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Inrracoronary (1C) imaging-guided percuraneous coronary intervenrion (PCT) improves clinical ourcomes in parienrs
with high clinical and anatomical risk when compared to interventions guided by angiography alone. Recent Class 1
recommendations for the use of IC imaging guidance when performing PCI in left main stem or complex lesions may
resulr in a significant uprake as the rechnology is embraced as standard of care. Routine application of 1C imaging
will provide interventional cardiologists with a wealth of high-fidelity inrracoronary dara on plaque composirion
and distriburion. When paired with emerging dara regarding the imporrance of plaque anaromical characterisrics,
developments in artificial intelligence and compuradonal fluid dynamics, lesion stratification with IC imaging may
herald rhe nexy paradigm shift in this field. In this review, we will explore this important emerging applicarion
of 1C imaging to inform morphology-guided PCI, identify high-risk lesions for targeted therapies, and consider
the prospects of harnessing auromared image interpretation with amificial inrelligence technologies o achieve an
integrated physiological and morphaological assessment. Lesion strarification with IC imaging has the porential 1o
shape the furure of interventional cardiology pracrice to guide therapies within and beyond the confines of rhe
cardiac cathererization laboratory.
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Contexto HCI

* A utilizacao global da imagem intracoronaria ainda € baixa, com
grande variacao entre paises:
* Japao: ~“85% das ICPs guiadas por imagem.
e Estados Unidos: apenas 15-20% das ICPs.

* Principais barreiras para adocao:
* Custo e reembolso.
* Maior tempo de procedimento.
* Necessidade de experiéncia para interpretacao das imagens.

Diretrizes atuais: recomendacao Classe I, Nivel A para uso de imagem
intracoronaria em angioplastias complexas e tronco de coronaria
esquerda.



Beneficios da imagem intracoronaria

* Selecao adequada do diametro e comprimento do stent.
 Definicao precisa das zonas de aterrissagem (landing zones).
* Otimizacao do implante do stent.

* |dentificacao precoce de complicacoes relevantes:
* Ma aposicao das hastes do stent.
e Subexpansao do stent.
* Disseccao das bordas.
e Cobertura inadequada da lesao.



Evidéncias dos estudos randomizados HCI

! Falha do vaso-alvo

! IAM relacionado ao vaso
! Revascularizacdes futuras
! Morte cardiaca

= CTO-IVUS (2015)

= |VUS-XPL (2015)

= ULTIMATE (2018)

= RENOVATE-COMPLEX PCI (2023)
= OCTOBER (2023)

= |LUMIEN IV (2023)

= |VUS-ACS (2024)

= OCCUPI (2024)



Table 1. Randomised controlled trials comparing clinical outcomes following PCI guided by intracoronary imaging versus angiography guidance.
Enrolled, n

IC imaging
modality

Follow-up,

ionttis Lesion complexity

Trial (Randomisation
ratio)
CTO-IVUS 402
(2015) (1:1)
IVUS-XPL 14
(2015)¢ (1:1)
ULTIMATE 1,448
(2018)° (1:1)
RENOVATE-
COMPLEX-PCI i
(2023)1° ’
OCTOBER 1,201
(2023)" (1:1)
ILUMIEN IV 2,487
(2023) (1:1)
IVUS-ACS 3,505
(2024)" (1:1)
0CCUPI 1,604
(2024) (1:1)

IVUS vs angio

IVUS vs angio

IVUS vs angio

0CT or IVUS vs
angio

0CT vs angio

0CT vs angio

IVUS vs angio

0CT vs angio

12

12

12

24

24

24

12

12

Chronic total occlusion

Long lesions 228 mm

All-comers
8.9% CT0
12.6% unprotected left main
34.2% any bifurcation
Avg. stent length ~48 mm
24.8% moderate to severe Ca%*

Complex lesions
19.5% CT0
11.7% unprotected left main
21.9% true bifurcation
54.8% long lesion (=38 mm)
37.9 % multivessel PCI
14.1% severe Ca**

