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How Should | tfreat:Vulnerable plaque

Diagnostic and therapeutic options
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Anatomical definition of vulnerable plaque

Fibrous cap
- Thin: <65 um Spotty calcification
- Infiltrated by macrophages Intimal neovascul t
Vaso vasoru m
proliferati
@ Large necrotic core ‘ > =
Intim
Media Positive remodeling
Adventitia
Intraplaque hemorrhage

v THIN cap

v Macrophages

v Intraplagque hemorrhage
v Angioneogenesis

v Spotty Ca?+

v Large lipid pool/necrotic core

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



Clinical definition of vulnerable plaque

Coronary plaque with high likehood of thrombotic
complications and rapid progression

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



Clinical definition of vulnerable plaque

Coronary plaque with high likehood of thrombotic
complications and rapid progression

Cardiac death Myocardial infarction

[ Vulnerable plaque ]

Hospitalization for coronary

Revascularization S

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



HOW ¢to identify vulnerable plaque

NON INVASIVE INVASIVE I.C. IMAGING
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CT Scan

Positive remodelling Low-attenuation plaque (HU<30)

Napkin-ring sign

T 1
u',‘f \3?\
|

W s
5 :
F.7
Ly

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



CT Scan

Cumulative Risk for Culprit Lesion on ACS

Identification of High-Risk Plaques
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J Am Coll Cardiol 2019;73:291-301



MR PET/CT

Spatial resolution 0.2-1 mm3 4 mm
Cost ++ 4+
Lipid/necrotic core +++ _
Spotty calcification + ++
Fibrous cap ++ _
Plaque inflammation + 4+
Availability + -

Bom et al. Circ Cardiovasc Imaging. 2017;10:e005973.
Marc R. Dweck. et al. ] Am Coll Cardiol Img 2016;9:306-16.



MR PET/CT

Spatial resolution 0.2-1 mm3 4 mm
Cost ++ 4+
Lipid/necrotic core 4+ _
Spotty calcification + ++
Fibrous cap ++ _
Plaque inflammation + 4+
Availability + _

Promising but still on the way

Bom et al. Circ Cardiovasc Imaging. 2017;10:e005973.
Marc R. Dweck. et al. ] Am Coll Cardiol Img 2016;9:306-16.



IVUS-VH: when it all began. . .

20+

M Present M Absent

16.4

ot
w
1

Rate of Major Adverse Cardiovascular
Events (%)
=
1

0_
TCFA (all) TCFA+MLA <4 mm?2 TCFA+PB =270% TCFA+PB 270%+
MLA <4 mm?
Lesion hazard ratio (95% Cl) 3.90 (2.25-6.76) 6.55 (3.43-12.51) 10.83 (5.55-21.10) 11.05 (4.39-27.82)
P value <0.001 <0.001 <0.001 <0.001
Prevalence (%) 46.7 15.9 10.1 42

G.W. Stone. Prospect study. N Engl J Med 2011;364:226-35.



IVUS-Near Infrared spectroscopy (NIRS)

Lipid core burden index [LCBI]

Max LCBI,__ > 400

4dmm

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.



MLA=3-8 mm?
Plaque burden=80-1%

IVUS-NIRS

' maxLCBI

4 mm

=687

Lesion-level NCL-related MACEs (%)
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—— PB 270% and maxLCBI, ., <324-7
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OR 11-33 (95% Cl 6:10-21.03)
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D. Erlinge et al. PROSPECT-II trial. Lancet 2021; 397: 985-95.



OCT: The THIN CAP Fibroatheroma

Fabris E. et al. Outcomes of pts with normal FFR and TCFA. Eurointervention 2022.
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0 365 730 1,095 1,460 1,825
Days since enrolment
N. at risk
FFR(-) TFCA(-) 292 283 249 165 86 18
FFR(-) TFCA+) 98 89 15 51 21 5

Figure 1. Kaplan-Meier curves for primary endpoint of FFR(—)
TCFA(—) vs FFR(—) TCFA(+) groups. FFR: fractional flow reserve;
TCFA: thin-cap fibroatheroma



When the plaque is VULNERABLE?

