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of Cardiology

Vulnerable plaques and patients:
state-of-the-art

 In the 1980s, Muller et al. studied coronary events triggered by morning
awakening, anger, heavy exertion, and other stressors. The observation
that a potential stressful trigger could be harmless on one day, yet lead to
a cardiac event sometime later led to the concept of the ‘vulnerable
plaque’, initially defined in 1989 as a plaque at increased risk of
thrombosis

* The search for the precursors of culprit plaque underlying acute cardiac
events has been the subject of multiple investigations using different
invasive and non-invasive imaging modalities.

Tomaniak et al. European Heart Journal (2020) 0, 1-10



Pathways causing thrombosis in coronary artery disease
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Yahagi et al. Nat Rev Cardiol. 2016;13:79-98.
Yahagi et al. Atherosclerosis 2015;239:260-267



CT is the imaging modality for primary prevention to detect vulnerable
plaque in people who don’t have previous cardiovascular events
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Invasive and non-invasive imaging modalities for coronary plaque
] Stenoss 2 50% Probabilty of Having ACS

Technical features
Spatial resolution 0.4 mm 0.5-1 mm 4-5 mm 4-5 mm
Tissue penetration, mm = RR 344
Detection of vulnerable _
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Lipid-rich core ++ +++ - -
Fibrous cap thickness - — - —
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Inflammation + +++ -
Neovascularization — ++ - —
RR 8.2
Intraplaque hemorrhage | Any High - - - -
Risk Plaque i . . e s
Features of vulnerable Feature Present Low attenuation § |RP, PR, Inflammation Microcalcification
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Remodeling , . .
Spotty calc, ion, macrophage) (PR, necrotic core)
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Stefan B. Puchner et al. ] Am Coll Cardiol. 2014 Aug 19;64(7):684-92. — van Veelen A, et al. J Clin Med. 2022;11(5):1361



High-risk coronary plaque of sudden cardiac death victims:
postmortem CT angiographic features and histopathologic findings

Katarzyna Michaud'™ - David C Rotzinger? - Mohamed Faouzi'* - Silke Grabherr' - Salah D Qanadli** -

Allard C van der Wal®’ - Virginie Magnin’

Michaud et al. International Journal of Legal Medicine. 2024 Apr.

Postmortem CT and histology were invetigated in 40
sudden cardiac cases due to ACS.

« Postmortem CT showed a positive remodeling index
(RI=1.1) in 75% of cases.

« Napkin-ring sign, Low attenuation plaque and spotty
calcifications were observed in 40%, 46.3% and
48.7% of cases, respectively.

- In 58.3% of cases, plaque enhancement was
observed.

plaque a;cqaﬁ‘and plaq
composntlon a hatfalo

ag ented calcification at histology.

tm rtem CT.

@vaar%rm&é@twea@e
|69¢T|cat' t CT and the presence of

Plaque enhancement appeared as a new
RI values were lower in cases with fibrotic plaques.



Coronary CT angiography for the assessment of atherosclerotic plaque
inflammation: postmortem proof of concept W|th h|stoIog|caI validation

[IQR] age, 52 [11] years), with
autopsy-proven coronary
thrombosis, histological
examination, and multiphase
post-mortem CT Angiography.
Plague enhancement at multiphase
PMCTA was reported in 21 (60%)
Furthermore, plaque enhancement
correlated with histopathological
plaque inflammation and increased
vasa vasorum density.

Plaque enhancement on
multiphase CT angiography
could potentially serve as a
noninvasive marker of
inflammation in high-risk
populations.
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Eur Radiol. 2024 Mar;34(3):1755-1763. - | thrombus (T)




Timeline of development and future directions for clinical trials
in coronary vulnerable plaque (VP)

What is known? What 1s new?

