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Anotacija

Ievads. Koronara angiografija tiek uzskatita par “zelta standartu” koronaro
artériju slimibas diagnostika, tomér aterosklerozes anatomiju un funkcionalo
nozimigumu precizak iesp&jams novertét ar papildus invazivam metodém —
intravaskularo ultraskanu (IVUS) un tas radiofrekvences modalitatem (VH-
IVUS un iMAP), optisko koherences tomografiju (OCT) un frakcion&to plismas
rezervi (FFR), ka ari neinvazivam metodém — ar matematiskiem algoritmiem
aprekinatu FFR, izmantojot datortomografijas (DT) datus (FFRcr).

Darba meérkis. [zvértét invazivo un neinvazivo diagnostikas metozu lomu
dazadas morfologijas aterosklerotisko bojajumu identifikacija, morfologiska,
kvantitativa un funkcionala novertg§juma, perkutanas koronaras intervences
vadiba un rezultata prognozesana, ka ari ilgtermina efektivitates novertesana.
Darba metodes. Darba pamata ir trTs kltniski p&tfjumi, ieklaujot 296 pacientus,
kuriem Latvijas Kardiologijas centra veikti intravaskularas att€ldiagnostikas
izmekl&jumi (koronara angiografija, kvantitativa koronara angiografija (QCA),
IVUS, iMAP, VH-IVUS, OCT, FFR) vai neinvaziva DT angiografija un FFRcr
sarezgTtos koronaros bojajumos.

Darba rezultati. Pirms intervences QCA un OCT uzradija statistiski nozimigi
mazaku artérijas limena diametru neka IVUS (p < 0,001). Starp IVUS un OCT
pastaveja laba ieksgja saskanotiba kalcifictas pangas proporcijas novertgjuma.
Kalcificetas pangas sekmigu modifikaciju prognoz€ja griezosa balona
izmantoSana salidzinajuma ar rievojoSo balonu, Tsaks modificgjosa balona
garums, lielaka kalcifikacijas proporcija OCT, IVUS un iMAP, ka arT mazaks
attalums no lumena virsmas Iidz kalcifikacijai. Nepilnigu stenta ekspansiju
prognoz€ja mazaks minimalais lumena diametrs, laukums un to akitais
ieguvums, ka ar1 vidgjais references diametrs IVUS un OCT, lielaka vidgja
kalcifikacijas proporcija iMAP. Mediana 285,0 dienu [IQR = 263,5 — 309,0]
apsekosanas perioda laika 8,6 % pacientu novéroja nelabvéligus kardio-
vaskularus notikumus, kuru attistiba saistibu ar intravaskulariem parametriem
nenoveroja. Apsekosanas perioda IVUS biezak neka OCT identificgja
neparklatas stenta stratas (p = 0,021). Kreisas koronaras artérijas bifurkaciju
bojajumos FFRcr uzradija augstaku diagnostisko precizitati salidzinajuma ar DT
angiografiju, identificgjot is€miju (FFR < 0,80).

Secinajumi. IVUS un OCT sniegta informacija par koronaro aterosklerozi ir
savstarp€ji komplementara un paraka neka koronara angiografija un QCA. IVUS
sevi ir pieradijusi ka references un izvéles metodi, planojot un vadot perkutanu
koronaru intervenci, bet stenta stratu endotelizacijas novertgjuma apsekosana
perioda péc stenta implantacijas OCT ir paraka neka IVUS. Koronaro arteriju
bojajumu funkcionala noveérte§juma, FFRcr analize ir piemérota bojajumu
hemodinamiskas nozimibas novértésana kreisas koronaras arterijas kopgja
stumbra, uzlabojot DT angiografijas diagnostisko precizitati.
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Izmantotie saisinajumi

BMS — parasts metala stents (no anglu val. bare metal stent)

CB — griezosais balons (no anglu val. cutting balloon),

DES - ar zalém pildits stents (no anglu val. drug eluting stent)

DT — datortomografija

EEM - argja elastiga membrana (no anglu val. external elastic membrane)

FFR — frakciongta pliismas rezerve (no anglu val. fractional flow reserve)
FFRcr — ar matematiskiem algoritmiem aprékinata FFR, izmantojot DT datus
iMAP — intravaskularas ultraskanas audu raksturojums ar iMAP programmatiiru
IQR - starpkvartilu intervals (no anglu val. interquartile range)

IVUS — intravaskulara ultraskana

KAS — koronaro artériju slimiba

LM — kreisas koronaras artérijas kop&jais stumbrs (no anglu val. lefi main artery)
MACE - nelabvéligi kardiali notikumi (no anglu val. major adverse cardiac
events)

Me — mediana

MLD — minimalais limena diametrs

MLL — minimalais limena laukums

MSL — minimalais stenta laukums

OCT - optiska koherences tomografija (no anglu val. optical coherence
tomography)

PCI — perkutana koronara intervence (no anglu val. percutaneous coronary
intervention)

QCA - kvantitativa koronara angiografija (no anglu val. quantitative coronary
angiography)

SAS — sirds un asinsvadu slimibas

SB — rievojosais balons (no anglu val. scoring balloon)

SD - standartdeviacija

SDAA — stenta diametra arterijas (EEM diametra) attieciba

SExpl — stenta ekspansijas indekss (no anglu val. stent expansion index)

TI — ticamibas intervals

TLR — mérka bojajuma atkartota revaskularizaciju (no anglu val. target lesions
revascularization)

VH, arT VH-IVUS - intravaskularas ultraskanas audu raksturojums ar virtualo
histologiju

vs. — pret (no latiu val. versus)

%DS — procentuala diametra stenoze

%NIV —neointimas tilpuma obstrukcija procentos (anglu val. percent neointimal
hyperplasia volume (obstruction))



Visparigais darba raksturojums

Izvélétas témas aktualitate un novitate

Koronaro artériju slimiba (KAS) ir hroniska, visbiezak progres€josa
aterosklerozes izraisita slimiba. Tas gaitu — progresiju, stabilizaciju vai
regresiju — ietekm& dzivesveids, medikamentoza terapija un optimala
revaskularizacija (perkutana koronara intervence, koronaro art€riju SuntéSanas
operacija) (Knuuti, Wijns et al. 2020). Koronara angiografija tiek uzskatita par
“zelta standartu” KAS diagnostika, sniedzot prieksstatu par koronaro arteriju
anatomiju, anomalijam, limena sasaurinajumiem, pieradot KAS un lemjot par
turpmako arstéSanas stratégiju, tai skaitd vadot perkutanu koronaru intervenci
(PCI) (Garrone, Biondi-Zoccai et al. 2009). Tomér koronara angiografija un
kvantitativa koronara angiografija (QCA) nesniedz pietiekoSu informaciju par
aterosklerozes procesu art€rijas siena, ka arT aterosklerotiskas pangas sp&ju radit
i$eémiju.

Attistoties medicinas tehnologijam aterosklerozes anatomiju un
funkcionalo nozimigumu precizak iesp&jams novertét ar papildus invazivam
metodém — intravaskularo ultraskanu (IVUS) un tas radiofrekvences modali-
tattm (VH-IVUS un iMAP), optisko koherences tomografiju (OCT),
kvantitativo koronaro angiografiju (QCA) un frakcion&to pliismas rezervi (FFR),
ka arT neinvazivam metodém — datortomografijas (DT) angiografijas izmek-
1&juma laika, anatomiskas izmainas virtualos matematiskos modelos kombingjot
ar asins plismas mérijjumiem (FFRcr).

Si darba unikalitate ir gandriz visu pieejamo attéldiagnostikas un
funkcionalo izmeklgjumu vienlaiciga izmantoSana koronaro art€riju atero-
sklerozes novertgjuma. Izpetes merkis bija bifurkaciju bojajumi, kuros atskiriba
no kreisas koronaras arterijas kop€ja stumbra bojajumiem intravaskularo
att€ldiagnostikas metozu sistematiska lietojuma pieredze literatiira ir maz
aprakstita. Saja pétijuma pirmo reizi aprakstits kalcificétas pangas novértgjums
ar visam darba izmantotajam attéldiagnostikas metodém. Saja pétijuma
izmantota jauna metodologija kalcificétas pangas modifikacijas rezultatu
noverte§juma un identificéti sekmigas pangas modifikacijas jeb kontroléta
sk€luma prognozgjosie faktori, kuri 11dz §im literatiira nav aprakstiti.

Tapat ir salidzinatas OCT un IVUS metodes stenta stratu Itmena analizg, kas
literatiira ir maz aprakstita.

Saja darba pirmo reizi FFRct pielietojamiba vértéta kreisas koronaras
artérijas kopgja stumbra bojajumos, noverojot labu saskanotibu ar invazivo FFR
un uzlabojot datortomografijas diagnostisko precizitati hemodinamiski nozimigu
stenozu identifikacija.



Darba merkis

Izvertét invazivo un neinvazivo diagnostikas metozu lomu dazadas
morfologijas aterosklerotisko bojajumu identifikacija, morfologiska, kvanti-
tattva un funkcionala novertgjuma, perkutanas koronaras intervences vadiba un
rezultata prognozesana, ka art ilgtermina efektivitates novertésana.

Darba uzdevumi

1. Analiz&t invazivo att€ldiagnostikas metozu atSkiribas perkutanas koronaras
intervences vadiSana, pirms intervences nosakot limena dimensijas ka
references metodi izmantojot IVUS.

2. Novertet QCA, OCT, IVUS un ta radiofrekvences modalitasu (iMAP, VH-
IVUS) atskiribas vadot perkutanu koronaru intervenci stabilos koronaros
bojajumos, pirms intervences novertgjot pangas morfologiju, t.sk.,
kalcifikaciju.

3. Identificét invazivo att€ldiagnostikas metozu parametrus, kuri prognoze
kalcificgtas pangas sekmigu modifikaciju.

4. Novertet IVUS un OCT kvantitativo un morfologisko parametru lomu
nepilnigas stenta ekspansijas prognozesana.

5. Salidzinat QCA, IVUS un OCT lomu, novértgjot velino vaskularo atbildi
pec BMS vai DES implantacijas sarezgitos koronaros bojajumos.

6. Salidzinat jaunas neinvazivas metodes FFRcr un DT angiografijas
diagnostisko precizitati i§€miju izraisosu koronaro bojajumu noteiksana, ka
referenci izmantojot invazivo FFR.

Darba hipoteze

Sistematiska neinvazivo un invazivo att€ldiagnostikas metozu lietoSana
anatomiskai un funkcionalai sarezgitu koronaro art€riju bojajumu noveértésanai
un intervences vadiSanai uzlabo revaskularizacijas tulit€jos un vélinos rezultatus.

Darba metodes

Darba pamata ir tris kliniski p&tjjumi, ieklaujot 296 pacientus, kuriem
Latvijas Kardiologijas centra veiktas intravaskularie att€ldiagnostikas
izmeklgjumi (koronara angiografija, kvantitativa koronara angiografija (QCA),
IVUS, iMAP, VH-IVUS, OCT, FFR) vai neinvaziva DT angiografija un FFRct
sarezgitos koronaros bojajumos.
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Darba struktiira un apjoms

Promocijas darbs uzrakstits latviesu valoda, ta apjoms ir 162 lpp. (bez

pielikumiem). Darbs satur 51 tabulu, 57 att€lus un 2 pielikumus. Literatiras
saraksta min&tas 195 atsauces, no kuram vecaka publicéta 1981. gada un jaunaka
2021. gada.
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1. Promocijas darba konspektivs izklasts

1.1. Pétijuma 1ss teoretiskais pamatojums

Koronaro artriju ateroskleroze ir galvenais KAS patologiskais substrats,
radot skabekla nepietiekamibu jeb i$€miju miokarda un atseviskos gadijumos ar1
miokarda nekrozi jeb bojaeju (Knuuti, Wijns et al. 2020). Koronaras
angiografijas, kas tiek uzskatita par “zelta standartu” KAS diagnostika, un QCA
trikumus misdienas palidz nove@rst jaunas invazivas un neinvazivas
att€ldiagnostikas un funkcionalas izmekl€Sanas metodes. Senakas no tam ir
intravaskulara ultraskana (IVUS), kas lauj vizualiz&t art€rijas sienas trTs slanu
strukttiru un aterosklerozes veidosanos ieksg€ja slant jeb intima (Yock, Linker et
al. 1989), un frakcionéta plismas rezerve (FFR), kas lauj noveértét asins plismu
koronaras art€rijas un aterosklerozes izraisito saSaurinajumu sp&ju izraisit
iS8miju jeb hemodinamisko nozimibu (Pijls, van Son et al. 1993). IVUS
radiofrekvences modalitates — virtualas histologijas IVUS (VH-IVUS) un
iIMAP — lauj veikt audu histologisko raksturojumu ar specifiskam
datorprogrammam un krasu kodesanas karteém (Garcia-Garcia, Gogas et al.
2011). Jaunaka un ar labaku izskirtsp&ju apveltita att€ldiagnostikas metode ir
optiska koherences tomografija (OCT), kas attéla iegliSana izmanto nevis
ultraskanu, bet tuvgjo infrasarkano gaismu. Tomér $ai metodei ir zemaka
penetracijas sp&ja audos, kas apgriitina dzilaku art€rijas sienas slanu un lielaka
diametra art€riju novértg§jumu (Koskinas, Ughi et al. 2016). Tapéc invazivo
kardiologu saimé un zinatniskaja literatiira nav viennozimiga viedokla par
konkrétas metodes izvéli novértcjot aterosklerozi pirms intervences un to vadot.
Turklat So metozu trikumi ir pagarinats koronaras angiografijas laiks, lielaka
radiacijas deva un kontrastvielas paterins, ka ar1 nedaudz augstaks komplikaciju
risks. Tadel misdienas arvien biezak tiek mekletas neinvazivas alternativas,
pieméram, datortomografijas (DT) angiografija. Tas laika var noteikt
aterosklerotiskas izmainas artérijas siena. Virtualus matematiskus DT modelus
kombingjot ar asins plismas merfjumiem, iesp&jams novertet stenozu
hemodinamisko nozimibu (FFRcr) (Zarins, Taylor et al. 2013).

Intravaskularas att€ldiagnostikas metodes Paula Stradina kliniskas
universitates slimnicas Latvijas Kardiologijas centra izmanto jau vairak neka 20
gadus (IVUS kops 1997. gada, OCT kops 2007. gada, IVUS radiofrekvences
modalitates VH-IVUS kops 2007. gada un iMAP kops 2009. gada). Neinvazivas
FFRcr diagnostiska precizitate pirmo reizi pasaulé tika parbaudita 2009. gada
Latvija, cie$a sadarbiba ar prof. Kristapu Zarinu un HeartFlow, Inc (Erglis,
Jegere et al. 2010).

Saja darba tiek pétita invazivo un neinvazivo diagnostikas metozu
pielietojamiba, Iidzibas un atSkiribas aterosklerotiskd procesa sakotngja
novértésana, PCI vadiba un rezultata optimizacija tiilit p&c stenta implantacijas,
ka arm PCI rezultata — sekmigas aterosklerotiskas pangas modifikacijas un
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nepilnigas stenta ekspansijas — prognozésana. IpaSa uzmaniba $aja darba
pievérsta kalcificétiem bifurkaciju bojajumiem, kuru arstéSana izmantotas
specifiskas aterosklerotiskas pangas modifikacijas metodes. Tapat tiek skaidrots,
kurai atteldiagnostikas metodei ir prieksrocibas, analiz€jot vélino vaskularo
reakciju uz stenta implantaciju. Salidzinajums veikts gan ar vesturiski senako
QCA, gan jaunajam invazivajam att€ldiagnostikas metodém sava starpa, ka ari
neinvazivos matematiski izskaitlotos frakcion&tos plismas mérfjumus salidzinot
ar invazivas angiografijas laika veiktiem mérijumiem kreisas koronaras arterijas
kopgja stumbra bojajumos.

1.2. Petijuma izmantotas metodes

Analiz&jama izlas€ ieklava 296 pacientus, ar zinamu KAS un ieplanotu
invazivo koronarografiju, kuras laika veic invazivus funkcionalus vai attel-
diagnostikas izmekl&jumus vai neinvazivus funkcionalus un att€ldiagnostikas
izmeklgjumus. Veiktajam noverojuma pétijumam bija tiTs apakSpetijumi, kuri
veikti ar etikas komitejas atlauju un pacientu piekriSanu:

1. Intervences planoSana, vadiba un optimizacija PCI laika (IVUS un OCT
bifurkaciju PCI laika): prospektiva, longitudinala pétijuma ieklavam 70
pacientus ar stabilu KAS un istiem bifurkaciju bojajumiem, kur > 50 %
stenoze lokaliz&jas gan galvenaja (art€rijas diametrs > 2,5 mm), gan sanu
zara (art€rijas diametrs > 2,0 mm). Pacientiem tika veikta PCI ar vai bez
aterosklerotiskas pangas modifikacijas un otras paaudzes ar zalém pildita
stenta implantaciju.

2. Vaskularas atbildes novértésana péc PCI (VElina vaskulara atbilde péc
stenta implantacijas): no Paula Stradina kliniskas universitates slimnicas
Latvijas Kardiologijas centra PCI registra veicam retrospektivu analizi,
atlasot 274 pacientus, kuriem IVUS kontrole veikta intervence ar metala
stenta (BMS) vai ar zalém parklata stenta (DES) implantaciju tados
sarezgitos koronaros bojajumos ka gari, kalcinéti bojajumi, hroniskas totalas
okluzijas, bifurkaciju bojajumi vai kreisas koronaras arterijas kopgja
stumbra bojajumi (LM). Pacientus ieklavam pétijuma, ja vismaz 6 m&nesus
pec PCI tika veikta kontroles angiografija un intravaskulara atteldiagnostika.

3. Aterosklerotiska bojajuma funkcionala nozimiguma novértésana pirms PCI
(FFRcr vs. FFR): neinvazivo attéldiagnostikas metozu salidzinajums ar
invaziviem frakcionétas plismas mérjjumiem LM bojajumos. Paula
Stradina Kliniska universitates slimnicas Latvija Kardiologijas centra
veicam viena centra Skérsgriezuma pétijumu, kura ieklavam 22 pacientus.
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1.2.1. Koronara angiografija un QCA protokols

Pirms invazivas procediiras visi pacienti sanéma 100 mg aspirina un 300
lidz 600 mg klopidogrela perorali, dualo antitrombotisko terapiju turpinot vismaz
2 ménesus peéc BMS un 12 ménesus pec DES implantacijas. Procediira tika veikta
izmantojot radialo vai femoralo pieeju, izmantojot 6 vai 7 F vaditajkatetrus.
Antikoagulacija tika nodroSinata ar 70 Iidz 100 SV/kg heparina intraarteriali vai
intravenozi. Angiografijas atteli QCA analizei, ka arT intravaskularas
att€ldiagnostikas izmeklgjumi tika iegiiti p&c intrakoronaras nitroglicerina (200 pg)
ievades. QCA analizi veicam ar datorprogrammatiiru QA4Angio XA (versija 7.3,
Medis Medical Imaging System BV, Leidene, Niderlande), ar kuru iesp&jama
bojajumu analize taisnos segmentos, ka ari bifurkacijas. Optimalu stenta
implantaciju  (ekspansiju) defingjam ka procentualo diametra stenozi
(%DS) < 10,0, bet suboptimalu ka %DS > 20,0 (Watanabe, Morimoto et al. 2018).

1.2.2. Datortomogrifijas protokols

Datortomografijas (DT) angiografiju veica ar 64 slanu datortomografiju
(Lightspeed VCT, GE Healthcare, Milvoki, Viskonsina, ASV). Par anatomiski
obstruktivu koronaro sirds slimibu p&c DT angiografijas datiem uzskatija stenozi
> 50%.

1.2.3. Invaziva FFR

Invazivu selektivu koronaro angiografiju veica atbilstoSi standarta
protokolam. FFR mérfjumi tika veikti, ja bija kliniskas indikacijas un bojajumi
nebija lielaki par 90 %. P&c intrakoronaras nitroglicerina ievades pacientiem
ievietoja spiediena stigu (PressureWire Certus, St. Jude Medical Systems,
Upsala, Zviedrija) koronara artérija aiz stenozes. Hiperémijas nodrosinasanai
pacienti sanéma intravenozi adenozinu 140 pg/kg/min. Hemodinamiski nozi-
migas jeb iS€miju izraisosas stenozes defingja ka FFR < 0,80.

1.2.4. FFRcr

FFRcr analizi veica zinatniskaja laboratorija HeartFlow, Inc. (Redvudas
pilséta, Kalifornija, ASV). Hemodinamiski nozimigas jeb iS€miju izraiso$as
stenozes definicija izmantoja FFRcr slieksni < 0,80.

1.2.5. IVUS protokols

IVUS pierakstu veicam ar Galaxy II sistemu (Boston Scientific, Frimonta,
ASV), izmantojot 40 MHz, Atlantis SR Pro IVUS katetru (Boston Scientific,
Frimonta, ASV). IVUS katetru angiografijas kontrolé ievietojam vismaz 1 cm
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zem bojajuma vai stenta distala gala, automatiska atvilcgjsist€éma ar atrumu
0,5 mm/s katetru atvilka Iidz vaditajzondei. IVUS pécapstrades analize tika
veikta ar komerciali pieejamu datoriz€tu planimetrijas programmu Qlvus
Research Edition 3.1.12.0 (Medis medical imaging systems, Leidena,
Niderlande) atbilstosi starptautiskam rekomendacijam (Mintz, Nissen et al.
2001).

1.

Ar IVUS kvalitativi noveértgjam sekojosus parametrus:
Pirms intervences veicam aterosklerotiskas pangas morfologisko analizi,
izmantojot kvadrantu sist€mu (skat. 1. att€lu).

1. attels. Arterijas sienas morfologiska analize monohroma IVUS attéla
IVUS attéls ar kalcificétu un fibrotisku pangu (4), ar normalu un lipidiem
bagatu pangu (B). Latvijas Kardiologijas centra arhivs

P&c procediiras novértgjam stenta izplesanos jeb ekspansiju. Absoliito stenta
ekspansiju uzskatija par optimalu, ja minimalais stenta laukums bija >
5,5 mm? (neskaitot LM bojajumus). Relativo stenta ekspansiju raksturoja ar
stenta ekspansijas indeksu, ko aprékinaja minimalo stenta laukumu, dalot ar
vidgjo references limena laukumu (vidgja vertiba no proksimalas un distalas
references limena laukumu summas). Stenta ekspansiju uzskatfjam par
optimalu jeb pilnigu, ja ekspansijas indekss bija > 0,80.

P&c procediiras un apsekosSanas laika novertéjam stenta apoziciju. Nepilniga
stenta apozicija jeb malapozicija tika definéta ka vizuali redzama stenta
kontiiras nepiegulésana artrijas sienas limena kontirai, starp abam
kontliram vizualiz€jamas asinis.

ApsekoSanas perioda novertg§jam ari neointimas tilpuma obstrukciju
procentos (% NIV), kas tika definéta ka neointimas hiperplazijas tilpuma
attieciba pret stenta tilpumu, kas reizinats ar 100, ka arT stenta stratu
parklajumu ar neointimu.
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Melnbalta jeb monohroma IVUS attéla aterosklerotiskas pangas
morfologija tika novértéta ari ar radiofrekvences-IVUS modalitatém — virtualo
histologiju (VH-IVUS) un iMAP analizi (2. attéls).

2. attels. Pangas morfologijas analize ar iMAP un VH IVUS
Pangas morfologijas pécapstrades analize ar iMAP (A) un virtualo
histologiju (B). Latvijas Kardiologijas centra arhivs, adaptets no (Erglis,
Jegere et al. 2014, Jegere, Spalva et al. 2016)

1.2.6. OCT protokols

OCT pierakstu veicam ar OCT sistemu (C7-XR™, OCT Imaging System,

St. Jude Medical, Sentpola, Minesota, ASV), izmantojot 2,7 F OCT katetru (C7

Dragonfly™, St. Jude Medical, Sentpola, Minesota, ASV). OCT mérijumi un

pecapstrades analize veikta ar OCT sist€mas datorprogrammatiru B.0.1,

(LightLab Imaging, Vestforda, Masacusetsa, ASV) visa interesgjosaja segmenta

(bojajums vai stents ar 5 mm proksimalo un distalo references zonu). Liimena un

stenta kontiiras tika identificEtas ik péc 0,6 mm, bet bifurkacijas zona ik péc

0,2 mm, p&c sakotngja attelu kvalitates (atlieku asinis limena, artefakti, limena

kontiira arpus ekrana) noveértéjuma.

