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Revascularization in Chronic
Coronary Disease

“Do you really think cats
will make it to heaven?”

DOGMA (noun) ['dog-ma]

 Statement of ideas accepted uncritically.
* A doctrine authoritatively affirmed.

* Doctrines, tenets, or beliefs, collectively.
* Rules that cannot be questioned.

Find Coronary Stenosis
Since it Causes Ischemia

Find Ischemia
Since it Causes Events
MANAGEMENT OF CCS:

CAD is Bad

[It causes hard events] Treat Stenosis

This Will Reduce Ischemia

Progressive Atheroma

!

Significant Stenosis
Improve Outcomes
Fixing Stenosis & Reducing Ischemia will

Reduces Flow [so, Ischemia )
[ ] automatically mean less M| & Deaths

!

Causes Events




PROSPECTIVE RANDOMISED STUDY OF
CABG IN STABLE ANGINA PECTORIS
The European Coronary Surgery Study Group
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COURAGE: Treatment effect on primary outcome

Survival free of Death or Ml
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New data were needed. And a courageous trial refined our views!
And then the famous study of functional significance of disease arrived

Boden WE et al. NEJM. 2007;356:1503-16; Bruyne et al. NEJM 2012;367:991-1001
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ISCHEMIA: PRIMARY OUTCOME: CV DEATH, MI, hUA, hHF or rCA

Adjusted Hazard Ratio =093 (080, 1) Spontaneous MI Types 1, 2, 4b, or 4c
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Spontaneous Ml rate: Conservative (5.8%); Invasive (2.8%); ARR (3%), RRR (52%)
Maron et al. NEJM 2020; 382:1395-1407 DID ISCHEMIA DEMONSTRATE FAILURE OF REVASCULARIZATION TO REDOCE Ml,
OR FAILURE OF ISCHEMIA TESTING TO GUIDE REVASCULARIZATION



ISCHEMIA: PRIMARY OUTCOME: CV DEATH, MI, hUA, hHF or rCA

Adjusted Hazard Ratio =093 (080, 1) Spontaneous MI Types 1, 2, 4b, or 4c

2%  Povalue=0.34 307
Adjusted Hazard Ratio = 0.67 (0.53, 0.83)

S Absolute Diference INV vs, CON _ P-value = <0.01
=R CON 5
2 6 months: » 8 20
S A8 D= 0%(08%, 0% g
[ [
g 2
< 10 L CON
> >S5 4
= 1S
3 3

&%

INV
dyears: —~

Dz 220 (44% 0.0%

0%
0 1 ) 3 4 3 0 1 2 3 4 5

Follow-up (years)
Follow-up (years)

Spontaneous Ml rate: Conservative (5.8%); Invasive (2.8%); ARR (3%), RRR (52%)
Maron et al. NEJM 2020; 382:1395-1407 DID ISCHEMIA DEMONSTRATE FAILURE OF REVASCULARIZATION TO REDUCE Ml,
OR FAILURE OF ISCHEMIA TESTING TO GUIDE REVASCULARIZATION



~ovVING PARADIGMS...

FFR assessment of
functional significance

FFR- Lesions
Safe to Defer

100% of Anatomically
Significant Lesions be
Revascularized

What Did We Think?

CASS and other mega-surgical trials of
revascularization suggested relevance
anatomical stenosis

All FFR+ Lesions to
be Revascularized

What Do We Think?

COURAGE suggested revascularization
based on anatomical stenosis alone is
NOT indicated
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FAME Trial demonstrated safety of
deferral of FFR- lesion, regardless of
the degree of luminal stenosis

Ahmadi, Narula. JACC. 2019:74:1608-17
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CT assessment of HRP
characteristics

FFR- Lesions
Safe to Defer

FFR+, HRP+
Need Revasc

FFR+, HRP-
?Safe to Defer

What Should We Think?

FAME-2: 50% of FFR+ on OMT remain
event-free with no difference in rate of
death and M, revascularization, angina



Eventful and event-prone plaques: Histopathological Characteristics

Narula, Virmani et al. JACC 2013



The HIGH-RISK Plaques...

