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To Improve cardiovascular outcomes

Progress of coronary stent technology
Antithrombotic therapy

The use of novel diagnostic approaches
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Between January 2008 and December 2011, 5097 pts
underwent PCIl at Asan Medical Center, Seoul, Korea and
were followed for 1 year.

Before Routine Use of FFR After Routine Use of FFR

A
(N=2699) (N=2398)
98.5 98.0
100 926 977 943 957|043 7 967 975 97.0 9.7 IVUS
g3, 898 00— —e—
g5 836 7%
80 I MACE =4.8% MACE = 2.8%
58.2 576 57.8
60 - 53.7
47.8 47.7
41.7
40 - 375
13.3 The strategy of (1) FFR to assess lesion severity
20 | and (2) IVUS to optimize stent implantation was
associated with a 1.3% rate of death/MI and a
e I 1.8% rate of any repeat revascularization at 1 yr.
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Park et al. Eur Heart J, in press



Tools In the Cath Lab: Physiology, Anatomy, and Biology
F - R

Endothelial Fx

Vasospasm
VH-IVUS
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Intravascular Imaging
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OCT vs Other Imaging Modalities

Angioscopy
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Some people think that...

A PubMed search using the terms “vulnerable
plaque” or “high-risk” plaque yields >2,000 ref-
erences to journal articles published over the past
20 years. Indeed, few concepts in cardiovascular
medicine have achieved such intense scientific

JACC: CARDIOVASCULAR IMAGING
© 2009 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION
PUBLISHED BY ELSEVIER INC.

interest over such a long duration. During this
20-year period, many diagnostic techniques de-
signed to “detect” vulnerable plaques have come
and gone. In each case, a flurry of promising
“findings” has been followed by a sobering reality
check. These include thermography, spectros-
copy, palpography, virtual histology, optical co-
herence tomography, and many more (1-5). A
large number of startup companies with “break-
through” approaches have come and gone, nearly
all leaving investors with empty pockets, but no
progress. What has gone wrong?

EDITORIAL COMMENT

The Vulnerable Plaque “Hypothesis”

Promise, but Little Progress*

Steven E. Nissen, M D
Cleveland, Obio

It is time to face reality. Much of the contempo-
e — R
rary concept of vulnerable plaque is fundamentally

flawed or overly simplistic, and most aiimaches to

detection are poorl}’ conceived.




A Prospective Natural-History Study

of Coronary Atherosclerosis

PROSPECT: Multivariable Correlates ?.{8
of Non Culprit Lesion Related Events !: ; _*_

Independent predictors of lesion level
events by logistic regression analysis

WENEE OR [95% CI] P value
PB.. . 270% 4991254 9791 <0.0001
VH-TCFA 3.00[1.68,5.37] 0.0002
MLA <4.U mm* 2.0(1.32,581] UL.LLf
Lesion length =211.6 mm 1.97 [0.94, 4 16] 0.07
EEM,, » <14.3 mm? 1.30 [0.62, 2.75] 0.49

Vanables entered into the model: Minimal luminal area (MLA); plague burden at the MLA (PBy, »);
extemnal elastic membrane at the MLA (EEM,,, ») <median; lesion length = median (mm); VH-TCFA.

N Engl J Med 2011; 364:226-235



Lesson learnt...
A quarter of century later, IVUS...1sa IIB C
guideline recommendation for LM. That’s all...

ESC/EACTS GUIDELINES (@@}

ESC guidelines for myocardial revascularization:

Recommendations for specific percutaneous coronary
Intervention devices and pharmacotherapy

IVUS-guided stent implantation may be I I B C
considered for unprotected left main PCI.

Class llb Usefulness/efficacy is less well
established by evidence/opinion.




Meta-analysis of Randomized Trials of IVUS vs
Angiographic Guided BMS implantation
(n=2193 pts)

MACE

IVUS guidance was associated TULIP
with significantly lower rate of SIPOL
* Angiographic restenosis (22.2% Sacter

vs. 28.9%; OR 0.64, p=0.02)
. Repeat revascularization .