True bifurcations with SB diameter >2.5 mm
18.9% LMS
70.5% LAD/D1

Complex lesions and/or T2DM
7.0% CTO0
3.4% two-stent bifurcation
67.6% long lesion (=28 mm)
11.5% severe Ca?*
5.5% STEMI culprit
24.1% non-STEMI culprit
Acute coronary syndromes
27.6% STEMI
4.3% unprotected left main
15.2% true bifurcation
72.5% long lesion (=30 mm)
7.6% moderate to severe Ca’*

Complex lesions
7.2% CT0
20.4% acute myocardial infarction
14.3% unprotected left main
23.8% true bifurcation
71.8% long lesion (>28 mm)
9.3% severe Ca’*
8.1% intracoronary thrombus
10.7% in-stent restenosis

Composite of cardiac death,

TLMI or ischaemia-driven TLR

Composite of cardiac death,

TLMI or ischaemia-driven TLR

Composite of cardiac death,
TVMI or clinically indicated
TR

Composite of cardiac death,
TVMI or clinically indicated
TR

Composite of cardiac death,

TLMI or ischaemia-driven TLR

Composite of cardiac death,

TVMI or ischaemia-driven TVR

Composite of cardiac death,
TVMI or clinically indicated
TR

Composite of cardiac death,
MI, stent thrombosis, or
ischaemia-driven TLR

5(2.6%) vs 14 (7.1%)
HR 0,35, 95% Cl: 0.13-0.97;
p=0.03
.9%) vs 39 (5.8%)
HR 0.48.95% Cl: 0.28-0.83;

£

0.007

p

21(2.9%) vs 39 (5.4%)
R0.53,95% Cl: 0.31-0.90;
p=0.02)

76 (7.7%) vs 60 (12.3%)
HR 0,64, 95% Cl: 0.45-0.81;
p=0.00

E

59 (10.1%) vs 83 (14.1%)
0.70.95% Cl: 0.50-0.98;
p=0.035

88 (7.4%) vs 99 (8.2%)
(HR 0.90, 95% Cl: 0.67-1.19;
p=0.45)

70 (4.0%) vs 128 (7.3%)
IS% Cl: 0.41-0.74;

E

p=0.0001)

37 (4.6%) vs 59 (7.4%)

HR 0,62, 95% Cl: 0.41-0.93;
p=0.023

Primary outcome was cardiac death; 0 in IVUS
group vs 2 in angio-only group
Korea only

94.5% follow-up at 12 months
Korea only

Minimum operator volume: 200 PCI/yr
China only

Korea only

Europe only
15.3% IVUS use in the angiography arm

18 countries in Europe, North America, Asia &
Oceania

Co-primary endpoint of final MSA was
5.72+2.04 mm? vs 5.36+1.87 mm? (p<0.0001)

China (52 centres), Pakistan (2), UK (1), Italy (1)
Minimum of 1,000 PCI per site* & 200 PCI per
operator

Patients underwent a second randomisation to
DAPT vs ticagrelor monotherapy

Korea only

Initial 2x2 factorial analysis with assessment of
3-month DAPT vs 12-month DAPT abandoned due
to concern about the lack of equipoise in this
cohort

*Except for the UK site. Ca?*: calcification; Cl: confidence interval; CTO: chronic total occlusion; D1: first diagonal branch; DAPT: dual antiplatelet therapy; HR: hazard ratio; IC: intracoronary; IVUS: intravascular
ultrasound; LAD: left anterior descending artery; LMS: left main stem; MI: myocardial infarction; MSA: minimum stent area; OCT: optical coherence tomography; PCI: percutaneous coronary intervention; SB: side
branch; STEMI: ST-segment elevation myocardial infarction; T2DM: Type 2 diabetes mellitus; TLMI: target lesion myocardial infarction; TLR: target lesion revascularisation; TVMI: target vessel myocardial infarction;
TVR: target vessel revascularisation
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Caracterizacao da lesao e planejamento da ICP HCI

* Imagem intracoronaria permite caracterizacao morfologica da placa in
VIVO.

Principais tipos de placa:
* Rica em lipidios: grande nucleo lipidico; conteudo necrotico;
inflamacao; maior fragilidade. SCA.

