data
must be done with a certain degree of caution.

Practical application of intravascular
imaging techniques for optimization
of percutaneous coronary
interventions

To optimize the results of PCI, IVI techniques
can be applied at each stage of the procedure.

Pre-PCI lesion assessment

Intravascular imaging techniques before PCI
are used to assess the plaque tissue composi-
tion and key parameters for subsequent inter-
vention as lesion length, reference diameter
and arterial lumen cross-sectional area (CSA),
to determine proximal and distal stent applica-
tion points in case of diffuse lesion of the vessel
wall. Systematic use of pre-PCI IVI will allow to
reduce dramatically the rate of stent implanta-
tion that does not correspond to the true arte-
rial diameter and lesion extent (2). IVI allows
examining in detail the condition of atheroscle-
rotic lesion regardless of whether endovascular
intervention will be performed after the initial
examination or not (in case of hemodynami-
cally insignificant stenosis). In particular,
it makes it possible to determine the fibrous
capsule thickness, tissue composition (pres-
ence and volume of the lipid component) and,
thus, to identify an atherosclerotic plaque with
a high risk of rupture. This, in turn, will allow
justifying a drug therapy for potentially unstable
but hemodynamically insignificant plaque
(5, 52, 53), since it is known that a hemody-
namically insignificant plaque is the cause of
acute Ml in 80% of cases (54). The significance
of atherosclerotic plaque character, which is
the cause of ACS, for determining the strategy
of endovascular treatment of ACS was clearly
shown by the authors in the multicentre rand-
omized study EROSION I (55). Characterization
of unstable plague (erosion, rupture, calcified
focus) using OCT significantly reduced the
rate of stent implantation by 15% compared to
the angiography-guided PCI group (43.8% vs.
58.8%, p = 0.024). Similar results were ob-
tained in the TACTICS Registry, where 1-year
long-term results of OCT-guided endovascular
treatment of ACS were studied. It was found
that, firstly, OCT data on the morphology of un-
stable plaque have an effect on the long-term
clinical outcomes, and, secondly, OCT played
a certain role at each stage of PCI. At the diag-
nostic stage after OCT-assessment of athero-
sclerotic plaque morphology the intervention
tactics was changed in 58.1% of cases, and the
stent was not implanted in 4.8% cases. At the
stage of stent parameters determination, stent
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diameter and length were changed in 15.7%
and 16.0% of cases, respectively. At the stage
of procedure optimization in response to OCT
data, post-dilatation was performed in 54.6%
of cases (56). Thus, the evaluation of athero-
sclerotic plaque morphology (erosion, plaque
rupture, calcified nodule) by using IVl techniques
makes it possible to customize endovascular
treatment (PCI) and revise the strategy of opti-
mal pharmacological therapy after ACS (57).

In addition, IVI techniques may be useful for
MI diagnosis in non-obstructive coronary ath-
erosclerosis, such as Takotsubo cardiomyopa-
thy, arteritis, myocarditis, spontaneous vessel
wall dissection and other etiologies of ACS
(58). We also highlight a number of clinical and
anatomical variants where IVl techniques may
play a key role in diagnosis and strategy of en-
dovascular treatment; for example, contro-
versial and unclear situations in aorto-ostial
lesions of the coronary arteries (especially the
LMCA ostium), dissection and intramural hema-
toma, aneurysm, and vasculopathy after heart
transplantation (59, 60, 61).

IVI-guided PCI procedure

IVI techniques are useful tools for lesion
(site) preparation before stenting, for correct
stent implantation, and post-stent optimization.
For example, preliminary assessment of calci-
fication (thickness, circumferential extent,
length) using IVUS or OCT will help to develop
the optimal strategy and technology for abla-
tion of calcified lesions (atherectomy, cutting
balloon or intravascular lithotripsy) and to eval-
uate the results of their application for subse-
quent optimal stent implantation (complete ex-
pansion without stent structure deformation)
(62, 63, 64). Some studies define the presence
of calcified lesions as a risk factor for stent un-
derexpansion or deformation and recommend
using IVUS or OCT to choose the type of abla-
tion techniques for modification of calcified le-
sions (65, 66). To date, the IVUS criteria of cal-
cification as a risk factor for stent underexpan-
sion are: presence of superficial calcinosis with
a lumen circumference coverage angle > 270°,
length > 5 mm, local calcified focus (nodule) in
the atherosclerotic plaque and arterial diameter
< 3.5mm (56). The relevant OCT criteria can be
summarized as follows: presence of superficial
calcinosis with a lumen circumference coverage
angle > 180°, calcinosis thickness > 0.5 mm and
length of calcified area > 5 mm (67).