2011 2012 2019
2015 2018

Past 1989 2003

Naghavi et al. Consensus
docu_m_ent_: definitiong, _ EMERALD trial SCOT-HEART
classifications, and clinical CT Leaman Score +FFRy (pos'iat\i(il/\éerr:ren Eldae?ll:ﬁg N
and pathological evaluations Localization+Type of )
low attenuation plaque
plaque+Degree of CRISP CT study 2
Coronary CT Angiography +FFRcy

PARADIGM study




E S C European Journal of Preventive Cardiclogy REVIEW

European Society doi10.1093/eurjpe/zwab067
of Cardiology

Cardiovascular risk stratification by coronary
computed tomography angiography imaging:
current state-of-the-art
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-Cardiovascular risk assessment by
clinical risk score system or biomarkers
is good but not satisfactory.

-CT technology allows the anatomical
assessment (plaque burden, stenosis),
plague characterization (identification of
high-risk plaques), functional
assessment and guantification of

coronary inflammation.

\ 4

CT angiography offers an elegant
way to risk stratification of patients.

Antonopoulos AS, et al. Eur J Prev Cardiol 2022;29(4):608-624



- 1059 patients (10,037 segments) undergoing CTA
Computed Tomographic Angiography - Follow-up period of 12-50 months

Characteristics of Atherosclerotic Plaques * Endpoint: ACS (ischemic discomfort with elevated

Subsequently Resulting in Acute Coronary Syndrom troponin and ischemic discomfort of
Y s oS © CCS 3/4 without elevated troponin)

Positive remodeling (PR)

and % i 2 feature negative/No plaques 0.49%
low-attenuation plaque (LAP) I, femture positive plaaues 3.7%
[ 4
‘é 8
& 2 fi iti | 22.29/
. = i eature pOSItlve plagues . (s)
1059 patients *é 6
-
® 44
o
| 1 >
- 8
PRand LAP PR or LAP Plagues without No Plaque 2 27
45 27 PR and LAP 167 5 |
820 O " Logrank <0.001
ACS No ACS ACS No ACS ACS No ACS ACS No ACS 0 10 20 30 40 50
10 35 1 26 4 816 0 167 Months of follow-up

Positive remodeling with low-attenuation plaques on CTA predict future ACS.
Motoyama S, et al. J Am Coll Cardiol. 2009;54(1):49-57.
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Coronary Artery Plague Characteristics - 1,769 patients with stable chest pain undergoing CTA

Associated With Adverse Outcomes
in the SCOT-HEART Study

Williams, M.C et al. JACC 2019;73:291-301.

SCOT-HEART
-The Scottish Computed Tomography
of the HEART-
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|
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-Average FU: 4.7 years
-Adverse plaque (AP): PR and/or LAP

-Obstructive plaque: cross-sectional area stenosis=70%

Non-obstructive plaque: <70%
-Endpoint: coronary heart disease death or MI

Adverserptague 8 coroitary stenosis
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Follow-Up (Years)

-3 times more frequent event in patients with AP.

-Twice more frequent event in patients with obstructive

plague than those with non-obstructive disease.

10 times more frequent event in patients with both AP

and obstructive plaque than those with normal.



Circulation s

» <4 SCOT-HEART - 1769 patients with stable chest pain undergoing CTA
RIGINAL RESEARCH ARTICLE * -Median Follow-up : 4.7 years

. . -Endpoint: fatal and nonfatal MI
Low-Attenuation Noncalcified Plaque on

Coronary Computed Tomography Angiography Low attenuation plaque burden
Predicts Myocardial Infarction 5
Results From the Multicenter SCOT-HEART Trial (Scottish Computed =
Tomography of the HEART) : 41 LAP burden>4%
S
Williams, M.C et al.Circulation.2020;141:1452-1462. — 3-
- (48]
c .
8 )
-Plaque burden=plaque volume/vessel volume< = LAP burden=4%
81 —
©
-Each burden of total, calcified, noncalcified ")
and low-attenuation plaque were assessed. 6 i : 3

Follow-up (years)

e.g. low attenuation plaque (LAP) burden  -All types of plaque are related with higher risk
= LAP volume/vessel volume of MI.

-LAP was defined as <30 HU. -LAP is the strongest predictor of MI.

-Patients with LAP burden >49% are 5 times more
likely to suffer MLI.




