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TpormolL evOoootedaviolac QmeEKOVIONG

* IntraVascular UltraSound (IVUS)

e Optical Coherence Tomography (OCT)

e AN\EC TEXVLIKEC



Evbootedaviaia amnekovion

* Epeuva
* T'vwon — Katavonon MNaBoduactohoyikwv GalvouEVWY Kol LNXOVLIO LWV
e Jnuoaoio KAwvikng Xpnong

e KAwiKN xpnon



IVUS

* Epeuva (OLaxpovika)

* Katavonon HnXovIoHwyY EMAVOOTEVWONG
* Tpomog tonoBetnong stent

e Emibpaocelc dappakwyv otnv dtadlakaoia tng abnpookAnpuvonc (surrogate
marker)



Intravascular Ultrasound
Research Utility

Application of Intravascular Ultrasound
to Characterize Coronary Artery Disease
and Assess the Progression or
Regression of Atherosclerosis
Nissen SE. Am J Cardiol 2002

And to Assess the Effect of Treatment
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Associations between genetic variation,
atherosclerosis phenotypes and plagque
vulnerability as determined by [VUS

Figure 3. Manhattan plots: potential association between multiple genomic locations and vulnerable plaque.
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Figure 4. QQ-plots: potential association between multiple genomic locations and vulnerable plaque.

S.P.M. de Boer Eurointervention 2018



Intravascular Ultrasound

The acquired cross-sectional images allow:

Acoustic shadowing

Identification of the lumen, stent and /
vessel wall

Quantification of their dimensions
and plaque volume

Classification of the plaque type

Relatively low resolution - limited
capability in:

Detecting plaque erosion, rupture Mintz et al. J Am Coll Cardiol. 2001
and the presence of thrombus Mintz et al. Eurolntervention 2011

Unable to see microstructures related to increased vulnerability



High-Definition IVUS

* Image clarity — Fine plaque
detalils
* 60MHz transducer

 State-of-the-art signal
processing

* High Axial resolution

(<40pm)
L. . . . 40MHz IVUS
* Minimized image noise s

* Preserved depth of penetration

* Pullback options up to 10
mm/s

« Sep 2015: First patient case
(by Dr. P.Terstein)



IVUS

e KAwvikn xprion 2018

e Aldyvwon
* NOoocg oTeAEXOUC
* Ektipnon Baputntag, ayyeloypadkd opLOKWY OTEVWOEWV

* EmepBatiki Oeparmeia
e AyYYELOTAQOTLKN) OTEAEXOUC
* Ayyelomhaotiki erutAeypévwy BAaBwv (o poAog tou acBeotiou)
* Ektipnon amoteAéopatoc PCI (post stenting) oe erunenAeypévec BAaPeg
* AyyelomAaoTikn Xpoviwv amnodpaewv
* BAAPBN pe un ocadr cuvexela tou ayyeiou (blunt entry shape)
* ©fon obnyou ocuppatog (aAnBnc vs Peudng auAog)
* Alapetpoc ayyeiov (amodaon pe peyeboc stent)



Intravascular Ultrasound
Diagnosis of Functionally Significant Lesions
FIRST: Fractional Flow Reserve and
Intravascular Ultrasound Relationship Study

FIRST:

a multinational,
multicenter,
prospective registry
of a large patient
cohort with
intermediate
coronary stenosis
(350 patients; 367
intermediate
lesions)

90% - 83% 2% 84% 85%

B sensitivity
W specifity
" ppv
unpv

All Lesion RVD <3.0 RVD 3.0-3.5 RVD>3.5

Diagnostic Accuracy of IVUS MLA
in the Prediction of Functionally
Significant Stenosis Overall and by RVD

Waksman R, et al. JACC 2013



Guidelines — IVUS for LM assessment

Recommendations on functional testing and intravascu-

lar imaging for lesion assessment

Recommendations

When evidence of ischaemia is not avail-
able, FFR ar iwFR are recommended 1o
assess the haemodynamic relevance of

: : . 15,17.18.39
intermediate-grade stenosis. "'

FFR-guided PCI should be considered in
patients with multivessel disease under-
going pCL

YIS should be considered to assess the

severity of unprotected left main

35-3
lesions.