* Fibrosa: aspecto homogéneo; elevada resisténcia mecanica; menor
risco de ruptura. Estavel.

* Calcificada: calcificacao em placas ("sheet calcium"); nédulos
calcificados; calcificacoes profundas; calcificacdes superficiais.



LesOes calcificadas HCI

* Presentes em aproximadamente 20% das ICPs.
* Associadas a piores desfechos clinicos.

A calcificacao pode dificultar a passagem de dispositivos; limitar a
expansao do balao; restringir a expansao do stent.

Imagem intracoronaria
* Detecta calcio com alta sensibilidade e especificidade.

e Avalia: arco de calcio; espessura/profundidade; comprimento;
morfologia.

—> Predizer risco de subexpansao do stent e ajudar a indicar técnicas
avancadas de modificacao do calcio.



LesOes calcificadas

Supplementary Table 1. Intracoronary imaging calcium scoring systems.

Classification Modality Calcium Are Calcium Calcium Length Calcified Total Score
thickness Nodule

Fujino A et al. OCT =180°: 2 points >0.5 mm: | point =5 mm: | point 4

Zhang M et al. IVUSs =2707: 1 point Present: | point Present: | point 2

Sato et al. OCT 360°: | point =0.3mm: |point Arc >270° for >3Imm: 3

| point

IVUS: Infravascular wlirasownd; OCT Optical colberence iomagraply
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Nodulos calcificados, placas lipidicas e falhado €<
stent

Ndédulos calcificados

PCN (Protruding Calcified
Nodule)

superficie lisa
endotélio integro

ECN (Eruptive Calcified
Nodule)

superficie irregular
ruptura endotelial
depodsito de fibrina

maior taxa de falha do vaso
tratado

Placas ricas em lipidios

Detectadas por:

OCT

NIRS

Associadas a:
slow-flow/no-reflow;
|AM periprocedimento.

A imagem pode favorecer:

ré-tratamento
armacologico;

implante direto do stent.

HCI

Falha do stent

IVUS

melhor para quantificar
subexpansao.

OCT

diferencia trombo x
hiperplasia neointimal;

avalia endotélio sobre as
hastes;

identifica fratura do stent;

diferencia hiperplasia
neointimal de
neoaterosclerose.



Chronic
coronary
syndrome -
low risk

Chronic
coronary
syndrome -
high risk

Acute
coronary
syndrome

Central illustration
Lesion characteristics stratified according to associated clinical risk and syndrome.

Normal

o Trilaminar appearance of
intima-media-adventitia
(bright-dark-bright)

o |ntimal thickness <300 pm

Fibrous plaque

* Bright & homogenous
appearance

o |ntimal thickness >600 ym

'Soft' plague (IVUS)

* Low echogenicity relative to
sumounding adventitia

© Evidence of lipid deposition,
prior to development of
necrotic core

Fibrocalcific plaque
— sheet calcium
o Vell-demarcated,
heterogeneous, signal-poor
regions

o Sheets usually extend >5 mm
with a max. arc >90°

Fibrocalcific plaque
— protruding nodule
o Well-demarcated, dome-like

protrusioninto lumen

 Smooth & intact fibrous cap,
with fibrocalcific plague
adjacent

Thin-cap
fibroatheroma
o Lipid arc >90-180°
* Capthickness <65-80 ym

* Macrophage clusters may be
visible

Thin-cap
fibroatheroma
(RF-IVUS)
 >10% confluent necrotic core

* Necrotic core abutting lumen
>10% circumference

Lipid-rich plaque
(NIRS-IVUS)

 Maximum 4 mm lipid core
burden index of >250-350

Macrophage
infiltration
* Appears as bright spots, that
may be distinct, or form
confluent arcs

© May be seen at boundary
between cap & lipid core

Layered plaque

* One or more layers with
different optical densities

* Clear demarcation of layers
from underlying components

Plaque rupture

o Disruption of fibrous cap &

hollow cavity seen during
contrast injection

 Qverlying orattached

thrombus (common)