As for selection of the optimal stent diame-
ter, there are many concepts and suggestions

based on measurements of various anatomical
structures on intravascular images. The follow-
ing options are proposed: a) measure the aver-
age or maximum reference diameter of the
arterial lumen, (b) determine the mean value
of the “media-to-media” measurements, (c)
determine the smallest value of the reference
diameter measured between the outer con-
tours of the external elastic membrane (EEM),
or (d) determine the mean value of the diameter
measured between the external contours of the
EEM (23,40, 68,69, 70).Inturn,inthe ULTIMATE
study, IVUS criteria for the optimal stenting pro-
cedure (expansion and reinforcement of the
arterial lumen) were developed: a) the minimal
cross-sectional area (MCSA) of the lumen in-
side the stented segment > 5 mm? or 90% of
the distal reference MCSA value; b) stenosis
(atherosclerotic plaque mass) at the proximal
and distal edges of the stent within 5 mm
should not be less than 50%, c¢) no dissection
that covering the tunica media of the arterial
wall with a length of more than 3 mm (23). Here
we’d like to add that according to another study
that investigated OCT criteria for optimal stent-
ing, the volume of tissue protrusion through the
stent structure should not exceed 0.33 mm?
(71), and the protrusion angle (angle around
the circumference of the arterial lumen occu-
pied by tissue) > 180° is an independent pre-
dictor of MACE in patients with STEMI (72).
Additionally, we want to note that several stud-
ies have recognized tissue protrusion through
an implanted stent as a significant risk factor
for acute and subacute stent thrombosis (73,
74, 75).

As for the OCT criteria of optimal stenting
(Figure), they were summarized in a recent
publication as the “MLD-MAX” concept. This
concept consists of two blocks: a) pre-PCI
strategy (Morphology-Length-Diameter) and
b) post-PCI optimization (no Medial dissection —
Apposition of stent struts — eXpansion) (76).
Twelve clinical centres in the USA were included
in the multiphase clinical program on the use
of OCT in clinical practice. The stent diameter
according to the MLD-MAX concept was deter-
mined as the mean value of the artery diameter
measured between the outer contours of EEM
at the nearest distal point from the proposed
stent implantation site, or (if the EEM could not
be identified), the required stent diameter was
determined as the mean value of the artery lu-
men diameter measured on the intima inner
surface at the nearest distal point from the stent
implantation site. When analyzing the results
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Plague mass <50%,
at the edge of stent,
without lipid core

Marginal dissection
(<60°/ non-limiting graft, length
<2 mm)

Proximal diameter
of the vessel

Without significant
protrusion

In-stent minimum

Malapposition
(axial distance <0.4 mm,
length <1 mm)

Distal diameter
of the vessel

cross-sectional area (MCSA),

MCSA > 4.5 mm?
MCSA / average basic diameter >80%

mm?
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MCSA>d
> 90% proximal diameter
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Figure. Schematic illustration of IVUS criteria for optimal stent implantation.

of using the MLD-MAX concept, it turned
out that OCT had an impact on decision in 88%
of PCI cases, including impact on the strategy
before PCIl in 83% of cases and impact on the
outcome optimization after the procedure in
31% of cases. At that, OCT extended the total
procedure time insignificantly (by 9 min)
(p <0.0001).

Since the most optimal strategy for the stent
size selection is yet to be determined, the posi-
tive clinical effect of the IVl use is evident
regardless of the IVI modality and different al-
gorithms for optimal stenting.

Stent length (especially in cases of diffuse
atherosclerotic lesions) must be chosen taking
into account the presence of the most “healthy”
areas of the arterial wall proximal and distal to
the lesion. It has been shown in many studies
that the voluminous plaque (stenosis >50%),
or a large amount of lipid component, or sig-
nificant calcification at the proximal/distal
end of the stent may result in the edge dissec-
tion or edge restenosis in the long-term period
(77, 78). It is important to remember that in
case of stent implantation or the stent’s proxi-
mal or distal edge presence at the lesion site
with a large lipid content, the risk of distal em-
bolisation, stent thrombosis or development
of no-reflow phenomenon increases (79). Thus,
the use of IVI allows to accurately determining
both the total number and length of implanted

stents. Comparison of IVI data with angiogra-
phy results (so-called data co-registration)
allows to significantly reduce the amount of
contrast agent used (80) and to increase the
accuracy of stent implantation and, as a result,
to optimize PCI. Recent publications have con-
firmed that there is a possibility for many-fold
reduction of the administered contrast medium
volume (81) and even performing the PCI pro-
cedure without the contrast media when using
IVI techniques (82).