OCT datus izmantojam, lai izvertétu $adus parametrus:

e  Pangas morfologiju pirms intervences kvadrantos: normala artérijas siena;
fibrotiskas izmainas, kalcificgta panga; lipidu infiltracija.

e Relativo stenta ekspansiju jeb izpleSanos uzskatijam par pilnigu, ja
ekspansijas indekss bija > 0,80. Absoliito stenta ekspansiju ka optimalu
raksturoja minimalais stenta laukums > 4,5 mm? (neskaitot LM bojajumus).

Kalcificétas pangas analizé papildus tika veikti sekojoSi mérijumi:
kalcija-limena distance, kalcija arkas lenkis, kalcija laukums (3. attéls). Tika
novertétas arm kalcificEtas pangas modifikacijas sekas: pilniga pangas
modifikacija tika defineta ka kalcificetas pangas bojajums no ieksg€jas lidz argjai

17



robezai. Nepilniga pangas modifikacija tika definéta ka skersbojajums, kurs iet
no kalcificétas pangas ieksgjas robezas, bet nesasniedz ar€jo robezu (skat.
4. att€lu). Pec intervences un apsekoSana tika novertets arl stenta stratu
daudzums, apozicija, parklajums (Bezerra, Costa et al. 2009)

3. attels. OCT Skérsgriezuma attels ar kalcificétas pangas mérijjumiem
A — OCT attéls ar pangas merijumiem, B — OCT attéls bez mérijumiem.

4. attels. Kalcificetas pangas modifikacijas veidi OCT
OCT atteli ar kalcificetas pangas pilnigu modifikaciju (4, D), daleju
modifikaciju (B, E) un bez skéluma (C, F). Latvijas Kardiologijas centra
arhivs.

1.2.7. ApsekoSana un kliniskie iznakumi

Hospitalizacijas laika, ka arT apsekosanas laika tika savakta informacija
par navi un nozimigiem kardialiem nelabvéligiem notikumiem (MACE, anglu
val. major adverse cardiac events), kuri tika definéti ka kardiala nave, ar pro-
cediiru nesaistits miokarda infarkts, mérka arterijas atkartota revaskularizacija un
noteikta stenta tromboze.
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1.2.8. Statistiska analize

Datu statistiska apstrade tika veikta ar IBM SPSS programmas 26.0
versiju, MedCalc 19.1. versiju un R v4.0.3, izmantojot visparpienemtas
apraksto$as un secinos$as statistikas metodes. Par statistiski nozimigiem
rezultatiem uzskatija rezultatus ar p vertibu <0,05.

Kategoriskie jeb kvalitativie mainigie tika raksturoti ar skaitu (N) un
procentualo proporciju (%), tika salidzinati ar Pirsona hi-kvadrata (Pearson Chi-
Square y2) testu vai FiSera (Fisher's exact test) precizo testu. Nominaliem
kategoriskiem datiem tika lietots Maknémara (McNemar’s) tests vai Kohrana Q
(Cochran's Q) tests, post-hoc analizei izmantojam Dunn testu ar Bonferroni
korekciju.

Kvantitativie mainigie tika aprakstiti ar medianu (Me) un starpkvartilu
intervalu [IQR], minimalo — maksimalo vertibu, jo dati lickaka dala neatbilda
normalsadalijumam  atbilstodi ~ Sapiro-Vilka  (Shapiro-Wilk) testu  vai
Kolmogorava-Smirnova (Ko/mogorov-Smirnov) testu rezultatiem.

Kvantitativo mainigo salidzinajumi neatkarigas paraugkopas tika veikti
ar Manna-Vitneja (Mann-Witney) testu starp divam grupa un ar Kruskala-Valisa
(Kruskal-Wallis) testu starp 3 grupam. Atkarigas paraugkopas divu mainigo
salidzinajuma tika izmantots Vilkoksona (Wilcoxon) tests, trfs mainigo
salidzinajuma — Fridmena (Friedman) tests, multiplu salidzinajumu korekcijai
izmantojot post hoc analizi (attiecigi Bonferroni vai Dunn-Bonferroni).

Viens no pétjjuma uzdevumiem bija noveértét parametrus, kas noteikti ar
dazadam metodéem — FFRcr, FFR, QCA, IVUS un OCT. Sim nolikam
izmantojam Blanda un Altmana analizi (Bland-Altman plot), salidzinot divu
mérijumu sériju starpibu vidgjas vertibas, izmantojot invazivo FFR un IVUS ka
references, ka arT iek$gjas saskanotibas analizi. Lai parbauditu saskanotibu starp
diviem kategoriskiem mainigiem, izmantojam Kohena Kappa (Cohen's Kappa)
koeficientu. Starp trim un vairak kategoriskiem mainigiem, izmantojam
Kronbaha alfa koeficientu. Saistibu starp pazimé€m vert€jam art ar Spirmena
(Spearman’s correlation coefficients) korelaciju analizi.

Faktorialo (neatkarigo) parametru saistibu ar rezultativiem (atkarigiem)
parametriem novértgjam ar vienfaktoru un lielakas izlas€s daudzfaktoru
regresiju.

Diagnostika efektivitate tika noverteta, aprékinot jitibu, specifiskumu,
pozitivo prognostisko vértibu (PPV), negativo prognostisko vertibu (NPV) un
diagnostisko efektivitati (precizitati), ka arT zim&jot ROC liknes (no anglu val.
Receiver Operating Characteristic curve) un pec laukuma zem ROC liknes
(AUC, no anglu val. area under the curve) vertibam vertgjot diagnostisko
pielietojamibu.
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1.3. Galvenie pétijuma rezultati

Petfjuma ieklavam kopuma 296 pacientus. Medianais pacientu vecums
bija 62,5 gadi [IQR = 54,0 — 69,0], minimalais pacientu vecums bija 30 gadi un
maksimalais — 86 gadi, lielaka dala pacientu bija viriesi (75,3 %). Visbiezak
sastopamie riska faktori bija dislipidémija (78,4 %), arteriala hipertensija
(66,6 %) un smekesana (41,6 %).

1.3.1. IVUS un OCT bifurkaciju PCI vadiba

Pacientu visparéejs raksturojums

Prospektiva pétijuma ieklavam 70 pacientus, kuriem paredzgéta PCI
bifurkaciju bojajumos. Visiem pacientiem kliniska indikacija PCI veikSanai bija
stabila slodzes stenokardija, turklat 41,4 % pacientu anamnézg bija parciests
miokarda infarkts un 40,0 % agrak veikta PCI cita artérija. Angiografiskais un
intervences raksturojums atspogulots 1. tabula.

1. tabula. Angiografiskais un intervences raksturojums

Parametrs N=70
Me [IQR]; (min — max)
vai N (%)
Mérka bojajuma arterija:
Kreisa prieksgja lejupejosa artérija 60 (85,7)
Kreisa apliecosa arterija 7 (10,0)
Laba koronara arterija 3(4,3)
Pangas modifikacija pirms stenta implantacijas:
Galvenaja zara 40 (57,1)
Sanu zara 16 (22,9)
Stent&Sanas strategija:
Viena stenta tehnika 59 (84,3)
Divu stentu tehnika 11 (15,7)
Crush tehnika 8(11,4)
Culotte tehnika 2(2,9)
T tehnika 1(1,4)
Implant&to stentu skaits:
Galvenaja zara 1,0 [1,0-1,0]; (1,0 —3,0)
Sanu zara 0,0 [0,0 - 0,0]; (0,0 —1,0)
Postdilatacija:
Galvenaja zara 70 (100,0)
Sanu zara 28 (40,0)
Stratu atvérSana uz sanu zaru 53 (75,7)
Beigu “kissing” postdilatacija galvenaja un sanu zara 26 (37,1)
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Kliniskie rezultati

Medianais hospitalizacijas ilgums bija 2,0 dienas [IQR = 2,0 — 3,0].
Hospitalaja perioda 3 pacientiem (4,3 %) novéroja miokarda infarktu. Medianais
kopgjais apsekosanas periods bija 285,0 dienas [IQR = 263,5 — 309,0].
Apsekosanas klmiskie rezultati atspoguloti 2. tabula.

2. tabula. Apsekosanas Kliniskie rezultati

Parametrs N=70
N (%)
Nave 1(1,4)
Kardiala nave 0(0,0)
Miokarda infarkts 1(1,4)
Insults 1(1,4)
Meérka bojajuma revaskularizacija 4(5,7)
PCI 4(5,7)
KAS 1(1,4)
Merka arterijas revaskularizacija 6 (8,6)
PCI 6 (8,6)
KAS 1(1,4)
Stenta tromboze 0(0,0)
Nozimigi nelabvéligi kardiali notikumi 6 (8,6)
KAS — koronaro artériju Suntésanas operdacija, PCI — perkutana koronara

intervence.

QCA, IVUS un OCT kvantitativo merijjumu salidzinajums

Pirms intervences 66 pacientiem bija pieejami QCA, IVUS un OCT
mérijumi galvenaja zara. Bojata segmenta garums starp tris metodém neatskiras
(» = 0,572, Kendall’s W = 0,01). Salidzinot limena diametra mérjjumus,
medianas vertibas bija statistiski nozimigi atSkirigas p&c sekojosas attiecibas
QCA < OCT < IVUS, t.i., QCA references un limena diametru mérjjumi bija
mazaki neka OCT mérfjumi, kuri, savukart, bija mazaki neka IVUS mérijumi
(3. tabula). Salidzinot pirms intervences ar IVUS metodi iegiito references
segmenta vidgjo limena diametru un vidéjo EEM diametru, novéroja statistiski
nozimigu atskiribu (p < 0,001; » = 0,62).

Korelacijas starp IVUS (reference metode) un paréjam attéldiagnostikas
metodém bija statistiski nozimigas (4. tabula).
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3. tabula. QCA, IVUS un OCT meérijumu salidzinajums galvenaja zara

Parametrs Me [IQR p- Post hoc analizé p-vertiba
vertiba (efekta lielums)
(Kenda
W’s W)
Bojajuma QCA 23,1 [18,1 —32,4]; 0,572
garums, mm IvVUS 22,3[18,0-31,0]; (0,01)
OCT 22,7[18,0 —28,91;
References QCA 2,7[2,4-3,0]; <0,001 QCA vsIVUS: <0,001 (0,54)
lamena IVusS 3,212,8-3,5]; (0,67)  IVUS vs OCT: 0,002 (0,58)
diametrs, mm OCT 3,0[2,7-34]; QCA vs OCT: 0,029 (0,47)
Vidgjais limena QCA 2,2[1,9-24]; <0,001 QCA vsIVUS: <0,001 (0,61)
diametrs, mm IvVUS 2,6 [2,4-3,0]; (0,68) IVUS vs OCT: < 0,001 (0,50)
OCT 2,412,1-271]; QCA vs OCT: < 0,001 (0,51)
References IvVUS 4,2 [3,7-4,5]; < 0,001
EEM diametrs, (0,62)
mm
Vidgjais limena IvVUS 5,6 [4,5-17,0]; < 0,001
laukums, mm? OCT 49[3,7-59]; (0,46)

Tris kvantitativie mainigie salidzinati ar Fridmena testu ar Dunn—Bonferoni post hoc analizi.
Efekta lielums r un Kendall’s W > 0,5 (liels).

4. tabula. QCA, IVUS un OCT meérijumu Korelacija galvenaja zara

IVUS vs. QCA (N = 69) IVUS vs. OCT (N = 66)
Parametrs Koeficients r; p- Koeficients rg p-
(95 % TI) vértiba (95 % TI) vertiba
Bojata segmenta garums, 0,89 (0,83 — < 0,001 0,87 (0,80 — < 0,001
mm 0,93) 0,92)
References diametrs, mm 0.49 (0,29 — <0,001 0.78 (0,66 — <0,001
? 0,65) 0,86)
Vidgjais limena diametrs, 0,76 (0,65 — < 0,001 0,80 (0,69 — < 0,001
mm 0,85) 0,87)
Vidgjais lumena laukums, 0,80 (0,69 — < 0,001
mm? 0,87)

Sakaribas noteiktas ar Spirmena (ry, Spearman’s correlation coefficients) korelaciju analizi.

Bland-Altman analize vidgja starpiba starp vid&jo limena diametru IVUS
un QCA mérijumos bija 0,48 mm, 95 % TI: 0,42 — 0,54; p < 0,001, bet IVUS un
OCT meérfjumos 0,21 mm; 95 % TI: 0,14 — 0,28; p < 0,001 (5. attels). Videja
starpiba starp vidgjiem references diametriem bija IVUS — QCA = 0,53 mm;
95 % TI: 0,39 — 0,67; p < 0,001 un IVUS — OCT = 0,21 mm; 95 % TI:
0,13—-0,31; p < 0,001. Bland-Altman analiz€ vidgja limena laukuma vidgja
nobide starp IVUS un OCT mérijumiem bija 0,74 mm?; 95 % TI: 0,45 — 1,02;
p <0,001.

22



5. attels. Saistiba starp vidéja limena diametra mérijjumiem

IVUS, OCT un QCA
A: IVUS vs. QCA; B: IVUS vs. OCT

Neskatoties uz atskirtbam medianas vertibas, iek$gjas saskanotibas (ICC)
analizé starp QCA, IVUS un OCT vidgja limena diametra meérijjumiem
konstatgja labu un statistiski nozimigu saskanotibu (ICC = 0,90; 95 % TI: 0,85 —
0,94; p <0,001).

Pangas morfologijas raksturojums

Izmeklgjumos pirms intervences vizuali defingjam doming&joSo
aterosklerotiskas pangas strukttiru ar kvadrantu sistému. Visbiezak identificgjam
fibrozas pangas, ko novéroja vairak neka pusé gadijumu gan OCT, gan IVUS
analizgé — attiecigi 53,3 % [44,4 — 63,6] OCT vs. 62,3 % [52,4 — 75,3] IVUS;
(»=0,001; » = 0,30). Apmeram piektdala gadijumu panga tika klasificéta ka
normala. Kalcificétu pangu atrada 7,4 % [IQR = 3,7 — 21,4] OCT un 4,9 %
[IQR = 1,0 — 13,9] % IVUS kvadrantos (p = 0,001; » = 0,39).

Ieksgjas saskanotibas (ICC) analizg starp OCT un IVUS morfologijas
proporcijam konstatgja labu un statistiski nozimigu saskanotibu nosakot
kalcificétas pangas (ICC = 0,90; 95 % TI: 0,84 — 0,94; p < 0,001), bet starp
iMAP un VH-IVUS ieksgjo saskanotibu nekonstatgja (ICC = 0,24; 95 % TI:
—0,40 — 0,59; p = 0,001). Vidg&ja un statistiski nozimiga ieks¢ja saskanotiba bija
fibrozas pangas gadijuma starp IVUS un OCT (ICC = 0,67; 95 % TI: 0,45 — 0,80;
p <0,189), ka art iMAP un VH-IVUS (ICC = 0,60; 95 % TI: 0,27 — 0,78; p =
0,002).

Kalcificetas pangas raksturojums

Vismaz vienu kalcificétu pangu iMAP un VH analiz€ noveéroja visiem
pacientiem, OCT un IVUS vizuali to identific€ja attiecigi 88,1 % un 84,1%
pacientu, bet angiografiski 55,7 % pacientu. Balstoties uz Kohrana Q testa
analizi, atSkiribas kalcifikacijas identifikacija ar piecam att€ldiagnostikas
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metodém bija statistiski nozimigas (p < 0,001) un metozu heterogenitate
vertéjama ka stipra (Q(4) = 51,69; p < 0,001; I? = 92,3 %). Izmantojot post-hoc
Dunn testu ar Bonferroni korekciju, statistiski nozimiga atskiriba bija tikai starp
QCA un visam pargjam attéldiagnostikas metodeém (p < 0,001).

Salidzinot ar Cetram intravaskularajam metodém noteikt kalcificetas
pangas apjomu, konstatgjam statistiski nozimigu atskiribu (Friedman tests
v*’(3) = 59,36; p < 0,001; Kendall’s W = 0,48), proporcijai pieaugot pec
sekojosas attiecibas iMAP < IVUS kvadranti < OCT kvadranti < VH-IVUS
(6. attels).

6. attels. Kalcificetas pangas apjoma proporcijas atkariba no metodes

Kalcificetas pangas modifikacijas intravaskularais novertéjums

No kopégjas 70 pacientu populacijas operatora izvéle bija 40 pacientiem
(57,1 %) pirms stenta implantacijas galvenaja zara veikt aterosklerotiskas pangas
modifikaciju. 37,1% pacientu pangas modifikaciju veica ar griezoSo balonu
(CB), bet 20,0 % pacientu ar rievojoSo balonu (SB). Pacientiem, kuriem veica
pangas modifikaciju (CB + SB), biezak neka pacientiem bez modifikacijas,
panga bija kalcificeta QCA (OR = 3,12; 95 % TI: 1,16 — 3,85; p = 0,022), IVUS
(OR =17,93; 95 % TI: 11,56 — 40,19; p = 0,007) un OCT (OR = 10,96; 95 % TI:
1,26 — 94,97; p = 0,018). CB + SB apaksgrupa ari kalcifikacijas apjoms bija
lielaks neka bojajumos, kuros neveica pangas modifikaciju (5. tabula).
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5. tabula. Kalcifikacijas izteiktiba atkariba no modifikacijas metodes

Kalcifikacijas CB +SB Nav CB + SB p-vértiba
procenturalais N=40 N=30 (r efekta lielums)
daudzums Me [IQR] Me [IQR]
IVUS kvadrantos, % 7,5[4,0-174] 1,6 [0,0 — 10,8] 0,002 (0,38)
iMAP, % 1,7 1,1 -2,5] 1,410,8-2,2] 0,253 (0,14)
VH-IVUS, % 13,1 [10,2 — 18,8] 7,7[4,1-114] 0,003 (0,45)
OCT kvadrantos, % 10,2 [6,5 — 26,8] 4,0 0,4 —11,8] 0,001 (0,40)

Starpgrupu salidzinajums veikts ar Manna-Vitneja (Mann-Witney) testu.

Péc pangas modifikacijas 33 pacientiem (47,1%) tika veikti optiskas
koherences tomografijas atteli. Tikai 42,4% pacientu noveroja dal&ju vai pilnigu
pangas modifikaciju. Pangas modifikacijas efektivitate statistiski nozimigi
atSktras atkariba no izmantota modificgjosa balona tipa (p = 0,021,
Cramer’s V = 0,48) (7. attels). Lietojot CB balonu statistiski nozimigi biezak
noveroja pangas jebkadu modifikaciju, bet SB lietoSana draudgja ar iesp&ju
pangai palikt bez sk€luma OR = 14,44; 95 % TI: 1,56 — 133,58; p = 0,009.

7. attels. Kalcificétas pangas modifikacijas efektivitate atkariba no
modifikacijas veida

Kalcificétas pangas modifikaciju prognozéjosie faktori

Visietekmigakais kalcificEtas pangas modifikaciju prognozgjosais faktors
vienfaktora logistiska regresija bija kalcifikacijas proporcija iMAP
(Neidzelkerka R? = 0,60), kurai pieaugot modifikacijas veido$anas iesp&ja
palielinajas 12,56 reizes (OR = 12,56; 95 % TI: 2,32 — 68,12; p = 0,003).
Sameérojot kalcifikacijas proporciju iMAP péc dzimuma un vecuma, izredzu
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attieciba picauga (ORsamerots = 16,51; 95 % TI: 2,16 — 126,24; p = 0,007). Pangas
modifikaciju prognozgja arT CB lietoSana, kalcifikacijas proprocijas pieaugums
IVUS un OCT. Modifikacijas iespgjamibu samazinaja SB balona lietoSana,
garaks modificgjosa balona garums un lielaks kalcifikacijas attalums no limena
virsmas (6. tabula).

6. tabula. Kalcificétas pangas modifikaciju prognozgjosie faktori
vienfaktora logistiska regresija

Parametrs OR (95 % TI) P ORgamerots p
(95 % TI)

Modificgjosa balona veids 14,44 0,019 15,72 0,019
—CBvs. SB (ref) (1,56 — 133,58) (1,57-157,07)
Modificgjosa balona 0,72 0,016 0,74 0,040
garums, mm (0,55 -0,94) (0,56 — 0,99)
Kalcifikacijas proporcija 1,12 0,008 1,14 0,011
OCT, % (1,03 -1,22) (1,03 - 1,26)
Kalcifikacijas attalums no 0,000004 0,039 0,000005 0,050
lamena OCT, mm (3,4E-11 -10,54) (2,1E-011 1,02
Kalcifikacijas proporcija 1,20 0,019 1,19 0,036
IVUS, % (1,03 - 1,40) (1,01 = 1,41)
Kalcifikacijas proporcija 12,56 0,003 16,51 0,007
iMAP-IVUS, % (2,32 -68,12) (2,16 —126,24)

Vienfaktora analize izmantota binara logistiska regresija
ORamerors (95 % TI) — izredzu attieciba samérota péc vecuma un dzimuma (95 % ticamibas
intervals)

Vislielaka diagnostiska pielietojamiba bija iMAP kalcificétas pangas
proporcijai ar AUC (laukums zem ROC liknes, no anglu val. area under the
curve) = 0,90; 95 % TI: 0,79 — 1,00; p < 0,001. Laba diagnostiska pielietojamiba
bija kalcifikacijas proporcijai IVUS (AUC = 0,88; 95 % TI: 0,75 — 1,00;
»<0,001) un OCT (AUC = 0,85; 95 % TI: 0,69 — 1,00; p = 0,001), bet vidgja —
modificgjosa balona garumam (AUC = 0,75; 95 % T1: 0,57 —0,92; p < 0,017) un
kalcifikacijas attalumam no limena virsmas (AUC = 0,73; 95 % TI: 0,55 - 0,91;
p =0,030).

Visaugstaka diagnostiska precizitate bija ar iMAP noteiktai kalcifikacijas
proporcijai pie robezvertibas 2,27 % (precizitate 84,38 %; 95 % TI: 67,21 —
94,72), jutiba 71,43 %; 95 % TI: 41,90 — 91,61, specifiskums 94,44 %; 95 % TI
72,71 — 99,86), ar IVUS noteiktai kalcifikacijas proporcijai pie robezvertibas
7,9% (precizitate 84,38 %; 95 % TI: 67,21 — 94,72, jutiba 85,71 %; 95 % TI:
57,19 — 98,22, specifiskums 83,33 %; 95 % TI: 58,58 — 96,42) un ar OCT
noteiktai kalcifikacijas proporcijai pie robezvertibas 27,70% (precizitate
84,38 %; 95 % TI: 67,21 — 94,72, jutiba 61,54 %; 95 % TI: 31,58 — 86,14,
specifiskums 100,00 % (95 % TI: 82,35 — 100,00). Picaugot Siem parametriem
virs attiecigds robezvértibas, picauga ari pangas modifikacijas attistibas
iespgjamiba. Ari samazinoties modificéjosa balona garumam < 6,00 mm un
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kalcifikacijas attalumam no lumena <0,24 mm, pieauga pangas modifikacijas
biezums.

Optimalas stenta implantacijas noveértejums

Optimalu stenta implantaciju novert€§jam péc stenta ekspansijas
(7. tabula), malapozicijas un komplikaciju (disekcijas) kritérijiem QCA, IVUS
un OCT mérijumos pec intervences.

7. tabula. Stenta ekspansijas novertejums

Parametrs N(%) vai Me[IQR];
QCA(N=70)
Suboptimala stenta implantacija (%DS > 20%) 9(12,9)
Optimala stenta implantacija (%DS< 10%) 21 (30,0)
IVUS(N = 68)
Stenta ekspansijas indekss , SExpl 0,7 [0,6 — 0,9]
Nepilniga relativa stenta ekspansija (SExpl <0,80) 41 (60,3)
Nepilniga absoliita stenta ekspansija (MSA < 5.5 mm?) 31 (45,6)
OCT (N =58)
Stenta ekspansijas indekss, SExpl 0,8 [0,7 - 1,0]
Nepilniga relativa stenta ekspansija (SExpl <0,80) 26 (44,8)
Nepilniga absoliita stenta ekspansija (MSA < 4,5 mm?) 11 (19,0)

1VUS — intravaskulara ultraskana, MSA — minimalais stenta laukums, OCT — optiska koherences
tomografija, SExI — stenta ekspansijas indekss, QCA — kvantitativa koronara angiografija,
%DS — procentuala diametra stentoze

Balstoties uz Kohrana Q testa analizi, konstat&ja statistiski nozimigas
atSkirtbas stenta nepilnigas ekspansijas identifikacija starp 3 metodés un
rezultatu heterogenitate vértéjama ka stipra (Q(2) = 35,38; p <0,001; I = 94,3%)).
Izmantojot post-hoc Dunn testu ar Bonferroni korekciju, statistiski nozimiga
atskiriba bija starp QCA un IVUS (p < 0,001), QCA un OCT (p < 0,001), ka arT
IVUS un QCA (p = 0,043).

