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Current concepts in the prevention of CHD



• Cardiovascular disease is the world's biggest killer

THE ASSUMPTION
Heart attacks are more likely to occur in patients with significant 

coronary artery stenoses

Chang et al, JACC 2018Hoffmann et al, JACC 2009

THE REALITY
• >50% of heart attacks occur in people with 

minor coronary artery stenoses

• Many patients at risk missed by current tests 

that rely on detecting luminal stenosis

• First presentation is often MI or death

Coronary Artery Disease (CAD) Testing



Inflammation in atherogenesis and plaque rupture
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Inflammation in atherogenesis and plaque rupture



All current imaging tests
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Discrepancies in cardiovascular diagnostics: The elephant in the room
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Most Coronary plaques don’t cause heart attacks
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The elephant in the room is called vascular inflammation!
IF we could detect inflammation in the coronaries, we would:

-Prevent plaque formation 
-Prevent heart attacks

by applying aggressive medical therapy!

Fishbein et al. Circulation. 1996;94:2662-2666

“Minor” plaques cause many heart attacks 



Detecting the vulnerable plaques could help prevent heart attacks 



Strategy #1
Detecting downstream myocardial damage

The challenge: 
to detect the unstable plaques → unstable patient



Brown AJ et al. JACC Cardiovasc Imaging. 2017;10(10)

Patients (n = 99) with stable CAD undergoing PCI + IVUS-VH

thin-cap fibroatheromaPlaque burden >70%

Unstable plaques cause minor downstream myocardial damage, 
even at rest! 

(High-sensitivity troponin I)



WOSCOPS  trial. J Am Coll Cardiol 2016;68:2719–28

Predictive value of baseline hs-cTnI for future events 



Kaier TE et al. Circulation. 2017;136.

• cMyC at presentation provides discriminatory power 
comparable to hs-cTnT and hs-cTnI in the diagnosis 
of AMI 

• may perform favourably in patients presenting early 
after symptom onset

✓novel biomarker of 
cardiac injury

✓serum concentration 
rises and falls more 

rapidly than TnT and 
TnI

Excellent discrimination for diagnosis 
of AMI

AUC: 0.924 (95% CI, 0.910–0.939)

Beyond troponin: Cardiac myosin-binding protein C (cMyC) 



Strategy #2
Detecting the vulnerable patient by studying 

coronary plaque characteristics



Vulnerable plaques have distinct histopathological characteristics



Intra-plaque hemorrhage and plaque vulnerability



Natural-History Study of Coronary Atherosclerosis

Stone P et al NEJM 2011

After ACS and stenting (PCI) major adverse cardiovascular events are equally attributable to recurrence at 
the site of  culprit lesions (CL) and to nonculprit lesions (NCL).



Studying plaque characteristics by invasive intracoronary imaging 

Stone P et al NEJM 2011

Intravascular ultrasound (IVUS) Optical coherence tomography (OCT)



Studying plaque characteristics by invasive intracoronary imaging 

Stone G et al NEJM 2011

But invasive imaging in not suitable as a screening strategy to detect patients at risk



Studying plaque characteristics by computed tomography



Risk of Coronary Heart Disease

Polonsky et al. JAMA. 2010 303(16): 1610–1616

Detrano et al. NEJM. 2008; 358:1336-1345

The Multiethnic Study of Atherosclerosis (MESA) study (6000 + subjects)

But…….. calcium is a sign of stable plaques!
Reflects irreversible changes in the anatomy of vascular wall

Cannot regress with treatment that lowers inflammation

The prognostic value of coronary calcium on cardiovascular CT



Van Velzen et al. J Nucl Cardiol. 2011;18(5): 893–903
Hecht et al. JACC Cardiovasc Imaging. 2015;8(11)

The vulnerable plaque

Lipid rich
Necrotic core

+

Puchner et al. JACC. 2014;64(7):684–692.