Coronary plague characteristics associated with
cardiovascular events

Coronary Plaque Characteristics

LAP PR TCFA Large LCBI

30 Studies -
21 CCTA 40CT X Association of CPCs with

patient-level and lesion-
31IVUS 2 NIRS-IVUS NRS High PB Low MLA level MACE

30,369 Patients ) S I,

CPCs Identifies High-Risk Atherosclerotic Plaques That Place Lesions and
Patients at Risk for Future MACE

Patient-Level MACE Lesion-Level MACE
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Gallone et al. J Am Coll Cardiol Img 2023;16:1584-1604



Oikonomou EK, et al.Lancet.2018;392(10151):929-939.

CRISP-CT study
Non-invasive detection of coronary inflammation using @HR® Derivigtbdatuimrodo 87220 0epatients
computed tomography and prediction of residual o MediaMédlary Ehdrthmonths
cardiovascular risk (the CRISP CT study): a post-hoc analysis FAI of 70.1 HU is an optimal cutoff value for
of prospective outcome data prediction of all-cause or cardiac death.
Evangelos K Oikonomou*, Mohamed Marwan*, Milind Y Desai®, Jennifer Mancio, Alaa Alashi, Erika Hutt Centeno, Sheena Thomas, m
Laura Herdman, Christos P Kotanidis, Katharine E Thomas, Brian P Griffin, Scott D Flamm, Alexios S Antonopoulos, Cheerag Shirodaria,
Nikant Sabharwal, John Deanfield, Stefan Neubauer, Jemma C Hopewell, Keith M Channon, Stephan Achenbach, Charalambos Antoniades Mlm ation coh on
Perivascular fat attenuation index (FAI) 100;5 Adjusted HR 562, 95% C1 2-90-10-88
captures the inflammatory changes in perivascular fat. — 7 p<oo001
3 12
-190HU " 30HU > 104
£ >70.1 HU
RCA _ Proximal £ 8
10 mm g 6
O
S 44
S <70.1 HU
1Y) 2 -
O
0 I | I 1
: 0 24 48 72 96
S | Follow-up (months)
Vessel
Perivascular fat 1623 1337 917 516 113
Non-perivascular fat 417 330 240 114 15

High perivascular fat attenuation index (270.1 HU) is an indicator of
increased all-cause and cardiac mortality.



ORIGINAL RESEARCH

EMERALD

Identification of High-Risk Plaques

Destined to Cause Acute Coronary

Syndrome Using Coronary Computed

Tomographic Angiography and
Computational Fluid Dynamics
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¢
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4
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Lee JM, et al.JACC Cardiovasc Imaging 2019;12(6);1032-1043.
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EMERALD 11

Artificial Intelligence-Enabled Quantitative Plaque and
Hemodynamic Analysis for Predicting Acute Coronary

Syndrome Risk and Prevention Strategy
The EMERALD 1/ Stuay

Artificial Intelligence-enabled Quantitative

Coropaty-R ijﬁiwlalysis

Patient with ACS

4

Patients who underwent CTA before ACS event

(1 month — 3 year before the event)

4

351 ACS patients

4

N

Derivation cohort
(243 patients:
248 culprit vs 1247 115 culprit vs 841
non-culprit) non-culprit)

! 1

New prediction model
(Standard analysis + AI-QCPHA features)

Validation cohort
(108 patients:

(AI-QCPHA
. " . .
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» g =
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Bon-Kwon Koo, et al. TCT 2023