Salidzinot nepilnigu stenta ekspansiju OCT ar IVUS (references metode)
konstatgja, ka abas metodes identiski identificEja nepilnigu ekspansiju 22
pacientiem (patiesi pozitivi), optimalu stenta ekspansiju 18 pacientiem (patiesi
negativi), bet 2 bija viltus pozitivi un 14 viltus negativi rezultati. Starp metodém
pastavéja vid&ja saskanotiba (kappa = 0,45; 95 % TI: 0,24 — 0,66; p < 0,001) ar
OCT diagnostisko precizitati 71,43%; 95 % TI: 57,79 — 82,70, jutibu 61,11 %;
95 % TI: 43,46 — 76,86, specifiskumu 90,00 %; 95 % TI: 68,30 — 98,77, PPV
91,67 %; 95 % TI: 74,22 — 97,68 un NPV 56,25%; 95 % TI: 45,43 — 66,51
salidzinajuma ar IVUS ka references metodi.

Nepilnigu stenta pieklauSanos limenam jeb malapoziciju OCT analize
noveroja visiem pacientiem (100 %), kamér IVUS analizg to identificgja 13,2 %.
P&c stenta implantacijas piektdalai pacientu (20,7%) ar OCT zem stenta novéroja
disekciju, ka arT 12,1% pacientu disekciju noveroja virs stenta.
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Analiz€jot optimalas stenta implantacijas kriterijus atkariba no galvena
zara segmenta (proksimala dala, bifurkacija, distala dala), OCT stenta
ekspansijas indekss (SExpl) proksimala dala bija statistiski nozimigi mazaks
neka distala dala (p = 0,002; r = 0,37) un nepilnigu stenta ekspansiju
(SExpl < 0,80) proksimala dala noveroja statistiski nozimigi biezak neka distala
dala. Tomér proksimala dala bija lielaks minimalais limena laukums un biezak
neka distala dala tika sasniegta minimala stenta laukuma robezvértiba 4,5 mm?,
kuru saista ar optimalu stenta implantaciju.

Nepilnigu stenta ekspansiju prognozejosi faktori

Dazadus procediiras un intravaskularo atteldiagnostikas metozu
parametrus ieklavam vienfaktora logistiska regresija, lai noskaidrotu absolitas
nepilnigas stenta ekspansijas, kas definéta ka [IVUS minimalais limena laukums
< 5,5 mm?, potenciali ietekmgjoSos riska faktoru (8. tabula).

Sievietem salidzinosi biezak neka virieSiem novéroja nepilnigu stenta
ekspansiju (attiecigi 68,0 % vs. 32,6 %), un §T atskiriba bija statistiski nozimiga
(p = 0,005; Phi = 0,34). ArT nesmekétajiem biezak neka smeketajiem noveroja
nelabvéligu iznakumu (attiecigi 59,0 % vs. 27,6 %), un atskiriba bija statistiski
nozimiga (p = 0,010; Phi = 0,31), tacu Mantela-Hanzela testa stratificgjot p&c
dzimuma, statistiski nozimigu asociaciju starp smé&kesanas statusu un nepilnigu
stenta ekspansiju nekonstatgja (x*(1) = 1,02; p = 0,313), veicot padzilinatu
potencialo jaucgjfaktoru analizi izmantojot logistisko regresiju, samérojot
nepilnigu stenta ekspansiju ar dzimumu, smék&Sana vairs nebija statistiski
nozimiga pazime (ORgamerots = 0,45; 95 % TI: 0,14 — 1,48; p=0,188).

No procediiras parametriem nepilnigas stenta ekspansijas risku progno-
z&ja mazaks modific€josa balona, stenta un postdilatacijas balona diametrs, ka
arT lielaks stenta garums. No IVUS parametriem nepilnigas stenta ekspansijas
risks mazinajas, palielinoties MLL un MLD, to akiitajam ieguvumam, ka ari
vidgjam references diametram aprékinatam péc limena un péc EEM. No OCT
parametriem negativi prognozgjosi bija MLL un ta akitais ieguvums, MLD
akiitais ieguvums, ka arT vidgjais references diametrs. Tapat nepilniga stenta
ekspansija bija saistita ar MLD akiito ieguvumu un references diametru QCA.
Diabgts, hroniska nieru slimiba un perifero arteriju slimiba, modific€josa balona
lietosana, IVUS vizuala kalcifikacijas proporcija, ka arT kalcifikacijas laukums
un lenkis OCT nebija statistiski nozimigi alfa < 0,2 ITmenT nepilnigas stenta
ekspansijas prognozgsana.

Vienfaktora logistiska regresija visietekmigakais riska faktors
(Neidzelkerka R? = 0,66) bija stenta diametrs ar regresijas vienadojumu
logit(nepilnigai stenta ekspansijai) = 21,36 — 6,68 x (stenta diametrs). No
att€ldiagnostikas parametriem visietekmigakais bija MLL akitais ieguvums
IVUS ar regresijas vienadojumu /ogif(nepilnigai stenta ekspansijai) = 3,94 — 3,40
x (MLL akdtais ieguvums IVUS).
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8. tabula. Vienfaktora logistiska regresija nepilnigas stenta ekspansijas

(IVUS) prognozesana
OR (95 % TI) p

Pacienta parametri
Dzimums (ref. viriesi) 4,40 (1,53 - 12,64) 0,006
Sméké&Sana 0,27 (0,09 — 0,75) 0,012
Procediiras parametri
Modificgjosa balona (MB) diametrs 0,05 (0,004 — 0,52) 0,013
Stenta diametrs 0,001 (0,0001 —0,02) < 0,001
Stenta garums 1,13 (1,04 -1 ,22) 0,004
Postdilatécijas balona diametrs 0,02 (0,003 —0,15) <0,001
IVUS parametri
SDAA-IVUS 0,03 (0,001 — 1,01 0,051
MLL 0,33 (0,15-0,71) 0,004
MLD 0,04 (0,004 —0,35) 0,004
MLL akiitais ieguvums 0,27 (0,14-0,51) < 0,001
MLD akiitais ieguvums 0,03 (0,005 —0,23) 0,001
Kalcijs iMAP 184(1,09 - 3,12) 0,023
Vidgjais references diametrs 0,06 (0,01 —0,36) 0,002
Vidgjais references EEM diametrs 0,06 (0,01 —0,32) 0,001
OCT parametri
MLL 0,45 (0,24 - 0,82) 0,009
MLL akiitais ieguvums 0,28 (0,14 —0,55) < 0,001
MLD 0,07 (0,01 - 0,33) 0,001
Vidgjais references diametrs 0,09 (0,02 -0,45) 0,003
QCA parametri
MLD akiitais ieguvums 0,28 (0,09-0,91) 0,034
References diametrs 0,18 (0,05-0,63) 0,007

ROC Iiknes labu un statistiski nozimigu diagnostisko pielietojamibu
nepilnigas stenta ekspansijas (IVUS) paredze$ana konstatgja stenta diametram
pie robezvertibas < 3,00 (AUC = 0,90; 95 % TI: 0,82 —0,97; p <0,001), no IVUS
parametriem — MLL aktitajam ieguvumam (AUC = 0,86; 95 % TI: 0,76 — 0,95;
p <0,001) pie robezvértibas < 3,26 mm un vidéjam references EEM diametram
(AUC = 0,82;95 % TI: 0,70 — 0,94; p < 0,001) pie robezvertibas < 3,91 mm, no
OCT parametriem — MLL akiitajam ieguvuma (AUC = 0,86; 95 % TI: 0,76 —
0,96; p < 0,001) pie robezvértibas < 3,54 mm. QCA parametriem bija slikta
diagnostiska pielietojamiba nepilnigas stenta ekspansijas paredzéSana (9. tab.).

Visaugstaka diagnostiska precizitate bija stenta diametram un I[IVUS MLL
akiitajam ieguvuma. Samazinoties stenta diametram zem robezvértibas 3,00 mm,
pieauga nepilnigas stenta ekspansijas iznakuma biezums, testa diagnostiska
precizitate 86,76 %; 95 % TI: 76,36 — 93,77, jutiba 90,32 %; 95 % TI: 74,25 —
97,96, specifiskums 83,78 %; 95 % TI: 67,99 — 93,81, PPV 82,35 %; 95 % TI:
68,98 — 90,74, NPV 91,18 %; 95 % TI: 77,74 — 96,83. Savukart, ja IVUS MLA
akiitais ieguvums bija 3,26 mm vai mazaks, testa diagnostiska precizitate ar1 bija
86,76 %; 95 % TI: 76,36 — 93,77, bet salidzinajuma ar stenta diametru jiitiba
pieauga par 6,45 %, kamer specifiskums mazinajas par 5,4 %.
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9. tabula. Dazadu parametru diagnostiska precizitate nepilnigas stenta
ekspansijas paredzésana

Parametrs AUC (95 % TD) p-vertiba
Procediiras parametri

Stenta diametrs 0,90 (0,82 -0,97) <0,001™"
Postdilatacijas balona diametrs 0,80 (0,69 —0,91) <0,001™
Modificg€josa balona diametrs 0,73 (0,57 - 0,89) 0,014"
Stenta garums 0,72 (0,59 - 0,84) 0,002
IVUS parametri

MLL akiitais ieguvums IVUS 0,86 (0,76 — 0,95) <0,001™"
Vidgjais references EEM diametrs IVUS 0,82 (0,70 — 0,94) <0,001™"
MLD akiitais ieguvums IVUS 0,80 (0,69 — 0,92) <0,001™
Vidgjais references diametrs IVUS 0,80 (0,67 - 0,93) <0,001™"
Minimalais limena laukums IVUS 0,69 (0,57 - 0,82) 0,006™
Minimalais limena diametrs IVUS 0,69 (0,57 - 0,82) 0,006™
Kalcifikacija iMAP IVUS 0,67 (0,54 —0,80) 0,019
OCT parametri

MLL akiitais ieguvums OCT 0,86 (0,76 — 0,96) <0,001™
Vidgjais references diametrs OCT 0,74 (0,60 — 0,87) 0,002
Minimalais limena laukums OCT 0,70 (0,58 — 0,83) 0,005
MLD akitais ieguvums OCT 0,65 (0,50 — 0,80) 0,053
QCA parametri

References diametrs QCA 0,70 (0,58 — 0,83) 0,004
MLD akiitais ieguvums QCA 0,65 (0,52 -0,79) 0,029"

AUC - laukums zem ROC liknes, 95 % TI — 95 % ticamibas intervals
P <0,05-0,01; "p<0,01-0,001;""p<0,001

Daudzfaktoru logistiskas regresijas modeli ievietojam ne vairak ka tiTs
neatkarigos parametrus (alfa < 0,2) no vienfaktora regresijas analizes, starp
kuriem izteiktu kolinearitati nenoveroja. Izteikta kolinearitate pastavéja starp
IVUS un OCT parametriem: MLD, MLL, MLD akiitais ieguvums, MLL akditais
ieguvums, ka arT starp IVUS vidgjo references limena diametru un vid€jo
references EEM diametru. Logistiskas regresijas vienadojuma koeficienti un
statistiska nozimiba, paredzot nepilnigu stenta ekspansiju (IVUS definicija
minimalais stenta laukums (MSA) < 5,5 mm?), atspoguloti 10. tabula.

Modeli 1 kalcifikacija IVUS iMAP analizé un stenta diametra-arterijas
attiectba (SDAA) statistiski nozimigi (x*(2) = 11,86; p = 0,003) prognozgja
nepilnigas stenta ekspansijas (IVUS) iznakumu (NeidZelkerka R? = 0,21).
Modela kvalitate pieauga SDAA-IVUS aizstajot uz minimalo limena laukumu
(modelis 2) vai minimala limena diametra aktito ieguvumu (modelis 3).

Modeli 4 tika ievietoti 3 neatkarigie parametri - kalcifikacija IVUS iMAP
analiz€, minimalais limena laukums IVUS un stenta garums, §is modelis
statistiski nozimigi (y2(3) = 24,21; p < 0,001; Neidzelkerka R> = 0,40)
prognozgja nepilnigas stenta ekspansijas (IVUS) biezumu. Savukart, MLL
aizvietojot ar MLL akiito ieguvumu, modela kvalitate piecauga (3>(3) = 46,29;
p <0,001; Neidzelkerka R? = 0,66) un modelis 5 statistiski nozimigi prognozeja
nepilnigas stenta ekspansijas (IVUS) biezumu ar regresijas vienadojumu
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logit(nepilniga stenta ekspansija) = —1,83 — 1,59 x (MLL akdtais ieguvums) +
1,11 x (kalcifikacijas % iMAP) + 0,210 x (stenta garums). Visietekmigakais
parametrs bija MLL akitais ieguvums (Valda koeficients 12,97). Modelis
nepilnigu stenta ekspansiju korekti prognozgja 83,9% gadijumu.

Tika izveidots v€l viens nepilnigu stenta ckspansiju prognozgjoss
logistiskas regresijas modelis, kur ka potencialie jaucgjfaktori tika ievietoti
vecums un dzimums. P&c samérosanas izredzu attiecibas stenta diametram bija
ORgamerots = 1,615 95 % TI: 1,17 — 2,21; p = 0,003; MLL akiitajam ieguvumam
ORgamerots = 0,07; 95 % TI: 0,01 — 0,41; p = 0,003 un kalcifikacijas proporcijai
iIMAP ORgamerots = 5,12; 95 % TI: 1,35 —19,35; p = 0,016. Sam&roSanas rezultata
NeidZzelkerka R? pieauga no 0,66 1idz 0,79, un konstatgja, ka dzimums un vecums
papildus izskaidro 13% nepilnigas stenta ekspansijas iznakumu. Izveidotais
modelis spgj paredzet 88,2% nepilnigas stenta ekspansijas gadijumu, uzlabojot
paredzeésanas sp&ju par 4,3%.

Ar ROC likném parbaudot izveidotos daudzfaktoru logistiskas regresijas
modelus, izveidoto modelu paredz&sanas raditajs laukums zem Iiknes bija vidgjs,
labs vai pat izcils:

e Modelis 1 AUC =0,73; 95 % TI: 0,61 — 0,85; p = 0,001 (vidgjs)

e Modelis 2 AUC = 0,75; 95 % TI: 0,63 — 0,86; p < 0,001 (vidgjs)
e Modelis 3 AUC =0,81; 95 % TI: 0,71 — 0,92; p < 0,001 (labs)
e  Modelis 4 AUC =0,81; 95 % TI: 0,71 — 0,91; p < 0,001 (labs)
e  Modelis 5 AUC =0,92; 95 % TI: 0,85 — 0,98; p < 0,001 (izcils)

Daudzfaktoru analizg ievietojam ari OCT parametrus (sk. 10. tabulu,
Modelis 6). Stenta diametrs, MLL akitais ieguvums un kalcifikacijas proporcija
statistiski nozimigi (*(3) = 40,58; p < 0,001) prognozeja IVUS nepilnigu stenta
ekspansiju (Neidzelkerka R? = 0,70). Modela regresijas vienadojums bija
logit(nepilniga stenta ekspansija) = 2,66 + 0,18 X (stenta garums) — 2,05 x (MLL
akiitais ieguvums) + 0,09 x (kalcifikacijas proporcija). ST modela paredz&sanas
raditajs bija AUC = 0,93; 95 % TI: 0,87 — 0,99; p < 0,001. Modeli 6 sam&rojot
pe€c dzimuma un vecuma, nozimigas izredzu attiecibu izmainas nekonstatgja
(skat. 10. tabulu).
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10. tabula. Daudzfaktoru logistiska regresija nepilnigas stenta ekspansijas

(IVUS) prognozéesana
Parametrs B Standart- Valda p-vertiba OR (95 %
kluda koeficients TI)
IVUS parametri
Modelis 1
x2(2) = 11,86; p = 0,003; Neidzelkerka R> = 0,21
Kalcifikacija 0,70 0,29 5,71 0,017 2,01 (1,13 -
iMAP 3,56)
SDAA-IVUS —4,25 1,94 4,77 0,029 0,01 (0,0003
—0,65)
Konstante 3,05 1,99 2,34 0,126 21,10
Modelis 2
x4(2) = 15,82; p <0,001; Neidzelkerka R> = 0,28
Kalcifikacija 0,57 0,29 3,89 0,048 1,77 (1,00 —
iMAP 3,13)
MLL -1,09 0,41 6,96 0,008 0,34 (0,15 -
0,76)
Konstante 1,66 1,15 2,09 0,148 5,25
Modelis 3
x*(2)=21,91; p <0,001; Neidzelkerka R*= 0,37
Kalcifikacija 0,61 0,30 4,11 0,043 1,84 (1,02 —
iMAP 331)
MLD (IVUS) -3,37 1,00 11,32 0,001 0,03 (0,005 —
akiitais 0,25)
ieguvums
Konstante 1,75 1,02 2,95 0,086 5,75
Modelis 4
x2(3) =24,21; p <0,001; Neidzelkerka R* = 0,40
Stenta garums 0,13 0,05 6,93 0,008 1,14 (1,03 —
1,25)
MLL (IVUS) —-0,96 0,43 495 0,026 0,38 (0,16 —
0,39)
Kalcifikacijas 0,72 0,34 4,64 0,031 2,06 (1,07 -
% iIMAP 3,97)
Konstante -1,81 1,74 1,07 0,300 0,16
Modelis 5
$*(3) = 46,29; p < 0,001; Neidzelkerka R* = 0,66
Stenta garums 0,21 0,07 8,76 0,003 1,23 (1,07 —
1,42)
MLL (IVUS) -1,59 0,44 12,97 < 0,001 0,20 (0,09 —
akiitais 0,48)
ieguvums
Kalcifikacijas 1,11 0,49 5,06 0,024 3,02 (1,15 -
% iIMAP 7,93)
Konstante -1,83 1,81 1,02 0,312 0,16
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10. tabulas turpinajums. Daudzfaktoru logistiska regresija
nepilnigas stenta ekspansijas (IVUS) prognozésana

Parametrs B Standart- Valda p-vertiba OR (95 %
kluda koeficients TI)

Modelis 5 (sam@rots p&c vecuma un dzimuma)

x*(5) = 60,44; p < 0,001; Neidzelkerka R*> = 0,79

Stenta garums 0,47 0,16 8,59 0,003 1,61 (1,17 -
2,21)

MLL (IVUS) -2,63 0,88 8,87 0,003 0,07 (0,01 —

akditais 0,41)

ieguvums

Kalcifikacijas 1,63 0,68 5,79 0,016 5,12 (1,35 -

% iMAP 19,35)

Konstante —13,67 6,79 4,06 0,044

OCT parametri

Modelis 6

x*(3) = 40,58; p < 0,001; Neidzelkerka R?> = 0,70

Stenta garums 0,18 0,08 5,32 0,021 1,20 (1,03 -
1,40)

MLL  (OCT) -2,05 0,62 10,99 0,001 0,13 (0,04 —

akditais 0,43)

ieguvums

Kalcifikacijas 0,09 0,04 6,24 0,012 1,09 (1,02 —

proporcija OCT 1,17)

Konstante 2,66 2,11 1,59 0,208

Modelis 6 (samé&rots péc vecuma un dzimuma)
x4(5) = 45,89; p < 0,001; Neidzelkerka R?> = 0,75

Stenta garums 0,26 0,10 6,56 0,010 1,20 (1,03 -
1,40)
MLL (OCT) -2,19 0,73 9,05 0,003 0,13 (0,04 —
akditais 0,43)
ieguvums
Kalcifikacijas 0,09 0,04 5,06 0,024 1,09 (1,02 —
proporcija OCT 1,17)
Konstante —4,78 5,49 0,76 0,384

Daudzfaktoru analizé izmantota binara logistiska regresija

Nelabveligu kardiovaskularu notikumu prognozéjosi faktori

Sesiem pacientiem (8,6 %) apsekoSanas laika attist7jas nelabvéligi
kardiovaskulari notikumi (MACE). Vienfaktora logistiska regresija ka MACE
prognozgjosos faktorus uzradija tikai stenta diametru (OR = 0,07; 95 % TI: 0,01
—0,86; p =0,038) un postdilatacijas balona diametru (OR = 0,05; 95 % TI: 0,003
—0,78; p = 0,033). Citi kliniskie, procediiras, intravaskularo attéldiagnostikas
metozu parametri nebija saistiti ar MACE attistibu. Lai gan pacientiem ar
nepilnigu stenta ekspansiju MACE noveroja biezak neka pacientiem bez
nepilnigas stenta ekspansijas 5 (16,1 % ) vs. 2 (2,7 %), tomér §1 atSkiriba
nesasniedza statistisku nozimigumu (p = 0,085; Phi = 0,24).
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1.3.2. Velina vaskulara atbilde péc stenta implantacijas

Pacientu un angiografiskais raksturojums

Analize tika ieklauti 274 pacienti p&c PCI ar invazivu atteéldiagnostikas
vadibu. Visiem pacientiem bija QCA un IVUS dati. Pacientu vidgjais vecums
bija 62,0 gadi [IQR = 53,0 — 69,0]; (min — max: 30 — 86), vairums no tiem bija
viriesi (75,2 %). Bojajumu angiografiskais raksturojums un procediiras detalas
sniegtas 11. tabula.

11. tabula. Asinsvada bojajuma un procediiras raksturojosie lielumi

Parametrs Rezultats
Me [IQR]; (min—max) vai
N (%)
Bojajumu skaits N=274
Bojajuma lokalizacija:
Kreisas koronaras artérijas stumbrs 92 (33,6)
Kreisa prieksgja lejupejosa arterija 146 (53,3)
Kreisa apliecosa arterija 20(7,3)
Laba koronara arterija 16 (5,8)
Stents: 274 (100)
BMS 99 (36,1)
DES (kopa) 175 (63,9)
Jaunakas generacijas DES 70 (25,5)
Stenta diametrs (mm):
BMS 4,0 [4,0-4,0]; (3,5-3.5)
DES 3,5[3,0-4,0]; (2,7-3,0)
p-vértiba (efekta lielums) < 0,001 (0,52)
Stenta garums (mm):
BMS 16,0 [12,0 —20,0]; (8,0 — 8,0)
DES 23,0 [18,0 —28,0]; (12,0 - 13,0)
p-vértiba (efekta lielums) < 0,001 (0,44)

Parametru salidzinajums DES vs. BMS veikts ar Manna-Vitneja (Mann-Witney) testu.

Kontroles angiografija, QCA un IVUS

Kontroles angiografija ar intravaskularas att€ldiagnostikas metodeém tika
veikta mediani p&c 247,0 dienas [IQR = 202,5 — 282,0]; (min — max: 67 — 1559)
péc PCI. Angiografisku restenozi novéroja 27 (9,9 %) pacientiem, bet atkartotu
klmniski noteiktu mérka bojajuma revaskularizaciju (TLR, no anglu val. target
lesion revascularization) bija nepiecieSams veikt 20 (7,3 %) pacientiem, turklat
$os nelabvéligos notikumus biezak novéroja pacientiem péc BMS implantacijas
salidzinajuma ar pacientiem péc DES implantacijas (12. tabula).
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12. tabula. Nelabveligu notikumu bieZums apsekosSanas perioda

Parametrs BMS (%) DES (%)  p-vertiba OR (95 % TD
N=99 N=175

Restenoze 22 (22,2) 5(2,9) <0,001 9,71 (3,55 -26,61)

TLR 17(17,2) 3,7 <0,001 11,89 (3,39 — 41,70)

Kategorisko parametru vertibas izteiktas ki n (%), salidzinajums veikts ar Pirsona hi-kvadrata
testu.