(12.6% vs. 18.4%; OR 0.66, SIPS

p:OOO4) AVID
* Overall MACE (19.1% vs. 23.1%; oPTICUS

OR 0.69, p=0.03) Combined (20 Y
« But no significant effect on Mi Combined (F&) -

(p=0.51) or mortality (p=0.18). T
. ST was not reported s Ratio

Parise et al. Am J Cardiol. 2011;107:374-82



Study Year Death HR (95% CI) Weight % Meta'AnalySiS Of ]J-
e me M cncsim a0 Stydies (N=19,619

SH Kim 38?3 s ’i 0.21(0.06,0.73)  2.80 .

- 1.50 (0.15, 15.42)  0.80
R woese ox patients)
BE Claessen 2011 _’-_’ 0.74 50.37, 1.47)) 32;3

0.49 (0.35, 0.69 . ) :
Canmed o e 0.49(0.26,086) 1386 Compared with angiography-
: 1.56 (0.48,1.59)  2.91 . .
g\LNC::r:k 585 ’. . 0.55(0.19, 1.57) 3.67 gUIdanCe, IVUS'gL“ded DES
Overall : 0:59(048,0.72) 10000 implantation was associated
] ] 10 100 : : :
O s T Favors NonvUS with a reduced incidence of
 Death (HR: 0.59, 95% CI:
Stent Thrombosis 0.48-0.73, p<0.001)
P Roy 2008 T 0.59 (0.39, 0.89) 50.50 e Stent thrombosis (HR:
SJ Park 2009 3.00(0.12, 76.85) 0.82
Tiaksboin 2010 , 06 (015,300 382 0.58, 95% CI: 0.44-0.77,
SH Ki 2010 . 0.28 (0.06,1.28) 3.73
BE C:;nessen 2011 I 0.60 (0.10, 3.51) 2.75 p <O OOO 1)
JSKi 2011 . 0.33(0.04,2.96) 1.79 . . .
SH HIlT’ 2011 = 0.72 (0.44, 1.17) 36.59 MajOI’ adverse cardiac
KW Park 2012 0.52 (0.10, 2.68) 2.93 . 0 .
SL Chen 2012 . ’: 0.18 (0.05,0.61) 5.19 events (HR' 0'87’ 95/0 CI'
Overall ) 0.58 (0.44, 0.77)100.00 078_096, p:0008)
0.1 gi 1 10 160
Favors IVUS Favors Non-

IVUS

Zhang et al. Eurointervention 2012;8:855-65



In the meta-analysisof 19,619
patients, mortality was significantly
reduced by 27%...

A Mortality

Study Year HR (95% CI) Weight %

P Roy[18] 2008
SIPark[21] 2009
JS Kim [20] 2011

081(0.55,1.20) 5742
033(0.15,1.020 976
058(021,161) 864

BE Claessen[19] 20
KW Park [26]
SL Chen [27]

Overall (I-squared=0.0%, p=0.537)

—|VUS Guidance

0.74(0.37,1.47)
1.67(0.40,6.97)
020 (0.01,4.23)
0.73(0.54, 099)

Non IVUS Guidance—

Zhang et al. Eurolntervention

18.84

100.00




Impact of Intravascular Ultrasound-Guided
Percutaneous Coronary Intervention on Long-Term
Clinical Outcomes in a Real World Population

Viyocardial Infarction

Ras 06

Log-Rank Tesal, g<0.001 Log-Rank

Log-Rank Test, p=0.10
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Hur et al. CCI 2013



Impact of intravascular ultrasound guidance in routine percutaneous
coronaryintervention for conventional lesions:
data from the EXCELLENT trial

Subgroups PtNo.  HazardRatio(95%Cl)  IntP~

Men

Women

<70

270
Diabetes Yes

No
Longlesion 220 mm

<20mm
Smallvessel <3.0mm

(reference diameter) z3.0 mm

Bifurcation Yes

No
Multivesseldisease Yes

No
Ostial lesion Yes

No

Overall

FaverivUs?

