Ultrassom Intracoronario




Qual é o equipamento necessario?

e Cateter e transdutor: entre 2,6-3,5 F,
compativel com um cateter guia 6F.

* Dispositivo de recuo: o transdutor pode ser
avancado ou puxado manualmente.

A velocidade do recuo automatico varia entre
0,25-1,0 mm/s.

* Console: E composto por um hardware e
software para reconstrucao de imagens,
dispositivos de gravacao e um monitor.



Qual é a técnica de exame?

* Anticoagulacao com heparina intravenosa
(5000-10000 unidades), 100-300 pg de
nitroglicerina intracoronaria para dilatacao
maxima e prevenir espasmos.

* Fio-guia de 0,014 polegadas e colocado na
arteria alvo.

* Em seguida, o cateter de USIC é colocado
distal a area de interesse ou com seguranca o
mais distal possivel.



TRANSDUTOR
Pizoelétrico (elétrico<=>som)

**MECANICO - Unico elemento, rotatério (1800 rpm), 360° .
(Atlantis® - BOSTON™ - 40 MHz & Revolution® - VOLCANO™ - 45 MHz)
Short Monorail system. & 2,5-3,6 F

»ELETRONICO - Estado Solido, 64 transdutores acionados em sequéncia
(Eagle-Eye -VOLCANO™)-20 MHz

Monorail system. @ 3,6 F

MECANICO - BOSTON & VOLCANO

ELETRONICO - VOLCANO




Formacao da Imagem

A Imagem "Plana” é realmente conica (devido ao
angulo de colocagao do transdutor)

* 256 Pulsos / rotagdo
1 Pulso/1,4 GRAU
* Frame update rate = 30 / seg

500 a 600 imagens / cm arteria



MAIOR Frequéncia / + Resolucdo / - Penetracao
MENOR Frequéncia / - Resolucao / + Penetracao

Amplitude Alta Frequéncia

Tempo

Amplitude Baixa Frequéncia

Tempo




< 100 -> Nao identifica (FCF)
> 10 -> N3o visualiza




+ BRANCO / + REFLEXAO

CARACTERISTICA ECOGRAFICA

A intensidade do eco (reflexao) é que ira determinar a cor que a
célula vai ter: branco para um eco forte, preto para um muito fraco.

CALCIO

AN A A

Hiperecodico

ADVENTICIA
FIBROSE

Hipoecodico

Anecodico




COLAGENO determina REFRINGENCIA

+ Colageno / + Refringéncia / + Branca
- Coldgeno / - Refringéncia / + Escuro (Ecolucente)

Adventitia




3 camadas: Adventicia/Média/intima
+ Idade / + Intima

Morfologia da artéria coronaria normal

5 ANOS INTIMA 60pm
30 ANOS INTIMA 220pm
A 40 ANOS INTIMA >250pm







Avaliacdo QUALITATIVA (SUBJETIVA)
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HEMATOMA localiza entre Média e Adventicia
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PLACA localiza entre Intima e Média




Placa Lipidica e Fibrolipidica
Refringéncia Placa SEMELHANTE Sangue
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Lipidio sinal pobr
Imagem atenuadaT

Bordos borrados

Imagem hipoecoic
Lago lipidico




Placa Lipidica




Placa Fibrotica
Refringéncia Placa SEMELHANTE Adventicia




Placa FIBROTICA




Intensa Refringéncia com Posterior Auséncia de Som
Calcio 90°/180°/270°
+180°=>Calcificacdo Moderada Angiografia
Considerar ROTABLATOR

CALCIFICAGCAO 360°




TIPO implica no Preparo da Lesao
Preditor da Expansao do Stent
Trombose/Reestenose
SUPERFICIAL=>Balao NC/Scoring Balloon/Aterectomia Rotacional

Calcio

* O cadlcio é guantificado
através da medida do
seu arco

* O cdlcio é classificado
pela sua localizagdo na
placa:

« Superficial, quando
mais proximo da luz
que da adventicia

* Profundo, quando mais
proximo da adventicia
que da luz

Superfiial



ACIDENTES de Placa Aterosclerotica

Perda de Integridade da Membrana Elastica Interna




Placa com Disseccao




Hematoma apos Disseccao Coronaria Espontanea




DISSECCAO




Decomposicao da Imagem
Virtual Histology-Volcano/ iMap-Boston

Componentes da placa:

- Fibrotico

Fibro-lipidico

Calcio

B Nucleo Necrotico

Figura 1 - Reconsirugdo da imagem ullrassonografica pefa Hisfologia Virdual®, na qual os qualro componenfas da placa 530 caradlerizados pelas corss verde, verde
claro, vermetho e branco. A camada média (conforme visualizada ao wirassom infracorondno convencional) é identificads pela cor cinza. M = camada média




Sens 85%-95% Spec. 80%-90%

FIBROUS



Fibroateroma de Capa Fina (FACF)

VH Legend
1. Focal (adjacent to non-TCFA) meotA [V

2. Necrotic core 210% risrotic [UET

3. In direct contact with the lumen FeroFATTY |
DENSE CALCIUM -

4. Percent area obstruction 240%
NECROTIC CORE NC

*Per 3 consecutive frames with four characteristics
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Pathological intimal gy Fibroatheroma  Thin cap
thickening Fibro atheroma

()
\ N »&d &&:Ja':,.;;; f
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Avaliacao QUANTITATIVA

Area Vaso=Borda Externa Camada Média
Carga Placa=Placa+Camada Média




Avaliacio QUANTITATIVA

AREA LUMINAL = 2 mm 2

AREA TOTAL DO VASO (MEE) = 10 mm 2

ATV - 100% __ Atheroma area
AA —= X(CARGADE PLACA) | Prvo e e it

AREA DE ATEROMA = 8 mm?2




CP=((10,39-3,1)/10,39)x100=70%

2.15mm
3.59mm
40.08%

01/11/01 AREA LUM 10.39 mm?



MIN DIAMETRO LUMINAL

DIAMETRO MEDIA-MEDIA

INDICE DE ASSIMETRIA LUMINAL = MIN DIAMETRO LUMINAL
MAX DIAMETRO LUMINAL

1 CIRCULAR LUMEM
<1 LUMEM ELIPTICO




indice de Remodelamento

Area vaso local lesdo/ ((Area vaso proximal+Area vaso distal)/2)

The remodeling index is calculated as the EEM CSA at the MLA
divided by the average of the proximal and distal reference EEM CSA.

EEM CSA at Lesion site

(proximal reference EEM CSA + distal reference EEM CSA)/2

Positive remodeling Intermediate remodeling Negative remodeling

;‘3 K-IMAGING

L \; Karea Cardiovascular Interventional Imaging Fonam
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Remodeling Index 1.3
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Proximal're efénce 16.55 mm? Lesion site 20:86 mm?
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IVUS + penetragéo X OCT + resolucao
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Smallest reference EEL
Largest reference lumen
Mean reference lumen

Smallest reference lumen

EEL-to-EEL(lesion)
Smallest reference EEL
Mean mid-wall reference
Largest reference lumen
Mean reference lumen

Smallest referencelumen




Top 5s

INDICAGCOES MAIS EVIDENTES DE IVUS

Avaliacao de severidade da lesao do TCE
Angioplastia de TCE

Avaliacao de acidentes de placa/disseccao
espontanea

Complexidade Anatomica e Clinica

Avaliacdo de faléncia dos stents
(reestenose/trombose) - expansao




Area do USIC fidedigna para definicdo da gravidade
da lesao do tronco da coronaria esquerda

Correlations Between Fractional Flow Reserve and
Intravascular Ultrasound in Patients With an Ambiguous
Left Main Coronary Artery Stenosis

Venu Jasti, MD; Eugen lvan, MD: Venkata Yalamanchili, MD;
Nattawut Wongpraparut, MD: Massoud A. Leesar, MD
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Left Main less than 4.5mma2 is likely to
have a positive ischaemia test

