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ABSTRACT 

Acute coronary syndromes and sudden cardiac death are frequently precipitated by the 

disruption and subsequent thrombotic occlusion of structurally vulnerable coronary plaques, 

most notably thin-cap fibroatheromas characterized by a large necrotic lipid core and a thin 

fibrous cap. A substantial proportion of these events arise from non-flow-limiting, 

hemodynamically insignificant lesions that are clinically silent prior to rapid destabilization. 

In addition to plaque rupture, thrombotic events may also result from superficial erosion or 

protruding calcified nodules. Conventional coronary angiography lacks the resolution and 

tissue characterization capability required to identify such high-risk morphological features, 

whereas advanced intravascular imaging modalities enable detailed plaque assessment. The 

detection of plaques with high-risk features has prompted investigation into prophylactic 

interventional strategies aimed at plaque stabilization. Emerging clinical data suggest that 

targeted treatment of vulnerable plaques may attenuate progression to acute coronary events. 

In conclusion, this review explores the evolving role of advanced imaging in identifying and 

potentially managing high-risk atherosclerotic lesions, with important implications for 

improving long-term cardiovascular outcomes. 

 

Key words: Coronary artery disease; Percutaneous coronary intervention; Vulnerable 

plaques; Drug-eluting stents. 

 

  

                  



 

Introduction 

Cardiovascular disease is the leading cause of mortality worldwide, with coronary artery 

disease being a significant contributor 1. Vulnerable plaques in coronary arteries often lead to 

acute coronary syndromes (ACS), myocardial infarction (MI), or sudden cardiac death 2. 

These plaques, characterized by large plaque burdens but often appearing non-obstructive on 

angiography due to positive remodelling 3, pose challenges for identification and 

management. Current guidelines focus on revascularizing flow-limiting lesions 4–6, leaving 

non-flow-limiting vulnerable plaques untreated, despite their considerable contribution to 

ACS. Standard treatments for obstructive lesions have uncertain roles for non-flow-limiting 

yet high-risk plaques. Potential benefits of percutaneous coronary intervention (PCI) may 

include thickening the fibrous cap and delipidating the lesion to reduce rupture and thrombus 

formation 7. Emerging evidence suggests that preventive PCI could stabilize vulnerable 

plaques and lower the risk of adverse events8,9. However, concerns remain about the risks, 

magnitude of benefit and costs associated with these procedures. This review aims to: (i) 

define the pathophysiology of ACS and the role of vulnerable plaques; (ii) describe current 

imaging modalities for diagnosis; (iii) highlight management approaches and guidelines; and 

(iv) understand the potential for interventional techniques, including preventive PCI, in 

reducing future cardiac events. 

 

 

  

                  



 

Pathophysiology of ACS 

Acute coronary events are primarily caused by thrombus formation triggered by rupture 

or erosion of atherosclerotic plaques10. Vulnerable plaques, particularly thin-cap 

fibroatheromas (TCFAs), are characterized by a lipid-rich core and thin fibrous cap, with their 

stability influenced by local inflammation, fibrous cap thickness, and lipid burden11 . These 

high-risk plaques are commonly located in the proximal and mid segments of the left anterior 

descending and circumflex arteries, while plaques in the right coronary artery are more 

diffusely distributed11,12. Intravascular imaging techniques can identify such morphologic 

features prior to plaque disruption. 

Plaque erosion, another major contributor to ACS, occurs when endothelial cells are 

lost over an intact cap, promoting thrombus formation without rupture13. Erosion is more 

prevalent in younger patients and women, and is associated with fibrotic, less lipid-laden 

plaques. Although risk factors such as smoking and hypertension contribute to endothelial 

damage, the precise triggers for erosion remain uncertain14. Currently, no imaging modality 

reliably predicts erosion-prone plaques before events occur. 

Eruptive calcified nodules (ECNs) represent a less common but significant mechanism 

of ACS, involving protruding calcified fragments that disrupt endothelial integrity and trigger 

thrombosis15. These lesions, detectable via intravascular ultrasound (IVUS) and optical 

coherence tomography (OCT), are more resistant to conventional medical therapy and stenting 

due to their rigidity13,15. 

Rupture-induced thrombus formation involves platelet activation and aggregation, 

followed by activation of the coagulation cascade and fibrin clot development 14. This can lead 

to partial or complete coronary occlusion, with varying clinical presentations from unstable 

                  



angina to ST-elevation MI, as shown in Figure 1. Understanding these distinct mechanisms is 

critical for developing predictive strategies and improving ACS management and prevention16. 

