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+ |[VUS can differentiate between calcified and
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+ IVUS (intravascular ultrasound) is the traditional
gold standard for coronary plague analysis

« |[VUS provides cross-sectional imaging of coronary
arteries, allowing precise measurement of plaque
burden and morphology

noncalcified plague




*k%

***General - No Additional Protection

Calcium Score- Power of zero

Coronary Artery Calcium Score — 0 — 1-99 100-399 — >400
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Proportion with CHD death/non-fatal Ml (%)
(6]

|
W

Follow-up (years)

- First non-invasive method of measuring plaque burden
- Predicts risk in some but not all populations (e.g. statins)
- Calcium scores increase not decrease with statins

Williams et al, JACC 2019
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Obstructive disease and CACS O

0

[l No or nonobstructive CAD  [[1] Obstructive CAD

No. at risk
CAC=0
CAC=0+obstructive CAD

80
601
| 1] = | | |

All <40 40-49 50-59 60-69 270
Age group, y

12771 1278 3684 4453 2737 619

725 39 192 268 174 52

Patients with obstructive CAD

[ cac=0 []cac=0

100+
80- 23,759 patients
S .
g 60] - Symptomatic
S 40+
- Obstructive disease with CAC 0
20
’—‘ 58% < 40years
0- L 5% >70 years
All <40 40-49 50-59 60-69 =70
Age group, vy
No. at risk
Obstructive CAD 5043 68 562 1486 1963 964
CAC=0+obstructive CAD 725 39 192 268 174 52

Mortensen MB, et al. JAMA Cardiology. 2021.
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Plague morphology

Calcified Non-calcified (ie fibrous) Mixed (calcified + non-calcified)
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Stenosis grading on CTA: CAD-RAD

Stenosis Grade Stenosis range CAD-RAD Recommendation
(diameter)

Normal Absent 0 None, non-cardiac cause

Minimal <25% 1 Prevention

Mild 25-49% 2 Prevention

Moderate 50-69% 3 Stress-imaging

Severe 70-99% 4A&B Stress-imaging/ Cath
angiogram

Occlusion 100% 5 Cath angiogram
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Overall plague burden scoring/Semi-quantitative
assessment

RCA LCA

* Segment Involvement Score (SIS)

» Segment Stenosis Score (SSS)

» CT-Leaman Score (CT-LeSc) Location Weight Factr Plaque Weigh Factor

AXIAL CORONARY ANATOMY w R‘gh‘ Ca—— Laft Dominant é‘::;(::;” = ?'

§;£ :H :“ Stenosis Weight Factor
?‘;{“ :o-. E,, Segment (n) score =
Pros ACA 1 5 Plaque Weight Factor
::‘::2: i,, § Sxmﬂ:smm«
R-POA 1 0 : X

Comprehensive / Leiden CTA risk score = X Segment (1-17) score




Cumulative event-free survival

0,7+
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Plaque burden scoring on CTA

No CAD 1200 patients, f/u 52 months

100% {0/501)

CAD<50% and CT-LeSc =5
94.0% (11/184)

CAD>50% and CT-LeSc <8
80.7% {21/109)

CAD<50% and CT-LeSc »&
78.6% (12/56)
CAD>509% and CT-LeS¢ »&
76.5% (80/341)

n=1196
Log rank
p<0.001

0,6

12

24

T T
36 48

Time in months

60

72

o Mushtaqg S, et al, Circ CV imaging 2015
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Modifier "P” - Plaque

Overall amount Visual assessment
of coronary
plaque
1 Mild 1-100 <=2 1-2 vessels, mild plaque
2 Moderate 101-300 3-4 1-2 vessels, moderate plaque

3 vessel, mild plaque

3 Severe 301-999 5-7 3 vessel, moderate plaque
1 vessel severe plaque

4 Extensive >1000 >=8 2-3 vessels, severe plaque

Cury RC, et al. Journal of Cardiovascular Computed Tomography.



*k%k

***General - No Additional Protection

Stages of atherosclerosis detected by CCTA

cARag,
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Risk of Ischemia, ACS, or
Major CAD Events

MULTIVESSEL OBSTRUCTIVE CAD

Higher risk with 3 vessel CAD, LM, or
2 vessel CAD with proximal LAD stenosis

OSTRUCTIVE CAD or MULTIVESSEL

NONOBSTRUCTIVE PLAQUE e .
Higher risk with proximal stenosis, more
extensive plaque, or with high risk plaque features. |

Lower risk with small vessels or distal stenosis
HIGH RISK NON-OBSTRUCTIVE
- AHEROSCLEROSIS
MOderate RISk High Risk Plaque Features, Plaque

Progression, or Extensive Nonobstructive
Plaque (e.g., SIS >4)