Plaque erosion —
definite

o Thrombus attached to
endothelium overl 'nF an
intact & visualised plaque

* Endothelial denudation not
visible

Eruptive calcified
nodule
© Well-demarcated, irregular

protrusion into the lumen, with
adjacent fibrocalcific plaque

* Disruption of fibrous cap and
overlying thrombus

Intimal bumping in
vasospasm

 One ormore smooth
projections into the lumen

 Resolves with administration
of nitrates

Spontaneous coronary
artery dissection
© Separation of the intima and
media from the underlying
adventitia
* Depending on aeticlogy, the
inml layer may be |%1tact




LOW-RISK CCS

HIGH-RISK CCS

ACS

I I
| |
I I
I I
Fibrous [ Thin fibrous cap | /" Plaque rupture
I I
I |
I I

MORPHOLOGICAL
HARACTERISTI ‘ : ;
i L Sheet calcium High plaque burden Plague emsion
Small lipid core Large lipid core Eruptive nodules
Layered plaque White & red thrombi
M Fibrous plaque Thin fibrous cap | '
Lipid core (<B5 pm) ™~ i ‘ _-Rupture cavity

B Thrombus

I I

| I

| |

| |

I |

COMBINED ' '
FUNCTIONAL / OFR>080 I 0FR <0.75 i | X OFRAFR

ASSESSMENT / Diffuse disease I Focal disease I

Figure 1. Morphofunctional lesion stratification with Al-enabled intracoronary imaging. ACS: acute coronary syndrome:;
Al artificial intelligence; CCS: chronic coronary syndrome; OFR: optical coberence tomography-based fractional flow reserve;
VER: virtual flow reserve




®
Como a morfologia da placa muda a (s

estratégia da ICP HC]

* Placa calcificada - modificacao do calcio (litotripsia, aterectomia,
baldes especiais);

* Placa rica em lipidios - maior risco de slow/no-reflow

* [VUS/OCT no planejamento da ICP (comprimento da lesao, diametro
do vaso, landing zones e otimizacao do stent).



Sindrome coronariana aguda

OCT: método de escolha na SCA Exemplos de situagoes:

* Maior resolucao espacial que o  * Lesao culpada duvidosa apos
IVUS angiografia.

Permite identificar:  |JAM com coronarias nao
obstrutivas (MINOCA).

 Suspeita de vasoespasmo.

* Trombo branco x trombo * Suspeita de SCAD.

vermelho * Suspeita de etiologia embdlica ou
microvascular.

* Ruptura de placa
* Erosao de placa

* Nodulo calcificado eruptivo



Terapias guiadas pelo mecanismo de lesao

Estudo EROSION Estudo EROSION IlI
. 55 Pacien_tes com erosao de placa * 246 pacientes com STEMI.
(diagnostico por OCT)  Comparacdo: OCT guiando o

 Estratégia: tratamento tratamento X Angiografia
antitrombotico isolado. convencional.

* Sem implante rotineiro de stent. ¢ Resultados:

* Resultados: * Menor implante de stents:

e MACE: 7,5% em 1 ano. * 43,8% vs 58,8%

« Quase metade sem trombo * MACE semelhante em 1 ano.

residual no OCT de controle.



Placa vulneravel: devemos trata-
preventivamente?

1. Tratamento mecanico

* |CP preventiva guiada por imagem.
2. Terapias locais

e Drug-coated balloon (DCB).

* Crioterapia.

3. Tratamento farmacoldgico

* Estatinas de alta poténcia.

* Inibidores de PCSK9.

e Terapia anti-inflamatoria.

d



PREVENT

e Lesdoes moderadas.

 FFR >0,80.

* Placas de alto risco ao IVUS/OCT/NIRS.
Comparacao:

* ICP preventiva

* Tratamento clinico otimizado.
Resultados:

* U 3% no desfecho primario em 2 anos.

Principalmente:
* @ hospitalizacao por angina.
« U TVR.