Parbaudot saistibu starp trisdimensionalu IVUS parametru (% neointimas
tilpuma obstrukcija) un divdimensionaliem QCA parametriem (MLD véliais
zudums un % diametra stenoze), pastavéja vaja vai loti vaja korelacija, 1pasi
DES pacientu apakSgrupa. Skatit 13. tabulu

13. tabula. QCA un IVUS parametru Korelacijas apsekoSanas perioda

Parametrs 15 (95 % TI) p-vertiba

MLD vélinais zudums (QCA) pret %NIV (IVUS)

Kopa 0,34 (0,21 — 0,45) <0,001™"

BMS 0,30 (0,06 —0,51) 0,016™

DES 0,26 (0,11 —0,40) <0,001™"
%DS (QCA) pret %NIV (IVUS)

Kopa 0,31 (0,18 —0,42) <0,001""

BMS 0,44 (0,23 - 0,62) <0,001™"

DES 0,12 (0,04 — 0,27) 0,146

Sakaribas noteiktas ar Spirmena (15, Spearman’s correlation coefficients) korelaciju analizi.
'p <0,05-0,01;"p<0,00-0,001; "p<0,001

IVUS un OCT salidzinajums apsekoSanas perioda

Piecdesmit pacientiem p&c PCI bifurkaciju bojajumos apsekoSanas laika
tika iegiiti ne tikai QCA un IVUS, bet arT OCT atteli. Identiskos segmentos
kopuma izanaliz&jam 9315 stratas ar IVUS metodi un 10558 stratas ar OCT
metodi. Medianais analiz@tais stratu skaits vienam pacientam ar IVUS metodi
bija 162,0 stratas [IQR = 112,5 — 222,5]; (min — max: 56,0 — 533,0) un OCT
195,0 stratas [IQR = 137,0 — 277,5]; (min — max: 59,0 — 506,0), starp abam
metodém pastaveja statistiski nozimiga atskiriba (p = 0,004; r = 0,29). IVUS
analize uzradija mazaku parklato stratu Tpatsvaru salidzinajuma ar OCT metodi,
tomeér atskiriba nebija statistiski nozimiga (IVUS 89,7 % [IQR = 82,9 — 95,3];
(min —max: 62,6 — 99,8) pret OCT 94,9 % [IQR =91,2 — 99,3]; (min — max: 42,4
—100,0); p = 0,058; r =0,20. Savukart, neparklato stratu Tpatsvars bija statistiski
nozimigi lielaks IVUS analizg salidzinajuma ar OCT, attiecigi 9,7 % [IQR =4,7
—16,9]; (min — max: 0,2 — 37.4) pret 4,2 % [IQR = 0,7 — 8,0]; (min — max: 0,0 —
47,5); p=0,021; r=0,23.
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1.3.3. FFRcrvs. FFR

Kreisas koronaras artérijas bifurkacijas bojajumu funkcionala
novertéjuma petijuma ieklavam 22 pacientus, kuru medianais vecums bija 67,0
gadi [IQR = 55,0 — 71,3], minimalais 38 gadi, maksimalais 77 gadi, un 55 % no
petijuma ieklautajiem pacientiem bija viriesi.

Petfjuma 22 pacientiem kopuma izdarijam 29 invazivos FFR mérjjumus
kreisas koronaras artérijas kop&jam stumbram, distalo spiedienu mérot no LAD
un/vai LCX. Medianais invazivi méritais FFR bija 0,8 [IQR = 0,6 — 0,9]; (min —
max: 0,4—1,0), bet matematiski aprékinatais FFRcr 0,7 [IQR = 0,6 —0,8]; (min —
max: 0,5 —0,9), to atskiribas nebija statistiski nozimigas (p = 0,100; » = 0,22) (8.
attels).

8. artels. Medianais invazivi meéritais FFR un apréekinatais FFRcr

Bland-Altman analiz€ vidgja starpiba starp invazivi méritu FFR un
matematiski aprékinato FFRcr bija 0,03; 95 % TI: —0,01 — 0,06; p < 0,001.
Ieksgjas saskanotibas (ICC) analizg starp invazivi meritiem FFR un aprékinatiem
FFRcr konstatgja labu un statistiski nozimigu saskanotibu (ICC = 0,85; 95 % TI:
0,69 —-0,93; p <0,001).

Is€miju izraisoSas stenozes, kuras definétas ka FFR < 0,80, invazivos
mérjjumos atrada 14 (48,3 %) gadijumos, kamér matematiski aprékinatajos
FFRcr identificja 19 (65,5 %) hemodinamiski nozimigas stenozes. Izdarot DT
angiografijas analizi vienu pasu, 24 (82,8 %) stenozes tika klasificétas ka
nozimigas, t.i., = 50%. DT angiografijai diagnostiska precizitate identificgjot
stenozes ar FFR slieksni 0,80 bija 65,52 % (95 % TI: 45,67 — 82,06), DT analizei
pievienojot FFRcr aprékinus, kopgja diagnostiska precizitate pieauga lidz
82,76 % (95 % TI: 64,23 —94,15). Abam metodem bija augsta jiitiba un negativa
prognostiska vertiba, bet FFRcr metodei bija par 15,35 % augstaka pozitiva
prognostiska veértiba salidzinajuma ar DT angiografiju vienu paSu. Attiecigi
FFRcr metode uzradija specifiskuma pieaugumu par 33,34 % (skat. 14. tabulu).
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14. tabula. FFRct un DT angiografijas diagnostiska precizitate iSemiju
izraisoSas kopéja stumbra stenozes diagnostika

Parametrs DTA stenoze > 50% FFRcr <0,80
Invaziva reference FFR <£0,80 FFR £0,80
Jutiba, % (95 % TI) 100,00 (76,84 — 100,00 (76,84 —
100,00) 100,00)
Specifiskums, % (95 % TI) 33,33 (11,82 -61,62) 66,67 (38,38 —88,18)
Pozitiva varbiitibas proporcija (95 % TI) 1,50 (1,05 -2,15) 3,00 (1,47 -6,14)
Negativa varbitibas proporcija (95 % TI) 0,00 0,00
Pozitiva prognostiska vertiba, % (95 % TI) 58,33 (49,47 - 66,69) 73,68 (57,78 — 85,14)
Negativa prognostiska vertiba, % (95 % TI) 100,00 100,00

Kopéja diagnostiska precizitate, % (95 % TI) 65,52 (45,67 — 82,06) 82,76 (64,23 — 94,15)

DTA — datortomogrdfijas angiografija, FFR — frakcionata plismas rezerve (no anglu val.
fractional flow reserve), FFRcr — ar matematiskiem algoritmiem aprékinats FFR, izmantojot DT
datus
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2. Diskusija

Si darba galvenais mérkis bija izvértét invazivo un neinvazivo dia-
gnostikas metozu lomu dazadas morfologijas aterosklerotisko bojajumu iden-
tifikacija, morfologiska, kvantitativa un funkcionala novertgjuma, perkutanas
koronaras intervences vadiba, ka arT revaskularizacijas ilgtermina efektivitates
novertesana.

2.1. Perkutanas koronaras intervences vadiba

Preciza limena un artgrijas argjas elastigas membranas dimensiju, ka art
pangas morfologijas noteik$ana ir nepiecieS8ama, lai planotu koronaro bojajumu
arst€Sanas strat€giju, izveletos balonu, stentu un citu ieri¢u veidu un izmeérus.
Miisu pétijuma rezultati liecina, ka starp IVUS un QCA mérijumiem, ka ari IVUS
un OCT mérfjumiem pastav statistiski nozimiga korelacija, ka ar1 laba un
statistiski nozimiga saskanotiba. Ta¢u QCA un OCT limena dimensiju mérjjumi
ir statistiski nozimigi mazaki neka IVUS mérijjumi, kurus izmantojam ka
referenci. Arf literatiiras dati norada uz sistematisku atskiribu starp QCA, IVUS
un OCT merfjumiem. OCT lumena diametrs p&tijumos bijis mazaks neka IVUS
par 0,18 Iidz 0,37 mm, bet limena laukums par 0,10 Iidz 1,50 mm? (Okamura,
Onuma et al. 2011, Bezerra, Attizzani et al. 2013, Jamil, Tearney et al. 2013,
Kubo, Akasaka et al. 2013, Kim, Nam et al. 2016). Misu petjjuma limena
diametra starpiba starp IVUS un OCT bija 0,21 mm; 95 % TI: 0,13 — 0,31;
p <0,001, bet limena laukuma starpiba bija 0,74 mm?; 95 % TI: 0,45 — 1,02;
p <0,001. Petijumos noverotas atskiribas starp ar IVUS un QCA meéritajiem
diametriem svarstas no 0,27 mm Iidz 0,50 mm (Hoffmann, Mintz et al. 1997,
Kubo, Akasaka et al. 2013, Kim, Nam et al. 2016), bet miisu p&tijuma starpiba
bija 0,48 mm; 95 % TI: 0,42 — 0,54; p < 0,001.

Merfjjumu nesakriSsanu var skaidrot gan ar mériSanas metodikas
Ipatnibam, gan pasu tehnologiju dazadibu un ierobezojumiem. IVUS un OCT
katetri atSkiras p&c izmera, uzblives un fizikalajam TpaSibam, kuras ietekme
katetra geometrisko novietojumu art€rija. Ja katetrs ir novietots ekscentriski,
nevis koaksiali un centrali, tad ieglst Sk&rsgriezuma att€lu, kur§ nav
perpendikulars artérijas gareniskai asij, kas var palielinat $kersgriezuma laukumu
pat par 15 % (Chae, Brisken et al. 1992). Atskirigs ir arT att€la iegtiSanas atrums —
attiecigi IVUS izmekl&jumos 0,5 mm/s, bet OCT izmeklgjumos 20 mm/s, lidz ar
to iegltie Skérsgriezuma attéli nav pilnigi identiski. Turklat pasaulé pienemtie
att€ldiagnostikas standarti nosaka, ka Skersgriezuma atteli tiek meériti ik péc
noteikta intervala, lai samazinatu analizes laikietilpibu (Mintz, Nissen et al.
2001). Saja pétijuma IVUS atteli tika analizéti ik pgc 0,5 mm, bet OCT atteli ik
p&c 0,6 mm. Nemot véra 1énako IVUS katetra atvilkSanas atrumu, vienas [IVUS
att€lu s€rijas iegiSanai nepiecieSsamas 30-50 sekundes un tas notiek vairaku sirds
kontrakciju laika, savukart, art€rijas izmeri attéli sistolé un diastolé atskiras pat
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par 12 % (Tsutsui, Schoenhagen et al. 2003). IVUS attéli tiek iegiti relativi
dabiga vide, kad caur art€rijam plst asinis. L1dz ar to IVUS meérfjumus ietekme
asins plusmas atrums un kermena temperatiira, kamer OCT att€lu iegiiSanas laika
arterijas lumena tiek ievadita istabas temperatiiras kontrastviela ar noteiktu
plusmas atrumu. Tadél nav izsledzams vazokonstriktivs efekts uz kontrastvielas
ievadi OCT izmeklgjuma laika. Netie$i par to liecina pétijumi, kuros atskiribas
starp metodeém pirms intervences bija izteiktakas, neka pec stenta implantacijas,
kad stenta karkass ierobezo vazokonstrikcijas iesp&jas (Okamura, Onuma et al.
2011). Atskiriga ir metozu iz8kirSanas sp&ja. OCT, pateicoties savai augstakai
iz8kirSanas sp€jai, labak lauj identificet robezu starp limenu un artrijas sienu,
intraluminalas struktiiras, pieméram, audu prolapsu, trombus, kas rezultgjas
mazakos limena dimensiju mérfjumos (Koskinas, Ughi et al. 2016).

Merfjumu atskiribai var€tu biit loma intervences vadiba, jo diametra
mérijumi tiesi ietekmé& balonu un stenta izméru izvéli. ADAPT-DES pétijuma,
salidzinot IVUS un angiografijas vaditu PCI, ne tikai stenta vai balona diametri
bija statistiski nozimigi lielaki IVUS grupa, bet ari nelabvéligu kardiovaskularu
notikumu, miokarda infarkta un stenta trombozes risks bija lielaks grupa, kura
neizmantoja IVUS (Witzenbichler, Maehara et al. 2014). Cita petjjuma LM
bojajumos IVUS vadiba bija izmantoti ne tikai lielaka diametra stenti, bet
noveroja arT mazaku mirstibu salidzinajuma ar angiografijas vadibu (de la Torre
Hernandez, Baz Alonso et al. 2014). Savukart, salidzinot OCT ar IVUS vaditu
PCI, Japana veiktaja OPINION pétijuma arT novéroja nelielu, bet statistiski
nozimigu atskiribu stenta diametra (2,92 + 0,39 mm OCT vs. 2,99 + 0,39 mm
IVUS, p = 0,005). Tomér astonu méneSu kliniskie rezultati, t.sk., binaras
restenozes un mérka art€rijas neveiksmes (kardiala nave, miokarda infarkts
mérka artérija, meérka arterijas revaskularizacija i$€mijas deél) biezums abas
grupas bija lidzigs (Kubo, Shinke et al. 2017). V&l jaatzimé, ka stenta diametra
izvele tiek izmantotas dazadas pieejas: mazakais references segmenta limena
diametrs (vismazakais mérijums), vid&jais references segmenta liimena diametrs,
lielakais references segmenta limena diametrs, mazakais references argjas
elastigas membranas diametrs vai no media 11dz media princips minimala limena
diametra vieta (vislielakais mérfjjums)(Raber, Mintz et al. 2018). Nemot véra
OCT penetracijas sp&ju media 1idz media princips praktiski nav pielietojams
OCT izmeklgjuma laika. Misu petjjuma references segmenta vidgjais limena
diametrs bija 3,2 mm [IQR = 2,8 — 3,5], bet EEM diametrs bija 4,2 mm [IQR =
3,7 — 4,5], atSkiriba starp abiem raditajiem bija statistiski nozimiga (p < 0,001;
r=10,62). ST iemesla de] rekomendg izveleties stenta diametru, kas ir lidz 0,25
mm lielaks neka limena diametrs distala references segmenta un 0,25 mg
mazaku neka argjas elastigds membranas diametrs references segmenta (Kubo,
Shinke et al. 2017).

ST darba unikalitate ir piecu attéldiagnostikas metozu — QCA, IVUS,
OCT, iMAP un VH-IVUS izmanto$ana pangas morfologijas raksturojuma.
Apméram pusé gadijumu koronarie bojajumi sastavéja no fibroziem audiem,

V==

kurus ar QCA metodi nav iesp&jams identificét. leksgja saskanotiba fibrozas
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pangas identifikacija bija vidgja gan starp IVUS un OCT (ICC = 0,67; 95 % TI
0,45 - 0,80; p < 0,001), gan iMAP un VH-IVUS (ICC = 0,60; 95 % TI 0,27 —
0,78; p = 0,002). IpaSu uzmanibu pievérsam kalcificétas pangas noverteéjumam.
Kalcifikacijas identifikacija ir svariga kliiska prakse, jo izteikta kalcifikacija
ietekmé stenta ekspansiju, savukart, nepilniga stenta ekspansija ir saistita ar
tadiem nelabvéligiem notikumiem ka restenoze un stenta tromboze (Mintz
2014). Saja pétijuma pastavéja statistiski nozimigas atskiribas kalcificgtas
pangas identifikacijas biezuma starp piecam att€ldiagnostikas metodem
(p <0,001, I? = 92,3%). Vismaz vienu kalcificétu pangu iMAP un VH analize
noveéroja visiem pacientiem, OCT un IVUS vizuali to identificgja attiecigi
88,1 % un 84,1% pacientu, bet angiografiski 55,7 % pacientu. Lidzigi Mintz GS
un kolégu veiktaja 1155 bojajumu analizé kalcifikaciju angiografiski konstatgja
tikai 38 % gadijumu, bet ar [IVUS biezums pieauga Iidz 73 % gadijumu (Mintz,
Popma et al. 1995). Cita petijuma 440 bojajumu analizg kalcifikaciju konstatgja
attiecigi 40,2 % gadijumu angiografiski, 82,7 % ar IVUS un 76,8 % ar OCT
(Wang, Matsumura et al. 2017). Novértgjot kalcifikacijas proporciju panga
kvantitativi, pastavéja statistiski nozimigas atskiribas péc shemas iMAP <IVUS
< OCT < VH-IVUS (Friedman tests y*(3) = 59,36; p < 0,001; Kendall’s
W =0,48). Ieksgja saskanotiba starp IVUS un OCT bija laba (ICC = 0,91; 95 %
T1 0,84 — 0,94; p < 0,001), kamer starp iMAP un VH-IVUS ieks€ju saskanotibu
kalcificgtas pangas proporcija starp metodém nenoveéroja (ICC = 0,67; 95 % TI
0,45 — 0,80; p < 0,189). Kvantitativo atSkiribu skaidrojums saistams ar attéla
iegliSana izmantotas energijas atskiribam un pangas krasu koda klasifikaciju
IVUS radiofrekvences izmeklgjumos. Kalcifikacija ir spécigs ultraskanas
atstarotdjs, tapec IVUS attela kalcifikaciju vizualizé ka hiperehogénu zonu ar
akustisko &nu, kura més nevaram izvertét arterijas struktiiras. VH-IVUS audus
aiz kalcifikacijas kodé ka fibrozus, kamér iMAP ka nekrotiskus, kuri
kvantitativas analiz€s laika tiek maskéti, tapéc iMAP mérita kalcificétas pangas
proporcija ir vismazaka salidzinajuma ar pargjam atteldiagnostikas metodém
(Garcia-Garcia, Gogas et al. 2011, Pu, Mintz et al. 2012). Gaisma kalcifikaciju
penetré daudz dzilak neka ultraskanu, 1idz ar to OCT kalcifikaciju vizualizeé ka
zemas intensitates signala regionus ar labi norobeZzotam robezam, kas izskaidro
lielaku pangas kvantitativo mérfjumu salidzinajuma ar IVUS. Gaismas labaka
penetracija ar1 lauj novertet kalcificetas pangas biezumu, laukumu, tilpumu,
arkas lenki un attalumu no limena (Mintz 2015).

Atbilstosi Eiropas kardiologu biedribas miokarda revaskularizacijas
vadlinijam (Neumann, Sousa-Uva et al. 2019) kalcificétos bojajumos rekomendé
veikt plaksnes modifikaciju, izmantojot griezo$os vai rievojosos balonus,
rotablatorus, lai adekvati paplasinatu artériju pirms stenta implantacijas,
neskatoties uz nelielo zinatnisko bazi o metozu kliniska efektivitateé (Abdel-
Wahab, Richardt et al. 2013). Misu pétijuma 57,1 % pacientu pirms stenta
implantacijas galvenaja zara veica aterosklerotiskas pangas modifikaciju.
Literatiira ir maz datu, kas skaidrotu plaksnes modifikacijas mehanismus. Japana
veikta petjjuma griezosa balona lietoSana salidzinajuma citiem modificgjosiem
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baloniem bija saistita ar lielaku minimala limena diametra un laukuma akiito
ieguvumu, ka arT lielaku stenta simetrijas indeksu (Matsukawa, Kozai et al.
2019). ArT Kina veikta pétijuma griezosa balona lietoSana kopa ar rotacijas
aterektomiju uzlaboja stenta laukuma akiito ieguvumu, samazinaja restenozes un
nelabveligu kardialu notikumu risku salidzinajuma ar rotacijas aterektomiju
vienu pasu, neskatoties uz lidzigo kalcifikacijas raksturojumu abas pétjjuma
grupas (Li, He et al. 2016). Miisu pétjjuma limena akiitais ieguvums dazadas
grupas bija lidzigs neatkarigi no ta, vai ir veikta pangas modifikacija un kads
balona tips ir lietots. Sis atkiribas varétu biit skaidrojamas ar faktu, ka miisu
petijuma 7,93 reizes biezak péc IVUS un 10,96 reizes biezak péc OCT pangu
klasificgja ka kalcificetu apaksgrupa, kura izdarija predilataciju ar modific€joSo
balonu. Ari kalcificétas pangas proporcija OCT kvadrantos bija lielaka grupa,
kura veica pangas modifikaciju (10,2 [IQR = 6,5 — 26,8] ar modifikaciju vs. 4,0
[IQR = 0,4 — 11,8] bez modifikacijas; p = 0,001). Miisu pétijjuma péc atero-
sklerotiskas pangas modifikacijas atkartojam optisko koherences tomografiju, lai
noskaidrotu, vai kalcificéta panga ir modificta un ir vizualiz€jams tas kontrol&ts
Sk&lums. Dalgju vai pilnigu pangas modifikaciju jeb sk&lumu konstatgja 42,4 %
gadfjumu. Viena retrospektiva novérojama Japana OCT kalcificétas pangas
Skelumu, neprecizgjot pilnu vai dalgju, noveéroja 48% pacientu, bet atskiriba no
misu pétjuma kalcificeétas pangas novert§jumu veica jau pec stenta
implantacijas, kas vargja palielinat $k€luma veidoSanas biezumu (Kubo,
Shimamura et al. 2015). Literatlira Iidz Sim nav bijis aprakstits, kadi faktori
sekm& vai kaveé kalcificétas pangas ieSkelSanu modifikacijas laika. Misu
pétijuma noskaidrojam, ka statistiski nozimigi kalcificétas pangas modifikaciju
prognozgjosi faktori bija griezosa balona izmantoSana salidzinajuma ar rievojoso
balonu, 1saks modificgjosa balona diametrs, lielaka kalcifikacijas proporcija
OCT, IVUS un iMAP, ka arT mazaks attalums no limena virsmas Iidz
kalcifikacijai.

Lai gan aterosklerotiskas pangas kvantitativaja un morfologiskaja
novertgjuma ar IVUS vai OCT pirms intervences pastavéja zinamas atskiribas,
tom&r var uzskatit, ka abu metozu sniegtd informacija ir komplementara
turpmaka perkutanas koronaras intervences planoSana un vadiba, kamér
koronaras angiografija, ipasi tados sarezgitos bojajumos ka bifurkacijas, saistita
ar nozimigam atskiribam no IVUS ka references metodes. Ta ka OCT ne vienmér
sniedz pilnigu informaciju par visiem art€riju slaniem, izmantojot OCT
mérijumus, balonu un stenta izme&rus biitu jaizvelas lidz 0,25 mm lielakus, neka
izmerttais references diametrs. Tap€c diftizos bojajumos priekSroka pirms
intervences btitu dodama IVUS me@rijjumiem, kas lauj novertet gan limena, gan
artérijas (EEM) dimensijas references zona. Ta ka kalcifikacijas m&rijumos bija
laba saskanotiba starp IVUS un OCT, ka arT gan IVUS, gan OCT mérijumi
prognozgja sekmigu pangas modifikaciju, tad no §1pétfjuma var secinat, ka pirms
intervences var izmantot gan IVUS, gan OCT. Latvijas Kardiologijas centra
mums ir lielaka pieredze ar IVUS mérijumiem, ar tiem pieejama ari papildus
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informacija par dzilakajiem artrijas slaniem, tapéc ikdienas praksé ka izvéles
metodi pirms intervences biezak lietosim IVUS.

2.2. Perkutanas koronaras intervences optimizacija

Intravaskularas atteldiagnostikas metodes var tikt izmantotas, lai
novertetu perkutanas koronaras intervences tiilit€jo rezultatu un nepiecieSamibas
gadijjuma to optimiz&tu. Nepilniga stenta ekspansija ir galvenais revaskulari-
zacijas rezultatu raksturojosais faktors. ST pétijuma mérkis bija novértst
nepilnigas stenta ekspansijas biezumu bifurkaciju bojajumos un to progno-
z&josos faktorus. Absoliitas nepilnigas stenta ekspansiju biezums miisu petijuma
svarstijas no 19,0 % péc OCT kritérijiem lidz 45,6 % péc IVUS kritérijiem. Sie
dati atbilst iepriek§ publicétajiem zinojumiem. P&tfjumos, kur salidzinata
angiografiski un IVUS vadita perkutana koronara intervence dazados bojajumos
optimalus stenta implantacijas krit€rijus nesasniedz no 4,6 % lidz 56,5 %
pacientu (Russo, Silva et al. 2009, Chieffo, Latib et al. 2013, Hong, Kim et al.
2015, Kim, Shin et al. 2015). Literatiira maz ir informacijas par nepilnigu stenta
ekspansiju bifurkaciju bojajumos veiktos pétijjumos. Kang JS un kolégi kreisas
koronaras arterijas kop&ja stumbra nepilnigu stenta ekspansiju IVUS merijjumos
noveroja 33,8 % pacientu, t.sk., 54 % p&c divu stentu implantacijas un 27 % péc
1 stenta implantacijas, nepilniga stenta implantacija bija neatkarigs nelabveligu
kardiovaskularu notikumu riska faktors (HR 5,56; 95 % TI 1,99 — 15,49; p <
0,001) (Kang, Ahn et al. 2011). Italija veikta p&tijjuma jebkadu nepilnigu stenta
ekspansiju OCT vadita intervencé dazadas bifurkacijas novéroja 38,2%
gadfjumu (Burzotta, Talarico et al. 2014). Bifurkaciju bojajumos raksturigs
artérijas izméra atskiribas pirms un péc sanu zara atieSanas vietas, tapec stenta
ekspansiju butu janovérté proksimala segmenta, pasa bifurkacija un distala
segmenta. Miisu pétijuma nepilnigu relativu stenta ekspansiju statistiski nozimigi
biezak noveroja proksimala dala, tacu optimalas stenta ekspansijas kritériji pec
minimala stenta laukuma visbiezak izpildijas proksimala dala, kas atbilst ieprieks
publicétiem zinojumiem (Nakamura, Attizzani et al. 2017).