Definition and Clinical Implications of Vulnerable Plaques 

The concept of vulnerable plaques has evolved from autopsy-based identification of 

lesions causing acute MI and sudden cardiac death, to recognizing plaques that predispose 

patients to future cardiovascular events17, as summarized in Table 1. TCFAs are the most 

studied vulnerable plaques, prone to rupture and thrombosis, often leading to sudden cardiac 

events17,18. Autopsy studies shifted the clinical focus from luminal stenosis to plaque 

composition and stability, demonstrating that even angiographically mild lesions may cause 

fatal events if they rupture19,20. 

TCFAs are defined by a fibrous cap less than sixty-five micrometers thick, separating 

a large lipid core from the arterial lumen. This cap is weakened by infiltration of 

inflammatory cells - macrophages, T-cells, and mast cells - which release matrix 

metalloproteinases that degrade structural proteins, increasing rupture risk16,21 . The necrotic 

lipid core, composed of free cholesterol, foam cells, and cellular debris, further contributes to 

plaque instability. Neovascularization increases the likelihood of intraplaque hemorrhage, 

while local hemodynamic forces, such as low shear stress, promote formation, and high shear 

stress may trigger rupture22,23, as illustrated in Figure 2. 

Plaque rupture and ensuing thrombosis remain the leading cause of ACS 

presentations24 . Histopathological studies of sudden cardiac death consistently reveal thin-

capped, inflamed ruptured plaques, present in over 75% of fatal MI cases25–28 . Beyond ACS, 

non-obstructive plaque rupture with healing contributes to chronic ischemia, stable angina, 

and heart failure 29,30. Vulnerable plaques are also implicated in microvascular dysfunction 

and microvascular angina, with imaging studies showing a high burden of inflamed, lipid-rich 

plaques in these patients 31,32. Importantly, while rupture causes acute events, gradual plaque 

                  



progression - reflected in plaque burden and minimal lumen area (MLA) - remains a major 

driver of symptoms and need for revascularization25,33. 

 

Non-invasive Assessment of Vulnerable Plaques 

Identifying vulnerable plaques before they cause significant clinical events is a key 

goal in cardiovascular medicine. Several non-invasive methods are now increasingly used to 

assess plaque vulnerability in clinical practice. These techniques aim to detect high-risk 

plaques that may not yet cause significant symptoms but are prone to rupture or erosion, 

triggering thrombosis. Imaging modalities such computed tomography angiography (CTA) 

and positron emission tomography (PET), as well biomarker-based approaches have shown 

promise in evaluating vulnerable plaques. 

CTA provides detailed, non-invasive imaging of coronary arteries and can detect 

high-risk plaque features, such as low attenuation, positive remodeling, spotty calcification, 

and the napkin-ring sign 34. In the SCOT-HEART trial substudy, patients with obstructive 

disease and adverse plaque features had a 10-fold higher risk of coronary death or nonfatal 

MI compared to those with normal arteries (HR: 11.50; 95% CI: 3.39–39.04; p < 0.01) 35. 

While CTA lacks the resolution to detect inflammation or small plaques, it remains valuable 

for identifying rupture-prone plaques when integrated with clinical risk assessment. PET 

imaging, in combination with radiolabelled tracers (such as 18F-fluorodeoxyglucose, or 

FDG), can assess plaque inflammation, a key feature of vulnerable plaques. Increased FDG 

uptake in plaques reflects active inflammation, that may indicate a higher likelihood of 

plaque rupture 36. PET can also be used in conjunction with CT or MRI to provide a 

comprehensive picture of plaque burden and activity. 

Inflammation plays a central role in plaque vulnerability. Non-invasive blood tests for 

markers like C-reactive protein (CRP), interleukins (IL-6, IL-1β), tumour necrosis factor-

                  



alpha (TNF-α), and myeloperoxidase (MPO) can help assess systemic inflammation and 

predict vulnerable plaque rupture37 . Emerging evidence suggests that circulating 

microRNAs, particularly those involved in endothelial function and plaque stability, may 

serve as non-invasive markers for lesion vulnerability38. Elevated levels of these biomarkers 

and small molecules may be associated with plaque instability and an increased risk of 

cardiovascular events, though more investigation into this space is required. 

 

Functional Assessment of Vulnerable Plaques 

Fractional flow reserve (FFR) and other non-hyperemic measures of vessel 

physiology such as the instantaneous wave-free ratio (iFR) are valuable tools for evaluating 

equivalents to ischemia in coronary arteries39. These have been correlated to adverse events, 

enabling clinicians to focus interventions on plaques that are truly hemodynamically 

significant 40. Although FFR and other resting indices do not significantly impact hard 

clinical outcomes like death or MI and cannot identify non-flow-limiting vulnerable plaques, 

it is worth noting that these tools still provide a benefit by reducing unnecessary procedures 

41, since the probability of a vulnerable plaque is higher in an obstructive plaque when 

compared to non-obstructive plaques42. However, further and larger studies, using both 

invasive and non-invasive hyperemic indices are required. 