Recursive Partitioning Analyses Post-mortem

G*2
295 646.48

Cap Thickness<84

Count G*2
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Cap Thickness>=53.5
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Count G2
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Narula et al

.JACC 2013




Recursive Partitioning Analyses

All Rows
) [

Count
295

FA 35,
TCFA 29
PR 34

G2
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Level Prob
.6%
.8%
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Count GA2

131 243.92
Level Prob
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TCFA  31.3%
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Macrophages<0.21

Count
164
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54.9%
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16.5%

G2
322.90
Prob

Necrotic Core Size>=3.45

Count G*2

20 32.95
Level Prob
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TCFA  35.0%

PR 60.0%

Necrotic Core Size<3.45

Count G*2

144 255.98
Level Prob
FA 61.8%
TCFA  27.8%
PR 10.4%

——

Morphology of event-prone plaques
and CTA-based adverse plaque characteristics

IVUS CT: X-sectional CT: Curved MPR

CT Angiographic Characteristics, and
Intravascular Ultrasound
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Narula et al. JACC 2013
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Prognostic Implications of Selected Plaque Features

Functional Significance (FFR <0.5)
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Functionally Relevant Feature

Importance

Ischemia-Predicting
Plaque Features

MLA, PAV, NCV, PV, pLAD, RI

REVEALPLAQUE Study

SCCT, BOSTON | July 2023
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ORIGINAL RESEARCH

CT Angiographic and Plaque
Predictors of Functionally Significant
Coronary Disease and Outcome
Using Machine Learning

Seakbun Yang, MDL" Bor-Kwoa Koo, MD,* Masalito Hoshino, MD," Joo Myung Lee, MD,’ Tadashi Murai, MD,
Jiesuck Park, MD, Jiniong Zhang, MD," Doyeon Hwang, MD." Eun:Seck Shin, MD," Joon: Hyung Doh, MD,

Chang Wook Nam, MD,* Jianan Wang, MD," Shaokang Chen, MD, Nobuhiro Tanaka, MD, Fitoshi Matsuo, MD,"
Takashi Akasaka, MD,' Gilwoo Chol, PuD,” Kersten Petersen, PuD,"” Hyuk-Jae Chang, MD," Tsunekazu Kakuta, MD,
Jagat Narula, MDY

The gol of the study wth myocarda
chemsa and ther prognostic implications

functional, of coronary artery
independerty explored o define twchems and prognosa.

METHODS A total of 1,013 vessels with ractiona flow reserve (FFR) measisement and avalable coronary comuted
tomogyapty angiography were anslyzed. Stenoss and plague festures of the target Lesion and vessel were evalsted by
@ ndependent core Laboratory. Relevant features associsted with low FFR (~0.80) were idertified by using madhine
learnig, and their S-year ik of nciung carduc desth, trget
vensel myocardial i action, o target vessel revancudarzation, were evalusted

RESULTS The mean pescent dameter stenos's and invasive FFR were 48.5 & 17.4% a0d 0.81 £ 0,14, respectively.
Machine learning interrogation identifed 6 clusters for low FFR, and the most relevart feature from each cluster was
M kit area, Dercent 3thesoms volume, fbrofatty and ReCIOTE cone volume., plague volume, proximal left
anterior descending coronary artery lesion, and remodeling index (in order of importance). These 6 features showed
predctatatiy for low FFR (area under the recesver-operating charactenstic curve: 0.797). The risk of §-year vesset

prognastic value over percent dameter stenosis and FFR (area under the recever operating charactensti curve: 0.706
vi 061 p - 0.00),

i forofatty
and necrote core volume, pague volume, pronmal et antes or descending coronary artery leson, and remodeling index.
help define the presence of myocardiel ischema and provide better prognostication i patients with CAD. (CCTA-FFR
Rgistry for Risk Prediction; 1CT04017163) U Am Coll Cardhol Img 202114629 41) © 2021 by the Amencan College of
Cardology Foudation.

NEW RESEARCH PAPER

High-Risk Morphological and
Physiological Coronary Disease
Attributes as Outcome Markers After
Medical Treatment and Revascularization

Seokhun Yang, MD," Bon-Kwon Koo, MD," Doyeon Hwang, MD," Jinlong Zhang, MD, Masahiro Hoshino, MD,
Joo Myung Lee, MD," Tadashi Mural, MD," Siesuck Park, MD," Eun-Seok Shin, MD,"* Joon-Hyung Dob, MD,"
Chang-Wook Nam, MD, Hanan Wang, MD,’ Shaoliang Chen, MD,' Nobuhiro Tanaka, MD," Hitoshi Matsuo, MD,
Takashi Akasaka, MD," Hyuk- Jae Chang, MD," Twunekazu Kakuta, MD," Jagat Narula, MO

OBIECTIVES This study sought to evaluate the progrostc impact of plague morphology and coronary physiology on
‘outcomes after medical tTeatment of percutanecus Coronary ntervention (°C).

BACKGROUND Although fractional flow reserve (FFR) s cumently best practice, morphologica chavactaistcs of
coranary artary dseass akio Contribute 1o outcomes.

METHODS A total of 872 vessels in 538 patients
anglography. High-rik
o,

4
high-risk physiological

FFR %0.8) and Ngh
Audng, BT

2 2 and 3) global plague velume =306.5 mm’ and parcent
athercma volume =32.2%). The primary outccme was the compasite of revascularization, myocardial ifarction, or
carduc death at 5 years.