2 ESC 2018

FFR. = fractional flow reserve; iwFR = instantanecus wave-free ratio; VLS =

intravascular ultrasound; PCl = percutanecus coronary interventicn.

"Class of recommendation,
L evel of evidence,

A American
” Heart
Associations
5.4.2. IVUS: Recommendations
Class IIa
1. IVUS is reasonable for the assessment of angio-

graphically indeterminant left main CAD.49-41
(Level of Evidence: B)

LM is the one coronary territory that IVUS
may be as good (or even better?) as FFR
for assessing hemodynamic significance

Levine G, et al. Circulation 2011
Neumann FJ, et al. Eur Heart J 2018



Patient Case — QCA LM lesion

University Hosp. of Icannina

c2-03-2014
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Patient Case — IVUS LM MLA

IVUS LM MLA: 3.9 mm? IVUS LM MLA: 3.7 mm?
LAD-LM pullback LCx-LM pullback




Impact of Intravascular Ultrasound Guidance on
Long-Term Mortality in Stenting for Unprotected Left Main
Coronary Artery Stenosis

Seung-Jung Park, MD, PhD*; Young-Hak Kim, MD, PhD*; Duk-Woo Park, MD, PhD;
Seung-Whan Lee, MD, PhD; Won-Jang Kim, MD, PhD: Jon Suh, MD:; Sung-Cheol Yun, PhD;
Cheol Whan Lee, MD, PhD; Myeong-Ki Hong, MD, PhD; Jae-Hwan Lee, MD, PhD;
Seong-Wook Park, MD, PhD; for the MAIN-COMPARE Investigators

Background—Although intravascular ultrasound (IVUS) guidance has been uvseful in stenting for unprotected left main
coronary artery stenosis, its impact on long-term mortality is still unclear.

Methods and Results—In the MAIN-COMPARE registry, patients with unprotected left main coronary artery stenosis in
a hemodynamically stable condition underwent elective stenting under the guidance of IVUS (756 patients) or
conventional angiography (219 patients). Patients with acute myocardial infarction were excluded. The 3-year outcomes
between the 2 groups were primarily compared using propensity-score matching in the entire and separate populations
according to stent type. In 201 matched pairs of the overall population, there was a tendency of lower risk of 3-year
morality with IVUS guidance compared with angiography guidance (6.0% versus 13.6%, log-rank P=0.063; hazard
ratio, 0.54; 95% CI, 0.28 to 1.03; Cox-model P=0.061). In particular, in 145 matched pairs of patients receiving
drug-eluting stent, the 3-year incidence of mortality was lower with IVUS guidance as compared with angiography
guidance (4.7% versus 16.0%, log-rank P=0.048; hazard ratio, 0.39; 95% CI, 0.15 to 1.02; Cox model P=0.035). In
contrast, the use of IVUS guidance did not reduce the risk of mortality in 47 matched pairs of patients receiving
bare-metal stent (8.6% versus 10.8%, log-rank P=0.35; hazard ratio, 0.59; 95% CI, 0.18 to 1.91; Cox model P=0.38).
The risk of mvocardial infarction or target vessel revascularization was not associated with the use of IVUS guidance,

Conclusions—Elective stenting with IVUS guidance, especially in the placement of drug-eluting stent, may reduce the
long-term mortality rate for unprotected left main coronary artery stenosis when compared with conventional
angiography guidance. (Circ Cardiovasc Intervent. 2009;2:167-177.)




IVUS guidelines — PCl guidance - LM

Recommendations on intravascular imaging for proce-
dural optimization

\ b
Recommendations Class™ | Level

IVUS or OCT should be considered in
selected patients to optimize stent lla
implantation,503612651-653

VS should be considered to optimize
treatment of unprotected left main lla

lesions. ™

SESC 2018

VU5 = intravascular ultrasound; OCT = optical coherence tomography.
"Class of recommendation.
PLavel of evidence.