 

Intravascular Imaging of Vulnerable Plaques 

The detection and characterization of vulnerable plaques is critical for prognostication 

and for potentially preventing ACS43. Several advanced imaging modalities have been 

developed to identify vulnerable plaque features. Among them, gray-scale and 

radiofrequency IVUS, near-infrared spectroscopy-IVUS (NIRS-IVUS), and OCT each 

provide unique insights into plaque composition and structure44–50. The main characteristics 

                  



of these imaging modalities for the detection of vulnerable plaques are summarized in Table 

2. 

 

The integration of intravascular imaging into clinical practice has major implications 

for assessing and managing coronary atherosclerosis. Prior multicentre trials have 

demonstrated that identifying vulnerable plaques may enable targeted therapies to prevent 

rupture and thrombosis51,52 . In PROSPECT, involving 697 ACS patients across 37 centers, 

multimodal imaging revealed that both culprit and nonculprit lesions contributed equally to 

major adverse cardiac events (MACE), with a 3-year MACE rate of 20.4%. Many nonculprit 

plaques appeared mild on angiography but had a plaque burden ≥70%, MLA ≤4.0 mm², or 

were TCFAs 51. PROSPECT II assessed 3,629 lesions in 898 patients using IVUS and NIRS-

IVUS and found that 13.2% experienced MACE, with 8.0% linked to untreated nonculprit 

lesions. Predictors included lipid core burden index ≥324.7, large plaque burden (OR 3.49), 

and MLA ≤4.0 mm² (OR 6.00)52. 

Nonetheless, all imaging techniques have limitations. IVUS struggles to penetrate 

calcified lesions, reducing accuracy in assessing calcium burden15,22,53. The CLIMA study, 

evaluating OCT criteria in nonculprit LAD lesions, found a composite endpoint rate of just 

3.7%, with positive predictive values (PPVs) ranging from 5.3% to 19.4%54 . Similarly, in the 

COMBINE FFR-OCT trial, the 18-month MACE rate was 13% among TCFA-positive, FFR-

negative patients, with a PPV of 26.4%17 . These low PPVs, possibly due to small sample 

sizes, highlight the need for larger studies. 

Procedural risks such as vasospasm, dissection, or thrombosis, though rare, are 

concerns with intracoronary imaging 55. Cost and resource requirements further limit 

widespread access 56,57. Notably, only NIRS-IVUS currently holds United States Food and 

Drug Administration (FDA) approval for identifying vulnerable plaques, underscoring its 

                  



clinical value. As technology advances and more evidence emerges, broader access and safer 

applications may expand the benefits of intracoronary imaging in routine practice 58. 

 

Management of Vulnerable Plaques 

While plaque morphology plays a central role in the pathogenesis of ACS, the clinical 

significance of a vulnerable plaque is often compounded by the patient's overall 

cardiovascular risk profile. Importantly, a plaque’s vulnerability is not solely determined by 

its compositiotsn but also by the patient's systemic factors, such as hyperlipidemia, 

hypertension, diabetes, and smoking, that contribute to plaque instability, giving rise to the 

concept of a “vulnerable patient” 59 . Once identified, the current management of these 

patients requires a multifaceted approach. These involve the use of medical therapy, lifestyle 

changes and interventional strategies, and early detection and characterization of high-risk 

plaques using functional assessments and imaging can guide treatment decisions, allowing for 

more personalized and effective management.  

 

Medical therapy 

Medical management typically includes the use of systemic pharmacologic treatments 

that lower cholesterol levels, prevent clot formation, improve endothelial function and reduce 

local inflammation.  

Statins are the cornerstone of managing vulnerable plaques. By lowering low-density 

lipoprotein (LDL) cholesterol levels, statins not only reduce plaque formation but also 

stabilize existing plaques by decreasing inflammation and promoting plaque regression 60. 

High-dose statin therapy has been shown to reduce the risk of major cardiovascular events 

and improve plaque stability61,62, particularly in patients with high cholesterol and 

atherosclerotic disease. In addition to statins, other lipid-lowering agents such as ezetimibe or 

                  



PCSK9 inhibitors may be considered in high-risk patients to further lower LDL cholesterol 

and stabilize plaques 63. Some recent studies have shown that statins and PCSK9 inhibitors 

can thicken the fibrous cap of TCFA and reduce vulnerable plaque lipid content64 , that 

presumably would passivate these high-risk lesions. 

Antiplatelet therapies like aspirin and P2Y12 inhibitors help prevent platelet 

aggregation, a crucial step in thrombus formation following plaque rupture 65. Dual 

antiplatelet therapy (DAPT) is particularly important after PCI but there is also data for long-

term use in high-risk patients to prevent recurrent cardiovascular events, including MI and 

unstable angina. 