I.C. . . . . .
Study imaging Sample size  Population FU (y) Predictors Primary endpoint
) -
PROSPECT, 2011. IVUS-VH 697 ACS 34 MLA (<4 mm2), TCFA VH CD, car<.:||ac. arrest, MI or
Plaque burden (PB) >70% hospitalized angina
VIVA. 2011 VUS-VH 170 ccs 17 MLA (<4 mm2), TCFA VH CD, MI, unplanned
! i ) Plague burden (PB) >70% revascularization
ATHEROREMO-IVUS, 2013 IVUS-VH 581 ccs 1 TCFA, PLAQUE BURDEN >70% Death, ACS or unplanned
revascularization
Death, nonfatal ACS, stroke,
ATHEROREMO-IVUS, 2014 IVUS-NIRS 203 CCS 1 LCBI=43.0 N
unplanned revascularization
Death, cardiac arrest, Ml, ACS,
LRP, 2019 IVUS-NIRS 1563 ACS 2 Max LCBI,,,,I= 400 revascularization, hospitalized
angina
2
CLIMA, 2020. ocT 1003 Only LAD 1 TCFA (65 um) + MLA (<3.5 mm) CD, target segment Ml
+ Macrophages + LA>180
CD, MI; UA, angina requiring
PROSPECT II, 2021 IVUS-NIRS 898 ACS 3.7 MAXLCBII> 324.7, PBI> 70%, MLA<4 mm2 revascularization or with rapid
lesion progression
CD, target-vessel M, clinically
COMBINE OCT-FFR, 2021. oCT 550 DM 1.5 TCFA (<65 um) & LA>90° driven TLR or hospitalized
angina
Wakayama registry, 2021. ocT 1378 ACS 6 TCFA (65 um) + LA>180° ACS
PECTUS, 2023. ocT 420 ACS 4 2 of LA>90°, TCFA (<65 um), CD, NCL nonfatal Ml,

nladiie riintrirea /+hramhiic nnnlannead raviacriilarizatinn



When the plaque is VULNERABLE?

I.C. . . . . .
Study imaging Sample size Population FU (y) Predictors Primary endpoint
5 )
PROSPECT, 2011. IVUS-VH 697 ACS 34 MLA (<4 mm2), TCFA VH CD, carc.llac. arrest, MI or
Plaque burden (PB) >70% hospitalized angina
VIVA. 2011 VUS-VH 170 e 07 MLA (<4 mm2), TCFA VH CD, MI, unplanned
’ i : Plaque burden (PB) >70% revascularization
ATHEROREMO-IVUS, 2013 IVUS-VH 581 ccs 1 TCFA, PLAQUE BURDEN >70% Death, ACS or unplanned
revascularization
Death, nonfatal ACS, stroke,
ATHEROREMO-IVUS, 2014 IVUS-NIRS 203 CCS 1 LCBI>43.0 .
unplanned revascularization
Death, cardiac arrest, Ml, ACS,
LRP, 2019 IVUS-NIRS 1563 ACS 2 Max LCBI,,,,I= 400 revascularization, hospitalized
angina
2
CLIMA, 2020. ocT 1003 Only LAD 1 U2 (58 1) DAL Rk mom ) CD, target segment Ml
+ Macrophages + LA>180
CD, MI; UA, angina requiring
PROSPECT II, 2021 IVUS-NIRS 898 ACS 3.7 MAXLCBII> 324.7, PBI> 70%, MLA<4 mm2 revascularization or with rapid
lesion progression
CD, target-vessel M, clinically
COMBINE OCT-FFR, 2021. ocT 550 DM 1.5 TCFA (<65 um) & LA>90° driven TLR or hospitalized
angina
Wakayama registry, 2021. OCT 1378 ACS 6 TCFA (65 um) + LA>180° ACS
PECTUS, 2023. ocT 420 ACS 4 2 of LA>90°, TCFA (<65 um), CD, NCL nonfatal Ml,

nlaniie riinfrira /fhramhiic nnnlannead roaviacriilarizatinn



Vulnerable plaque treatment: how and why?

Medical treatment Mechanical treatment

HH 0

Fibrous Cap Thickening Necrotic Core Regression Reducing Thrombogenicity
Increasing cap thickness (>65um) to Reducing lipid pool size and Passivating the plaque surface
reduce susceptibility to rupture. inflammatory cell infiltration. to prevent luminal thrombosis.
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Systemic management