Misu pétijuma vienfaktoru logistiska regresija nepilnigu stenta
ekspansiju prognozgja sievieSu dzimums, ka arT nesmékéSana. Veicot
stratifikaciju péc dzimuma, statistiski nozimigu asociaciju starp smék&Sanas
statusu un nepilnigu stenta ekspansiju vairs nekonstatgja (x*(1) = 1,02; p =
0,313). No procediiras parametriem nepilnigu stenta ekspansiju prognozgja
mazaks modific€josa balona, stenta un postdilatacijas balona diametrs, lielaks
stenta garums. No intravaskularo attéldiagnostikas metozu parametriem
statistiski nozimigi bija mazaks minimalais limena diametrs, laukums un to
akiitais ieguvums, ka ari vidgjais references diametrs IVUS un OCT, lielaka
vidgja kalcifikacijas proporcija iMAP. Izmantojot daudzfaktoru logistisko
regresiju noskaidrojam, ka nepilnigu absoliitu stenta ekspansiju vislabak
prognozgja modeli, kuros ievietot stenta garums, IVUS un OCT minimala
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limena laukuma akiitais ieguvums un kalcifikacijas proporcija iMAP vai OCT.
Ar literatiiras dati liecina, ka kalcifikacijas parametri, pieméram, kalcifikacijas
lenkis virs 180 gradiem un kalcificétas pangas biezums > 0,5 mm saistits ar
mazaku stenta diametru un augstaku stenta nepilnigas ekspansijas risku
(Hoffmann, Mintz et al. 1998, Fujino, Mintz et al. 2018, Raber, Mintz et al.
2018). Musu pétijuma no kalcifikacijas parametriem kalcifikacijas proporcijas
pieaugums prognozg€ja nepilnigu stenta ekspansiju, bet kalcifikacijas attalums
< 0,24 mm no limena virsmas prognozg&ja pilnigu vai dal&ju pangas modifikaciju
jeb Skelumu. Tacu pati pangas modifikacija, savukart, neprognozgja labaku
stenta ekspansiju. Tas ir pretruna ar Japana veiktu noverojumu, kura pacientiem
ar kalcificeétas pangas sk€lumu bija statistiski nozimigi augstaks stenta
ekspansijas indekss neka pacientiem bez pangas Skéluma (Kubo, Shimamura et
al. 2015). Atskiribas var skaidrot ar to, ka meés pangas skélumu noveértgjam tikai
apakSgrupa, kuriem veica pangas modifikaciju (100 %), savukart, Kubo un
kolegu veiktaja petijuma pangas modifikacijas, kas veikta ar griezo$o balonu vai
rotacijas atercktomiju, bija zems — attiecigi 24 % gadijumu grupa ar pangas
Sk&lumu un 3 % gadijumu grupa bez sk&luma.

Pettjumos pieradits, ka nepilniga stenta ekspansija saistita ar nelabvéligu
stenta implantacijas iznakumu, t.sk., agrinu stenta trombozi un instenta restenozi
(Fujii, Carlier et al. 2005, Hong, Mintz et al. 2006, Song, Kang et al. 2018,
Takagi, Nagoshi et al. 2021). ArT milsu pétjjuma noveérojam tendenci uz
biezakiem MACE pacientiem ar nepilnigu stenta ekspansiju salidzinajuma ar
pacientiem ar optimalu stenta ekspansiju 5 (16,1 % ) vs. 2 (2,7 %); p = 0,085;
Phi = 0,24. Statistiski nozimigas atskiribas trikums iesp&jams saistams ar mazo
pacientu skaitu un relativi mazo nelabveéligo kardiovaskularo notikumu skaitu
misu petijuma populacija.

Kopuma var apgalvot, ka gan IVUS, gan OCT metozu sniegta informacija
ir pietiekosa perkutanas koronaras intervences tilitgja rezultata novertésana un
optimizacija. Turklat ne tikai IVUS, bet art OCT parametri labi prognozgja
nepilnigu stenta ekspansiju, kas definéta ar IVUS.

2.3. Velinas atbildes reakcijas pec stenta implantacijas

ST pétijuma mérkis bija arT novértét vélinu atbildes reakciju uz stenta
implantaciju, identific€jot dazadas atteéldiagnostikas metozu prieksrocibas un
trikumus neointimas proliferacijas un restenozes, ka ari stenta endotelizacijas
noveértésana. Analiz€jot, vai kddam no QCA parametriem ir saistiba ar
neointimu raksturojo§iem parametriem IVUS, konstatéjam vaju korelaciju
starp IVUS neointimas tilpuma obstrukciju un QCA % diametra stenozi (ry =
0,31; 95% TI: 0,18 — 0,42; p < 0,001), bet parastu metalu stenta grupa
korelacija bija mérena (r; = 0,44; 95 % TI: 0,23 — 0,62; p < 0,001). TAXUS
IV, V un VI veikta meta-analizé korelacija starp abiem parametriem bija
meérena un ari spécigaka parastu metalu stentu grupa (r; = 0,56; p < 0,001)
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(Escolar, Mintz et al. 2007). Nelielas atskiribas iesp&jams jaskaidro ar to, ka
miisu petijuma atskirtba no meta-analizes 25,5 % gadijumu tika implant&ti
jaunakas generacijas stenti, péc kuriem ar IVUS iz8kirtsp&u neointimas
parklajumu biezi agrinaja perioda var nenovérot. Turklat Saja pétijuma tika
ieklauti tikai pacienti ar sarezgitiem koronariem bojajumiem.

Labi zinams, ka nepilniga stenta endotelizacija, kad stenta stratu
parklajums ir 0 pm, ir saistita ar stenta trombozes un mérka bojajuma atkartotas
revaskularizacijas risku (Otsuka, Vorpahl et al. 2014, Taniwaki, Radu et al.
2016). OCT analize tradicionali ietver stenta analizi stratu ltmeni, bet IVUS
standarta protokolos ta nav ietverta. Saja pétfjuma, novértgjot stenta
endotelizaciju, ar IVUS biezak neka ar OCT identificgja neparklatas stenta
stratas apsekosanas perioda — attiecigi 9,7 % [IQR = 4,7 — 16,9]; (min — max: 0,2
—37,4) pret 4,2 % [IQR = 0,7 — 8,0]; (min — max: 0,0 —47,5); p =0,021; r=0,23.
Sis atskiribas ir skaidrojamas ar atskirigo IVUS un OCT izikirtsp&ju (Koskinas,
Ughi et al. 2016). ODESSA pétijuma stentos, kur [IVUS nenovéroja neointimu,
stratu analiz€ ar OCT konstat&ja no 67 % lidz 100 % stratu parklajumu (Bezerra,
Costa et al. 2009). Koronara angiografija nesniedz informaciju pa stratu
parklajumu.

Misu pétijums apstiprina, ka kvantitativa koronara angiografija nav
pietickosi efektiva vélinas vaskularas atbildes novert§juma pec stenta
implantacijas salidzinajuma ar intravaskularam attéldiagnostikas metodeém, bet
OCT ir paraka neka IVUS stenta stratu parklajuma novérteSana, tapec tai biitu
dodama prieksroka pacientu ilgtermina apsekoSana p&c stenta implantacijas.

2.4. Kopéja stumbra funkcionalais novertejums

Koronaro arteriju bojajumus analiz€ svarigs ir gan anatomiski morfo-
logiskais raksturojums, gan ari stenozu funkcionala nozimiba. FFRcr parakums
par standarta DT angiografiju plismu limit§josu stenozu identifikacija ir
pieradits vairakos prospektivos petijumos (Koo, Erglis et al. 2011, Min, Leipsic
et al. 2012, Norgaard, Leipsic et al. 2014). Atbilstosi jaunakajam FFRcr
vadlinijam augsta riska anatomijas gadijuma, pieméram, kreisas koronaras
artérijas stumbru gadijjuma iesaka veikt invazivo angiografiju (Norgaard,
Fairbairn et al. 2019), tapéc musu mérkis bija noskaidrot FFRct lomu i$€mijas
diagnostika kreisas koronaras arterijas kopgja stumbra bojajumos. FFRcr
uzradija augstaku diagnostisko precizitati salidzinajuma ar DT angiografiju
vienu pasu, identificgjot i§€miju izraisosus kreisas koronaras arterijas bifurkaciju
bojajumus ka referenci izmantojot invazivo FFR.

Lai gan literatiira lidz $im nav aprakstita FFRct izmantosana tiesi kreisas
koronaras artérijas kop&ja stumbra bojajumos, miisu pétijuma rezultati liecina,
ka arf Sie bojajumi ir piem&roti FFRcr analizei.
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2.5. Petijuma iespéjami trikumi

Ta ka zinatniska darba dizains balstljas uz longitudinaliem, retro-
spektiviem un $kérsgriezuma noverojumiem, nenotika pacientu randomizacija
un petijumam nebija kontroles grupa. Petijums veikts viena centra, tade] pacientu
atlasé nevar izsleégt neobjektivitati. Bifurkaciju bojajumu perkutanas koronaras
intervences vadibas pétjjuma pacientiem bija javeic izmekl&jumi ar 5 attel-
diagnostikas metodém, nemot v&ra sarezgito procediiras dizainu, visiem
pacientiem nebija iesp&jams iegiit visus datus, ka rezultata pacientu skaits varétu
biit bijis nepietickoss.
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3. Galvenie secinajumi

Pirms intervences kvantitativi novertgjot aterosklerotiskos bojajumus,
lumena dimensijas statistiski nozimigi atskiras péc shemas QCA < OCT
<IVUS (reference). Vidgja diference starp IVUS un QCA bija 0,48 mm,
95 % TI: 0,42 — 0,54; p < 0,001, bet starp IVUS un OCT liimena
diametriem 0,21 mm; 95 % TIL: 0,14 — 0,28; p < 0,001, starp metodém
pastaveja statistiski nozimiga korelacija, ka ari laba un statistiski
nozimiga saskanotiba. Ar QCA un OCT metodem, atskiriba no IVUS,
nebija iesp&jams novertet artrijas argjas elastigds membranas
dimensijas.

Pirms intervences analiz&jot pangas morfologiju, ar QCA visretak
identificgja kalcificetu pangu salidzinajuma ar citam att€ldiagnostikas
metodém (OCT, IVUS, iMAP un VH-IVUS). Starp IVUS un OCT
iek§gja saskanotiba kalcificetas pangas morfologijas identifikacija bija
laba, tom@r pastavéja statistiski nozimiga atskiriba kalcificetas pangas
proporcija péc shemas iMAP < IVUS < OCT < VH-IVUS.

Sekmigu pangas modifikaciju vienfaktora logistiska regresija
prognozgja picaugosa kalcificétas pangas proporcija IVUS, iMAP un
OCT meérjjumos un mazaks kalcifikacijas attalums no limena OCT.
Pangas modifikaciju prognozgja ari griezos$a balona izmanto$ana
salidzinajuma ar rievojosa balona izmantoSanu, mazaks modificgjosa
balona garums.

Nepilnigu absoliitu stenta ekspansiju daudzfaktoru logistiska regresija
prognozgja stenta garums, IVUS un OCT minimala ltimena laukuma
akditais ieguvums un kalcifikacijas proporcija iMAP vai OCT.
Novertgjot velino atbildes reakciju p&c stenta implantacijas, starp QCA
divdimensiju mérfjumiem un IVUS neointimas tilpuma obstrukciju
pastavgja vaja korelacija. Novertgjot stenta endotelizaciju ar OCT
biezak neka ar IVUS identific€ja neparklatas stenta stratas apsekosanas
perioda.

FFRcr uzradija augstaku diagnostisko precizitati salidzinajuma ar DT
angiografiju viena pasu, identificEjot iS€miju izraisoSus kreisas
koronaras arterijas bifurkaciju bojajumus ka referenci izmantojot
invazivo FFR.
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4. Darba praktiskais pielietojums

P&tljuma realizacija veicinaja invazivo att€ldiagnostikas metozu un
funkcionala novértgjuma lietosanas pieaugumu, optimizgjot perkutanas
koronaras intervences efektivitati.

P&tfjuma praktiska realizacija Paula Stradina kliniskas universitates
slimnicas Latvijas Kardiologijas centra likusi pamatu jaunai optimalai
koronaro artériju slimibas diagnostikas un arsté$anas metodei — iPSPi
strat€gijai (i — imaging — att€ldiagnostika bojajuma novértesanai, P —
predilatacija — pangas modifikacija, S — jaunakas paaudzes stenta
implantacija, P — postdilatacija, i — imaging — att€ldiagnostika optimalas
stenta implantacijas izverteésanai.

Paula Stradina kliniskas universitates slimnicas Latvijas Kardiologijas
centra ieviesta jauna neinvaziva diagnostikas metode, kuras loma
turpmak tiks pétita arT pacientiem ar aizdomam par koronaro arteriju
slimibu.
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Abstract

Introduction: Coronary angiography is considered the “gold standard” for the
diagnosis of coronary artery disease; however, the anatomy and functional
significance of atherosclerosis can be more accurately assessed by additional
invasive techniques such as intravascular ultrasound (IVUS) and its
radiofrequency modalities (VH-IVUS and iMAP), optical coherence
tomography (OCT) and fractional flow reserve (FFR), as well as non-invasively
calculate FFR from computed tomography (CT) angiography data (FFRcr).
Objective: The thesis aims is to evaluate the role of invasive and non-invasive
diagnostic methods for the detection of coronary atherosclerosis, anatomical and
functional evaluation to plan and guide percutaneous coronary intervention
(PCI), predict its outcome and evaluate long-term effectiveness.

Methods: The thesis is based on three clinical studies, including 296 patients
with complex coronary lesions who underwent intravascular imaging (coronary
angiography, quantitative coronary angiography (QCA), IVUS, iMAP, VH-
IVUS, OCT, FFR) or non-invasive CT angiography and FFRcr at the Latvian
Centre of Cardiology.

Results: Prior to the intervention, QCA and OCT detected a smaller mean lumen
diameter than IVUS (p < 0.001). There was a good internal agreement between
the proportion of calcified plaque components measured by IVUS and OCT. The
predictors of complete or partial plaque modification were cutting balloon
angioplasty prior to stenting, a higher proportion of calcification measured by
OCT, IVUS and iMAP, and a smaller distance from the lumen surface to the
calcium. The predictors of incomplete stent expansion were smaller minimum
lumen diameter and area, acute gain after PCI, mean reference diameter by IVUS
and OCT, and a higher proportion of calcification measured by iMAP. In the
median follow-up period of 285.0 days [IQR = 263.5 — 309.0], 8.6 % of patients
experienced major adverse events that were not associated with intravascular
parameters. During follow-up, IVUS identified uncovered stent struts more
frequently than OCT (p =0.021). FFRct showed higher diagnostic accuracy than
CT angiography when identifying ischemia (FFR ( 0.80) in distal left main
bifurcation lesions.

Conclusions: IVUS and OCT are complementary and superior to coronary
angiography and QCA by providing information on coronary atherosclerosis.
IVUS has proven to be a reference technique and the technique of choice for
planning and guiding PCI. In contrast, OCT is superior to IVUS for evaluating
stent strut endothelialization during the follow-up period after stent implantation.
In addition, the FFRcr analysis is suitable for assessing the hemodynamic
significance of the left main coronary stenosis, improving the diagnostic
accuracy of CT angiography.
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Abbreviations

BMS — bare-metal stent

CB - cutting balloon

CAD — coronary artery disease

CT — computed tomography

DES — drug-eluting stent

EEM - external elastic membrane

FFR — fractional flow reserve

FFRcr — non-invasive FFR derived from coronary CT angiography
iMAP — intravascular ultrasound tissue characterization with iMAP software
IQR — interquartile range

IVUS — intravascular ultrasound

CAD — coronary artery disease

LM — left main

MACE — major adverse cardiac events

Me — median

MLD — minimum lumen diameter

MLA — minimum lumen area

MSA — minimum stent area

OCT - optical coherence tomography

PCI — percutaneous coronary intervention

QCA — quantitative coronary angiography

CVD - cardiovascular disease

SB — scoring balloon

SD — standard deviation

SD-EEM - stent to vessel (EEM) diameter ratio
SExpl — stent expansion index

CI — confidence interval

TLR — target lesions revascularization

VH also VH-IVUS — intravascular ultrasound tissue characterization with virtual
histology

vs against (from Latin versus)

%DS — percentage diameter stenosis

%NIV — percent neointimal volume (obstruction)
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General Characterization of the Dissertation

Relevance and novelty of the study

Coronary artery disease (CAD) is a chronic, mostly progressive disease
caused by atherosclerosis. Its course, i.e., progression, stabilization, or
regression, is influenced by lifestyle, pharmacological therapies, and optimal
revascularization (percutaneous coronary intervention, coronary artery bypass
graft procedure) (Knuuti, Wijns et al. 2020). Coronary angiography is considered
to be the “gold standard” in the diagnosis of CAD, giving an insight into the
coronary anatomy, presence, location and extent of coronary pathology, and
deciding on future treatment strategies, including percutaneous coronary
intervention (PCI)(Garrone, Biondi-Zoccai et al. 2009). However, coronary
angiography and quantitative coronary angiography (QCA) do not provide
sufficient information about the atherosclerotic process in the artery wall as well
as the capacity of the atherosclerotic plaque to cause ischemia.

With the development of medical technologies, the anatomy and
functional significance of atherosclerosis can be more accurately assessed by
additional invasive techniques, i. e., intravascular ultrasound (IVUS) and its
radiofrequency modalities (VH-IVUS and iMAP), optical coherence
tomography (OCT), quantitative coronary angiography (QCA) and fractional
flow reserve (FFR), as well as by non-invasive techniques utilizing the anatomic
information provided by computed tomography (CT) angiography in conjunction
with computational fluid dynamics to calculate FFR values from CT data
(FFRer).

The novelty of this study lies in the simultaneous use of almost all
available imaging and functional techniques for the assessment of coronary
artery atherosclerosis. The systematic use of intravascular imaging techniques in
non-left main bifurcation lesions has been little discussed in the literature. For
the first time, this thesis evaluates a calcified plaque with all the imaging
techniques applied in the study. It also uses a new methodology for assessing the
results of calcified plaque modification. It identifies predictors of successful
plaque modification or controlled fracture that have not been described in
literature before. It also compares the OCT and IVUS techniques in stent strut
level analysis, which has been little discussed in literature before.

The study is the first-ever evaluation of the applicability of FFRcr to the
left main lesions, observing good agreement with invasive FFR and improving
the diagnostic accuracy of CT in identifying hemodynamically significant
stenoses.
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Aim of the study

This doctoral thesis aimed to evaluate the role of invasive and non-
invasive methods for the detection of coronary atherosclerosis, morphological,
quantitative, and functional evaluation of coronary lesions to plan and guide
percutaneous coronary intervention (PCI), and predict its outcome and evaluate
long-term effectiveness.

Objectives of the study

1. Analyze the differences of interventional imaging methods in guiding PCI
by determining lumen dimensions before the intervention using IVUS as a
reference.

2. Assess the differences between QCA, OCT, IVUS and its radiofrequency

modalities (iMAP, VH-IVUS) for guiding percutaneous coronary

intervention in stable coronary lesions by assessing plaque morphology,
including calcification, before the intervention.

Identify the parameters that predict successful plaque modification

Identify the parameters that predict incomplete stent expansion.

5. Compare the role of QCA, IVUS, and OCT in assessing late vascular
response after BMS or DES implantation in complex coronary lesions.

6. Compare the diagnostic performance of new non-invasive (FFRcr) and CT
angiography for ischemia-causing coronary lesions using invasive FFR as a
reference.

..hu)

Hypothesis of the study

Systematic use of non-invasive and invasive imaging techniques for
anatomical and functional evaluation of complex coronary artery lesions and PCI
guidance improves the immediate and long-term results of revascularization.

Methods

The thesis is based on three clinical studies, including 296 patients with
complex coronary lesions who underwent invasive imaging (coronary
angiography, quantitative coronary angiography (QCA), IVUS, iMAP, VH-
IVUS, OCT, FFR) or non-invasive CT angiography with FFRcr at the Latvian
Cardiology Centre.
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1 Summary of the doctoral thesis

1.1 Brief theoretical background

Coronary artery atherosclerosis is the main pathological substrate of
CAD, leading to oxygen deficiency or ischemia in the myocardium and, in some
cases, to myocardial necrosis or death (Knuuti, Wijns et al. 2020). Nowadays,
new invasive and non-invasive imaging and functional diagnostic methods help
overcome any remaining gaps in the use of coronary angiography (considered
the “gold standard” in CAD diagnosis) and QCA. The oldest of these techniques
is intravascular ultrasound (IVUS), which enables visualization of the three-layer
structure of the artery wall and atherosclerosis in the inner layer or the intima
(Yock, Linker et al. 1989). Fractionated flow reserve (FFR) allows us to evaluate
blood flow in the coronary artery and identify ischemia-causing lesions, i. e.,
hemodynamic significance (Pijls, van Son et al. 1993). Analysis of IVUS
radiofrequency, i. e., virtual histology IVUS (VH-IVUS) and iMAP, allows for
tissue characterization with special software and colour-coding maps (Garcia-
Garcia, Gogas et al. 2011). A more recent imaging technique with higher
resolution is optical coherence tomography (OCT), which uses nearby infra-red
light instead of ultrasound for imaging. This technique, however, has lower tissue
penetration capability, which makes it difficult to assess the deeper arterial wall
layers and arteries of a larger diameter (Koskinas, Ughi et al. 2016). Therefore,
there is no single opinion among interventional cardiologists or within scientific
literature regarding the choice of a specific method for assessing atherosclerosis
before intervention and in its guidance. In addition, some of the disadvantages of
these techniques are an increase of procedural time of coronary angiography,
higher radiation doses and contrast agent consumption, and a slightly higher risk
of complications. Therefore, non-invasive alternatives, such as computed
tomography (CT) angiography, are increasingly sought. It enables the detection
of atherosclerotic changes in the artery wall, helps define the functional
significance of stenoses, and assesses hemodynamic significance by applying
virtual mathematical models combined with blood flow measurements (FFRcr)
(Zarins, Taylor et al. 2013).

Intravascular imaging techniques have been used in the Latvian
Cardiology Centre of Pauls Stradins Clinical University Hospital for more than
20 years (IVUS since 1997, OCT since 2007, and the IVUS radiofrequency
modalities VH-IVUS since 2007 and iMAP since 2009). Diagnostic performance
of FFRcr was assessed for the first time in the world in Latvia, in 2009, in close
cooperation with prof. Kristaps Zarins and HeartFlow, Inc. (Erglis, Jegere et al.
2010)

This study investigates the performance of invasive and non-invasive
diagnostic techniques, their similarities and differences in the initial evaluation
of the atherosclerotic process, in guiding PCI and obtaining the best possible
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result immediately after stent implantation, as well as in predicting the PCI
outcome of successful modification of the atherosclerotic plaque and incomplete
stent expansion, with particular focus on calcified bifurcation lesions treated with
specific atherosclerotic plaque modification methods. It also clarifies which
technique has advantages in analyzing the late vascular response to stent
implantation. Comparison has been made with both the historically oldest QCA
and the new invasive imaging methods and by comparing non-invasive
computed fractional flow measurements with those taken during interventional
angiography in the left main lesions.

1.2 Methods

The study sample included 296 patients with known CAD who were
scheduled for invasive coronary angiography and evaluated by invasive or non-
invasive imaging or functional methods. The observational study consisted of
three sub-studies, which were carried out with the approval of the ethics
committee and with patient consent. They included:

1. Planning, guidance, and optimization of coronary interventions (IVUS and
OCT during PCI of bifurcation lesions): The prospective, longitudinal study
included 70 patients with stable CAD and true bifurcation lesions, defined
as a stenosis > 50% in both the main vessel (artery diameter > 2.5 mm) and
the side branch (artery diameter > 2.0 mm). Patients underwent PCI with or
without atherosclerotic plaque modification and second-generation drug-
eluting stent implantation.

4. Assessment of vascular response after PCI (late vascular response after stent
implantation). We performed a retrospective analysis of 274 patients who
underwent IVUS-controlled implantation of bare-metallic stents (BMS) or
drug-eluting stents (DES) in complex coronary lesions such as long calcified
lesions, chronic total occlusions, bifurcation lesions, or left main (LM)
lesions. The patients were enrolled in the study if control angiography and
intravascular imaging had been performed at least six months after PCI.