Left Main greater than emma2 is likely
to have a negative ischaemia test

FFR has limitations in the left main

IFR may be superior but limited data




BAIXA correlacdo IVUS/FFR em vasos nao tronculares
MOTIVO: massa miocardica envolvida

Optimal Intravascular Ultrasound Critenia and Their
Accuracy for Defining the Functional Significance of
Intermediate Coronary Stenoses of Different Locations
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Correlation between FFR and IVUS lumen area in
intermediate coronary artery stenosis

IVUS and FFR -

|
. IVUS MLA
Reference Patients/ for FFR IVUS MLA

lesions <0.75 for FFR <0.8
Takagi* 42/51 <3 mm? N/A
Briguori® 43/53 <4 mm? N/A
Lee®* 94/94 <2 mm? N/A
Ben-Dor 84/92 \  <28mm? || <3.2mm?
Jasti™ 665 <5.9 mm? N/A
| *Small vessels with reference vessel dia-m m; *Left main

coronary stenosis; N/A: not available; IVUS: intravascular ultrasound;
MLA: minimal luminal area; FFR: fractional flow reserve

ltsik Ben-Dor, MD et al, Eurcintervention 2011;7:225-233



CORE LAB IVUS X ANGIOGRAFIA
LesOes Graves

11% Sim IVUS / Nao Angiografia

57% Nao IVUS / Sim Angiografia

Five studies have highlighted the inaccuracy
of angiography in the assessment of LMCA
disease

CASS Registry Studies
* Fisher et al. Cathet Cardiovasc Diagn 1982;8:565-75
« Cameron et al. Circulation 1983,68:484-489
Lindstaedt et al. Int J Cardiol 2007;120:254-61
* In 51 patients unanimous correct assessment of LM severity by 4

experienced interventional cardiologists was only 29%

Hamilos et al. Circulation 2009;120:1505-12

* In 209 patients two reviewers either (1) disagreed whether the LM was

significant (26%) or (2) agreed, but were wrong in their assessment
whan rnmnamd tn FER (9'%%\

Chakrabarti et al. Circ Cardiovasc Interv 2014;7:11-8
* 11.2% (17 out of 152) pts with “core laboratory” LM disease were listed as
normal in the NCDR, whereas 56.7% (177 out of 312) pts that were listed as
having LMCA disease in the NCDR had no LM lesion by core laboratory

analysis




Long-Term Outcomes of Coronary Stent Implantation

versus Bypass Surgery for the Treatment of Unprotected
Left Main Coronary Artery Disease

Revascularization for Unprotected Left MAIN Coronary Artery Stenosis:
COMparison of Percutaneous Coronary Angioplasty versus Surgical
REvascularization from Multi-Center Registry:

The MAIN-COMPARE Registry

Co-Principal Investigators:
Seung-Jung Park, MD, PhD, Ki-Bae Seung, MD, PhD
for the MAIN-COMPARE Study investigators




Criteria for stent underexpansion at the distal
LMCA bifurcation (n=403)

* MACE-free survival was
lower in pts with
underexpansion vs those
without underexpansion
(89.4% vs 98.1%)

TLR-free survival was lower
in pts with underexpansion

e LCX ostium  vs no underexpansion
. Ry AN (90.9% vs 98.5%).
LAD ostium /ey & : (¥liouan acufs
Yy malapposition was observec
' in 28 pts, malapposition was
not related to MACE at
follow-up.

Park. Circ Cardiov Interv. 2011 (4): 562-569.




Reducao de mortalidade nos pacientes tratados com SFs e
guiados por USIC (4,7% vs. 16%; log-rank p = 0,048).

All-cause mortality after LMCA DES
implantation: Impact of IVUS guidance

100~

Pe=aa,

90 -

HR=0.34, p=0.019

@
i

.