RESULTS The mean FFR was 0,85 + 0,08, and PCI was performed i1 239 vessels. The primary outcome occurred i 54
vessals (6.2%). AL high-risk ' atter
adjustment for FFR <0.8 and demonstrated direct prognostic effect not mediated by FFR =0.8. The 5-year event risk
proportionally increased as the rumber of HAA increased (p for trend <0.001) with lower risk in the PCI group than the
medical treatiment group in vessels with 1 0r 2 HRA (9.7% vi. 14.75), but not In vessels with either O or 3 HRA. Of the
vessels with pre-procedural FFR 0.8, ichemia retief by PCI (pre-PCI FFR %0.8 and post-PCI FFR 0.8) signifcantly

roduced vessel -oriented composite cutcome risk compared with medical treatment alone in vessels with O or 1 high-risk
morphological ttrbutes (hazard ratior 0.33; 95% confidence intervat: 012 10 0.9 p = 0.035), but the risk reduction
was atteruiated in vessels with =2 high-risk morphological atributes.

CONCLUSIONS High-isk morphological attrbutes offered addtive prognastic valum 1o coronary physilogy and may
‘optimize selection of treatment strategies by adding mdictions (CCTA-FFR Regstry for Development
of Comprahenive Risk Predition Modet 1CT04017163) (J Am Coll Cardiol kmg 2021 m:m-) © 2021 by the Amerkan
Collage of Cardiokogy Foundation




ACS, Plague Morphology & APC

Prospective Single Center; N=1000+, F/U at least 2 years; Endpoint: MACE

2-Feature Negative Plaque

Positive NCP 30HU<NCP Spotty Large
Remodeling <30HU <150HU  Calcification Calcification

Motoyama, Narula et al. Circ J 2005, JACC 2007, 2009, 2013, 2015
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ACS and adverse plague characteristics

Prospective Single Center; N=1000+, F/U at least 2 years; Endpoint: MACE
Prospective Single Center; N=3000+, F/U up to 10 years; Endpoint: MACE

cORP 0
2-Feature Positive Plaques
2 Feature-Negative Plaques/No Plaques 100%
1.0 - oa o ACS No ACS P 30%:
| TFédiire Posive Pladues (n = 12) (n=63)  Vale ‘ Rl
i Remodeling index (%) 0.003
D g J o 80%
= B Mean = SE 126.7 = 3.9 1134+ 16 - 20%
E T ——— 95% confidence interval (118.9to 134.5) (110.2 to0 116.6) E )
"ﬂhf B PRI R Total plaque volume (mm?®) <0.001 5 60%- 10%
- Mean = SE 1349 + 141 57.8 £ 5.7 o / HRP (-)
3 id None (0.5%) 95% confidence interval (106.8 to 162.9) (46310 69.2) o | 0% —— — b
@ " | « PRorLAP (3.7%) LAP volume (mm?) <0001 || % 40%] 012345678910
= M + SE 204 =34 11+14
5 « PR and LAP (22.2%) ean E y HRP(+)
a3 21 95% confidence interval (13.58t027.21) (—1.7t0 3.9) 5
g Maximum LAP area (mm?) <0.001 O 20%- ’J_/—//'—l_r—‘
© o Logrank <0.001 Mean + SE 32+05 05+0.2 y HRP()
— e ———r . 95% confidence interval (2.3t04.1) (0.21t0 0.9) /_/_// e
q o 0% T T T — T T T T T
0 10 20 30 40 a0 Maximum LAP area/plaque area (%) 0.001 0 1 2 3 4 5 6 7 8 9 10
Mean = SE 214 +=3.7 7.7+15
95% confidence interval (14.1 t0 28.7) (4.7 t0 10.6)

The burden of imaging is to find out who will live without events and

who will die of preventable events and when

Motoyama, Narula et al. JACC. 2009;54:49
Motoyama, Narula et al. JACC. 2015;66:337



::::9 512223 OUTCOMES
ACS (9) SAP (5)
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| —= HRP + (42) —+» 0
l = PP - (46) — i
ACS () | — HRP-(4) —= 0 0
SAP(2) : = HRP + (13) —= 3(15.4%) 1(7.7%)
> PP + (41) — !
HRP - (379) : —=HRP - (28) —— 1(71%) 0
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ACS (1) i

Plague Progression as
a Necessary Feature
of Vulnerability

Your tests are normal. That means things
can only go WRONG from here.

| eyt |
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Motoyama, Narula et al. JACC 2015



THINK
OUTSIDE

Vessel Territory (LAD vs. RCA/LCX)

Lesion Location (Proximal vs. Mid/Distal)

o|X
o

Q%%

X

THE BeX

Effect

Intercept

QCA

LAP Volume

Number of segments

Lesion Length (mm)

FFR:

Lesion-Specific and Vessel-Related
Determinants

Thinking Outside the Lumen

Fractional Flow Reserve Versus Intravascular Imaging
for Major Adverse Cardiac Event Prediction