Positive remodeling

Low-attenuation plaque

Spotty calcification

Napking ring-sign

Analysis of 472 CTA scans from the ROMICAT-II trial

Structural characteristics of the vulnerable plaque in CTA



CTA plaque characteristics and risk of subsequent ACS events



Strategy #3
Detecting the vulnerable patient by quantifying 

systemic inflammation: 
how specific can we be?



CRP as a risk factor for adverse cardiovascular events 

Ridker PM et al. NEJM. 2002;347.

Detecting systemic inflammation to identify the high-risk patient



IL-6 as a predictor of CV events



Inhibition of IL-1b to prevent CV events



Inhibition of IL-1b to prevent CV events



Inhibition of IL-1b to prevent CV events



The problem with plasma biomarkers of inflammation 



Strategy #4
Detecting the vulnerable patient by quantifying 

coronary inflammation



18F-NaF 18FDG

18F-NaF 18FDG

Joshi et al. Lancet 2014; 383: 705-13

18F-NaF: marker of active microcalcification

Using novel PET-CT radiotracers to detect unstable plaques



Using novel PET-CT radiotracers to detect unstable plaques

68Ga-DOTATATE: somatostatin receptor subtype-2 (SST2)-binding PET tracer

68Ga-DOTATATE detects culprit coronary lesions

Tarkin JM et al. JACC 2017;69(14).

But PET-CT → high costs, limited availability, high radiation

Using novel PET-CT radiotracers to detect unstable plaques



The challenge remains 

How to identify:

a) The vulnerable “healthy” individual who will develop 
atheroma

b) The vulnerable “healthy” individual who has minor 
atheroma at risk for ACS

c) The vulnerable patient with advanced disease, who 
despite optimum treatment remains at risk for ACS 
(due to rupture of either significant or “minor” plaques)



Paracrine signals

Classic approach (outside to inside signals)

Antonopoulos A et al; Obes Rev. 2009;10:269-79 Margaritis et al; Circulation 2013;127:2209-21

signals

Vascular 
inflammation

AT “Sen
sin

g
”

response

AT sensing: includes processes 
that could affect adipogenesis!

Antonopoulos A et al Diabetes 2015 64:2207-19 

New approach (inside to outside signals)

Perivascular fat and the vascular wall:
The concept of “inside to outside” signalling



Vascular 
inflammation

Gradient in Fat cell size

Antonopoulos A et al. Science Translational Medicine 2017

Small adipocytes
Less lipophilic phase
More aqueous phase

Hypothesis: 
Shift in tissue CT attenuation ?

Large adipocytes
More lipophilic phase
Less aqueous phase

How can vascular inflammation affect PVAT adipogenesis?



Vascular 
inflammation

Gradient in Fat cell size

Healthy coronaries

Coronary artery disease
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Perivascular Fat Attenuation Index (FAIPVAT)
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UK Intellectual Property Office, ref. 1414496.8, August 2014

High FAILow FAI

Perivascular fat: sensor of coronary inflammation
A new CT imaging analysis technology



Acute MI
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Antonopoulos A, Sanna F et al. Science Tansl Med 2017

Can FAIPVAT track coronary inflammation and its resolution post AMI
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Antonopoulos A, Sanna F et al. Science Translational Medicine 2017

Applying FAI Analysis as a new dimension of routine CTA



Antoniades C, Antonopoulos A, Deanfield J EHJ 2019 

Comparative performance of 



CRISP-CT Study Design 1

CRISP-CT Findings

► Abnormal FAI associated with a 

o 6-9x higher risk for fatal heart attacks 

o 5x higher risk for non-fatal heart attacks

► After adjusting for all conventional risk factors    (e.g., 
smoking, age, diabetes, high cholesterol)

► FAI is more predictive of future heart attacks than 

high-risk plaque (HRP) features 2

► Findings confirmed in SCOT-HEART using 

uncorrected perivascular attenuation (PCAT) 3

• 4000 participants from Europe and US

• Up to 10 years follow up
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1. Lancet 2018; 392: 929–39
2. J Am Coll Cardiol 2020; 76 (6) 755–757
3. J Am Coll Cardiol Img. 2022, 15 (6) 1078–1088