Parket al. 1JC 2012



ADAPT-DES

Assessment of Dual AntiPlatelet Therapy with Drug-Eluting Stents

8,575 pts prospectively enrolled

No clinical or anatomic exclusion criteria

Succesful and uncomplicated PCIl with 27 non-
investigational DES

ecified IVUS vs no IVUS substuady

Witzenbichler, et al. Circulation, Nov 2013



Reason for IVUS Use

40 -

(%0)

Document 30 -
Procedure
(26%)

Guide and Optimize
Procedure (74%)

0 _

“How IVUS changed
the procedure?”

Post
Dilation

LLonger-Stent.

Witzenbichler, et al. Circulation Nov 2013



IVUS Use and Definite/Probable ST Within 2 Years

2_
)
D HR: 0.47 [95% CI: 0.28, 0.80]
|_ —_
P P=0.004
L
0)
= 1.16%
ol
o
e
[ IVUS Used . 0.55%
I=
©
DO'I...........--Il---Il
0 6 12 18 24
Number at risk: Time in Months
IVUS Used 3361 3260 3182 3065 1791

IVUS Not Used 5221 5019 4886 4713 2279



IVUS Use and MI Within 2 Years

10
S
(=)
T:’ HR: 0.62 [95% CI: 0.49, 0.77]
S P < 0.001
o
S 5.59%
< 5
©
E ___I_.-_'___l—l__
S |~ IVUS Used
>
=
0_|-'--|----|""|""|
0] 6 12 18 24
Number at risk: Tlme in Months
IVUS Used 3361 3209 3120 2991 1739

IVUS Not Used 5221 4916 4744 4541 2179



IVUS Use and MACE (Definite/Probable ST, Cardiac
Death, M) Within 2 Years

10
HR: 0.65 [95% CI: 0.54, 0.78]
P <0.001
— 7.4%
>
LL]
Q s 4.9%
= IVUS Used
O'l
Number at risk: (l) | I6 i Il|2l i Il|8l . I2|4
Time in Months
IVUS Used 3361 3206 3117 2988 1739

IVUS Not Used 5221 4912 4740 4537 2177



Association of IVUS Use with MACE (Definite/Probable ST,
Cardiac Death, MI) in Relation to Index Presentation

All

STEMI

NSTEMI/UA

Stable CAD

Event Rate (n)
IVUS vs Angio

4.9% (158) vs 7.5% (373)

3.7% (15) Vs 6.4% (24)

6.1% (82) vs 8.8% (184)

4.2% (61) vs 6.5% (165)

HR [95%Cl] P-Value

——

0.65 [0.54, 0.78] <0.0001

0.56 [0.29, 1.07]  0.07

0.68 [0.52, 0.88] 0.003

0.63 [0.47, 0.85] 0.002

~

0.1

1

Favors IVUS Use Favors Angio Use
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IVUS-Guided Percutaneous Coronary Interventions: An Ongoing Odyssey?
Lorenz Réber and Stephan Windecker

Circulation. published online November 26, 2013;
Circulation 1s published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231

Copyright © 2013 American Heart Association, Inc. All rights reserved.
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Dr Lorenz Raber »
COMFORTABLE-AMI ™
Berne University Hospital
Berne, Switzerland




Lesson learnt...

Optical coherence tomography™ CARDIOVASCULAR
RADIATION
MEDICINE

E. Regar®J.A. Schaar®E. Mont°R. Virmani°P.W. Serruys™*
Received 16 December 2003; accepted 17 December 2003
“Intravascular OCT allows for accurate assessment of vessel structures close
to the luminal side. Clinical application is feasible. To date, however, the
clinical relevance of OCT findings in coronary arteries is unclear and further
validation of OCT imaging is mandatory.”