«
X
S
o
O
o
ke
o
£
=
e
3
S
g
S
Q

| | 1 ! 1 1 i

00 05 10 15 20 25 3.0
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Clinical Impact of Intravascular Ultrasound
Guidance in Drug-Eluting Stent
Implantation for Unprotected

Left Main Coronary Disease
Pooled Analysis at the Patient-Level of 4 Registries

Jose M. de la Torme Hemandez, MD, PHD," José A. Baz Alonso, MD,

Joan A, Gémez Hospital, MD, PuD,! Femando Alfonso Manterola, MD, PuD,
Tamara Garcia Camarero, MD,” Federico Gimeno de Carlos, MD, PrD),
Gerard Roura Ferrer, MD, " Angel Sanchez Recakde, MD,

Iigo Lozano Martinez-Luengas, MD, PHD,# Josep Gomez Lara, MD,

Felipe Hernandez Hernandez, MD,™ Maria J. Pérez-Vizcayno, MD,

Angel Cequier Fillar, MD, PuD, Armando Perez de Prado, MD,

Agustin Albarrin Gonzalez-Trevilla, MD,” Manuel F. Jimencz Navarro, MD, PuD,
Josepa Mauni Ferre, MD, ! Jose A. Fernandez Diaz, MD,

Eduardo Pinar Bermudez, MD, PuD, 9% Javier Zueco Gil, MD,

on behalf of the collaborative IVUS-TRONCO-ICP Spanish study

Santander, Vigo, Barcelona, Madrid, Valladohid, Ovieds, Leon, Malaga, Badalona, and Murcia, Spain

De la Torre Hernandez et al. JACC Intv 2014;7:244-254
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Avaliacdo de Acidentes de Placa/Disseccao Espontanea

-

Ramus to LMCA

LAD to LMCA




IVUS na Oclusao Cronica
Reducao de Mortalidade

Use of IVUS During PCI of CTO

Making sure that the guidewire is in the true lumen
distally — especially important with the antegrade
approach - as well as the course of the guidewire
through the CTO

Minimizing contrast injection
Avoiding complications

Stent optimization

Crossing a proximal fibrous cap




Randomized study of IVUS vs

Angiography-guided CTO Intervention
Primary endpoint (Cardiac death, Ml, TVR)

Anglography-guided group
Intention to Treat ~— [VUS-guided group Per Protocol

-
<

1 HR = 0.35 (95% Cl = 0.13-0.97) 4 HR = 0.26 (95% Cl = 0.08-0.71)
P =0.035 P = 0.005
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Kin''et-al. Circ Cardiovasc Interv.-2015;8:e002592




Prevencao de NIC em pacientes de Alto Risco
para Nefropatia

IVUS Guidance to Minimize the Use of lodine
Contrast in PCI

« MOZART - Mariani et al. JACC Cardiovasc Interv 2014:7:1287-93

o 83 pts randomized to IVUS vs angiographic guidance with a pre-specified
PCI strategy designed to reduce contrast usage in both groups

o Reduction in contrast use (primary endpoint) from 64.5ml (IQR 42.8-
97ml, range 19-170ml) to 20.0ml (IQR 12.5-30.0ml, range 3-54ml):
p<0.0001

o No difference in 4-month outcomes although there was a trend toward a less
common increase in serum Cr >0.5mg/dl (7.3% vs 19.0%, p=0.2)

* Alietal Eur Heart J, in press

31 pts with median creatinine of 4.2mg/dL (IQR 3.1-4.8)

Successful zero contrast PCI was performed at least 1 week after diagnostic
angiography using real-time IVUS guidance and pre- and post-PCl FFR
and CRF to confirm physiologic improvement

No MACE and preservation of renal function in all pts at a median follow-up
of 79 days (IQR 33-107).