MILD ATHEROSCLEROSIS - NO

M i n i ma I Ri sk HIGH RISK PLAQUE FEATURES

Higher risk with noncalcified plaque

HEALTHY - AT-RISK

N (B
At- R l s k Risk increases with
higher PCE scores or if

poor risk factor control
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Age- and Sex-Related Differences in
All-Cause Mortality Risk Based on Coronary
Computed Tomography Angiography Findings

Results From the International Multicenter

CONFIRM (Coronary CT Angiography Evaluation for
Clinical Outcomes: An International Multicenter Registry)
of 23,854 Patients Without Known Coronary Artery Disease

James K. Min, MD,* Allison Dunning, MS,} Fay Y. Lin, MD,# Stephan Achenbach, MD,§

Mouaz Al-Mallah, MD,|| Matthew J. Budoff, MD,¥ Filippo Cademartiri, MD #

Tracy Q. Callister, MD,” Hyuk-Jae Chang, MD, Victor Cheng, MD,$} Kavitha Chinnaiyan, MD,§§
Benjamin J. W. Chow, MD,||| Augustin Delago, MD 99 Martin Hadamitzky, MD,##

Joerg Hausleiter, MD## Philipp Kaufmann, MD,"* Erica Maffei, MS,# Gilbert Raff, MD,§§

Leslee J. Shaw, PHD,t1t+ Todd Villines, MD,#44 Daniel S. Berman, MD,§ for the

CONFIRM Investigators




The NEW ENGLAND JOURNAL of MEDICINE
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ORIGINAL ARTICLE

Coronary CT Angiography and 5-Year Risk

of Myocardial Infarction

The SCOT-HEART Investigators*

CTA group: 2.3% [48 patients]
Standard-care group: 3.9% [81 patients]
HR =0.59 (95% Cl = 0.41 - 0.84); p=0.004

A Death from Coronary Heart Disease or Nonfatal Myocardial Infarction

100+
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CTA VS standard care
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Follow-up (yr)
No. at Risk
Standard care 2073 2033 2008 1994 1572 856
CTA 2073 2051 2029 2015 1588 872

B Nonfatal Myocardial Infarction
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Follow-up (yr)
No. at Risk
Standard care 2073 2045 2030 2017 1597 881
CTA 2073 2057 2048 2041 1618 891
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The “stable” The “vulnerable”
atherosclerotic

atherosclerotic
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High Risk Plague (Vulnerable plaque)

Macrophage Thin Fibrous
Density

Large
SI.O?tty. Necrotic
Calcification / Core
\\
Positive
Remodeling Neovascularisation

CTCA spatial resolution
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High Risk Plaque — Positive remodelling

Diameter of artery at plaque/ diameter of proximal normal = 1.1 (Remodelling Index)

D

Motoyama S et al, JACC 2007;50:319
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High Risk Plaque (Spotty CaIC|f|cat|ons< 3 mm)

Motoyama S et al, JACC 2007;50:319
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High Risk Plaque - Lipid core

Low Attenuation Plaque (<30 HU)

Napkin ring sign (NRS) — area of low attenuation surrounded by high density (non-
calcified)

Maurovich-Horvat P et al, JACC CVI 2010;5:1243
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High Risk for ACS

- HRP(-)

i HRP(+)

1 Log-rank p<0.0001

I ! 1 I 1 1 I I ! I

o 1 2 3 4 5 6 7 8 9 10

Patients at risk
HRP(-) 2,864 2,856 2,091 1,485 1,020 880 645 433 263 89 18
HRP(+) 294 274 193 163 106 92 64 35 15 6 2

Cumulative Event-Free Rate

o

N=3158 patients:

294 had adverse plaques
ACS in 16% of these patients (n=48)

2864 did not have adverse plagues
ACS in 1.4% of these patients (n=40)

Motoyama JACC 2015
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Williams et al. Circulation 2020
Motoyama et al. JACC 2015.
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Total plaque volume, mm3
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Precursors of myocardial infarction

p 0.03

Non calcified Fibrous

p 0.137

EACS M Control

p 0.009
p 0.026

F|brofatty Necrotic core

ICONIC

234 acute coronary syndrome
patients and control pairs from
the CONIFRM registry

ACS patients

— Less calcified plaque
— More non-calcified plaque
— More fibrofatty and necrotic core

Chang HJ, et al. ] Am Coll Cardiol. 2018



CTA Enables Stratification of High- and Low-Risk Atherosclerosis
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Source: van Rosendael, JAMA Cardiology 2020, Chang HJ et al. J Am Coll Cardiol 2018
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Quantltatlve plaque burden
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Quantitative Plaque Analysis

Automatic quantification

» Total atheroma volume (TAV, mm3)

» Percentage atheroma volume (PAV, %)
* Volume of LAP (<30/50 HU)

* Volume of fibrous plaque (50-349 HU)
* Volume of calcified plaque (= 350 HU)
« Maximum diameter stenosis
 Maximum area stenosis

 Minimal luminal area

Min J. et al, LACC 2022

Volume -
Lumen: 0.287cm?

