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Find Ischemia
Since it Causes Events

Treat Stenosis

This Will Reduce Ischemia 

Improve Outcomes
Fixing Stenosis & Reducing Ischemia will
automatically mean less MI & Deaths

Find Coronary Stenosis
Since it Causes Ischemia

CAD is Bad 

Progressive Atheroma 

Significant Stenosis

Reduces Flow [so, Ischemia]

Causes Events

[It causes hard events] 

MANAGEMENT OF CCS:

DOGMA (noun) [ˈdȯg-mə]
• Statement of ideas accepted uncritically.
• A doctrine authoritatively affirmed.
• Doctrines, tenets, or beliefs, collectively.
• Rules that cannot be questioned.

Revascularization in Chronic 
Coronary Disease



PROSPECTIVE RANDOMISED STUDY OF 
CABG IN STABLE ANGINA PECTORIS
The European Coronary Surgery Study Group

Lancet, 6 Sep.1980



HR 1.05 (0.87-1.27)
Unadjusted P = 0.62
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HR 0.32 (0.19-0.53)
Unadjusted P = 0.001

Months

Boden WE et al. NEJM. 2007;356:1503-16; Bruyne et al. NEJM 2012;367:991-1001

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

COURAGE: Treatment effect on primary outcome FAME 2: FFR-Guided PCI vs. OMT in Stable CAD 



Urgent revascularization
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Primary Endpoint

HR 1.05 (0.87-1.27)
Unadjusted P = 0.62
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Urgent revascularizationPrimary Endpoint

Hazard ratio with PCI vs OMT, 
0.13 (95% CI, 0.06-0.30); P<0.001

HR 0.32 (0.19-0.53)
P  <0.001

Hazard ratio with PCI vs OMT, 
0.60 (95% CI, 0.51-0.71); P<0.001

Medical
therapy

Years

HR 0.46 (0.34-0.63)
Unadjusted P < 0.001

Hazard ratio with PCI vs OMT, 
0.27 (95% CI, 0.18-0.41); P<0.001

0

0.5

0.6

0.7

0.8

1.0

0.9

What is more enduring: COURAGE Or FAME?

FAME 2: FFR-Guided 
PCI vs OMT in CAD 

COURAGE



Maron et al. NEJM 2020; 382:1395-1407

13.8%

C
u
m

u
la

ti
v
e

 I
n

c
id

e
n

c
e
 (

%
)

Follow-up (years)

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

Spontaneous MI rate: Conservative (5.8%); Invasive (2.8%); ARR (3%), RRR (52%)
DID ISCHEMIA DEMONSTRATE FAILURE OF REVASCULARIZATION TO REDOCE MI,
OR FAILURE OF ISCHEMIA TESTING TO GUIDE REVASCULARIZATION

Spontaneous MI Types 1, 2, 4b, or 4c
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Maron et al. NEJM 2020; 382:1395-1407

13.8%

C
u
m

u
la

ti
v
e

 I
n

c
id

e
n

c
e
 (

%
)

Follow-up (years)

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

Spontaneous MI rate: Conservative (5.8%); Invasive (2.8%); ARR (3%), RRR (52%)
DID ISCHEMIA DEMONSTRATE FAILURE OF REVASCULARIZATION TO REDUCE MI,
OR FAILURE OF ISCHEMIA TESTING TO GUIDE REVASCULARIZATION

Spontaneous MI Types 1, 2, 4b, or 4c

C
u

m
u

la
ti

ve
 In

ci
d

en
ce

 (
%

)

Follow-up (years)



EVOLVING PARADIGMS…

FFR+, HRP-
?Safe to Defer

100% of Anatomically          
Significant Lesions be          

Revascularized

FFR assessment of 
functional significance

All FFR+ Lesions to     
be Revascularized

What Did We Think? What Do We Think? What Should We Think?

CT assessment of HRP 
characteristics

FFR+, HRP+
Need Revasc

FFR- Lesions 
Safe to  Defer

COURAGE suggested revascularization 
based on anatomical stenosis alone is 

NOT indicated
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eferral: FFR
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FAME Trial demonstrated safety of 
deferral of FFR- lesion, regardless of 

the degree of luminal stenosis 

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

FIR
ST D

eferral: FFR
- lesio

n
s 

FFR- Lesions 
Safe to  Defer

CASS and other mega-surgical trials of 
revascularization suggested relevance 

anatomical stenosis

Ahmadi, Narula. JACC. 2019:74:1608-17



Narula, Virmani et al. JACC 2013

Eventful and event-prone plaques: Histopathological Characteristics



The HIGH-RISK Plaques…

Narula et al. Nature Rev Cardiol 2015
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C

D

E

Recursive Partitioning Analyses Post-mortem

Narula et al. JACC 2013



CTA [HU]