COMPLEXIDADE ANATOMICA
Angioplastia GUIADA pelo IVUS:

— Avaliacdo prévia a intervencdo — CALCIO!
— Escolha adequada do tamanho do dispositivo
+ Escolha da /anding zone
« Baldo para pre-dilatacdo
» Stent
— Avaliacao durante a intervencao
* Resultado imediato
* Disseccoes bordas
+ Baldo para pos-dilatacdo
— Avaliacdo apds intervencao
« Expansdo — critérios MUSIC trial




1) Mole / 2) Fibrsose Extensa /
3) Fibrose+Calcificacdo / 4) Calcificacao Intensa

STENT DIRETO PREDILATACAO  CUTTING BALLOON ROTABLATOR
PREDILATACAO ~ CUTTING BALLOON  pREDILATACAO



CENTRAL ILLUSTRATION: Algorithm for Optimal Management of Coronary

Calcified Lesions
‘ Lesion with High Calcium Content on Coronary Angiogram b

Balloon Crossability

Predilation

;

Intravascular Imaging (OCT > IVUS)
« Calcium Arch > 180°
« Calcium Length > 5 mm
« Calcium Thickness > 0.5 mm

Crossing with Microcatheter

Direct Wiring

Orbital Atherectomy Viper wire

Deep Calcium

Non-Compliant Balloon
Cutting/Scoring Balloon

'

Optimal Balloon Expansion]

Optimal Balloon Expansion |

Lithoplasty Balloon Yes Lithoplasty Balloon

Stenting & Stent Optimization

Intravascular Imaging (OCT > IVUS)

Stent Stent
Malapposition [ Underexpansion

Postdilation with
Non-Compliant Balloon

Super-High Pressure Balloon

Lithoplasty Balloon

De Maria, G.L. et al. J Am Coll Cardiol Intv. 2019;12(15):1465-78.




DIAMETRO DO STENT E IQUAL AO
DIAMENTRO MEDIA-MEDIA 2??

SIM




Comprimento do STENT
Correlacao Angiografia e IVUS

' Distal Marker Proximal Mat



Posicionamento do STENT

3mm landing zone distally

Reasonably healthy landing zone
(<50% plaque burden)

Modest likelihood of dissecting
landing zone



4.25mm

3.5mm

3.0mm



Large size disparity

Need for stent to go up to close to
4.25mm proximally

Single 3mm stent which can post-dilate up
to near 4.25, or two stents

More conservative dilatation at segment
of negative remodelling (3.5 at that point)



Labeled Post-Dilatation Limits*

(mm) 2.00 225 250 275 3.00 325 350 3.75 400 4.25 450 4.75 500 525 550 575

Synergy™
Stont Sys*~

Resolute Onyx™ 2,75102.00
stontSystom | o TEEEEEARILEREEEEED -
15040
................. ©
P S B e P
225t 326 2
Xience Sierra™ & s LEEEEERLETEEE 3
Stent System
150104.00
sssssssusssssassnsseasansannensRRunnid
b PR ET ©
Elunic™
2.75103.00
Pl anrssnnnnnnnnsnnsnd
%----nn---------n.’
Labeled N

Labeled POStDE Limit: = =mmmm=

Courtesy: Ajay Kirtane



Critérios MUSIC para Expansao do STENT

e Aposicao completa do stent
e Expansao adequada do stent

e AMS (area minima do stent) >= 90% da area média do lUmen
de referéncia ou >= 100% do segmento de referéncia com a
area mais baixa quando a AMS € < 9 mm?2

OuU

e AMS >= 80% da area média do lumen de referéncia ou >= 90%
do segmento de referéncia com a area mais baixa quando o
AMS é >=9 mm?2

e Expansao simétrica do stent definida pelo diametro minimo do
limen dividido pelo diametro maximo do lumen >=0,7



Avaliacao de Faléncia dos Stents
(Reestenose/Trombose) — Expansao
NEOATEROSCLEROSE = OCT

Causes of Stent Failure
Bare Metal Stents Drug-eluting Stents
ST Restenosis ST Restenosis
'<30d >ly <5y >5y <30d 30d-1y >1y  <18m >18m
' Intimal hyperplasia | IVUS IVUS

Procedure-related | IVUS | IVUS IVUS IVUS
complications incl.
_underexpansion

Late malapposition or
aneurysm

Erosion

Vessel wall
inflammation

Stent fracture VUS| IVUS
Delayed healing

Uncovered stent
struts/fibrin
depqsmon

Neoamerbsclefo‘sis }7 ‘
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(High Pressure etc)




Figure 4 Intravascular ultrasound cross-section at a site with unopposed coronary
stent struts.