5. Invasive and non-invasive techniques in assessing the significance of
coronary stenosis (FFRcr vs. FFR): comparison of non-invasive imaging
techniques with invasive fractional flow measurements in LM lesions. A
single centre cross-sectional study that included 22 patients was conducted
at the Latvian Cardiology Centre of Pauls Stradin$ Clinical University
Hospital.

1.2.1 Coronary angiography and the QCA protocol

All patients received loading doses of aspirin (100mg) and clopidogrel
(300-600mg) prior to percutaneous coronary intervention (PCI). Thereafter,
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aspirin (100mg/day) was maintained indefinitely and clopidogrel (75mg/day)
was maintained for at least 2 months after BMS and 12 months after DES
implantation. The procedure was performed using radial or femoral approach
with a 6 F or 7 F guiding catheter. All patients received an intravenous or intra-
arterial bolus injection of heparin (70-100 IU/kg) for anticoagulation during the
procedure. Angiographic images for QCA analysis, as well as intravascular
images were obtained after intracoronary administration of nitroglycerine
(200 pg). QCA analysis was performed with the QAngio XA (Version 7.3, Medis
Medical Imaging System BV, Leiden, the Netherlands) software, enabling
analysis of the lesions in straight segments, as well as in bifurcations. Optimal
stent implantation (expansion) was defined as %DS < 10.0 and suboptimal as
%DS > 20.0 (Watanabe, Morimoto et al. 2018).

1.2.2 CT protocol

Computed tomography (CT) angiography was performed with a 64-slice
CT scanner system (Lightspeed VCT, GE Healthcare, Milwaukee, Wisconsin).
Coronary artery disease was considered anatomically obstructive if CT
angiography showed stenosis at a threshold of 50 % or greater.

1.2.3 Invasive FFR

Invasive selective coronary angiography was performed by standard
protocol. FFR measurements were performed when clinically indicated and
when lesions did not exceed 90 %. Following intracoronary administration of
nitro-glycerine, a pressure wire (PressureWire Certus, St. Jude Medical Systems,
Uppsala) was inserted behind the stenosis in the coronary artery. Patients
received adenosine 140 pg/kg/min intravenously for hyperaemia. Stenoses were
defined as hemodynamically significant or causing ischemia at an FFR value of
<0.80.

1.2.4 FFRcr

Computation of FFRcr from CT data was performed by the HeartFlow,
Inc. research laboratory (Redwood City, California, USA). FFRer was
considered diagnostic of hemodynamically significant or ischemia-causing
stenosis at a threshold of 0.80 or less.

1.2.5 IVUS protocol

IVUS recordings were performed on the Galaxy II System (Boston
Scientific, Fremont, USA) with a 40 MHz, Atlantis SR Pro IVUS catheter
(Boston Scientific, Fremont, USA). The IVUS catheter was placed at least 1 cm
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below the lesion or the distal end of the stent, and the automatic pullback system
then pulled the catheter back to the guide catheter at a speed of 0.5 mm/s. IVUS
post-processing analysis was performed with the commercially available
planimetry software QIvus Research Edition 3.1.12.0 (Medis medical imaging
systems, Leiden, the Netherlands) in compliance with international
recommendations(Mintz, Nissen et al. 2001).
IVUS was used for qualitative evaluation:
1. Prior to the intervention: a morphological analysis of the atherosclerotic
plaque was performed using a quadrant system (see Figure 1).

Figure 1. Morphology of atherosclerotic plaque on grey-scale IVUS
IVUS image with a calcified and fibrotic plaque (A), with a normal and soft
(lipid-rich) plaque (B)

2. After the procedure stent expansion was evaluated. Absolute stent expansion
was considered optimal when the minimum stent area was > 5.5 mm?
(excluding LM lesions). Relative stent expansion was described by a stent
expansion index, which was calculated as the minimum stent area divided
by the mean reference lumen area (mean value of the sum of the proximal
and distal reference lumen areas). Stent expansion was considered optimal
or complete if the expansion index was > 0.80.

3. After the procedure and during follow-up, stent apposition was evaluated.
Incomplete stent apposition or malapposition was defined as visually
apparent lack of contact between the stent contour and that of the arterial
lumen, with blood visualized between the two contours.

4. During the follow-up period, we also assessed the percentage of neointimal
volume obstruction (% NIV), defined as the ratio of the neointimal
hyperplasia volume to the stent volume multiplied by 100, as well as the
neointimal coverage of the stent struts.
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The morphology of the atherosclerotic plaque was also evaluated with the
IVUS radio-frequency modalities: virtual histology (VH-IVUS) and iMAP
analysis (Figure 2).

Figure 2. Plaque morphology with iMAP and VH IVUS
Post-processing analysis of plaque morphology with iMAP (A) and virtual
histology (B). Archive of the Latvian Cardiology Centre, adapted from
(Erglis, Jegere et al. 2014, Jégere, Spalva et al. 2016)

1.2.6 OCT protocol

OCT recordings were performed with the OCT system (C7-XR ™, Oct
Imaging System, St. Jude Medical, St. Paul, MN, USA) using a 2.7 F OCT
catheter (C7 Dragonfly™, St. Jude Medical, St. Paul, MN, USA). The dedicated
OCT system software B.0.1 (LightLab Imaging, Westford, MA, USA) was used
for the OCT analyses on the entire length of the region of interest (lesion or stent
with 5 mm proximal and distal reference areas). Lumen and stent contours were
identified at every 0.6 mm, and in the bifurcation area — at every 0.2 mm, after
preliminary evaluation of image quality (residual blood in the lumen, artefacts,
off-screen lumen contour).

OCT data were also used to evaluate the following parameters:

e Plaque morphology before intervention in the quadrants: normal arterial
wall; fibrous plaque, calcified plaque; lipidic plaque.

e Relative stent expansion was considered complete if the expansion index
was >0.80. Absolute stent expansion was described as optimal at a
minimum stent area of > 4.5 mm? (excluding LM lesions).

Calcified plaque analysis included additional measurements of calcium-lumen

distance, calcium-angle, and calcium-area (Figure 3). The outcomes of

calcified plaque modification were also evaluated. Complete plaque
modification was defined as calcium fracture extending until the outer border of
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the calcified plaque. Incomplete plaque modification was defined as a fracture
occurring in the inner border of calcified plaque but not extending until the
outer border, see Figure 4. After the intervention and at follow-up, the amount,

apposition and stent strut coverage were also evaluated. (Bezerra, Costa et al.
2009)

Figure 3. Quantitative measurments of calcified plaque by OCT
A: OCT image with measurements, B. OCT image without measurements

Figure 4. Classification of calcified plaque fracture after plaque
modification by OCT
OCT images with complete plaque modification (A and D), incomplete or
partial plague modification (B and E) and without modification (C and F) in
full cross-sectional images of the coronary arteries (4, B, C) as well as in
zoomed images (D, E, F). Archive of the Latvian Cardiology Centre.
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1.2.7 Follow-up and clinical outcomes

Information about death and major adverse cardiac events (MACE),
defined as cardiac death, non-procedural myocardial infarction, target vessel
revascularization, and definite thrombosis, was collected during hospitalization
and follow-up.

1.2.8 Statistical analysis

Data analysis was performed using IBM SPSS Version 26.0, MedCalc
Version 19.1 and R v4.0.3. Results with a p-value of <0.05 were considered
statistically significant. The categorical or qualitative variables were described
by number (N) and percentage (%) and compared by Pearson Chi-Square y2 test
or Fisher's exact test. McNemar's test or Cochran's Q test was applied to nominal
categorical data, the Bonferroni-adjusted Dunn 's test was used for post-hoc
analysis. The quantitative variables were described by median (Me) and
interquartile range (IQR), and minimum — maximum value, since most of the
data did not follow normal distribution by the Shapiro-Wilk test or the
Kolmogorov-Smirnov test. Comparisons of quantitative variables in independent
sample sets were performed with the Mann-Witney test between two groups and
with the Kruskal-Wallis test between three groups. In dependent sample sets, the
Wilcoxon test was used for the comparison of two variables, and the Friedman
test was used for the comparison of three variables, with post oc analysis applied
for adjustment of multiple comparisons (Bonferroni or Dunn-Bonferroni,
respectively).

One of the tasks of the study was to evaluate the parameters determined
by different techniques: FFRcr, FFR, QCA, IVUS and OCT. For this purpose,
we used the Bland-Altman plot to compare the mean values of the difference
between two series of measurements with invasive FFR and IVUS as reference,
as well as the intraclass correlation coefficient (ICC) to assess the reliability of
measurements between the techniques. To test the agreement between two
categorical variables, the Cohen's Kappa coefficient was used. Between three and
more categorical variables, the Cronbach's alpha coefficient was used. The
correlation between features was also evaluated by Spearman's correlation
analysis.

The relation of the factorial (independent) parameters with the resultative
(dependent) variables was evaluated by single and, in larger samples, multiple
regression.

Diagnostic efficacy was evaluated by calculating sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and diagnostic
performance (accuracy), as well as by plotting Receiver Operating Characteristic
(ROC) curves and using the area under the ROC curve (AUC) for the evaluation
of diagnostic performance.
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1.3 Main results

The study included a total of 296 patients. The median age of the patients
was 62.5 years [IQR = 54.0 — 69.0], the youngest patient being 30 years of age
and the oldest patient being 86 years old; the majority of the patients were male
(75.3 %). The most common risk factors were dyslipidaemia (78.4 %), arterial
hypertension (66.6 %) and smoking (41.6 %).

1.3.1 IVUS and OCT for PCI guidance in bifurcations

Patient characteristics

A prospective study included 70 patients scheduled for PCI in bifurcation
lesions. All patients had stable angina as a clinical indication for PCI. In addition,
41.4 % had a history of myocardial infarction, and 40.0 % had undergone non-
target vessel PCIL.

The angiographic and procedural features are described in 7able 1.

Table 1. Angiographic and procedural characteristics

Parameter N=70
Me [IQR]; (min — max)
or N (%)
Target vessel:
Left anterior descending artery 60 (85.7)
Left circumflex artery 7 (10.0)
Right coronary artery 3(4.3)
Plaque modification prior to stent implantation:
Main vessel 40 (57.1)
Side branch 16 (22.9)
Stenting strategy:
Single stent technique 59 (84.3)
Double stent technique 11 (15.7)
Crush technique 8(11.4)
Culotte technique 229
T technique 1(1.4)
Number of stents:
Main vessel 1.0 [1.0-1.0]; (1.0 -3.0)
Side branch 0.0 [0.0—0.0]; (0.0 —1.0)
Postdilatation:
Main vessel 70 (100.0)
Side branch 28 (40.0)
Struts opened toward a side branch 53 (75.7)
Final kissing post-dilatation 26 (37.1)

67



Clinical outcomes

Median duration of hospitalisation was 2.0 days [IQR =2.0 —3.0]. During
hospitalisation, 3 patients (4.3 %) experienced myocardial infarction. The total
median follow-up was 285.0 days [IQR =263.5 — 309.0]. The clinical outcomes
of the follow-up are presented in Table 2.

Table 2. Clinical outcomes after 9 months

Parameter N=70
N (%)
Death 1(1.4)
Cardiac death 0 (0.0)
Myocardial infarction 1(1.4)
Stroke 1(1.4)
Target lesion revascularization 4(5.7)
PCI 4(5.7)
CABG 1(1.4)
Target artery revascularization 6 (8.6)
PCI 6 (8.6)
CABG 1(1.4)
Stent thrombosis 0(0.0)
Major adverse cardiac events 6 (8.6)
CABG — coronary artery bypass grafting, PCI — percutaneous coronary

intervention.

Comparison of the QCA, IVUS, and OCT measurements

Prior to the intervention, QCA, IVUS, and OCT measurements in the
main branch were available for 66 patients. The lengths of the target segment
measured by the three techniques (p = 0.572, Kendall's W = 0.01) did not differ.
When comparing lumen diameter measurements, the differences of their median
values were statistically significant and ranked in the order QCA < OCT <IVUS,
i. e., the QCA reference and lumen diameter measurements showed smaller
values than the OCT measurements, which in turn showed smaller values than
the IVUS measurements (7able 3). Pre-intervention comparison of the IVUS
measured mean lumen diameter of the reference segment and the mean EEM
diameter showed a statistically significant difference (p < 0.001; » = 0.62).

Correlations between IVUS (reference technique) and other imaging
techniques were statistically significant (7Table 4).
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Table 3. Comparison of QCA, IVUS, and OCT pre-intervention
measurements in the main branch

Parameter Me [IQR] p- Post hoc analysis p-value
value (effect size)
(Kend
all's
W)
Lesion length, QCA 23.1[18.1 -32.4]; 0.572
mm IVUS  223[18.0-31.0];  (0.01)
OCT 22.7[18.0-28.9];
Reference QCA 2.7[2.4-3.0]; < QCA vs IVUS: <0.001(0.54)
lumen diameter, IvUs 3.2[2.8-3.5]; 0.001(  IVUS vs OCT: 0.002 0.58)
mm OCT 3.0[2.7-3.4]; 0.67) QCA vs OCT: 0.029 0.47)
Mean lumen QCA 2.2[1.9-24]; < QCA vs IVUS: <0.001(0.61)
diameter, mm IvUs 2.6[2.4-3.0]; 0.001(  IVUS vs OCT: <0.001(0.50)
OCT 24[2.1-2.7]; 0.68) QCA vs OCT: <0.001(0.51)
Reference EEM IvUsS 4.2 [3.7-4.5]; <
diameter, mm 0.001(
0.62)
Mean lumen IvuUsS 5.6 [4.5-17.0]; <
area, mm? OCT 491[3.7-59]; 0.001(
0.46)

Three quantitative variables were compared by the Friedman test with the Dunn-Bonferoni post
hoc analysis. Effect size r and Kendall's W > 0.5 (large).

Table 4. Correlation of QCA, IVUS, and OCT pre-intervention
measurements in the main branch

IVUS vs. QCA (N = 69) IVUS vs. OCT (N = 66)
Parameter Coefficient ry p-value Coefficient ry p-value
(95 % CI) (95 % CI)
Lesion length, mm 0.89 (0.83 -0.93) <0.001 0.87 (0.80 —0.92) <0.001

Reference diameter, mm 0.49 (0.29 - 0.65) <0.001 0.78 (0.66 — 0.86) <0.001
Mean lumen diameter, mm  0.76 (0.65 — 0.85) <0.001 0.80 (0.69 — 0.87) <0.001
Mean lumen area, mm?> 0.80 (0.69 — 0.87) <0.001
The correlations were determined by Spearman's correlation analysis (r,, Spearman’s
correlation coefficient).

In the Bland-Altman analysis, the mean difference between the mean
lumen diameter measured by IVUS and QCA was 0.48 mm, 95 % CI: 0.42 —
0.54; p <0.001, whereas the mean difference measured by IVUS and OCT was
0.21 mm; 95 % CI: 0.14 — 0.28; p <0.001 (Figure 5). The mean difference
between the mean reference diameters was IVUS — QCA = 0.53 mm, 95 % CI:
0.39 — 0.67; p <0.001 and IVUS — OCT = 0.21 mm, 95 % CI: 0.13 - 0.31;p
< 0.001. In the Bland-Altman analysis, the mean difference between IVUS and
OCT lumen area measurement mean values was 0.74 mm?, 95 % CI: 0.45 — 1.02;
p< 0.001.
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Figure 5. Bland—Altman plots for mean lumen diameter
A: Comparison between IVUS and QCA; B: Comparison between IVUS and OCT

Despite the differences in median values, a good and statistically
significant agreement was found in the ICC analysis between the mean lumen
diameter measurements taken with the QCA, IVUS and OCT techniques (ICC =
0.90; 95 % CI: 0,85 — 0,94; p < 0,001).

Plaque morphology

In the pre-intervention images, the predominant atherosclerotic plaque
morphology was visually defined using the quadrant system. The plaques were
mostly of fibrous morphology, which was observed in more than half of the cases
both in the OCT and IVUS analyses, with 53.3 % [44.4 — 63.6] on OCT scans vs
62.3 % [52.4 — 75.3] on IVUS; (p = 0.001; » = 0.30). In about one-fifth of the
cases, the plaque was classified as normal. Calcified plaques were observed in
7.4 % [IQR=3.7-21.4] of the OCT quadrants and in 4.9 % [IQR=1.0-13.9] %
of the IVUS quadrants (p = 0.001; » = 0.39).

The ICC analysis between the OCT and IVUS measured proportions of
morphology, showed good and statistically significant agreement in the
determination of calcified plaques (ICC = 0.90, 95 % CI: 0.84 — 0.94; p <0.001),
but there was no internal agreement between iMAP and VH-IVUS (ICC = 0.24,
95 % CI—-0.40—0.59; p=0.001). An average and statistically significant internal
agreement between fibrous plaque detected by IVUS and OCT was observed
(ICC=0.67,95% CI10.45—0.80; p <0.189), as well as between fibrous plaque
by iMAP and VH-IVUS (ICC = 0.60; 95 % CI 0.27 — 0.78; p = 0.002).

Calcified plaque

At least one calcified plaque was observed in the iMAP and VH analysis
in all patients; it was visually identified by OCT and IVUS in 88.1 % and 84.1 %
of patients, respectively, and angiographically determined in 55.7 % of patients.
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Based on the analysis of the Cochran Q test, the five imaging techniques showed
statistically significant (»p < 0.001) differences in the identification of
calcifications, and the heterogeneity of the techniques was assessed as strong (Q
(4) =51.69; p < 0.001; I> = 92.3 %). When using the Bonferroni-adjusted post-
hoc Dunn test, only the difference between QCA and all other imaging
techniques (p < 0.001) appeared statistically significant.

Comparison of the calcified plaque volumes determined by all four
intravascular methods led us to establish a statistically significant difference
(Friedman test x*(3) = 59.36; p < 0.001; Kendall's W = 0.48) with the calcified
proportion increasing in the following order: iMAP < IVUS quadrants < OCT
quadrants < VH-IVUS (Figure 6).

Figure 6. Comparison of OCT, IVUS, iMAP, and VH-IVUS
detected coronary calcification

Intravascular evaluation of calcified plaque modification

Of a total population of 70 patients, 40 patients (57.1 %) by operator’s
choice underwent atherosclerotic plaque modification prior to stent implantation
in the main branch. 37.1 % of patients had cutting balloon (CB) angioplasty and
20.0 % — scoring balloon (SB) plaque modification. The patients who underwent
plaque modification (CB + SB) showed more frequent plaque calcification on
QCA (OR=3.12(95% CI 1.16 — 3.85); p = 0.022), IVUS (OR =7.93 (95 % CI
11.56 — 40.19); p = 0.007), and OCT (OR = 10.96; 95 % CI 1.26 — 94.97; p =
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0.018), compared to the patients who were not selected for plaque modification.
The CB + SB subgroup also had a higher calcification volume compared to the
group with the lesions that were not subject to plaque modification. (Table 5).

Table 5. Percentage of calcified plaque volume depending on
modification method

Percentage of CB +SB Without CB or SB p-value (r-effect
calcification N=40 N=30 value)
Me [IQR] Me [IQR]
IVUS quadrants, % 7.5[4.0-17.4] 1.6 [0.0 - 10.8] 0.002(0.38)
iIMAP, % 1.7[1.1-2.5] 1.4[0.8-2.2] 0.253 (0.14)
VH-IVUS, % 13.1[10.2 - 18.8] 7.7[4.1-114] 0.003 (0.45)
OCT quadrants, % 10.2 [6.5 — 26.8] 4.0[0.4—-11.8] 0.001 (0.40)

Intergroup comparison was performed with the Mann-Witney test.

Following plaque modification, 33 patients (47.1 %) underwent optical
coherence tomography. Only 42.4 % of the patients showed partial or complete
plaque modification. There was statistically significant variation in the presence
of plaque modification depending on the ballon type used (p = 0.021, Cramer's
V'=10.48) (Figure 7).

Figure 7. Result of calcified plaque modification depending on balloon
used

There was a statistically significant increase in any plaque modification

with the CB, whereas the use of SB entailed the risk for the plaque to remain
without fracture OR = 14.44, 95 % CI: 1.56 — 133.58; p = 0.009.
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Predictors of calcified plaque modification

The most powerful predictor of calcified plaque modification in the
single-factor logistic regression was the proportion of calcification in iMAP
(Nagelkerke R? = 0.60), its increase resulting in a 12.56-fold higher likelihood of
modification (OR = 12.56; 95 % CI: 2.32 — 68.12; p = 0.003). When the
proportion of calcification in iMAP was adjusted for gender and age, the odds
ratio increased (ORagjustea = 16.51; 95 % CI: 2.16 — 126.24; p = 0.007). Plaque
modification was also predicted by the use of a CB, an increase in the proportion
of calcification on IVUS and on OCT. The likelihood of modification was
reduced by the use of a SB balloon, a longer modifying balloon and location of
the calcification further from the lumen surface (7able 6).

Table 6. Predictive factors of calcified plaque fracture in the single-factor
logistic regression

Parameter OR (95 % CI) P ORGgjustea Y4
(95 % CI)

Moditying balloon — CB vs. 14.44 0.019 15.72 0.019

SB (ref) (1.56 —133.58) (1.57-157.07)

Length of modifying 0.72 0.016 0.74 0.040

balloon, mm (0.55-0.94) (0.56 —0.99)

Calcified plaque OCT, % 1.12 0.008 1.14 0.011
(1.03-1.22) (1.03 -1.26)

Calcium-lumen distance 0.000004 0.039 0.000005 0.050

OCT, mm (3.4E-11 —0.54) (2.1E-011 -1.02

Calcified plaque IVUS, % 1.20 0.019 1.19 0.036
(1.03 - 1.40) (1.01 - 1.41)

Calcified plaque iMAP- 12.56 0.003 16.51 0.007

IVUS, % (2.32 -68.12) (2.16 - 126.24)

Binary logistic regression applied in single factor analysis.
OR yijustea (95 % CI) — odds ratio adjusted by age and sex (95 % confidence interval)

The iMAP defined calcified plaque proportion had the highest diagnostic
performance based on AUC (area under the ROC curve) =0.90; 95 % CI: 0.79 —
1.00; p <0,001. The calcification proportion measured with IVUS (AUC = 0.88;
95% C10.75-1.00; p <0.001) and with OCT (AUC = 0.85; 95% CI 0.69 — 1.00;
p = 0.001) was of good diagnostic performance, while the length of the
modifying balloon (AUC =0.75; 95% CI 0.57 — 0.92; p <0.017) and the distance
of the calcification from the lumen surface (AUC = 0.73; 95% CI 0.55 — 0.91;
p =0.030) was of medium diagnostic performance.

The iMAP defined calcification proportion at the cut-off value of 2.27 %
(diagnostic accuracy 84.38 % (95 % CI: 67.21 — 94.72), sensitivity 71.43 %
(95 % CI: 41.90 — 91.61), specificity 94.44 % (95 % CI: 72.71 — 99.86)), the
IVUS defined calcification proportion at the cut-off value of 7.9% (diagnostic
accuracy 84.38 % (95 % CI: 67.21 — 94.72), sensitivity 85.71 % (95 % CI:
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57.19 — 98.22), specificity 83.33 % (95 % CI: 58.58 — 96.42)) and the OCT
defined calcification proportion at the cut-off value of 27.70 % (diagnostic
accuracy 84.38 % (95 % CI: 67.21 — 94.72), sensitivity 61.54 % (95 % CI: 31.58
— 86.14), specificity 100.00 % (95 % CI: 82.35 — 100.00)) had the highest
diagnostic accuracies. As these parameters increased above the respective cut-
off values, there was also an increase in the likelihood of plaque modification.
Also, the plaque modification rate increased at shorter modifying balloon lengths
<6.00 mm and shorter distances from the calcification from the lumen
<0.24 mm.

Assessment of optimal stent implantation

Optimal stent implantation was assessed by stent expansion (7able 7),
malapposition, and complication (dissection) criteria when performing post-
interventional QCA, IVUS, and OCT imaging.