We would like to emphasize the role of IVl in
the assessment of LMCA lesions (or any bifur-
cation) and stent selection in case of significant
artery recalibration in the proximal and distal
segments. VI techniques allow assessing char-
acteristics, tissue composition, and distribution
of a plague mass in the bifurcation region.
These data, in turn, have an impact not only on
the choice of stent parameters (length, diame-
ter), but also on the development of PCI strat-
egy for bifurcation lesions in general (including
the control of post-stenting proximal optimiza-
tion) (83, 84). Taking into account the unique
morphological features of bifurcation lesions
in the LMCA in contrast to other bifurcation
stenoses, many authors recommend to use VI
techniques to control various stages of stenting
the bifurcation stenoses in the LMCA (85, 86).
The minimum acceptable values of the arterial
lumen geometry parameters (measured by
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IVUS) for the LMCA after stenting are predicta-
bly higher than in non-trunk lesions (for the
distal segment of the LMCA >7-9 mm?, and
8—-10 mm? and more for the proximal segment)
(59, 87, 88). We should also note that the role
and frequency of use of IVI techniques (in par-
ticular, IVUS) for solving various diagnostic
problems and guidewire management in com-
plex chronic coronary occlusions (CCO) have
been increasing in these days (89-93).

Evaluation of the PCI procedure results

and diagnosis of complications

Post-PCI VI techniques are used both to
determine important reference endpoints,
which characterize the procedure outcome,
and to diagnose complications that cannot be
revealed by angiography (e.g. geographic miss
(incorrect position of the stent edges inside the
arterial lumen), dissection of the vessel wall or
malapposition of the stent struts).

The degree of stent expansion (the ratio of
the minimum cross-sectional area inside the
stent to the mean value of the reference (base-
line) arterial diameter, see Figure) is one of the
most important endpoints, which characterizes
the outcome of PCI, and is known as an inde-
pendent predictor of both long-term stent pa-
tency and the risk of clinical adverse events.
This parameter of the stenting final outcome is
determined both by the minimal cross-section-
al area inside the stent (absolute value) and by
comparison with the reference diameter of the
artery proximal or distal to the stent or with the
average of reference diameters at the specified
arterial sites (see Figure) (15, 22, 29, 40, 68,
77,94-97).

IVI techniques provide a unique opportunity
to clearly differentiate some signs detected
both during angiography and intravascular im-
aging after stent implantation. For example,
a so-called marginal dissection has no clinical
consequences only if at the intravascular imag-
ing it is limited to the intimal layer of the arterial
wall, covers < 45° of the lumen circumference
and its length is < 2 mm (98). However, if the
dissection involves deeper layers of the arterial
wall (intima-medial dissection), covers > 60°
of the lumen circumference and its length exce-
eds 2 mm, such marginal dissection is associ-
ated with adverse clinical consequences or im-
mediate complications and requires additional
intervention (59, 89, 99). Thus, the use of VI
techniques after stenting may lead to a change
in endovascular treatment strategy in order to
optimize the PCI outcome.

Another sign, often revealed by intravascular
imaging, is malapposition of the stent struts or
their loose adhesion to the arterial lumen inner
surface. Malapposition may occur immediately
after PCI due to the use of an incorrect stent
diameter, incomplete stent expansion due to
the use of nominal balloon pressure or insuffi-
cient preparation of the lesion before stent im-
plantation (59, 100). Late malapposition in the
long-term period mainly occurs because of late
remodelling of the vessel lumen; however, it is
not associated with an increased risk of MACE
(mortality, Ml and repeat target vessel revascu-
larization, stent thrombosis) compared to the
group of patients without late stent malapposi-
tion (7.3% vs. 10.5%, p = 0.282) (101). Since
it is recognized that secure contact of the stent
struts with the inner surface of arterial lumen
promotes better and faster endothelialization,
it is desirable to achieve the most acceptable
apposition of the stent structure with the intimal
surface. However, the majority of stent malap-
position sites in the long-term period also un-
dergoes endothelialization and insignificantly
affects the long-term clinical and angiographic
outcomes (91, 92, 102, 103). Nevertheless,
stent malapposition during PCI of bifurcation
lesions may result in guidewire passing under
the stent when attempting to catheterize the
side branch, which, in turn, may cause adverse
consequences and technical difficulties during
double-stent PCI of bifurcation stenoses (104).