SCOT-HEART

FAI Accurately Predicts Future Heart Attack Risk



-190 
HU

+30 HU

Elnabawi Y ….Mehta N; JAMA Cardiol 2019

Changes of FAI in psoriasis patients 

after treatment with biologics

Changes of FAI with Statin Treatment

Oikonomou et al. Lancet 2018

Dai et al et al. Int J Cardiol 2020

With treatment decision based on 
CCTA alone:

18x greater risk for patients with 
high FAI left untreated

FAI tracks Dynamic Changes in Response to Treatments



Antoniades C, Antonopoulos A, Deanfield J EHJ 2019 

Combination of HRP and PVAT imaging by CT for enhanced risk stratification
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Antonopoulos AS et al. JACC Imaging 2021

What does FAI add beyond the current state of the art?



Antoniades C, Antonopoulos A, Deanfield J EHJ 2019 

Clinical approaches to the non-invasive detection of vascular inflammation



• Need to dissociate the degree of stenosis from the risk of future events

• Search for the vulnerable patients includes:
-Plasma biomarkers of

myocardial injury (cTnI, cMyC) 
inflammation (e.g. hsCRP, ….)

• The unstable plaque is the inflamed one, and it is not necessarily large!

Specificity issues

Quantification of coronary inflammation by newer imaging methods such as PET, CTA and 
CT imaging of PVAT may help detect the vulnerable patients at risk for plaque rupture 
events

-Imaging biomarkers
PET-CT (NaF, …) 
CTA (Plaque morphology)
CTA-FAI (vascular inflammation, +/- plaque)

Non-invasive detection of the vulnerable patient



• Male (age 52y old) with typical chest pain
• LDL=1.12mmol/L (atorvastatin 10mg OD)
• Hypertensive (candesartan, amlodipine)
• Ex smoker (stopped 2 years ago)
• Overweight BMI 26.5Kg/m2

• No ischaemia, no stenosis, minor calcification 

• The patient died from a fatal heart attack (proximal LAD) 
35 months later….

LAD RCA LCX

• Male (age 63y old) with typical chest pain
• LDL=2.2mmol/L (atorvastatin 40mg OD)
• Hypertensive (amlodipine, indapamide)
• Ex smoker (stopped 9 years ago)
• Obese BMI 31.5Kg/m2

• DM on metformin HbA1c=6.7%
• No ischaemia, no stenosis, extensive plaque,incl low attenuation 

plaque

• Follow up 11 years, no event throughout

How Do We Identify High Risk Patients?
C

A
SE

 A
C

A
SE

 B



Analysis performed on routine CTCA, as part of clinical practice

No 
inflammation

Moderate 
Inflammation

Severe
Inflammation

Braunwald’s Heart Disease 12th Edition© Elsevier Publishing 2021

Perivascular FAI: a “Sensor” of Vascular Inflammation

Margaritis & Antonopoulos et al; Circulation 2013;127:2209-21
Antonopoulos et al; Diabetes 2015; 112:213-222
Antonopoulos et al; Circ Res 2016;118(5):842-55
Antonopoulos et al., Science Translational Medicine 2017
Oikonomou & Antoniades. Nature Rev Cardiol 2018



Fat Attenuation Index
➢ Unadjusted, visual representation of the extent of coronary 

inflammation in the 3 main epicardial coronary arteries

FAI-Score
➢ Individualised quantification of coronary inflammation in the 3 main 

epicardial coronary arteries, adjusted for age and gender
• Percentile value represents the patient’s relative risk
• Can be viewed as a measure of disease activity

CaRi-Heart® Risk
➢ The absolute risk of a fatal cardiac event within the next 8 years, 

based on the personalised FAI-Score values, coronary atherosclerotic plaque 
burden and clinical risk factors

CaRi-Heart®
A CE-Marked Medical Device for Evaluation of Coronary Inflammation and Prediction of Future Cardiac Events