NC
11±12
-15-33

FIB
78±21
32-130

LUMEN
258±43
174-384

CALCIUM
516±198
221-1134

<0.0001, Nonparametric Kruskal-Wallis Tests

CT Angiographic Characteristics, and
Intravascular Ultrasound

Motoyama, Narula et al. Circulation J 2007

Recursive Partitioning Analyses

Narula et al. JACC 2013

IVUS CT: X-sectional CT: Curved MPR

a

Motoyama, Narula et al. JACC 2007

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



# Ischemia-Predicting Features

Prognostic Implications of Selected Plaque Features

Ischemia-Predicting 

Plaque Features

MLA, PAV, NCV, PV, pLAD, RI

OMT GROUP

REVEALPLAQUE Study
SCCT, BOSTON | July 2023



Motoyama, Narula et al. Circ J 2005, JACC 2007, 2009, 2013, 2015

2-Feature Positive Plaque 2-Feature Negative Plaque

ACS, Plaque Morphology & APC
Prospective Single Center; N=1000+, F/U at least 2 years; Endpoint: MACE



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

• None (0.5%)

• PR or LAP (3.7%)

• PR and LAP (22.2%)

1st Septal branch

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

ACS and adverse plaque 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



Plaque Progression as 
a Necessary Feature
of Vulnerability
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Motoyama, Narula et al. JACC 2015

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



Effect
Model: All Vessels

Estimate SE P

Intercept 1.044 0.020 <0.0001

QCA -0.002 0.0002 <0.0001

LAP Volume -0.001 0.0003 0.0006

Vessel Territory (LAD vs. RCA/LCX) -0.065 0.011 <0.0001

Lesion Location (Proximal vs. Mid/Distal) -0.024 0.010 0.0174

Number of segments -0.019 0.006 0.0020

Lesion Length (mm) 0.0002 0.001 <0.7762

FFR: 
Lesion-Specific and Vessel-Related 
Determinants
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Lesions categorized based on 
Degree of Luminal Stenosis

LAP<10 mm3 LAP: 10-25 mm3 LAP>25mm3

Lesions categorized based on    Low-
Attenuation Plaque volume 



Kaplan-Meier Estimator for Cardiac Event Rate 
Based on FFRCT and HRP

5.4% person-years

0.5% person-years

3.6% person-years

0.8% person-years

Sato, Motoyama, Narula et al. JACC Imaging. 2023 Sep 11: S1936-878X(23)00382-0. doi: 10.1016/j.jcmg.2023.07.013. PMID: 37768240



FFRCT <0.80 (n=190) R(+) vs R(-) 

(2.4 vs 5.3/100 vessel years; 
log-rank P = 0.19

FFRCT >0.80 (n=2074) R(+) vs R(-) 

(0 vs 0.24/100 vessel years; 
log-rank P = 0.68

HRP (n=166) R(+) vs R(-) 

(1.1 vs 3.8/100 vessel years; 
log-rank P = 0.214

No HRP (n=2048) R(+) vs R(-) 

(2.1 vs 0.1/100 vessel years; 
log-rank P = 0.68

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:
S1936-878X(23)00382-0. doi: 10.1016/j.jcmg.2023.07.013. 

PMID: 37768240



Kaplan-Meier Estimator for
Effect of Revascularization in

Combination of FFRCT & HRP on
Cumulative Event Free Rate (%)

FFRCT<0.80/HRP+ (n=34) R(-) vs R(+) 

(16.4 vs 1.4/100 vessel years; 
log-rank P = 0.006

FFRCT<0.80/HRP- (n=106) R(-) vs R(+) 

(2.7 vs 2.8/100 vessel years; 
log-rank P = 0.87

FFRCT>0.80/HRP+ (n=132) R(-) vs R(+) 

(3.1 vs 0/100 vessel years; 
log-rank P = 0.47

FFRCT>0.80/HRP- (n=1942) R(-) vs R(+) 

(0.05 vs 0/100 vessel years; 
log-rank P = 0.87

Sato, Motoyama, Narula et al. JACC Imaging. 2023 Sep 11:
S1936-878X(23)00382-0. doi: 10.1016/j.jcmg.2023.07.013. 

PMID: 37768240



PIECING IT ALL TOGETHER [PLAIN PATTERNS]….

Sato, Motoyama, Narula et al. JACC Imaging. 2023 Sep 11:S1936-878X(23)00382-0. doi: 10.1016/j.jcmg.2023.07.013. PMID: 37768240



1. 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.

2. 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.

3. The possibility of role played by plaque composition has been suggested to be responsible for 

the hard endpoints. CTA-verified LAP and PR best describe high-risk plaques. Novel methods 

have suggested the feasibility of detection of plaque inflammation by CTA.

4. Prospective studies are needed to define the role of plaque pathology in management of 

chronic coronary disease (ie. to define imminently event-prone population of ISCHEMIA).

5. Our entire experience has been based on subjectively binary interpretation of CTA, and AI-

supported strategies for automated quantitative plaque assessment at both lesion and vessel 

levels are currently being investigated.
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