Focal management

GLAGOV

968 pts with
non-obstructive CAD

All-cause death
3.0%

2.0%

1.0% <
e 0.8%
0.0% <
Evolocumab Placebo
Nonfatal M|

30% 2.9%

2.0% 2.1%

1.0%

Evolocumab  Placebo
Any revascularization

15.0% <

Placebo

Evolocumab

Follow-up: 78 weeks

PACMAN-AMI

300 ACS pts with residual
non-obstructive CAD

All-cause death

3.0%
2.0% 4

1.4%
1.0% 4
0.7%
0.0% <

Alirocumab  Placebo
MI

3.0%

2.0% 2.0%
1.4%
1.0% 4

Alirocumab  Placebo

IDR
18.5%
8.2%

Alirocumab  Placebo

Follow-up: 52 weeks

ODYSSEY J-IVUS

206 ACS pts with
uncontrolled dyslipidemia

All-cause death

3.0% 4
2.0% 4
1.0% 4

Alirocumab  Placebo

MI

Placebo

Alirocumab

IDR

15.0% <
10.0%

5.0%

3.9%
2.0%
0.0% =

Alirocumab  Placebo

Follow-up: 36 weeks

182 ACS pts with residual
non-obstructive CAD

Cardiac death
3.0%
2.0%
1.0%
- 0% 0%

BVS + OMT OMT

MI

3.0%

2.0% 4
1.7%

1.0% 4

0.0% <
BVS + OMT OoMT

IDR

15.0% <

10.0%

5.0% 4
4.3%

0.0% =
BVS + OMT OoMT

Follow-up: 104 weeks

PROSPECT ABSORB PREVENT

1,606 pts with
non-obstructive CAD

All-cause death

3.0%
2.0%
1.0% < ek
0.5%
0.0%
PCI Placebo
MI
3.0% <
2.0%
1.7%

1.0% 1.1%

0.0%
PCI Placebo
Any revascularization

15.0% <
10.0% <

5.0% 4
3.7%

1.8%
PCI Placebo

0.0%

Follow-up: 104 weeks

Spagnolo. Circ Cardiovasc Interv. 2025;18:e015529




PREVENT TRIAL

// POPULATION (|VUS or OCT)
Patients with imaging-identified Preventive PCI + Medication vs. Medication Alone.
“vuln erabl en p| aques. (83% CCS) 803 patients received stents plus optimal medical therapy (OMT), while 803 received OMT only.
These are high-risk, lipid-rich plaques that are —s
not yet restricting blood flow (FFR > 0.80). FFR > 0.80

Q@ ovrcowe

Major Event Rate:

Preventive PCl resulted in a massive reduction in cardiac death, _
heart attacks, and emergency hospitalizations.
o 40 Immediate benefits sustained for 7 years.
o # 0 The primary results were measured at 2 years, but the protective
=

Preventive PCI (803) Medication Alone (803)

effect remained significant throughout the long-term follow-up.
102 &
WX 3
‘ M
2 Years Start 2 Years 7 Years



Can the scaffold cap the plaque?

Post-scaffold implantation Follow-up

Brugaletta Atherosclerosis 2012;221:106-12



Design

Randomized, open-label

Randomized, open-label

Randomized, single-blind

Randomized, single-
blind

Expected N=600 N=2190 N=1222 N=1420
sample
Population STEMI patients with multivessel dis- ACS patients with >1 non-flow-limiting Patients with multivessel ACS patients with a
ease and 40-70% nonculprit lesions in | OCT-defined VP in a vessel with FFR/ coronary artery disease 40-70% diameter ste-
different vessels than the culprit lesion, | QFR> 0.80 nosis at QCA with no
with FFR >0.80 and OCT features other significant steno-
of VP sis in the same vessel
Intervention PCI plus optimal medical therapy PCI of vulnerable plaques using DES or | Revascularization based on | OCT (fibrous cap thick-
DCB + optimal medical therapy (high- combined OCT and FFR ness <75 pm plus at
intensity lipid-lowering + colchicine) least 2 other criteria of
plaque vulnerability)
Control Optimal medical therapy Optimal medical therapy alone (high- Revascularization based on | iFR or RFR <0.89 or
intensity lipid-lowering + colchicine) FFR and sham OCT FFR <0.80
Primary out- Composite of cardiovascular death, Composite of cardiac death, target- Composite of cardiac death, | Composite of cardiac
comes target-vessel myocardial infarction, or vessel myocardial infarction, ischemia- any myocardial infarction, or | death or nonfatal spon-
clinically and physiologically oriented driven target-vessel revascularization, or | any clinically driven revascu- | taneous target-vessel
target-vessel revascularization hospitalization for unstable angina larization myocardial infarction
Follow-up 4y 2y 2y 2y
Anticipated December 2028 September 2027 March 2026 July 2025

completion date




STUDIES COMBINING FFR and OCT for treatment of
coronary lesions

COMBINE INTERVENE J VULNERABLE TRIAL
/ 1222 MVD pts \ / 600 MVD STEMI \
{ O \
FFR alone FFR + OCT FFR + OCT
FFR- No :FFR+ ' \
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Value of VP diagnosis and treatment

ts analyzed [ Definition of VP \ 4 FU Length A
ACS or stable

LAP PR TCFA Large LCBI
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Event rate should not be too low to see a signal of
focal/systemic therapy




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