Summary of previous studies of CTA for prediction of future events

Population

Identified
parameters

Endpoint

Duration

n=1,059 Positive remodeling (PR)
Motoyama S Pts undergoing CTA and ACS 27 M 22.2% 99.5%
Low-attenuation plaque (LAP)
— HRP (PR and/or LAP) 16.3% 98.6Y%
Motoyama S n 3’15.8 ( - ACS 3.9Y 2 °
Pts undergoing CTA HRP + =70% stenosis 18.8% 97.8%
Coronary heart o o
PR and/or LAP disease death or MI 4.7Y 4.1% 98.6%
3 n=1,769 o
SCOT-HEART Pts with chest pain undergoing CTA LAP>4% MI 4.7Y NA NA
Agatston calcium score MACE 48Y NA NA
n=1297 Total percent atheroma Progression to
PARADIGM Pts with NOCA volume, %DS obstructive lesions 3.8Y NA NA
) n=1,872 Perivascular fat attenuation | All-cause or cardiac o o
CRISP-CT Pts undergoing CTA index =70.1 HU death 72M 5.9% 99.5%
. n=539 RCA pericoronary adipose o o
van Diemen PA Pts with suspected CAD tissue attenuation MI 5.0Y 11.4% 95.9%
n=72 Plaque and hemodynamic
EMERALD k Pts ACS who underwent CTA before ACS characteristics ACS 338D NA NA
'] n=351 AI-QCPHA (AI-based plaque NA
EMERALD II — and hemodynamic ACS NA NA
Pts ACS who underwent CTA before ACS characteristics) (1M-3Y)
DISCOVER-FLOW n=93 Hemodynamic characteristics TVF, TLF 10.1Y NA NA

Pts with suspected or known stable CAD




Photon Counting Detector is a Quantum Leap in the MSCT technology

ECG—synchronized ultra-high-resolution photon counting CT:

00 1ot messurs cry it side of B hnagel

Hagar et al. European Radiology 2024 Meloni et al. J Cardiovasc Dev Dis 2023;10(9):363



Shami et al. European Radiology Experimental (2024) 8:14
https://doi.org/10.1186/s41747-023-00410-4

ORIGINAL ARTICLE Open Access

: ®
Atherosclerotic plaque features i

relevant to rupture-risk detected by clinical
photon-counting CT ex vivo: a proof-of-concept
study

Clinical PACS

3-11 ROIl/crossection

3-4 _ | IPH -
-4 crossections/plaque Calcium [ |
distal o ol I B proximal Fme |
Cap |
Histological evaluation ~ LPid core |
of plaque features Necrosis
> Thrombus S
- 10 1
b, Coefficient

[
G

(95%Cl)

2

Human carotid artery specimens were analyzed by photon

counting CT and histologically.

HU of each plaque type were measured in the energy of 45, 70,

90 and 180 keV.

Using the mixed effect model, the relationship between HU of

plague type and energy was evaluated as the following formula:
HU=b, + b,*log(Energy) + (1|ROI) + Error

Each coefficient (b1) was compared among different plaque type.

190keV

o
Calcium
=“““Fibrosis

Lipid

Calcium

Necrosis

Shami, Goncalves et al. European Radiology Experimental (2024) 8:14




Shami et al. European Radiology Experimental (2024) 8:14
https://doi.org/10.1186/s41747-023-00410-4

ORIGINAL ARTICLE

Atherosclerotic plaque features

Open Access

Check for
updates

relevant to rupture-risk detected by clinical
photon-counting CT ex vivo: a proof-of-concept

study
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1p=0.048

Intraplaque hemorrhage was disccernible from fbrous cap, lipids and necrosis.
Thrombus was distingguishable from fibrosis, fibrous cap, lipids and necrosis.

Photon counting CT may enable us to distinguish plaque features such as hemorrhage

and thrombus.

Shami et al. European Radiology Experimental (2024) 8:14




Conclusion

CCTA is an emerging non-invasive imaging tool to screen patients with vulnerable plaques by
providing comprehensive assessment of coronary arteries including plaque morphology, plaque
burden, hemodynamic characteristics and perivascular fat inflammation.

Autopsy studies with post-mortem CTA in patients with sudden death suggested that plaque
enhancement is as a non-invasive marker of inflammation.

High risk plaque characteristics on CTA include Low attenuation plaque (LAP), positive remodelling,
napkin-ring sign and spotty calcification. LAP is a strong predictor of future MI. Perivascular fat and
use of Al for quantification of plaque/ hemodynamics could further improve the risk prediction.

A new generation of CT, — photon-counting CT-, will further improve spatial resolution and may
enable to further characterise the individual feature of vulnerable plaque such as haemorrhage and
thrombus.
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