Adecade later, OCT is still “a valuable research
tool”. That’s all...

ESC guidelines for myocardial revascularization:

Recommendations for specific percutaneous coronary intervention
devices and pharmacotherapy ESC/EACTS GUIDELINES ()

“Optical coherence tomography (OCT) is a light-based modality of
intravascular imaging with higher spatial resolution than 1'VUS (15 vs. 100
um). Its penetration is lower than I'VUS but it provides detailed imaging of
the endoluminal borders. At present, OCT is a valuable research tool.”



Journal of the American College of Cardiology
© 2013 by the American College of Cardiology Foundation
Published by Elsevier Inc.

Intracoronary Optical
Coherence Tomography

Are We Getting Too Close |
to the Light?* | /

Stephen J. Nicholls, MBBS, PuD,}
Rishi Puri, MBBSi

Adelaide, Australia; and Cleveland, Obio

Greek mythology of Icarus



Lesson learnt...
Although some evidences are emerging...

Angiography alone versus angiography plus optical
coherence tomography to guide decision-making during
percutaneous coronary intervention: the Centro per la Lotta
contro I'lnfarto-Optimisation of Percutaneous Coronary
Intervention (CLI-OPCI) study

In the analysis of 335
matched pair (670
patients), mortality was
significantly reduced by
52% ...

Table 4. Clinical results.

Angiographic Angiographic
guidance L p-value
guidance

group (n=335)

group (n=335)
In-hospital events
Cardiac death 3(0.9%) % 1.0
Non-fatal myocardial infarction 0.118
Events at 1-year follow-up

LA T O
Cardiac death 15 (4.5% _ 0.010

Myocardial infarction 29 (8.7% 18 (5.4%) m
Target lesion repeat revascularisation 11 (3.3% 11 (3.3%)

Deﬁn'rte stent thrombosis 2 {U 6%)

Cardlal: death or myocardial 43 (13.0%)
infarction

Cardiac death, myocardial infarction,
or repeat revascularisation




Safety and Feasibility of FD-OCT Imaging

Imola F et al. Eurolntervention 2010;6:575-81

Success 99%
Duration 2.1+0.5 mi
Contrast 49119 ml
VT/VF 0%

MACE 0%




OCT for Intracoronary Imaging

Atherosclerosis Stent Evaluation
— Normal Vessel Wall — Neointimal Hyperplasia
— Different Plaque — Pattern of Restenosis
Types

— Strut Coverage and
— Plaque Progression Apposition

— Plague Rupture — Stent thrombosis
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Value of Combined Assessment
Grayscale IVUS, IVUS-VH and OCT

Vulnerable Plaque
characteristics

+ OCT IVUS-VH

Fibrous cap thickness
Detailed surface morphology
Visualization of entire plaques
Plague composition

Differentiation lipid vs calcium

* Thin cap fibroma-atheroma TCFA Detection Algorithm ?



OCT/IVUS VH TCFA Detection Algorithm

Plague thickness >600 pm, >3 frames Comforta

<« Courtesy: Hector Garcia
Confluent NC >10% (V  H)

Fibrous cap <65 microns by O CT

>10% DC (VH) >10% DC (VH)

Ca TCFA

AIT = adaptive intimal thickening FT = fibrotic

NC = necrotic core CaFA = calcium fibroatheroma
FF = fibrofatty FA = fibroatheroma

DC = dense calcium Ca TCFA = ca-thin-cap-fibroatheroma

FC = fibrocalcic TCFA = thin-cap-fibroatheroma






Plague thickness >600 pm, >3 frames Comforta

AT B Courtesy: Hector Garcia
Confluent NC >10% (V  H)

Fibrous cap <65 microns by O CT

FT = fibrotic

NC = CaFA = calcium fibroatheroma
FF = fibrofatty FA = fibroatheroma
DC = dense calcium Ca TCFA = ca-thin-cap-fibroatheroma