Clinically-Indicated CCTA

Minor CADNo CAD Obstructive CAD

≥ 5% and < 10%< 5%

Absolute Risk

< 75th centile for LAD or RCA
OR

< 95th centile for LCX

75th - 89th centile for LAD or RCA
OR

≥ 95th centile for LCX

≥ 10%

CaRi-Heart® Risk*

* 8-year risk of cardiac death : incorporates personalised FAI-Score with clinical risk factors, demographics, and plaque burden

Current clinical 
guidelines-based 
management

Inflammation-
guided management
(using FAI-Score)

Consider additional treatments 
(e.g. colchicine)

Lifestyle changes
Start or intensify treatment

(e.g. statins)

≥ 90th centile
for LAD or RCA

Consider additional treatments 
(e.g. colchicine)

Lifestyle changes
Start or intensify treatment

(e.g. statins)

+/- Revascularisation

Oikonomou EK & Antonopoulos AS et al. Cardiovasc Res 2021

Use of pericoronary FAI in clinical practice 



How Do We Identify High Risk Patients?

• Male (age 52y old) with typical chest pain
• LDL=1.12mmol/L (atorvastatin 10mg OD)
• Hypertensive (candesartan, amlodipine)
• Ex smoker (stopped 2 years ago)
• Overweight BMI 26.5Kg/m2

• No ischaemia, no stenosis, only some calcification (statin?)

• The patient died from a fatal heart attack (proximal LAD) 
35 months later….

LAD RCA LCX

• Male (age 63y old) with typical chest pain
• LDL=2.2mmol/L (atorvastatin 40mg OD)
• Hypertensive (amlodipine, indapamide)
• Ex smoker (stopped 9 years ago)
• Obese BMI 31.5Kg/m2
• DM on metformin HbA1c=6.7%
• No ischaemia, no stenosis, extensive plaque, incl low attenuation 

plaque

• Follow up 11 years, no event throughout
CaRi-Heart® Risk (8y risk for cardiac death: 9.8% 

CaRi-Heart® Risk (8y risk for cardiac death: 31.2% 

Measuring FAI-Score Identifies High Risk Patients
C

A
SE

 A
C

A
SE

 B



LAD RCALCx

History
• 56-year-old female
• Non-diabetic, normotensive
• LDL 66 mg/dL
• Pooled Cohort Equation: 2.3%

Management based on Conventional CCTA
• Lifestyle measures

Management after CaRi-Heart® Report
• Atorvastatin 40mg daily

“Normal” Coronary Arteries but at high-Risk



LAD RCALCx

History
• 71-year-old female
• Non-diabetic, normotensive
• LDL 64 mg/dL
• Pooled Cohort Equation: 15.9%
• Atorvastatin 20mg daily

Management based on Conventional CCTA
• ?Increase atorvastatin dose

Management after CaRi-Heart® Report
• Atorvastatin dose unchanged 

“High-Risk” Plaque But Low Risk Patient



• 76-year-old male
• Hypertensive, non-diabetic
• LDL 73 mg/dL
• Pooled Cohort Equation: 14.7%
• Atorvastatin 10mg daily
• CCS = 768

Management based on Conventional CCTA
• ?Increase atorvastatin dose

Management after CaRi-Heart® Report
• Atorvastatin dose unchanged 

Low Risk Patients Despite Extensive Disease



• 56-year-old female
• Non-diabetic, normotensive
• LDL 68 mg/dL
• Pooled Cohort Equation: 7.9%
• Atorvastatin 10mg daily

LAD RCALCx

Management based on Conventional CCTA
• No change in current treatment

Outcome
• Patient died from anterior MI 33 months after 

CCTA

Identifying High Risk Patients Despite Minor Disease



Antonopoulos AS et al. Eur J Prev Cardiology 2021
Antoniades & West; Eur Heart J 2021

Improved Risk StratificationEnhanced Diagnostics

40%

CTCA: an One-Stop-Shop for  Coronary Diagnostics



Questions ?
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