Table 7. Assessment of stent expansion

Parameter N (%) or Me [IQR]
QCA (N=170)
Suboptimal stent implantation (%DS > 20 %) 9(12.9)
Optimal stent implantation (%DS< 10 %) 21 (30.0)
IVUS (N = 68)
Stent expansion index, SExpl 0.7 [0.6 -0.9]
Incomplete relative stent expansion (SExpl <0.80) 41 (60.3)
Incomplete absolute stent expansion (MSA < 5.5 mm?) 31 (45.6)
OCT (N =58)
Stent expansion index, SExpl 0.8 0.7 —-1.0]
Incomplete relative stent expansion (SExpl <0.80) 26 (44.8)
Incomplete absolute stent expansion (MSA < 4.5 mm?) 11 (19.0)

IVUS — intravascular ultrasound, MSA — minimum stent area, OCT- optical coherence
tomography, SExI — stent expansion index, QCA — quantitative coronary angiography, %DS —
percentage of diameter stenosis

Based on the analysis of the Cochran Q test, the three techniques showed
statistically significant differences in the identification of incomplete stent
expansion, and the heterogeneity of the results was assessed as strong (Q (2) =
35.38; p <0.001; I> = 94.3 %). Application of the Bonferroni-adjusted post-hoc
Dunn test, showed statistically significant differences between QCA and IVUS
(» <0.001), QCA and OCT (p < 0.001), and IVUS and QCA (p = 0.043).

Comparison of incomplete stent expansion on OCT and on IVUS (the
reference) showed that both methods identified incomplete expansion identically
in 22 patients (true positives), optimal stent expansion in 18 patients (true
negatives), while 2 results were false positives and 14 were false negatives. There
was moderate agreement between the techniques (kappa = 0.45; 95 % CI: 0.24 —
0.66; p < 0.001) with OCT showing diagnostic accuracy of 71.43 % (95% CI:
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57.79 — 82.70), sensitivity of 61.11 % (95 % CI: 43.46 — 76.86), specificity of
90.00 % (95 % CI: 68.30 — 98.77), PPV 91.67% (95% CI: 74.22 — 97.68) and
NPV 56.25 % (95 % CI: 45.43 — 66.51) compared to IVUS as the reference.

In OCT analysis incomplete stent apposition was observed in all patients
(100 %), while in the IVUS analysis it was identified in 13.2 %. After stent
implantation, OCT identified distal stent edge dissection in one fifth of the
patients (20.7%) proximal stent edge dissection in 12.1 % of patients.

We also analyzed the criteria for optimal stent implantation in the main
branch segments (proximal, bifurcation, distal). The OCT stent expansion index
(SExpl) was significantly lower in the proximal segment than in the distal
segment (p = 0.002; » = 0.37). Incomplete stent expansion (SExpl < 0.80) was
observed more frequently in the proximal segment than in the distal segment.
However, the proximal segment had a larger minimum lumen area and more
often the minimum stent area limit of 4.5 mm? was reached, which is associated
with optimal stent implantation.

Factors predicting incomplete stent expansion

A selection of procedural and intravascular imaging technique parameters
was included in a single factor logistic regression to identify the potentially
contributing risk factor for incomplete absolute stent expansion, defined as a
minimum lumen area of < 5.5 mm? by IVUS (7able 8).

A relatively higher rate of incomplete stent expansion was observed in
females than in males (68.0 % vs 32.6 %), and the difference was statistically
significant (p = 0.005; Phi = 0.34). Also, the adverse outcome was more
frequently observed in non-smokers than in smokers (59.0 % vs. 27.6 %), and
the difference was statistically significant (p = 0.010; Phi = 0.31), whereas the
Mantel-Hansel test with gender stratification did not reveal a statistically
significant association between smoking status and incomplete stent expansion
(x*(1)=1.02; p = 0.313). In an in-depth analysis of potential confounding factors
by applying logistic regression and gender adjustment smoking no more
appeared statistically significant (ORagjustea = 0.45; 95 % CI: 0,14 — 1,48; p =
0,188).

As regards the procedural parameters, the risk of incomplete stent
expansion was predicted by a smaller diameter of the modifying balloon, the
stent, and the postdilatation balloon, as well as a longer stent. Regarding the
IVUS parameters, the risk of incomplete stent expansion decreased with an
increase in the MLA and MLD, acute gain, and the mean reference diameter
calculated from the lumen and the EEM. As regards the OCT parameters, MLA
and acute gain in lumen area and diameter and the mean reference diameter were
negatively predictive for incomplete stent expansion. Also, incomplete stent
expansion was associated with the acute gain in MLD and the reference diameter
on QCA. Diabetes, chronic kidney disease and peripheral artery disease, the use
of the modifying balloon, the proportion of visual calcification on IVUS, as well
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as the calcification area and angle on OCT did not bear any statistical
significance at alpha < 0.2 level for the prediction of incomplete stent expansion.

In the single-factor logistic regression, the risk factor with the most
significant impact (Nagelkerke's R 2 = 0.66) was stent diameter with the
regression equation /ogit (for incomplete stent expansion) =21.36 — 6.68 x (stent
diameter). With regard to the imaging parameters, the ones with the most
significant impact were the acute gain in MLA by IVUS with the regression
equation /ogit (for incomplete stent expansion) = 3.94 — 3.40 x (the acute gain in
MLA on IVUS).

Table 8. Single-factor logistic regression in predicting incomplete
stent expansion (IVUS)

OR (95 % CI) p
Patient parameters
Gender (ref. males) 4.40 (1.53 —12.64) 0.006
Smoking 0.27 (0.09 — 0.75) 0.012
Procedural parameters
Modifying balloon (MB) diameter 0.05 (0.004 —0.52) 0.013
Stent diameter 0.001 (0.0001 — 0.02) <0.001
Stent length 1.13 (1.04 - 1.22) 0.004
Postdilatation balloon diameter 0.02 (0.003 —0.15) <0.001
IVUS parameters
SD-EEM-IVUS 0,03 (0,001 — 1,01 0,051
MLA 0.33(0.15-0.71) 0.004
MLD 0.04 (0.004 — 0.35) 0.004
Acute gain in lumen area 0.27 (0.14-0.51) <0.001
Acute gain in lumen diameter 0.03 (0.005 —0.23) 0.001
Calcium measured by iMAP 184(1.09 - 3.12) 0.023
Mean reference diameter 0.06 (0.01 —0.36) 0.002
Mean reference EEM diameter 0.06 (0.01 —0.32) 0.001
OCT parameters
MLA 0.45(0.24-0.82) 0.009
Acute gain in lumen area 0.28 (0.14 - 0.55) <0.001
MLD 0.07 (0.01 - 0.33) 0.001
Mean reference diameter 0.09 (0.02 — 0.45) 0.003
QCA parameters
Acute gain in lumen diameter 0.28 (0.09-0.91) 0.034
Reference diameter 0.18 (0.05-0.63) 0.007

According to the ROC curve analysis, stent diameter at a cut-off value of
<3.00 mm had good and statistically significant diagnostic performance for
predicting incomplete stent expansion (IVUS) (AUC = 0.90; 95 % CI: 0.82 —
0.97; p <0.001). Good and statistically significant diagnostic performance was
also shown by the acute gain in MLA (AUC = 0.86; 95 % CI: 0.76 — 0.95; p <
0.001) at the cut-off value of < 3.26 mm and the mean reference EEM diameter
(AUC = 0.82;95% CI: 0.70 — 0.94; p < 0.001) at the cut-off value of <3.91 mm
for the IVUS parameters, and the acute gain in MLA (AUC = 0.86; 95 % CI:
0.76 —0.96; p <0.001) at the cut-off value of < 3.54 mm for the OCT parameters.
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The QCA parameters were of poor diagnostic performance for predicting
incomplete stent expansion (Table 9).

Table 9. Diagnostic performance of procedural and imaging parameters in
predicting incomplete stent expansion

Parameter AUC (95 % CI) p-value
Procedural parameters

Stent diameter 0.90 (0.82-0.97) <0,001"
Postdilatation balloon diameter 0.80 (0.69 —0.91) <0.001"
Modifying balloon diameter 0.73 (0.57 - 0.89) 0.014"
Stent length 0.72 (0.59 — 0.84) 0.002%*
IVUS parameters

Acute gain in lumen area 0.86 (0.76 — 0.95) <0.001"
Mean reference EEM diameter 0.82(0.70 - 0.94) <0.001"™
Acute gain in lumen diameter 0.80 (0.69 — 0.92) <0.001"
Mean reference diameter 0.80 (0.67 —0.93) <0.001"
Minimum lumen area 0.69 (0.57 - 0.82) 0.006**
Minimum lumen diameter 0.69 (0.57 - 0.82) 0.006**
Calcification measured by iMAP IVUS 0.67 (0.54 — 0.80) 0.019"
OCT parameters

Acute gain in lumen area 0.86 (0.76 — 0.96) <0.001"
Mean reference diameter 0.74 (0.60 — 0.87) 0.002%*
Minimum lumen area 0.70 (0.58 — 0.83) 0.005%*
Acute gain in lumen diameter 0.65 (0.50 — 0.80) 0.053
QCA parameters

Reference diameter 0.70 (0.58 — 0.83) 0.004**
Acute gain in lumen diameter 0.65 (0.52 —0.79) 0.029*

AUC — area under the ROC curve, 95 % CI — 95 % confidence interval
p < 0.05-0.01; "p < 0.01-0.001; ™"

D < 0.001

Stent diameter and the acute gain in MLA on IVUS were associated with
the highest diagnostic accuracy. As the stent diameter decreased below the
3.00 mm cut-off value, the rate of incomplete stent expansion outcome increased,
with diagnostic accuracy of the test at 86.76 % (95 % CI: 76.36 — 93.77),
sensitivity 90.32 % (95 % CI: 74.25 — 97.96), specificity 83.78 % (95% CI: 67.99
—93.81), PPV 82.35 % (95 % CI: 68.98 — 90.74), NPV 91.18 % (95% CI: 77.74
—96.83). Alternatively, if the acute gain in MLA on IVUS was 3.26 mm or less,
the diagnostic accuracy of the test also equalled 86.76 % (95 % CI: 76.36 —
93.77), whereas sensitivity in comparison with the stent diameter below the
3.00 mm cut-off value increased by 6.45 %, but specificity decreased by 5.4 %.

The multivariate logistic regression model included no more than three
independent parameters (alpha < 0.2) that were not strongly collinear from the
single-factor regression analysis. There was strong collinearity between the
following IVUS and OCT parameters: MLD, MLA, acute gain in MLD, acute
gain in MLA, as well as between the IVUS mean reference lumen diameter and
the mean reference EEM diameter. The coefficients of the logistic regression
equation and their statistical significance in predicting incomplete stent
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expansion (IVUS definition minimum stent area (MSA) < 5.5 mm?) are shown
in Table 10.

In Model 1, calcification proportion by IVUS iMAP and the stent to
vessel EEM diameter ratio (SD-EEM) gave statistically significant (3*(2) =
11.86; p = 0.003) predictions of the outcomes of incomplete stent expansion
(IVUS) (Nagelkerke’s R> = 0.21). The quality of the model increased by
replacing the IVUS based SD-EEM ratio with minimum lumen area (Model 2)
or acute gain in minimum lumen diameter (Model 3).

Model 4 included 3 independent parameters: calcification proportion by
IVUS iMAP, minimum lumen area on IVUS, and stent length; this model gave
statistically significant (}*(3) = 24.21; p < 0.001; Nagelkerke’s R? = 0.40)
predictions of incomplete stent expansion (IVUS) rates. Alternatively, the quality
of the model increased by replacing MLA with the acute gain in MLA (x*(3) =
46.29; p < 0.001; Nagelkerke’s R? = 0.66), and Model 5 gave statistically
significant predictions of incomplete stent expansion (IVUS) rates with the
regression equation /ogit (incomplete stent expansion) = —1.83 — 1.59 x (acute
gain in MLA) + 1.11 X (calcification % iMAP) + 0.210 x (stent length). The
parameter with the strongest impact was the acute gain in MLA (Wald test
12.97). The model predicted incomplete stent expansion correctly in 83.9 % of
the cases.

Another logistic regression model was developed for predicting
incomplete stent expansion with age and gender as potential confounders. After
adjustment, the odds ratio for stent diameter was ORagjustea = 1.61; 95 % CI:
1.17 - 2.21; p = 0.003; for acute gain in MLA: ORagjustea = 0.07; 95 % CI: 0.01 —
0.41; p =0.003 and for iMAP defined calcification proportion: ORdjusted = 5.12;
95 % CI: 1.35 — 19.35; p = 0.016. When adjusted, Nagelkerke's R? increased
from 0.66 to 0.79, and it was established that gender and age additionally
accounted for 13 % of the incomplete stent expansion outcomes. The model
developed is able to predict 88.2 % of the incomplete stent expansion cases,
improving predictability by 4.3 %.

On testing the multivariate logistic regression models with ROC curves,
the AUC predictive index was average, good, or even excellent:

e Model 1 AUC =0.73; 95 % CI: 0.61 — 0.85; p=0.001 (average)
e Model 2 AUC=0.75; 95 % CI: 0.63 — 0.86; p < 0.001 (average)
e Model 3 AUC=0.81;95 % CI: 0.71 - 0.92; p < 0.001 (good)

e Model 4 AUC=0.81;95 % CI: 0.71 — 0.91; p < 0.001 (good)

e Model 5 AUC =0.92; 95 % CI: 0.85 - 0.98; p < 0.001 (excellent)

We also included OCT parameters in the multivariate analysis (see
Table 10, Model 6). The stent diameter, the acute gain in MLA, and the
proportion of calcification gave statistically significant (x%(3) = 40.58; p <0.001)
predictions of incomplete stent expansion by IVUS (Nagelkerke’s R? = 0.70).
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The model’s regression equation was logit (incomplete stent expansion) = 2.66
+ 0.18 x (stent length) — 2.05 % (acute gain in MLA) + 0.09 x (proportion of
calcification). The predictive index for this model was AUC = 0.93; 95% CI:
0.87 = 0.99; p < 0.001. Gender and age adjustment in Model 6 did not result in
any significant changes in the odds ratio (see Table 10).

Table 10. Multivariate logistic regression in predicting incomplete
stent expansion (IVUS)

Parameter B Standard Wald p-value OR (95 %
error CI
IVUS parameters
Model 1
x*(2) = 11.86; p = 0.003; Nagelkerke’s R =0.21
%Calcification 0.70 0.29 5.71 0.017 2.01(1.13
iMAP —3.56)
SD-EEM-IVUS -4.25 1.94 4.77 0.029 0.01
(0.0003 —
0.65)
Constant 3.05 1.99 2.34 0.126 21.10
Model 2
$*(2) = 15.82; p < 0.001; Nagelkerke’s R* = 0.28
%Calcification 0.57 0.29 3.89 0.048 1.77 (1.00
iMAP -3.13)
MLA -1.09 0.41 6.96 0.008 0.34 (0.15
—0.76)
Constant 1.66 1.15 2.09 0.148 5.25
Model 3
$*(2)=21.91; p < 0.001; Nagelkerke’s R* = 0.37
Calcification 0.61 0.30 4.11 0.043 1.84 (1.02
iMAP -3.31)
Acute gain in -3.37 1.00 11.32 0.001 0.03 (0.005
lumen  diameter -0.25)
(IvUs)
Constant 1.75 1.02 2.95 0.086 5.75
Model 4
x*(3) =24.21; p < 0.001; Nagelkerke’s R* = 0,40
Stent length 0.13 0.05 6.93 0.008 1.14 (1.03
—1.25)
MLA (IVUS) -0.96 0.43 4.95 0.026 0.38 (0.16
—-0.89)
%Calcification 0.72 0.34 4.64 0.031 2.06 (1.07
iMAP -3.97)
Constant -1.81 1.74 1.07 0.300 0.16
Model 5
$*(3) = 46.29; p < 0,001; Nagelkerke’s R* = 0.66
Stent length 0.21 0.07 8.76 0.003 1.23 (1.07
—1.42)
Acute gain in -1.59 0.44 12.97 <0.001 0.20 (0.09
lumen area (IVUS) —0.48)
%Calcification 1.11 0.49 5.06 0.024 3.02 (1.15
iMAP -17.93)
Constant -1.83 1.81 1.02 0.312 0.16

79



Table 10 (con’t). Multivariate logistic regression in predicting
incomplete stent expansion (IVUS)
Parameter B Standard Wald p-value OR (95 %
error CD

Model 5 (age & gender adjusted)
x2(5) = 60.44; p < 0,001; Nagelkerke’s R>=0.79

Stent length 0.47 0.16 8.59 0.003 1.61(1.17
-2.21)

Acute gain in -2.63 0.88 8.87 0.003 0.07 (0.01

lumen area (IVUS) -0.41)

%Calcification 1.63 0.68 5.79 0.016 5.12(1.35

iMAP —19.35)

Constant -13.67 6.79 4.06 0.044

OCT parameters

Model 6

1*(3) = 40.58; p < 0.001; Nagelkerke’s R* = 0.70

Stent length 0.18 0.08 5.32 0.021 1.20 (1.03
— 1.40)

Acute gain in -2.05 0.62 10.99 0.001 0.13 (0.04

lumen area (OCT) -043)

%Calcification 0.09 0.04 6.24 0.012 1.09 (1.02

OCT -1.17)

Constant 2.66 2.11 1.59 0.208

Model 6 (age & gender adjusted)
x2(5) = 45.89; p < 0,001; Nagelkerke’s R>=0.75

Stent length 0.26 0.10 6.56 0.010 1.20 (1.03

— 1.40)
Acute gain in -2.19 0.73 9.05 0.003 0.13 (0.04
lumen area (OCT) -0.43)
%Calcification 0.09 0.04 5.06 0.024 1.09 (1.02
OCT - 1.17)
Constant -4.78 5.49 0.76 0.384

Binary logistic regression analysis applied in multivariate analysis. SVDR-IVUS — stent to vessel
(EEM) diameter ration by IVUS.

Predictive factors of adverse cardiovascular events

Six patients (8.6 %) developed major adverse cardiovascular events
(MACE) during follow-up. The only MACE predictors indicated by single-factor
logistic regression were stent diameter (OR = 0.07; 95 % CI: 0.01 — 0.86; p =
0.038) and diameter of the postdilatation balloon (OR = 0.05; 95 % CI: 0.003 —
0.78; p = 0.033). Other clinical, procedural, intravascular imaging parameters
were not associated with the development of MACE. Although in patients with
incomplete stent expansion the incidence of MACE was higher than in patients
without incomplete stent expansion 5 (16.1 %) vs. 2 (2.7 %), the difference was
below statistical significance (p = 0.085; Phi = 0.24).
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1.3.2 Late vascular response after stent implantation

Patient and angiographic characteristics

The analysis included 274 post-PCI patients with invasive imaging or
functional diagnostics used for PCI guidance. All patients had QCA and IVUS
data. The median age of patients was 62.0 years [IQR = 53.0 — 69.0]; (min — max:
30-86), the majority were male (75.2 %). An angiographic description of the
lesions and the details of the procedure are given in Table 11.

Table 11. Angiographic and procedural characteristics

Parameter Me [IQR]; (min—max) or
N (%)
Number of lesions N=274
Target vessel:
Left main 92 (33.6)
Left anterior descending artery 146 (53.3)
Left circumflex artery 20(7.3)
Right coronary artery 16 (5.8)
Stent: 274 (100)
BMS 99 (36.1)
DES 175 (63.9)
Newest generations DES 70 (25.5)
Stent diameter (mm):
BMS 4.0[4.0-4.0]; (3.5-3.5)
DES 3.5[3.0-4.0]; (2.7-3.0)
p-value (effect size) <0.001(0.52)
Stent length (mm):
BMS 16.0 [12.0 —20.0]; (8.0 — 8.0)
DES 23.0 [18.0 —28.0]; (12.0 - 13.0)
p-value (effect size) <0.001(0.44)

The parameters were compared DES vs. BMS by applying the Mann-Witney test.

Coronary angiography, QCA and IVUS

Control angiography with intravascular imaging techniques was
performed at a median of 247.0 days [IQR = 202.5 — 282.0]; (min — max:
67,1559) post PCI. Angiographic restenosis was observed in 27 (9.9 %) patients,
while repeated clinically indicated target lesion revascularization (TLR) was
required for 20 (7.3 %) patients, and these adverse events were more frequent
after BMS implantations compared to DES implantations (Table 12).
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Table 12. Adverse event rate during follow-up period

Parameter BMS (%) DES (%) p-value OR (95 % CI)
N=99 N=175

Restenosis 22 (22.2) 529 <0.001 9.71 (3.55-26.61)

TLR 17(17.2) 3.7 <0.001 11.89 (3.39 —41.70)

The categorical variables are expressed as n (%), data comparison with Pearson's chi-square
test.

Examination of the relationship between a three-dimensional IVUS
parameter (percentage of neointimal volume obstruction) and two-dimensional
QCA parameters (late loss of MLD and percentage of diameter stenosis) showed
low to very low correlation, especially in the DES patient subgroup. See
Table 13.

Table 13. Correlation betweek QCA and IVUS parameters

Parameter 15 (95 % CI) p-value

Late loss of MLD (QCA) vs. %NIV (IVUS)

In total 0.34 (0.21 - 0.45) <0.001"™"

BMS 0.30 (0.06 — 0.51) 0.016**

DES 0.26 (0.11 — 0.40) <0.001™"
%DS (QCA) vs %NIV (IVUS)

In total 0.31(0.18-0.42) <0.001™

BMS 0.44 (0.23 - 0.62) <0.001™"

DES 0.12 (= 0.04-0.27) 0.146

The correlations were determined by applying Spearman’s correlation.
p <0.05-0.01; "p < 0.0 —0.001; ""p < 0.001

Comparison of IVUS and OCT during the follow-up period

OCT in addition to QCA and IVUS imaging was performed in fifty
patients with bifurcation lesions during post-PCI follow-up. A total of
9315 struts were analysed with the IVUS technique and 10 558 struts with the
OCT technique in identical segments. The median number of struts analyzed per
patient with the IVUS technique was 162.0 [IQR = 112.5 — 222.5]; (min — max:
56.0 — 533.0) and 195.0 struts — with the OCT technique [IQR = 137.0 — 277.5];
(min —max: 59.0 — 506.0), there was a statistically significant difference between
the two techniques (p = 0.004; » = 0.29). The IVUS analysis showed a lower
proportion of covered struts compared to the OCT technique, but the difference
was not statistically significant (IVUS 89.7 % [IQR = 82.9 — 95.3]; (min — max:
62.6 — 99.8) vs. OCT 94.9 % [IQR = 91.2 — 99.3]; (min — max: 42.4 — 100.0); p
= 0.058; » = 0.20. Alternatively, the proportion of uncovered struts was
statistically significantly higher in the IVUS analysis as compared to the OCT
analysis, 9.7 % [IQR =4.7 — 16.9] respectively; (min —max: 0.2 —37.4) vs. 4.2 %
[IQR = 0.7 — 8.0]; (min — max: 0.0 —47.5); p=0.021; »r = 0.23.
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1.3.3 FFRcrvs FFR

The study for functional assessment of distal left main coronary artery
bifurcation lesions included 22 patients with a median age of 67.0 years [IQR =
55.0 — 71.3]. The youngest patient was 38 years of age and the oldest patient —
77 years; 55 % of the patients were male.

A total of 29 invasive FFR measurements were performed in the left main
of the 22 patients, with distal pressure measured in the LAD and/or LCX. The
median invasively measured FFR was 0.8 [IQR = 0.6 — 0.9]; (min — max: 0.4 —
1.0), while noninvasive FFR computed from CT angiography (FFRct) was 0.7
[IQR = 0.6 — 0.8]; (min — max: 0.5 — 0.9); the difference was not statistically
significant (p = 0.100; r = 0.22) (Figure §).

Figure 8. Median invasively measured FFR and noninvasive FFRcr

In the Bland-Altman analysis, the mean difference between the invasively
measured FFR and the computed FFRcr was 0.03; 95% CI: -0.01 — 0.06; p <
0.001. The ICC analysis between invasively measured FFRs and computed
FFRcts showed good and statistically significant agreement (ICC = 0.85; 95 %
CI: 0.69, 0.93; p < 0.001).

Ischemia-causing stenoses, defined as FFR < 0.80, were detected by
invasive measurements in 14 (48.3 %) cases, while among the computed FFRcrs
19 (65.5%) hemodynamically significant stenoses were identified. When CT
angiography was performed alone, 24 (82.8%) stenoses were classified as
significant, i.e., > 50%. For CT angiography, the diagnostic accuracy in
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identifying stenoses at an FFR cut-off value of 0.80 was 65.52 % (95 % CI:
45.67 — 82.06.). When adding FFRcr calculations to the CT analysis, the overall
diagnostic accuracy increased to 82.76 % (95 % CIL: 64.23 — 94.15). Both
methods had high sensitivity and negative predictive value, while the FFRcr
method had a 15.35% higher positive predictive value than CT angiography
alone. Accordingly, the FFRct method showed a 33.34 % increase in specificity
(see Table 14).