1o, MD, Jagat Narula, MD, Pub

60%
é 40%
N [ ]
QCA<50 QCA 50-70 QCA>70 LAP<10 mm3 LAP: 10-25 mm3 LAP>25mm3
Model: All Vessels
Lesions categorized based on Lesions categorized based on Low-
Degree of Luminal Stenosis Attenuation Plague volume
e

1.044 0.020 <0.0001
-0.002 0.0002 <0.0001 20
-0.001  0.0003  0.0006 g 1

a 12
-0.065 0.011 <0.0001 @

5
-0.024  0.010  0.0174 K]

(=

S 4
-0.019 0.006 0.0020

0
0.0002 0.001 <0.7762 QCA<50 QCA50-70 QCA>70
W FFR+ FFR-

Lesion-Specific and Vessel-Related =
Determinants of Fractional Flow Reserve
Beyond Coronary Artery Stenosis




Kaplan-Meier Estimator for Cardiac Event Rate
Based on FFRCT and HRP
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— FFR+20.8 629 402 300 201 107 9 — HRP (-) 618 393 277 179 97 10 — FFR20.8, HRP (=) 538 335 250 160 83
— FFR <0.8 116 85 47 31 20 4 —— HRP (+) 127 94 70 53 29 3 — FFR;20.8, HRP (+) 91 68 51 42 24

— FFR<0.8, HRP (=) 80 59 28 20 15
— FFR; <0.8, HRP (+) 36 27 20 2 6

N W N0

Sato, Motoyama, Narula et al. JACC Imaging. 2023 Sep 11: $1936-878X(23)00382-0. doi: 10.1016/j.jcmg.2023.07.013. PMID: 37768240



Kaplan-Meier Estimator for
Effect of Revascularization on
CTA-FFR (+) vs (-) Vessels on
Cumulative Event Free Rate (%)

Kaplan-Meier Estimator for
Effect of Revascularization in
CTA-HRP (+) vs (-) Vessels on
Cumulative Event Free Rate (%)

Sato, Motoyama, Narula et al. JACC Imaging. 2023 Sep 11:
$1936-878X(23)00382-0. doi: 10.1016/j.jcmg.2023.07.013.
PMID: 37768240
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Sato, Motoyama, Narula et al. JACC Imaging. 2023 Sep 11:
Revasc(+) 7 7 4 4 3 1 —— Revasc(+) 18 16 n 9 7 4

$1936-878X(23)00382-0. doi: 10.1016/j.jcmg.2023.07.013.
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¢! PIECING IT ALL TOGETHER [PLAIN PATTERNS]....

IT ALL
FFR <0.80 FFR 20.80

Revascularization 1.4 vs no revascularization 16.4 Revascularization O vs no revascularization 3.1
per 100 vessel-years, per 100 vessel-years,
Log-rank P = 0.006 Log-rank P = 0.47

1. Could this represent unsafely deferred
group in COURAGE and ISCHEMIA?

2. Could this represent appropriately chosen
group for FAME-2 study?

3. Could this have been an alternative
population for PROSPECT-II study?

1. This represents the PROSPECT-II population.
2. Could this group be treated with aggressive
lipid-lowering Rx instead?
3. Do plaques imminently at danger of
rupture need better identification?

Revascularization 2.8 vs no revascularization 2.7 PG EEEGFE LGRS N ER e E e (s RN 5

per 100 vessel-years, per 100 vessel-years,
Log-rank P = 0.87 Log-rank P = 0.87
1. Does this goup represent true COURAGE or 1. Revascularization is unjustified in these
ISCHEMIA proposal? patients.
2. Could this population be safely deferred 2. Only preventive Rx should be

from the FAME-2 indication? recommended.

Sato, Motoyama, Narula et al. JACC Imaging. 2023 Sep 11:51936-878X(23)00382-0. doi: 10.1016/j.jcmg.2023.07.013. PMID: 37768240



Eligibility for revascularization in chronic coronary disease based on anatomic significance of
lesions is debated and made way for establishing the functional importance of luminal stenosis.

FAME-2 demonstrated that not all hemodynamically significant lesions require intervention
(possibly true COURAGE-type patients); it is important to identify lesions that could be deferred.

The possibility of role played by plague composition has been suggested to be responsible for
the hard endpoints. CTA-verified LAP and PR best describe high-risk plagues. Novel methods
have suggested the feasibility of detection of plague inflammation by CTA.

Prospective studies are needed to define the role of plague pathology in management of
chronic coronary disease (ie. to define imminently event-prone population of ISCHEMIA).

Our entire experience has been based on subjectively binary interpretation of CTA, and Al-
supported strategies for automated quantitative plaque assessment at both lesion and vessel

levels are currently being investigated.
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