Recommendations for the clinical value of intracoronary
diagnostic techniques.

Recommendations Class’ Level" Ref.’

FFR to Identify

haemodynamically relevant

coronary lesion(s) in stable A 5051713
patients when evidence of

ischaemia is not available.

FFR-guided PCl in patents
with muluvessel disease,

—— > | IVUS in selected patients to
optimize stent implantation.

: 54

- 702,703,706

IVUS to assess severity and

optimize treatment of - 705
unprotected left main
 lesions.
—> | IVUS or OCT to assess
mechanisms of stent failure.

OCT in selected patients to
optimize stent implantation,

2014 ESC/EACTS Guidelines on myocardial revascularization

The Task Force on Myocardial Revascularnzation of the European Socicty of Cardiology (ESC) and the
European Association for Cardio-Thoracic Surgery (EACTS)



DIRETRIZ

Recomendagbes Classe Mivel de evidéncia Referéncias
Abizasd et al >
A USIC pade ser uiilizada para avaliar lestes infermedidriasiambiguas em TCE s . dela T‘:{':Iﬁf“““
@ para guiar seu fratamento Jasti ei-alm
Park et al ©
Casella et al**
Chiefio et al &7
AUSIC pode ser utilizada, am casos selecionados, para guiar implante de lla B Parize af al &
gients coronarios Witzenbichler et al
Zhang et al =
Ahn at al *
AUSIC pode ser wiilizada para determinar o mecanizmo de fabéncia dos stents
(reesienose e trombose), auxiliando na decisio sobre a medhor lerapdutica a lla G
ger instituida
AUSIC pode ser utilizada para avaliar precocamente (entre 4 semanas & 12 meses) Kobashi of ¢
& presenca de doenca vascular do ercerio em pacientes submeiidos a transplanie lla B nHa '3;“3 al i
cardiaco, inclusive fomecando informacdes com valor prognistico pa '
A UEIC pode ser uiilizada para avaliar lesdes intermedidnas (40-70%) am m B Waksman af al ="

corondnas nativas, 3 excecdo do TCE

TCE: fronco de covondnia esquarda; USIC: ulfrassonografia infracoronarna.



Figure 1
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Imagem  Intravascular Molecular usando
Fluorescéncia no Infravermelho proximo (NIRF)

A B
IVUS NIRF

Axial NIRF-IVUS
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"TAKE HOME MESSAGE”

« Em alguns casos, a cine isolada ndo é capaz
ade nos dar a resposta adequada para a
correta tomada de decisao — "Top 55” .

A determinacdo de fatores anatomicos

relacionados ao vaso-alvo durante sua

intervencdo parece ser obvia, mas € crucial

para a otimizacao dos resultados.



"TAKE HOME MESSAGE”

- Perde-se muito tempo e energia na
escolha do diametro x comprimento do stent

- Deve-se perder muito mais tempo e
muito mais energia na otimizacao dos
resultados da angioplastia coronariana.



Referéncias

Gulel et al. Intravascular ultrasound: questions and answers.

Hassan et al. Current Use of Intravascular Ultrasound in Coronary Artery Disease.

Raber et al. Clinical use of intracoronary imaging. Part 1: guidance and
optimization of coronary interventions. An expert consensus document of the
European Association of Percutaneous Cardiovascular Interventions.



OBRIGADO!!

A Historia tem demonstrado que os mais
notaveis vencedores normalmente
encontraram obstaculos dolorosos antes

de triunfarem. Eles venceram porque se
recusaram a se tornarem desencorajados
por suas derrotas.

Bryan Forbes