FC = fibrocalcic TCFA = thin-cap-fibroatheroma



Fibrous plaque
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OCT/IVUS VH TCFA Detection Algorithm — Hector Garcia

Plague thickness >600 pm, >3 frames Comforta

<« Courtesy: Hector Garcia
Confluent NC >10% (V  H)

Fibrous cap <65 microns by O CT

>10% DC (VH) >10% DC (VH)

Ca TCFA

AIT = adaptive intimal thickening

NC = necrotic core alcium-ftsroatheroma
FF = fibrofatty FA = fibroatheroma

DC = dense calcium Ca TCFA = ca-thin-cap-fibroatheroma
FC = fibrocalcic TCFA = thin-cap-fibroatheroma



Thick Cap Fibroatheroma




Broad Inclusion Criteria: <«—| Screening of all incoming STEMI patients
Age > 18 years

ECG and Chest pain
Primary PCl within 24 hours

Imaging Candidate if
-Hemodynamic stable

-Creatinine Clearance >50ml/min

intra- and extracoronary blood “Age <90

-OCT/IVUS feasible

-No stent at the site of infarct
lesion

Comfortable AMI IBIS 4
n=1100

!
1:1 ’

Principal Investigators
Lorenz Raber
Hector Garcia Garcia
Stephan Windecker

-vessel IVUS and OCT at baseline

Participating sites 30 day telephone (n=1100) Rosuvastatin 40mg
Bern (60) »
Copenhagen (21) 12 month visit or telephone

Geneva (13) >
-vessel IVUS and OCT at months
Lugano (6)

Zurich (3)

2 year telephone

»

Final 5 year telephone




Comforta/ = —IBIS 4 study




Comforta/ = —IBIS 4 study

i

Primary Objectlve *To determlne the effects of rosuvastatin on
compositional measures of coronary plaque in a
non-intervened coronary segment. Specifically, the
change from baseline in Virtual Histology™ N\
necrotic core volume at the end of week 52. |

V\ :

.=

L “-'f'




Comforta/ = —IBIS 4 study




Comforta/ = —IBIS 4 study

Secondary *To determine the effects of rosuvastatin on fibrous
Objective cap thickness of coronary plague in a non-
Intervened coronary segment. Specifically, the
change from baseline in OCT cap thickness at the N
end of week 52. |

4
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0151 (31 mm)

05/06/2010 10:09:16
0151 (31 mm)




07/08/2010 09:36:56
0001

0710812010 09:36:56 |
0001




08/30/2010 09:44:31
0231 (24 mm)

08/30/2010 09:44:31 |5
0231 (24 mm)




OCT

(Minor) findings not seen
on IVUS

Stent underexpansion N
Malapposition

Geographical miss _ _
Tissue protrusion

Edge dissections



What are the intravascular imaging modalities In
Interventional cardiology: current and future technologies

Current
« Intravascular ultrasound (I1VUS)

« Grey Scale (20, 40, 45 Mhz)

 Radiofrequency
backscattering (Virtual
histology, Palpography,
Integrated backscatter 1VUS
and iIMAP)

« Optical coherence tomography
« 2D (100, 160, 180 frames/sec)
« 3D (offline/ on line)
« Hemodynamic parameter
derived from 3D imaging

« NIR infrared spectroscopy

« Combined IVUS and NIRS (FDA
approved)

Future
 Intravascular ultrasound (1VUS)
 High-frequency
 Focused acoustic
tomography (FACT)

* Intravascular imaging combined
with interventional devices

* Optical coherence tomography
« 3D OCT with tissue
characterization
 Micro OCT
« Super fast OCT (100mm/s)