IVl techniques play a critical role in PCI of
complex CCO, LMCA stenoses, and other bifur-
cation lesions. Intravascular imaging of such
lesions is important for detailed assessment of
stented arterial lumen formation, complete and
correct coverage of the entire lesion, as well as
for elimination of the risk of inadequate stent
sizing (diameter, length). IVUS and/or OCT can
provide important information to determine the
point for re-catheterization of the side branch
with a guidewire advanced through the stent
structure in the main artery, to optimize simulta-
neous balloon dilatation using the kissing bal-
loon technique and post-stenting lumen opti-
mization, as well as to identify the degree of the
coverage of side branch ostium by the stent
struts (95, 105, 106). In cases of complex CCO,
the results of the use of different IVI techniques
can impact the recanalization strategy and
provide an effective control of the guidewire
navigation procedure through the occluded
segment. Another useful function of OCT is
three-dimensional (3D) reconstruction of the
stented lumen. 3D reconstruction makes it pos-
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sible to identify the optimal point in the stent
structure in the main artery for guidewire navi-
gation to the side branch (107), as well as to
assess the stent longitudinal deformation after
its implantation to the LMCA, since this type of
stent damage is associated with long-term
adverse clinical consequences (74, 108).

Thus, IVI techniques can be used at each
stage of PCI both to assess the morphology
and mass of the plaque, arterial lumen remod-
elling, to diagnose the changes in the arterial
wall components, and to accurately determine
the mechanism of angioplasty and stenting in
each specific case, and the need to use special
tools with the plaque to modify the lesion (109).
The use of IVI in clinical practice may also be
useful for the assessment of stent endotheliali-
zation, evaluation of restenosis mechanisms
and arterial lumen remodelling in the long-term
period resulting from the use of various special
instruments and stents (110) or pharmacologi-
cal agents.

Challenges for the promotion
of intravascular imaging techniques
for their application in daily clinical
practice and training of specialists

We support the suggestion and strongly
recommend that ALL (!) national CathLabs
should be equipped with one of the IVI modali-
ties. Taking into account the advantages and
disadvantages of each imaging modality (IVUS
and OCT), the best option is to have both mo-
dalities of IVUS in the operating room. However,
since it is difficult to provide clinics with both
technologies due to funding problems, the
most optimal solution is to get an IVUS (includ-
ing the high definition (HD) option). IVUS (in-
cluding HD option) can be successfully used in
almost all possible clinical and anatomical sce-
narios. At the same time, the unique resolution
of OCT allows for a more accurate diagnosis of
the tissue composition and morphology of the
plaque as well as its fibrous capsule condition.
In addition, this technique allows precisely de-
termining the cause of ACS development and
plaque transition to an unstable state, to more
fully characterize the results of stenting (malap-
position, longitudinal stent deformation, stent
expansion degree and coverage of the side
branch ostium in bifurcation lesions, etc.).
In view of this, there is no doubt that the avail-
ability of both modalities in the CathLab repre-
sents the best setup for more effective applica-
tion of IVI techniques to optimize PCI proce-
dures.

All data (individual images, videos, measure-
ments of arterial lumen geometry, etc.) should
be archived similarly to conventional angiogra-
phy data in a common format for data storage
and transmission. This will allow considering
the results of IVIin correlation with angiography
data and such comparison of data will help
to develop the most optimal strategy for PCI.
At the local (or national) level, a harmonized
protocol should be developed with detailed
description of the results of both angiographic
and intravascular studies.

During the last decade, the evidence base
regarding the use of IVl techniques to optimize
PCIl has expanded considerably. Based on nu-
merous evidence-based data, we recommend
the routine use of IVI modalities as an integral
part of PCI in the following situations:

+ lesions of the trunk (including the ostium,
body and distal part) and proximal segment of
LAD;

+ complex anatomical lesions, including in-
stent restenosis, stent thrombosis, complex
CCQO, significant calcinosis and long (more than
25 mm) lesions;

- after heart transplantation (in 4—6 weeks
and 12 months) to diagnose possible allograft
vasculopathy and to determine the prognosis in
the long-term period (111);

- all lesions where angiography does not
provide sufficient information on the anatomy
and morphology of the lesion needed to deter-
mine the optimal PCI strategy.