Outer Wall: 0.909cm?®
In-Between: 0.622cm?
-100HU ~ OHU:0.187cm?

® 1HU ~ 50HU:0.0800cm?
' 51HU ~ 150HU:0.140em?
151HU ~ 350HU:0.106cm?
m351HU ~ 1000HU:0.0557¢

W:1000 L:300



TPV HR (95% CI)
0 Reference
1-100 1.24 (0.51-3.01)
101-250 2.81(1.11-7.10)
250-750 3.58 (1.39-9.22)
>750 4.79(1.66-13.81)

Wald P-value
0.6292
0.0285
0.0083
0.0037
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Percent Without Event
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Cumulative incidenec of myocardial infarction (%)

Plaque Informs Risk
Incident M| by Low Attenuation Plaque (LAP) burden (SCOT-HEART)

100 }, Total plaque volume

57

4+

3+

Proportion with fatalnon-fatal Mi (%)

—— <2385 mm’
— 22385 mm’

TOTAL PLAQUE VOLUME
50,850 03k 6 48 * Higher total plaque volume is associated with
i HR 7.3 higher patient risk of Ml

LOW ATTENUATION PLAQUE

Low-attenuation non-caicified plaque burden  — s4% — »>4%
* Low attenuation plaque (LAP) on coronary CTA
is indicative of plaque with a lipid-rich core

« Higher LAP is associated with higher risk of M,

even for non-obstructive stenosis
HR 4.7

* Outperformed CV risk scores, luminal stenosis
severity, CAC scores

p 3
Follow-up (years)
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What then drives events?
PLAQUE & BLOOD

Plaque Burden

1) Tendency to Plague Rupture
* Plague burden
* Plague type

DIAMOND OF Plaque

Plaque Type MI RISK Activity

2) Tendency of the blood to clot
* Intensity of the stimulus
e Stickiness of the blood

Blood Thrombogenicity
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Pericoronary Fat Attenuation

* Coronary inflammation induces structural
changes in the surrounding perivascular
adipose tissue (PVAT)

* These changes can be detected on routine
CT imaging on the basis of changes in CT
signal attenuation

* PVAT CT attenuation can, therefore,
provide a surrogate measure of coronary
inflammation

* This novel methodology could provide
useful additional information from routine
clinical scans

* Further multicentre validation and

prospective outcome data are now required

- "
&
"

\dipose tissue

=190 =122 =T2Z =55+=30
FAl (HU)

Antonopoulos Science Translational Medicine 2017
Dweck, Fayad Nature Reviews Cardiology 2017
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Coronary
Artery Disease
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Patients with advanced established

coronary artery disease n=292

\

Coronary disease activity on '8F-NaF PET:
the only predictor of fatal or non-fatal Ml

(independent of calcium score, coronary artery lumen stenosis,
risk scores & co-morbidities)

CMA 0.00 CMA 0.97 CMA 14.76
No Activity Low Activity High Activity
(CMA=0) (CMA 0.01 to 1.56) (CMA > 1.56)
NO Ml on FU 8-fold risk of Ml

Kwiecinski JACC 2020
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Event Free Survival

1&' = i}
Low or No CMA
0.8 D
High CMA
0.67
0.4
p<0.0001
0.2
0.0
0 20 40 60 80
Time (months)

18F-fluoride PET outperformed all
clinical risk scores and CT
assessments in the prediction of
subsequent M|
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PARADIGM study

Paired CT Scans 22 Years Apart 1255 pt

Statin-naive patients Statin-taking patients Statin-naive Statin-taking
Baseline  Follow-up Baseline  Follow-up patients patients
23% per year 1 54% per year |
4 p=0002 | 87 p<0001 07 p<0.001
- 1.6 1 |
5 254 i
§ 14 4 12
) ] 12 {
) ]+
o
5 15 A 0.8 -
§ 0.8 - '
£ 1- 0.6 - e [
B 04 1 04 1
| = -
R 0.21 VA
Plaque Dense calcium 0 "
T H TG I [ow-attenuation  Fibro-fatty Overall Calcified Noncalcified

Modified from Lee et al. JACC CV Imag 2018
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Conclusions

* CTCA enables detection of early stages of CAD
* Characterisation of the plaques
 HRP characteristics are associated with ACS and future MACE

* Plaque burden and CAD extent is better predictor of future Ml
than the degree of lumen stenosis

* Al driven plaque quantification for individual risk assessment
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