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✓THIN cap 

✓Macrophages 

✓Intraplaque hemorrhage 

✓Angioneogenesis 

✓Spotty Ca2+ 

✓Large lipid pool/necrotic core

Bom et al. Detection and Treatment of Vulnerable Plaques. Circ CV Imaging. 2017. 

Anatomical definition of vulnerable plaque



Clinical definition of vulnerable plaque

Circulation. 2003 Oct 7;108(14):1664-72.

Coronary plaque with high likehood of thrombotic 
complications and rapid progression



Circulation. 2003 Oct 7;108(14):1664-72.

Cardiac death Myocardial infarction

Revascularization Hospitalization for coronary 
ischemia

Vulnerable plaque

Coronary plaque with high likehood of thrombotic 
complications and rapid progression

Clinical definition of vulnerable plaque



HOW to identify vulnerable plaque

NON INVASIVE INVASIVE I.C. IMAGING

CT scan IVUS IVUS-NIRS OCTPET-CT MRI



CT Scan

P.W. Serruys et al. CTA in CAD, State-of-the-Art. EuroIntervention 2023;18.

Positive remodelling Low-attenuation plaque (HU<30)

Napkin-ring sign Spotty calcium



J Am Coll Cardiol 2019;73:291–301

CT Scan



Marc R. Dweck. et al. J Am Coll Cardiol Img 2016;9:306–16.

Bom et al. Circ Cardiovasc Imaging. 2017;10:e005973.

MRI PET/CT
Spatial resolution 0.2-1 mm3 4 mm

Cost ++ +++
Lipid/necrotic core +++ -
Spotty calcification + ++

Fibrous cap ++ -
Plaque inflammation + +++

Availability + -



Marc R. Dweck. et al. J Am Coll Cardiol Img 2016;9:306–16.

Promising but still on the way

Bom et al. Circ Cardiovasc Imaging. 2017;10:e005973.
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G.W. Stone. Prospect study. N Engl J Med 2011;364:226-35. 

IVUS-VH: when it all began. . .



IVUS-Near Infrared  spectroscopy (NIRS)

Lipid core burden index [LCBI]

Max LCBI4mm > 400

Waksman R. et al. Identification of plaques vulnerable to future coronary events with NIRS: a prospective, cohort study. Lancet 2019 Nov 2;394(10209):1629-1637.



D. Erlinge et al. PROSPECT-II trial. Lancet 2021; 397: 985–95.

IVUS-NIRS



Fabris E. et al. Outcomes of pts with normal FFR and TCFA. Eurointervention 2022.

OCT: The THIN CAP Fibroatheroma



Study
I.C. 

imaging Sample size Population FU (y) Predictors Primary endpoint

PROSPECT, 2011. IVUS-VH 697 ACS 3.4 MLA (<4 mm2), TCFA VH 
Plaque burden (PB) >70%

CD, cardiac arrest, MI or 
hospitalized angina

VIVA, 2011 IVUS-VH 170 CCS 1.7
MLA (<4 mm2), TCFA VH 

Plaque burden (PB) >70%
CD, MI, unplanned 
revascularization

ATHEROREMO-IVUS, 2013 IVUS-VH 581 CCS 1 TCFA, PLAQUE BURDEN ≥70% Death, ACS or unplanned 
revascularization

ATHEROREMO-IVUS, 2014 IVUS-NIRS 203 CCS 1 LCBI≥43.0
Death, nonfatal ACS, stroke, 
unplanned revascularization

LRP, 2019 IVUS-NIRS 1563 ACS 2 Max LCBI4mmI≥ 400
Death, cardiac arrest, MI, ACS, 
revascularization, hospitalized 

angina

CLIMA, 2020. OCT 1003 Only LAD 1 TCFA (65 µm) + MLA (<3.5 mm2) 
+ Macrophages + LA>180°

CD, target segment MI

PROSPECT II, 2021 IVUS-NIRS 898 ACS 3.7 MAXLCBII≥ 324.7, PBI≥ 70%, MLA≤4 mm2

CD, MI; UA, angina requiring 
revascularization or with rapid 

lesion progression

COMBINE OCT-FFR, 2021. OCT 550 DM 1.5 TCFA (<65 µm) & LA>90°
CD, target-vessel MI, clinically 

driven TLR or hospitalized 
angina

Wakayama registry, 2021. OCT 1378 ACS 6 TCFA (65 µm) + LA>180° ACS

PECTUS, 2023. OCT 420 ACS 4 2 of  LA>90°, TCFA (<65 µm),  
plaque rupture/thrombus

CD, NCL nonfatal MI, 
unplanned revascularization

When the plaque is VULNERABLE? 
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Vulnerable plaque treatment: how and why?

Medical treatment		 	 Mechanical treatment



Spagnolo. Circ Cardiovasc Interv. 2025;18:e015529



PREVENT TRIAL

2 Years

(IVUS or OCT)

(83% CCS)
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Follow-upPost-scaffold implantation

Can the scaffold cap the plaque?

Brugaletta Atherosclerosis 2012;221:106-12





COMBINE INTERVENE

1222 MVD pts

FFR alone FFR + OCT 

VULNERABLE TRIAL
Prospective, randomized, multicentre study

STUDIES COMBINING FFR and OCT for treatment of 
coronary lesions

Prospective, randomized, multicentre study

600 MVD STEMI

FFR + OCT 
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Pts analyzed 
ACS or stable

Definition of VP FU Length

Event rate should not be too low to see a signal of 
focal/systemic therapy

Value of VP diagnosis and treatment



Pts analyzed 
ACS or stable

Definition of VP FU Length

Value of VP diagnosis and treatment

COMBINE-INTERVENE & VULNERABLE will give us more 
data about the value of preventive mechanical treatment 



Thank you!

@sbrugaletta sabrugaletta@gmail.com