Also, it should be remembered that IVI tech-
niques are invasive because they require inser-
tion of catheters with sensors into the arterial
lumen. Therefore, when passing the catheter
through calcified, excessively tortuous arterial
segments, and severe (>90%) stenoses, tech-
nical difficulties may occur. To address these
challenges, it is necessary to have the appro-
priate skills to use necessary tools and various
IVl techniques. In addition, rare (<0.5% of cas-
es) complications associated with the invasive
nature of IVI techniques may occur; in particu-
lar, spasm and coronary artery dissections,
transient myocardial ischemia, slow-flow phe-
nomenon and/or thrombosis of the target vessel
lumen, damage to the already implanted stent,
catheter jamming and fragmentation with the
risk of major cardiac complications (112-114).

Taking into account all the above, it can be
stated that in order to increase the level of ex-
pertise in using the IVI techniques and inter-
preting their results, as well as to reduce the
risk of complications, the training of operators
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(X-ray endovascular surgeons) is of critical im-
portance. The initial stage of training should
include familiarization and mastery of the fol-
lowing basic knowledge and skills:

+ in morphological characterization of the
plaque and atherosclerotic lesion of the arterial
wall (identification of arterial wall layers, calci-
nosis, plague tissue composition and the fib-
rous capsule condition, recognition of throm-
bus types, etc.);

+ in measurement of geometric parameters
of the lumen, arterial wall and implanted stent
(distal/proximal reference arterial diameter,
lesion length, in-stent cross-sectional area, in-
dex and completeness of stent expansion);

* in recognition and interpretation of compli-
cations coming from endovascular interven-
tions (incompletely expanded stent and/or
malapposition of stent struts, marginal dissec-
tion, tissue protrusion through the stent struc-
ture, longitudinal deformation and/or stent
fracture, etc.).

Despite the presence of clear objectives and
purposes of endovascular surgeons training
in IVl techniques, the world practice has no
structured program of comprehensive training
of specialists after which they could indepen-
dently perform an IVI-examination and ade-
quately interpret its results. For example, the
interventional cardiology training program de-
veloped in 2015 by ACC-COCATS4 (American
College of Cardiology — Core Cardiology
Training Symposium 4) recognizes the need to
include experts in intravascular imaging and
physiology as the teaching lecturers. However,
the list of skills and experience acquired as
a result of training under this program does
not mention any of IVI modalities (115). The
American College of Graduate Medical Edu-
cation (ACGME) postgraduate program, devel-
oped in 2017, mentions the need for skills
in intravascular imaging (particularly IVUS),
yet without detail, but doesn’t mention at all the
need for training in OCT techniques (116).
Individual specialized events held by world-
known platforms cannot solve the problem of
complete and adequate training of IVI special-
ists. For example, the Cardiovascular Research
Foundation (CRF) conducted a polling survey
among participants of a specialized session on
intravascular imaging and physiology at its edu-
cational events in 2018 and 2019. It found that
only 15% of participants confirmed their expert
level and indicated their willingness to work in-
dependently and interpret IVUS results, while
the similar figure for OCT was 18%. Another

40% of participants indicated an insufficient
level of competence to use both IVI modalities.
At the same time, the level of competence and
willingness to work independently among the
participants was significantly lower for IVI mo-
dalities compared to intracoronary physiology
methods (measurement of fractional flow re-
serve). This low level of readiness for independ-
ent clinical practice in the use of IVl techniques
did not change compared to the results of pre-
vious survey (117). Russia also lacks a detailed
specialized postgraduate education program
related to IVl techniques and physiology.

In order to address the actual issues of train-
ing, as well as to promote IVl techniques and
introduce them into routine clinical practice, we
propose a three-level algorithm of problem
solving:

For endovascular surgeons:

1. IVI techniques are recommended as a
necessary addition in cases of certain clinical
and anatomical scenarios: lesions of the trunk
(including the ostium, body and distal part) and
proximal segment of the LAD, in-stent resteno-
sis, stent thrombosis, complex CCO, significant
calcinosis and long (more than 25 mm) lesions,
post cardiac transplantation (after 4-6 weeks
and 12 months), all lesions where angiography
does not provide sufficient information on the
anatomy and morphology of the lesion.