Neumann FJ, et al. Eur Heart J 2018



IVUS — Identify heavy calcification

Importance for
PCI guidance
(use of
Rotablation?)




IVUS in stent restenosis

e Constricted stent




CTO angioplasty

* |dentification of proximal cap




CTO angioplasty

* Stent underexpansion




CTO angioplasty

 Guide wire: true vs false lumen

0140




OCT

* Epeuva 2018

* T'vwon MNaBoduololoylkwv GaVOUEVWV

* Jnuoaoio KAwikAg Xpnong



Intravascular Optical Coherence Tomography:
An Ultra-High Resolution Imaging Modality

INTRAVASCULAR DIAGNOSTICS
Modality Resolution Penetration Cap Lipid Inflam

OCT
Spectroscopy
IVUS
Angioscopy
Thermography
IV MR

Suh et al. Circ CV Imag 2011



Optical Coherence Tomography

The acquired cross-sectional images allow:

Imaging of micro-features related to plaque
vulnerability (Cap Thk, Lipid pool)

Evaluation of stent endotheliazation
Classification of the plaque type

Identification of plaque rupture/thrombus

Limitations of this modality are:

Poor penetration which often does not
allow imaging of the entire vessel wall

Cannot “see” behind lipid tissue

Unable to discriminate deeply embedded
lipid-rich from calcific tissue

Tearney et al. J Am Coll Cardiol. 2012



OCT

e KAwvikn xpnon 2018

e Aldyvwon

* Extipnon Baputntag, .otoloyiog kat maboduololoyiag opLakwy CTEVWOEWV KUPLWCE o€ ofcal
otedaviaia cuvépoua

* EmepBatikni Oeparmeia
* AyyelomAaoTikn eNUTAEYUEVWY BAaBwv
* Extipnon amoteAéopatog PCI
* AyyelonmAaotikni diyaopou ayyeiwv
* Amnodoaon yia provisional stenting vs both vessels stenting pe Baon to OCT
» TomoB£tnon odnyou cuppatog SLoPECOU TWV struts



OCT-guided PCI

> CLI-OPCI Study:
The use of OCT may improve clinical
outcomes of patients undergoing PCI

» CLI-OPCI II Study:
Suboptimal stent deployment defined
according to specific quantitative OCT
criteria was associated with an
increased risk of MACE during follow-

up

» TOTAL Trial - Substudy:
OCT-guided primary PCI for STEMI
was associated with a larger final in-
stent minimum lumen diameter

In-hospital everts

Angiographic

suidance
group (n=33%)

Angiographic
plus OCT
gudance

group(n=333)

Cardiac death 3(0.9% 2 (0.6%5) 1.0
Mon-fatal myocardial infarction 22 (6.A%) 13(3.9%) 0.118
Ewvents at 1-year fallow-up

Death 23 (6.95) 11(3.3%) 0.035
Cardiac death 16 (4 5%) 4 (1.2%5) 0.010
Myocardial infarction 290875 18 (5,455 0.09%
Target lesion repeat revascularisation 111(3.3%) 11 (3.3%5) 1.0
Definite stert thrombosis 2 (0,655 10,358 1.0
Qardiap death or myocardial 13 (13.0%) 29 (6.6%) 0.006
infarction

Cardiac death, myocardial infarction, 50 (15.1%) 12 (9.6%) 003

or repeat revascularisation

Prati F et al. Eurolntervention 2012
Prati F et al. J Am Coll Cardiol Img 2015
Sheth TN, Circ CV Interv 2016




Guidelines: OCT Imaging

Recommendations on intravascular imaging for proce- Optical Coherence Tomography (OCT).
dural optimization Probably Beneficial. Determination of optimal stent

deployment (sizing, apposition, and lack of edge dis-

Recommendations Class® | Level® section), with improved resolution compared with
IVUS.
WUS ﬂlﬂmlﬂhﬂuld be considered in Possibly Beneficial. OCT can be useful for the

selected patients to optimize stent lla
603612651653

assessment of plaque morphology.
implantation.

VU5 should be considered to optimize
treatment of unprotected left main lla

ESC 2018

lesions.””

o

VU5 = intravascular ultrasound; OCT = optical coherence tomography.
"Class of recommendation.
“Level of evidence.