 Hybrid intravascular imaging
« OCT+ NIR
« OCT+ IVUS
« IVUS+ TRFS
« IVUS + IVPA




#current technology: Hemodynamic parameter derived from 3D imaging

Fusion of 3D-QCA and OCT
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#Future technology: Intravascular imaging combined with interventional devices

Atherectomy with OCT IVUS guided Forward looking IVUS
Avinger Ocelot subintimal
reentry

device

~3.5mm ‘
forward




Base-
. Macrophages line
. Stent
Guidewire
15 mo

MGH Courtesy of Prof. Tearney










Micro OCT
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Hybrid Intravascular Imaging

Current Applications and Prospective Potential
in the Study of Coronary Atherosclerosis

Christos V. Bourantas, MD, PHD,* Hector M. Garcia-Garcia, MD, PHD,* Katerina K. Naka, MD,t
Antonios Sakellarios, BSC,+ Lambros Athanasiou, BScC,+ Dimitrios I. Fotiadis, PHD,#
Lampros K. Michalis, MD,+ Patrick W. Serruys, MD, PHD*

Rotterdam, the Netherlands; and Ioannina, Greece

> Intravascular imaging allowed us for the
first time to study In vivo Flaque
morphology and atherosclerotic evolution

> Today numerous invasive modalities are
available: integrated backscatter analysis
(IB)-IVUS, VH-IVUS, NIRS, OCT, IVPA, 1V-
MRI spectroscopy, IV-MRI, Raman
spectroscopy and time resolved
fluorescence spectroscopic (TRFS) that
permit imaging of the plaque

> IB-IVUS, VH-IVUS, NIRS, OCT and CTCA
have been used in clinical studies and
allowed detection of plaque features related
with future adverse events
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Catheterization and Cardiovascular Interventions 00:00-00 (2013)

Original Studies

Expert Consensus Statement on the Use of Fractional
Flow Reserve, Intravascular Ultrasound, and Optical

Coherence Tomography: A Consensus Statement of the
Society of Cardiovascular Angiography and Interventions

Amir Lotfi," mp, rscai, Allen Jeremias,? mp, rscai, William F. Fearon,> mp, Fscal,
Marc D. Feldman,* mp, rscai, Roxana Mehran,® mp, John C. Messenger,® mp, Fscal,
Cindy L. Grines,’ mp, Fscal, Larry S. Dean,® mp, Fsca,, Morton J. Kern,® mp, Fsca, and
Lloyd W. Klein,'®" mp, Fscai

Key words: fractional flow reserve; imaging; intravascular ultrasound; imaging; optical
coherence tomography; interventional devices/innovation




Intravascular ultrasound (1VVUS).

Definitely Beneficial.

IVUS is an accurate method for determining optimal stent deployment (complete stent
expansion and apposition and lack of edge dissection or other complications after
implantation), and the size of the vessel undergoing stent implantation.

Probably Beneficial.
IVUS can be used to appraise the significance of LMCA stenosis and, employing a cutoff
MLAY6 mm?2 , assess whether revascularization is warranted.

Possibly Beneficial.
IVUS can be useful for the assessment of plaque morphology.

No Proven Value/Should be Discouraged.

IVUS measurements for determination of non-LMCA lesion severity should not be
relied upon, in the absence of additional functional evidence, for recommending
revascularization.



Optical Coherence Tomography (OCT).

Probably Beneficial.

Determination of optimal stent deployment (sizing, apposition,
and lack of edge dissection), with improved resolution compared
with IVUS.

Possibly Beneficial.
OCT can be useful for the assessment of plague morphology.

No Proven Value/Should be Discouraged.
OCT should not be performed to determine stenosis functional
significance.



THETRUE SIGN OF [IilaY3: 9.1l 1\qel]
INTELLIGENCE IS NOT gl RV IRV 2]
KNOWLEDGE BUT COMES SOON
IMAGINATION. ENOUGH.

o\ . AbertEinstein

Albert Einstein

German Theoretical-Physicist - ¢
(1879-1955) § il

(1879-1955)