2. For young, recent graduates, it is reason-
able to routinely perform one of the IVI tech-
niques during PCI, even in the case of simple
(type A according to the ACC/AHA classifica-
tion) lesions. For endovascular surgeons with
solid experience in IVl techniques, there is no
need to routinely use them in every case of
such simple lesions because of the learning ef-
fect (the trained eye IVUS phenomenon). The
problem with the “trained eye IVUS” is that,
generally, it is only about the choice of stent
diameter. As for the lesion extent and the choice
of the so-called landing zone at the PCI plan-
ning stage, it is practically impossible to deter-
mine the zone without IVI techniques since an-
giography shows only the vessel lumen. Only
additional visualization allows determining
where the plaque mass actually ends. That is
why the stent in the IVUS/OCT group is always
slightly longer than it was planned according to
the angiogram. As for the optimal stent expan-
sion, it is impossible to make it properly without
additional visualization, because according to
angiography, as a rule, the stent is always opti-
mally expanded, while according to IVUS/OCT
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in the same patient it is not true in more than
half of cases.

3. A presence of basic level and continuous
training and improvement of knowledge in in-
travascular imaging techniques are the most
important elements for the correct performance
of the IVUS examination and its results interpre-
tation.

4. There is a need for development a proto-
col for the examination and objective interpre-
tation of the results, which are important for PCI
strategy development.

5. A system should be in place to transfer
and archive data in a common format.

For healthcare institutions:

1. All CathLabs should be equipped with at
least one IVI modality (e.g. IVUS, with high res-
olution option, or virtual histology and Chroma
Flow mode, which is very helpful in interpreting
plaque structure, detecting small dissections
and true vessel lumen).

2. ldeally, both modalities of IVI (IVUS and
OCT) should be available.

3. Routine use of IVI techniques in clinical
practice contributes to improving the level of
competence of both individual operating sur-
geons and the whole team.

4. A system should be in place to transfer
and archive data in a common format.

At the national level:

1. A detailed, specialized training program
for IVI specialists should be developed and in-
tegrated into the general training system for
endovascular surgeons.

2. Professional societies should participate
in the development of specialized training pro-
grams, organize various thematic events and
help those willing (both medical clinics and
individual specialists) to achieve the level of
competence required to optimize the perfor-
mance of the CathLab.

3. Online resources of professional commu-
nities should be widely used in the training pro-
cess.

4. Given the possible difficulties related to
funding the programs for routine use of IVI
techniques in clinical practice within the com-
pulsory health insurance, it is reasonable to
recommend selective use of these techniques
according to the experience and complexity
of the clinical picture and coronary lesions.

We also want to note that there are many on-
line resources, opportunities for communica-

tion with individual experts in the IVI field, and
internships in clinics with a high level of exper-
tise in IVl techniques.

Conclusion

Intravascular imaging techniques, which en-
tered in clinical practice in the early 1990s, took
a short time to gain a strong place in the toolset
used for optimising intracoronary interventions.
Despite the results of numerous randomized
and observational studies, registers, meta-anal-
yses including tens of thousands of patients, the
average frequency of IVl techniques use is still
low. However, the frequency of clinical use of VI
modalities varies considerably between opera-
tors, clinics, and world regions. For example,
while in Japan and South Korea, IVI techniques
are used in more than 90% of cases (104),
in the USA the similar figure is < 15% (accord-
ing to the NCDR Cath PCI Registry (118)), and
less than 10% in European countries (119).
A similar picture can be observed in Russia,
where in some clinics IVl techniques are fre-
quently used in the clinical routine, and, on the
contrary, many departments of endovascular
tdiagnosis and reatment does not have any
possibility to apply these techniques and their
modern modifications. The main obstacles to
the widespread use of IVI techniques are the
lack of appropriate equipment, insufficient
knowledge and competence in the IVI field, and
incorrect belief on the part of colleagues that
the use of IVI in clinical routine prolongs the in-
tervention time and may disrupt the operating
schedule in intensively working CathLabs.
Arguments about the economic inexpediency
and increased cost of PCIl procedure in case
of using IVI techniques have been refuted in
many studies (120-124). In a recent study,
Korean authors showed that the use of IVI tech-
niques during PCI allows avoiding 8 deaths,
35 spontaneous myocardial infarctions, and
69 repeat revascularizations per 1000 patients
over 5 years (110).

Nevertheless, the development of the latest
technologies — co-registration of angiographic
and IVl images, combined (multimodal) cathe-
ters combining OCT and IVUS sensors, intro-
duction of artificial intelligence technologies
in image interpretation, as well as accumulation
of experience by operators and development
of specialized training programs may contri-
bute to the optimization of CathLab activities
and wider implementation of IVl techniques into
clinical practice.
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