TVR de apenas 1,7% em 4 anos (revascularizacao do vaso alvo)



RF-IVUS

ocT

NIRS-IVUS

ANGIOGRAPHIC &
FUNCTIONAL

PROSPECT ACS culprit lesion
A,,B_S{JBRZB * Plaque burden >65% 0 Q v <I0%stenusis
(2_02”) " Negative FFR/FR
PRE]V&T /' RF-IVUSTCFA /' Capthickness <65 ym ACS culprit esion
"u2) /' MLA<4.0 mn? & lipid arc >90° ~ maxLCBI, >315 ' 50-70% sterasis
" Plaque burden>70% 7 MLA <4.0 mm? " Negative FFR
DEBuTz-IdRP FES Tt
n= , culprit lesion
(2024) 0 0 AL Bl 303 /' Negative FFR
INTERCLIMA v/~ Cap thickness <75 pm
n~1,420 v/ MLA<3.5 mm? ACS culprit lesion
(Ongoing) "~ Lipid arc >180° 7 40-70% stenosis
" Macrophage clusters
COMBINE- v Cap thickness <75 ym i
INTERVENE " Plague rupture ~ AGSculprit lesion
; iy /" Multivessel disease
n~1,222 Plaque erosion with 7 S50% stenosis
(Ongoing) MLA <2.5 mm2or 70% AS °

Figure 2

Lesion stratification in clinical trials assessing device-based therapy for high-risk plaque.




»
O futuro: avaliacao morfofuncional e <)
inteligéncia artificial el

LimitagOes atuais da imagem intracoronaria:

* Interpretacao dependente da experiéncia do operador.
 Tempo necessario para analise.

 Variabilidade entre observadores.

Inteligéncia Artificial (I1A):
* Segmentacao automatica das imagens.
* Reconstrucao tridimensional do vaso.

* Medidas automaticas: luUmen; dimensoes arteriais, composicao da
placa.

* Integracao em softwares de IVUS e OCT.



O futuro: avaliacdo morfofuncional e <)
inteligéncia artificial

IA aplicada ao IVUS e OCT:

* Ja é capaz de identificar automaticamente:

calcio; tecido fibroso; nucleo lipidico;
espessura da capa fibrosa; arco lipidico;
cristais de colesterol; infiltracao por
macrofagos.

* Tempo de analise: =25 segundos

Sindrome coronaria aguda:

* A |IA pode auxiliar na identificacao de:
ruptura de placa; trombo luminal; erosao de
placa.



Perspectivas futuras HCI
Novos marcadores derivados da
imagem: e Lipid-to-Cap Ratio (LCR)
* OCT-derived maxLCBI4mm * Integra carga lipidica; espessura
 Quantifica conteldo lipidico. da capa fibrosa.
 Validado contra o NIRS-IVUS. e Associado ao OFR.

* maxLCBI4mm >400 .
* M morte cardiaca; * OFR baixo + LCR elevado

.« N IAM; * HR 15,19 para IAM relacionado ao
* TTVR. vaso e revascularizacao em 2
anos.



Perspectivas futuras HCI

Dispositivos multimodais e Theranostics

Novas tecnologias:

e Fotoacustica intravascular.

* Autofluorescéncia infravermelha.
* Near-Infrared Fluorescence (NIRF).

Theranostics:

* Mesmo cateter podera:
* identificar a placa vulneravel,
* liberar terapia local direcionada;
* acompanhar a resposta ao tratamento.



Take-home message HCI

1. A imagem intracoronadria ja é padrao na PCl complexa

Evidéncias robustas sustentam IVUS/OCT para otimizacdao da angioplastia.

2. A caracterizacao da placa amplia o papel da imagem

Além do lumen, permite avaliar composicao, estabilidade e mecanismo da doenca.
3. A placa vulneravel pode ser identificada

TCFA, conteudo lipidico, macrofagos, plaque burden e layered plaque estao
associados a maior risco de eventos.

4. O tratamento da placa vulneravel ainda esta em evolug¢ao

Estudos iniciais sao promissores, mas ainda nao justificam intervencao rotineira.
5. O futuro sera a integracao

Morfologia + fisiologia + inteligéncia artificial.
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