Lotfi A, et al. Catheter Cardiovasc Interv 2013
Neumann FJ, et al. Eur Heart J 2018



PCl guidance by OCT

Identification of severe malapposition (multiple struts)

10/27/2014 12:06:10
0147

Value of
optimising
post-dilation of
the stent

<< 54.0 mm, 20.0 mmisec



PCl guidance by OCT

* Intermediate lesions in ACS: stent or not stent




OCT Imaging
In-stent Thrombus and Identification of Intimal Flaps

Thrombus material in a stent implanted 4 days ago (Stent Thrombosis)

Intimal flap within 5 mm proximal to the stent edge
20 ‘



Feundation

MINI-FOCUS ISSUE: OPTICAL COHERENCE TOMOGRAPHY

Diagnosis of Spontaneous Coronary Artery
Dissection by Optical Coherence Tomography

Fernando Alfonso, MD, PHD, Manuel Paulo, MD, Nieves Gonzalo, MD, PHD, Jaime Dutary, MD,
Pilar Jimenez-Quevedo, MD, PHD, Vera Lennie, MD, Javier Escaned, MD, PaD,
Camino Bafuelos, MDD, Rosana Hernandez, VD, PHD, Carlos IVMacaya, MD, PuD

Patient # 1 Patient # 4 FPatient# 4

(2 sites)




LCx

Lets seethe anatopiy of LS, LCX, LAR, DI.
..and S1:in.3 D fashion

Is the evaluation of coronary anatomy better?

STATE-OF-THE-ART PAPER )
Is it useful?

New Insights Into the Coronary Artery Bifurcation

Hypothesis-Generating Concepts Utilizing 3-Dimensional
Optical Frequency Domain Imaging

Vasim Farooq, MBCHB, Patrick W. Serruys, MD, PHD, Jung Ho Heo, MD,
Bill D. Gogas, MD, Takayuki Okamura, MD, PHD), Josep Gomez-Lara, MD,
Salvatore Brugaletta, M D, Hector M. Garcia-Garcia, MD, MSc, PHD,
Robert Jan van Geuns MD, PuD






3D OCT guidance in Bifurcational Stenting

Changing the recrossing position according to
three-dimensional optical coherence
tomography findings

A) First attempt at rewiring (proximal cell)
B) Second attempt at rewiring (distal cell)
C) After final kissing balloon inflation

L: link; MVGW: main vessel
guidewire; SBGW: side branch guidewire

Okamura T, et al. Eurolntervention 2014




3D OCT guidance in Bifurcational Stenting

The guidewire recrossing point and the

Recross Parallel type Perpendicular type

position | Guidewire recrossing  After kissing ballooning | Guidewire recrossing  After kissing ballooning

PMV segment Bifurcation DMV segment location of a stent link at the SB orifice had an
— . R i ¥ L " influence on the incomplete stent apposition.
E —— | Kissing balloon dilatation with optimal conditions
: : under 3D-OCT guidance may reduce side
§ 5 branch restenosis.

Distal

Remaining unapgposed
struts " .

Okamura T, et al. Eurolntervention 2018



NEWTEPEC TEXVIKEC
* NIR spectroscopy

* YBpLdikol kaBetnpec



NIRS: Clinical Correlation
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l Site of STEMI Culprit Lesion by Angiogram
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Chemogram from minimally

altered STEMI culprit lesion

showing lipid core signal

with wide arc

Chemogram from
autopsy specimen
with 2 lipid core

signals similar to

e
STEMI culprit )
A_/

lesion lipid signal |,

Madder et al. Circ Cardiovasc Intv 2012
Madder et al. JACC Intv 2013

Stable patient




Hybrid catheter — IVUS and NIRS

» Imaging is performed with the use of the
TVC catheter that combines a NIRS light
source and an IVUS probe

» The catheter allows overlay of the NIRS
estimations onto the IVUS images

» Provides plague anatomy and
lipid probability

Garg et al. EurolIntervention 2010
Schultz et al. JACC 2010
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