Table 14. Per-vessel diagnostic performance of FFRcr and CT angiography
in diagnosis of ischemia-causing left main lesions

Parameter CTA stenosis > 50 % FFRcr <0.80

Invasive reference FFR <0.80 FFR <0.80
Sensitivity, % (95 % CI) 100.00 100.00

(76.84 — 100.00) (76.84 — 100.00)
Specificity, % (95 % CI) 33.33(11.82-61.62) 66.67 (38.38 — 88.18)
Positive likelihood ratio (95 % CI) 1.50 (1.05 -2.15) 3.00(1.47-6.14)
Negative likelihood ratio (95 % CI) 0.00 0.00
Positive predictive value, % (95 % CI) 58.33 (49.47 — 66.69) 73.68 (57.78 — 85.14)
Negative predictive value, % (95 % CI) 100.00 100.00
Opverall diagnostic accuracy, (95 % CI) 65.52 (45.67 — 82.06) 82.76 (64.23 — 94.15)

CTA - CT angiography, FFR — fractional flow reserve, FFRcr— noninvasive FFR computed from
CTA
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2 Discussion

The main objective of the thesis was to evaluate the role of invasive and
non-invasive diagnostic techniques in identifying atherosclerotic lesions of
different morphology, their morphological, quantitative, and functional
assessment, to guide percutaneous coronary intervention and assess the long-
term effectiveness of revascularization.

2.1 Guidance of percutaneous coronary intervention

Accurate measurement of the arterial lumen and the external elastic
membrane, as well as identification of the plaque morphology, is important for
planning the revascularization of coronary lesions, selecting the type and size of
balloons, stents, and other devices. The results of this study demonstrate
a statistically significant correlation between the IVUS and QCA measurements,
as well as between the IVUS and OCT measurements, and also good and
statistically significant agreement. However, the QCA and OCT lumen
dimension measurements tend to show smaller values than the IVUS
measurements used as a reference, and the difference is statistically significant.
Literature data also speak in favour of a systematic difference between QCA,
IVUS and OCT measurements. In lumen diameter studies, the OCT measured
lumen diameter has allegedly been by 0.18 to 0.37 mm smaller than the IVUS
measured diameter. The lumen area has been by 0.10 to 1.50 mm?smaller than
the IVUS measured (Okamura, Onuma et al. 2011, Bezerra, Attizzani et al. 2013,
Jamil, Tearney et al. 2013, Kubo, Akasaka et al. 2013, Kim, Nam et al. 2016). In
this study, the difference between IVUS and OCT measurements of lumen
diameter was 0.21 mm; 95 % CI: 0.13 —0.31; p <0.001, whereas the difference
in the lumen area measurements was 0.74 mm?; 95 % CI: 0.45 — 1.02; p < 0.001.
The differences observed in previous studies between the IVUS and QCA
diameter measurements ranged from 0.27 mm to 0.50 mm (Hoffmann, Mintz
etal. 1997, Kubo, Akasaka et al. 2013, Kim, Nam et al. 2016), whereas in this
study the difference was 0.48 mm; 95 % CI: 0.42 — 0.54; p < 0.001.

Such a measurement mismatch can be explained both by the specifics of
the measurement techniques and by the diversity and limitations of the
techniques themselves. The IVUS and OCT catheters differ in size, design, and
physical characteristics affecting the geometrical position of the catheter within
the artery. If the catheter is positioned eccentrically instead of coaxially and
centrally, the cross-sectional image obtained is not perpendicular to the
longitudinal axis of the artery, which can increase the cross-sectional area by up
to 15 % (Chae, Brisken et al. 1992). There is also a difference in the image
acquisition rate: 0.5 mm/s for IVUS and 20 mm/s for OCT, respectively, so the
cross-sectional images obtained are not identical. In addition, globally accepted
imaging standards require cross-sectional images to be measured at definite
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intervals to reduce the time for analysis (Mintz, Nissen et al. 2001). In this study,
IVUS images were analyzed every 0.5 mm, but OCT images were analysed every
0.6 mm. Due to the slower pullback rate of the IVUS catheter, it takes 30—
50 seconds to acquire a single IVUS image series over multiple cardiac
contractions, while the artery size in systole and diastole varies by as much as
12 % (Tsutsui, Schoenhagen et al. 2003). IVUS images are acquired in
a relatively natural environment with blood flowing through the arteries. As
aresult, IVUS measurements are affected by blood flow velocity and body
temperature, while during OCT image acquisition a room temperature contrast
agent with a certain flow velocity is injected into the arterial lumen. Therefore,
a vasoconstrictive effect to the contrast agent injected during OCT measurements
may not be excluded. Indirectly this is corroborated by studies that show the
differences between the techniques prior to intervention to be more pronounced
than after stent implantation, when the stent strut limits the potential for
vasoconstriction (Okamura, Onuma et al. 2011). The techniques also vary by
resolution capacity. Due to its higher resolution, OCT allows for better
identification of the boundary between the lumen and the artery wall,
intraluminal structures such as tissue prolapse, and thrombi resulting in smaller
values of lumen dimension measurements (Koskinas, Ughi et al. 2016).

The difference in the measurements might play a role in guiding
interventions, as diameter measurements directly affect the choice of the balloon
and stent sizes. In the ADAPT-DES trial, when IVUS and angiography guided
PCIs were compared, not only were stent or balloon diameters statistically
significantly larger in the IVUS arm, but also the risk of adverse cardiovascular
events, myocardial infarction, and stent thrombosis was higher in the non-IVUS
arm (Witzenbichler, Maehara et al. 2014). Another study not only used larger
diameter stents for IVUS guided PCIs in LM lesions, but also showed lower
mortality compared to angiography guided PCIs (de la Torre Hernandez, Baz
Alonso et al. 2014). Alternatively, a small but statistically significant difference
in stent diameter (2.92 £ 0.39 mm OCT vs. 2.99 + 0.39 mm IVUS, p = 0,005)
was noted when comparing OCT and IVUS guided PCIs in the Japanese
OPINION study. However, eight-months clinical outcomes, including the
incidence of binary restenosis and target artery failure (cardiac death, myocardial
infarction in the target artery, target vessel revascularization due to ischemia),
were similar in both groups (Kubo, Shinke et al. 2017). It should also be noted
that there are different approaches for selecting the stent diameter: it could be the
smallest lumen diameter of the reference segment (the smallest measurement),
the average lumen diameter of the reference segment, the largest lumen diameter
of the reference segment, the smaller outer elastic membrane diameter of the
reference segment, or the media to media principle instead of the minimum
lumen diameter (the largest measurement) (Raber, Mintz et al. 2018). Due to the
high penetration ability of OCT, the principle of from media to media is
practically not applicable during an OCT examination. In this study, the mean
lumen diameter of the reference segment was 3.2 mm [IQR = 2.8 — 3.5] and the
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EEM diameter was 4.2 mm [IQR = 3.7 — 4.5], and the difference between the
two parameters was statistically significant (»p <0.001; » = 0.62). For this reason,
it is recommended to select a stent diameter that is by up to 0.25 mm larger than
the lumen diameter in the distal reference segment and by 0.25 mm smaller than
the external elastic membrane diameter in the reference segment (Kubo, Shinke
et al. 2017).

The novelty of this thesis lies in the use of five imaging techniques —
QCA, IVUS, OCT, iMAP, and VH-IVUS - for describing plaque morphology.
In about half of the cases, the coronary lesions consisted of fibrous tissue that
could not be identified with the QCA. There was medium internal agreement
between identification of the fibrous plaque both by IVUS and OCT (ICC = 0.67,
95% CI1 0.45 — 0.80; p < 0.001) and by iMAP and VH-IVUS (ICC = 0.60; 95%
CI10.27 - 0.78; p=0.002). We paid particular attention to the assessment of the
calcified plaque. It is important to identify calcification in clinical practice
because high calcification affects stent expansion, and incomplete stent
expansion is associated with adverse events such as restenosis and stent
thrombosis (Mintz 2014). In this study, there were statistically significant
differences (p < 0.001, I = 92.3 %) in the calcified plaque identification rate
between all the five imaging techniques. At least one calcified plaque was
observed in all patients in the iMAP and VH analyses, and it was visually
identified by OCT and IVUS in 88.1 % and 84.1 % of the patients, respectively,
and angiographically in 55.7 % of the patients. Similarly, in the Mintz GS et al.
analysis of 1155 lesions, angiography identified calcifications in as few as 38 %
of the cases, while on IVUS the identification rate increased to 73 % (Mintz,
Popma et al. 1995). In another study, an analysis of 440 lesions identified
calcifications angiographically in 40.2 %, by IVUS in 82.7 %, and by OCT in
76.8 % of the cases, respectively (Wang, Matsumura et al. 2017). There were
statistically significant differences in assessment of the proportion of plaque in
the order: iMAP < IVUS < OCT < VH-IVUS (Friedman’s test ¥(3) = 59.36;
p <0.001; Kendall's W = 0.48). There was good internal agreement between
IVUS and OCT (ICC =0.91; 95 % CI 0.84 — 0.94; p < 0.001), while no internal
agreement in the identification of calcified plaque was observed between the
iIMAP and VH-IVUS techniques (ICC = 0.67; 95% CI 0.45 — 0.80; p < 0.189).
The quantitative differences are associated with differences in the use of energy
for image acquisition and the plaque color code classification in IVUS
radiofrequency examinations. Calcification is a strong ultrasound reflector, so in
the IVUS image, calcifications are visualized as hyperechogenic areas with an
acoustic shadow, which does not allow to evaluate artery structures. The tissues
behind the calcification are coded by VH-IVUS as fibrous while iMAP codes
them as necrotic, and during quantitative analysis they remain masked, which is
why the percentage of calcification measured by iMAP is smallest compared to
other imaging techniques (Garcia-Garcia, Gogas et al. 2011, Pu, Mintz et al.
2012). Light penetrates calcifications much deeper than ultrasound, so OCT
visualizes calcifications as low-intensity signal regions with well delimited areas,
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which explains a larger quantitative plaque measurement compared to IVUS.
Better light penetration also allows assessment of the calcified plaque by
thickness, area, volume, angle of the arch and distance from the lumen (Mintz
2015).

The European Society of Cardiology Guidelines on myocardial
revascularization (Neumann, Sousa-Uva et al. 2019) recommend calcified
plaque modification with cutting or scoring balloons, rotablators to adequately
dilate the artery prior to stent implantation, despite the limited scientific basis for
clinical effectiveness of these techniques (Abdel-Wahab, Richardt et al. 2013).
In our study, 57.1 % of the patients underwent atherosclerotic plaque
modification prior to stent implantation in the main branch. There is limited data
in the literature to explain the mechanisms of plaque modification. In a study
conducted in Japan, the use of a cutting balloon compared to other modifying
balloons was associated with a higher acute gain in the minimum lumen diameter
and area, as well as a higher stent symmetry index (Matsukawa, Kozai et al.
2019). Also, in a study conducted in China, despite the similarity of the
calcifications in both study arms, the use of a cutting balloon in combination with
rotational atherectomy improved the acute gain in stent area, reducing the risk of
restenosis and adverse cardiac events compared to rotational atherectomy alone
prior to stent implantation (Li, He et al. 2016). In the present study, the difference
in acute lumen gain was not statistically significant depending on whether plaque
modification was performed or not and which type of balloon was used. An
explanation might be that in the present study the plaque in the subgroup with
plaque modification was classified as calcified 7.93 times more frequently on
IVUS and 10.96 times more frequently on OCT. Also, the proportion of the
calcified plaque in the OCT quadrants was higher in the plaque modification
group (10.2 [IQR = 6.5 — 26.8] with modification vs. 4.0 [IQR = 0.4 — 11.8]
without modification; p = 0.001. Optical coherence tomography was repeatedly
performed after modification of the atherosclerotic plaque to see if the calcified
plaque had been modified and if a controlled fracture in the plaque could be
visualized. Partial or complete plaque modification or fractures were found in
42.4 % of the cases. In one retrospective observation study in Japan, fractures
in calcified plaques without specifying them as complet or partial were observed
in 48 % of the patients, but unlike in the present study, calcified plaque
evaluation was performed after and not before stent implantation, which may
have increased the incidence of fractures (Kubo, Shimamura et al. 2015). The
factors that contribute to successful plaque modification have not yet been
described in literature. We found that statistically significant predictors of
calcified plaque modification were the use of a cutting balloon compared to a
scoring balloon, a smaller diameter of the modifying balloon, a higher proportion
of calcifications measured by OCT, IVUS and iMAP, as well as a smaller
distance from the lumen surface to the calcification.

Although depending on the use of IVUS or OCT there were some
differences in the quantitative and morphological information regarding the
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atherosclerotic plaque prior to the intervention, the information provided by both
methods may be considered complementary in planning and guiding
percutaneous coronary intervention, while coronary angiography, especially in
complex lesions such as bifurcation lesions, is associated with a significant
deviance from IVUS as the reference method. Because OCT does not always
provide complete information for all arterial layers, when measurements are
taken with OCT the selected balloon and stent sizes should be up to 0.25 mm
larger than the measured reference diameter. For diffuse lesions, therefore, pre-
intervention IVUS measurements should be preferred to assess both lumen and
arterial (EEM) dimensions in the reference area. Since calcification
measurements showed good agreement between IVUS and OCT and both
techniques were predictive of plaque modification, the study leads to conclude
that both IVUS and OCT can be used prior to intervention. Since there is more
experience with IVUS measurements at the Latvian Cardiology Centre, and they
provide additional information regarding the deeper artery layers, IVUS is going
to be our “method of choice” in daily practice prior to the intervention.

2.2 Optimization of percutaneous coronary intervention

Intravascular imaging techniques can be used to evaluate the immediate
outcome of percutaneous coronary intervention and optimize it as required.
Incomplete stent expansion is a key determinant of the revascularization
outcome. The objective of this study was to evaluate the incidence of incomplete
stent expansion in bifurcation lesions and the factors that predict it. The absolute
incidence of incomplete stent expansions in this study ranged from 19.0 % by
OCT criteria to 45.6 % by IVUS criteria. These data are consistent with
previously published reports. In studies comparing angiography guided and
IVUS guided percutaneous coronary interventions in a range of lesions, optimal
criteria for stent implantation were not met in 4.6 % to 56.5 % of patients(Russo,
Silva et al. 2009, Chieffo, Latib et al. 2013, Hong, Kim et al. 2015, Kim, Shin et
al. 2015). Literature has limited information on incomplete stent expansion in
studies of bifurcation lesions. Kang J. S. et al. observed incomplete stent
expansion in the left main measured by IVUS in 33.8 % of the patients, including
54 % after implantation of two stents and 27 % after implantation of a single
stent, with incomplete stent implantation being an independent risk factor for
adverse cardiovascular events (HR 5.56; 95% CI 1.99 — 15.49; p < 0.001)(Kang,
Ahn et al. 2011). In an Italian study, any type of incomplete stent expansion in
an OCT guided intervention was observed in 38.2% across a range of
bifurcations (Burzotta, Talarico et al. 2014). Bifurcation lesions are
characterized by differences in artery size before and after ostium of the side
branch, so stent expansion should be evaluated in the proximal segment, in the
bifurcation itself, and in the distal segment. In this study, incomplete relative
stent expansion with statistical significance was more frequently observed in the
proximal section, while the criteria for optimal stent expansion by minimal stent

&9



area were most frequently met in the proximal section, which is consistent with
previously published reports (Nakamura, Attizzani et al. 2017).

In this study, in a single factor logistic regression, predictors of
incomplete stent expansion were female sex, as well as absence of smoking.
When stratified by gender, the association between smoking status and
incomplete stent expansion did not anymore appear statistically significant
(x*(1) = 1.02; p = 0.313). From the procedural parameters, incomplete stent
expansion was predicted by a smaller diameter of the modifying balloon, stent
and postdilatation balloon, and a longer stent. From the intravascular imaging
technique parameters, the smaller minimum lumen diameter, lumen area and
their acute gain, as well as the mean reference diameter on IVUS and on OCT,
and the larger mean calcification proportion determined by iMAP were
statistically significant. By applying multivariate logistic regression, we found
that incomplete absolute stent expansion was best predicted by models that
included stent length, the acute gain of the IVUS and OCT measured minimum
lumen area, and the calcification proportion determined by iMAP or OCT. Also,
data from literature suggest that calcification parameters such as a calcification
angle > 180 degrees and calcified plaque thickness > 0.5 mm are associated with
a smaller stent diameter and a higher risk of incomplete stent expansion
(Hoffmann, Mintz et al. 1998, Fujino, Mintz et al. 2018, Raber, Mintz et al.
2018). As regards calcification parameters, in this study a larger proportion of
calcification was predictive of incomplete stent expansion, while a distance of <
0.24 mm between the calcification and the lumen surface was predictive of
complete or partial plaque modification, or a cut in the plaque. Plaque
modification in itself, however, did not predict better stent expansion. This is
contradictory to an observation made in Japan where patients with calcium
fractures had a stent expansion index that was statistically significantly higher
than patients without calcium fractures (Kubo, Shimamura et al. 2015). The
difference can be explained by the fact that we evaluated plaque fractures only
in the subgroup of patients who underwent plaque modification (100 %),
whereas in the study by Kubo et al., the frequency of cutting balloon angioplasty
or rotational atherectomy before stent implantation was 24 % in the group with
calcium fracture and 3 % in the group without calcium fracture.

Studies have shown that incomplete stent expansion is associated with
adverse stent implantation outcomes, including early stent thrombosis and in-
stent restenosis(Fujii, Carlier et al. 2005, Hong, Mintz et al. 2006, Song, Kang et
al. 2018, Takagi, Nagoshi et al. 2021). In the present study, we also observed a
trend towards a higher incidence of MACE in patients with incomplete stent
expansion compared to patients with optimal stent expansion 5 (16.1 %) vs
2 (2.7 %); p = 0.085; Phi = 0.24. The lack of a statistically significant difference
may be attributed to the small number of patients and the relatively small number
of adverse cardiovascular events in our study population.

It can generally be stated that the information provided by both the IVUS
and the OCT technique is sufficient for the evaluation and optimization of the
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immediate outcome of percutaneous coronary intervention. In addition to IVUS,
OCT parameters were also predictive of incomplete stent expansion as defined
by IVUS.

2.3 Late responses after stent implantation

The objective of this study was also to evaluate late response to stent
implantation by identifying the advantages and disadvantages of various imaging
techniques in the evaluation of neointimal proliferation and restenosis as well as
stent endothelialization. When analyzing whether any of the QCA parameters
were related to the IVUS based neointimal parameters, we found that there was
poor correlation between the IVUS based neointimal volume obstruction and the
percentage of diameter stenosis measured by QCA (r, = 0.31; 95 % CI: 0.18 —
0.42; p <0.001), while in the bare metal stent group the correlation was moderate
(rs = 0.44; 95% CI: 0.23, 0.62; p < 0.001). The TAXUS 1V, V and VI meta-
analysis showed that the correlation between the two parameters was moderate
and also stronger in the bare metal stent group (r, = 0.56; p < 0.001) (Escolar,
Mintz et al. 2007). The minor differences can be explained by the fact that
oppositely to the meta-analysis, 25.5 % of our cases were implanted with the
most recent generation stent, which is why IVUS resolution may not capture
neointimal coverage in the early stage. In addition, only patients with
complicated coronary lesions were included in this study.

Incomplete endothelialization of the stent at a stent strut coverage of 0 pm
is well known to be associated with a risk of stent thrombosis and target lesion
revascularization (Otsuka, Vorpahl et al. 2014, Taniwaki, Radu et al. 2016). OCT
analysis traditionally includes stent analysis at strut level, while the standard
IVUS protocols do not include it. In this study, as stent endothelialization was
assessed, uncovered stent struts were more likely to be identified on IVUS than
on OCT during the follow-up period: 9.7 % [IQR = 4.7 — 16.9], (min — max: 0.2
—37.4) vs. 4.2 % [IQR = 0.7 — 8.0]; (min — max: 0.0 —47.5); p =0.021; r=0.23,
respectively. These differences are explained by the different resolutions of
IVUS and OCT (Koskinas, Ughi et al. 2016). In the ODESSA study, where
intima was not observed on IVUS, strut analysis on OCT found strut coverage of
67 % to 100 % of the IVUS negative stents (Bezerra, Costa et al. 2009). Coronary
angiography does not provide information on strut coverage.

This study confirms that quantitative coronary angiography is not
sufficiently effective for assessment of late vascular response after stent
implantation compared to intravascular imaging techniques. At the same time,
OCT is superior to IVUS in the evaluation of stent strut coverage and should be
the method of choice for long-term follow-up of patients after stent implantation.
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2.4 Functional assessment of the left main

In the analysis of coronary artery lesions, it is important to pay attention
not only to their morphological and anatomical features but also to the functional
significance of the stenoses. The superiority of FFRcr over standard CT
angiography in the identification of flow-limiting stenoses has been
demonstrated in several prospective studies (Koo, Erglis etal. 2011, Min, Leipsic
et al. 2012, Norgaard, Leipsic et al. 2014). According to latest FFRcr guidelines
for high-risk anatomy, such as the left main, invasive angiography is
recommended (Norgaard, Fairbairn et al. 2019), so we set our goal to clarify the
role of FFRcr in the diagnosis of ischemia in lesions of the common trunk of the
left coronary artery. FFRcr showed higher diagnostic accuracy compared to CT
angiography alone, identifying ischemia-causing bifurcation lesions of the left
coronary artery with invasive FFR as the reference.

Although the use of FFRcr in lesions of the left main has not been
described in the literature so far, the results of our study indicate that these lesions
are also suitable for FFRcr analysis.

2.5 Potential disadvantages of the study

As the design of the study was based on longitudinal, retrospective, and
cross-sectional observations, the patients were not randomised and there was no
control arm for the study. The study was performed at a single site, therefore bias
in patient selection may not be excluded. In the percutaneous coronary
intervention guidance study of bifurcation lesions, patients had to be examined
with 5 imaging techniques, and due to the complicated design of the procedure
we were not able to obtain all data for all patients, which may have resulted in
an insufficient number of cases.
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3 Main conclusions

Prior to the intervention, quantification of atherosclerotic lesions
resulted in statistically significant differences in lumen dimensions in
the following order: QCA < OCT < IVUS (reference). The mean
difference between the IVUS and QCA measured lumen diameters was
0.48 mm, 95 % CI: 0.42 — 0.54; p <0.001, while between the IVUS and
OCT measured lumen diameters the difference was 0.21 mm; 95 % CI:
0.14 — 0.28; p < 0.001; there was a statistically significant correlation
between the techniques as well as good and statistically significant
agreement. Unlike IVUS, the QCA and OCT techniques were unable to
assess the dimensions of the external elastic membrane of the artery.
When plaque morphology was analysed prior to the intervention, QCA
showed the lowest calcified plaque identification rate compared to other
imaging techniques (OCT, IVUS, iMAP, and VH-IVUS). There was
good internal agreement between IVUS and OCT in the identification
of calcified plaque morphology; however, there was a statistically
significant difference in the proportion of identified calcified plaques,
the order being: IMAP <IVUS < OCT < VH-IVUS.

Successful plaque modification in single-factor logistic regression
analysis was predicted by a higher proportion of calcified plaque
measured by IVUS, iMAP, and OCT and the smaller distance of the
calcification from the lumen on OCT. Plaque modification was also
predicted by the use of a cutting balloon compared to a scoring balloon,
as well as by a shorter balloon for plaque modification.

Incomplete absolute stent expansion in multivariate logistic regression
analysis was predicted by stent length, the IVUS and OCT measured
acute gain in minimum lumen area, and the calcification proportion
measured by iMAP or OCT.

There was poor correlation between QCA two-dimensional and IVUS
measured neointimal volume obstruction when assessing late response
after stent implantation. Uncovered stent struts were more frequently
identified with OCT than with IVUS in the evaluation of stent
endothelialization during the follow-up period.

FFRcr showed higher diagnostic accuracy compared to CT angiography
alone, identifying ischemia-causing bifurcation lesions of the left
coronary artery with invasive FFR as the reference.
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4 Practical application of the thesis

The study has contributed to increased use of invasive imaging
techniques and functional evaluation for optimizing the effectiveness of
percutaneous coronary intervention at our centre.

The practical implementation of the study at the Latvian Centre of
Cardiology of Pauls Stradins Clinical University Hospital has
established the basis for a new method in diagnosing and treating
coronary artery disease, i.e., the iPSPi strategy (the abbreviation
standing for i: imaging — imaging for lesion evaluation,
P: predilatation — plaque modification, S: newest generation stent
implantation, P: postdilatation, i: imaging — imaging for the evaluation
of optimal stent implantation).

A new non-invasive diagnostic method has been introduced at the
Latvian Cardiology Centre of Pauls Stradins Clinical University
Hospital, and its role will be further investigated in patients with
suspected coronary artery disease.
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