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Calcium Score- Power of zero SCOT-HEART

Williams et al, JACC 2019

- 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



Obstructive disease and CACS 0

23,759 patients 
Symptomatic

Obstructive disease with CAC 0 
58% < 40years
5% >70 years

Mortensen MB, et al. JAMA Cardiology. 2021.



Plaque morphology
Calcified Mixed (calcified + non-calcified)Non-calcified (ie fibrous)



UK Cardiac CT Course



Stenosis grading on CTA: CAD-RAD

SCCT Guidelines on Reporting, JCCT 2009;3:122 

CAD-RADS, JCCT 2016;10:269

Stenosis Grade Stenosis range 
(diameter)

CAD-RAD Recommendation

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% 4 A & B Stress-imaging/ Cath 
angiogram

Occlusion 100% 5 Cath angiogram

4A: Single vessel 70-99%

4B: LMS ≥ 50% or 3 vessel 70-99% UK Cardiac CT Course





Overall plaque burden scoring/Semi-quantitative 
assessment

• Segment Involvement Score (SIS)

• Segment Stenosis Score (SSS)

• CT-Leaman Score (CT-LeSc)



Plaque burden scoring on CTA

1200 patients, f/u 52 months

Mushtaq S, et al, Circ CV imaging 2015



Modifier ”P” - Plaque

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

P Overall amount 
of coronary 
plaque

CAC SIS Visual assessment

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



Stages of atherosclerosis detected by CCTA





4146 χρόνιο θωρακικό άλγος
CTA VS  standard care
3-7 έτη

42% αποφρακτική ΣΝ

CTCA arm: 50% EM μη-αποφρακτική ΣΝ

41% 





Spotty 
Calcification

Thin Fibrous
Cap <55μm

Macrophage 
Density

Large 
Necrotic 

Core

Positive 
Remodeling Neovascularisation

CTCA spatial resolution

High Risk Plaque (Vulnerable plaque)



High Risk Plaque – Positive remodelling

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

Motoyama S et al, JACC 2007;50:319



High Risk Plaque (Spotty Calcifications≤ 3 mm)

Motoyama S et al, JACC 2007;50:319



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



High Risk for ACS

Motoyama JACC 2015

N=3158 patients:

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

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



Romicat II

Williams et al. Circulation 2020 
 Motoyama et al. JACC 2015.





Precursors of myocardial infarction
• 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. J Am Coll Cardiol. 2018
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Quantitative plaque burden

Williams et al, JCCT, 2021



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







What then drives events?
PLAQUE & BLOOD

1) Tendency to Plaque Rupture
• Plaque burden

• Plaque type

2) Tendency of the blood to clot
• Intensity of the stimulus

• Stickiness of the blood

Plaque Burden

Plaque Type
Plaque 
Activity

Blood Thrombogenicity

DIAMOND OF 
MI RISK



Pericoronary Fat Attenuation

Antonopoulos Science Translational Medicine 2017 
Dweck, Fayad Nature Reviews Cardiology 2017
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Low or No CMA

NO MI on FU 8-fold risk of MI

18F-fluoride PET outperformed all 
clinical risk scores and CT 

assessments in the prediction of 
subsequent MIKwiecinski JACC 2020

n=292



PARADIGM study

Modified from Lee et al. JACC CV Imag 2018

1255 pt



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 MI  
than the degree of lumen stenosis 

• AI driven plaque quantification for individual risk assessment
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