ACE inhibitors have been shown to reduce the risk of plaque rupture and prevent 

future cardiovascular events by lowering blood pressure and reducing vascular inflammation 

66. Beta-blockers, on the other hand, are critical in managing vulnerable plaques, especially 

after an ACS by reducing myocardial oxygen demand. This limits the stress on vulnerable 

plaques and help prevent arrhythmias. These medications are particularly important in the 

post-acute phase to improve outcomes in patients with unstable coronary artery disease. 

The CANTOS trial demonstrated that canakinumab significantly reduced the risk of 

cardiovascular events in patients with elevated C-reactive protein (CRP) levels, a marker of 

systemic inflammation67. In the COLCOT trial, the effect of low-dose colchicine on 

cardiovascular events in patients with recent MI was studied. The trial found that colchicine 

significantly reduced the risk of MACE by 23%, demonstrating its potential as an effective 

anti-inflammatory therapy in post-MI patients 68. Inflammatory processes are key drivers of 

plaque instability, and targeting these pathways may further reduce the risk of plaque rupture 

and cardiovascular events.  

  

                  



 

Lifestyle Modifications 

Lifestyle interventions, a heart-healthy diet, regular physical activity, diabetes control 

and smoking cessation, are crucial for reducing overall cardiovascular risk by reducing 

inflammation, and enhancing endothelial function. Medical treatments, when combined with 

proper lifestyle changes, form the basis of an effective strategy to prevent plaque rupture and 

reduce adverse cardiovascular events. However, no randomized trials with clinical endpoints 

evaluating the effect of lifestyle changes have been performed specifically in patients with 

non-ruptured vulnerable plaques.  

 

Interventional Management 

While systemic treatment can help stabilize lipid-rich plaques, it may not be sufficient 

to reduce the risk of further cardiovascular events, that remains significant in a proportion of 

patients. One potential approach to reducing the risk of recurrent cardiovascular events in 

patients with ACS or high-risk patients with stable coronary disease (e.g. diabetics) is 

through preventive revascularization of untreated vulnerable plaques that are often present 

and appear angiographically mild, but by intravascular imaging are typically severe, 

positively remodelled lesions69. 

Current American and European guidelines do not recommend revascularization for 

vulnerable plaques that do not cause ischemia6,70. The concept of preventive PCI is supported 

by prior small imaging studies that have shown that using metallic stents or bioresorbable 

vascular scaffold (BVS) on vulnerable plaques can thicken the fibrous cap and normalize 

wall shear stress simply while enlarging the coronary lumen71,72. The Preventive Angioplasty 

in Myocardial Infarction (PRAMI) trial randomized 465 STEMI patients with multivessel 

disease to preventive PCI of non-culprit lesions or culprit-only PCI. Preventive PCI 

                  



significantly reduced the primary composite outcome of cardiac death, nonfatal MI, or 

refractory angina (9% vs. 23%; HR 0.35, 95% CI 0.21–0.58; p < 0.001)73. Nonfatal MI and 

refractory angina were also significantly lower. Despite early termination, PRAMI was the 

first trial to show that immediate preventive PCI may reduce future ischemic events in 

STEMI patients. Two recent randomized trials, PROSPECT ABSORB and PREVENT, have 

since evaluated the potential role of invasive treatment for high-risk, non-flow-limiting 

lesions. These are summarized in Table 3. 

PROSPECT ABSORB was a pilot, lesion-level randomized trial assessing the safety 

and efficacy of percutaneous coronary intervention (PCI) using Absorb BVS in patients with 

angiographically mild, non-ischemic but vulnerable plaques 9. A total of 182 patients with 

high plaque burden lesions (≥65%) and negative FFR or iFR were randomized to receive 

BVS plus guideline-directed medical therapy (GDMT) or GDMT alone. The median diameter 

stenosis was 41.6%, plaque burden 73.7%, and maxLCBImm4 334.2. At follow-up, lesions 

treated with BVS had significantly larger mean MLA (6.9 ± 2.6 mm² vs. 

3.0 ± 1.0 mm²; p < 0.01) and lower lipid content (median maxLCBImm4: 62.0 vs. 

268.8; p < 0.01). A neocap of intimal hyperplasia (median thickness 210 μm) formed over 

BVS, consistent with plaque stabilization. While not powered for clinical events, lesion-

related MACE was numerically reduced from 10.7% (GDMT) to 4.3% (BVS) over 4 years 

(OR 0.38, 95% CI: 0.11–1.30; p = 0.12). 

PREVENT, a multicenter, open-label randomized controlled trial presented last year, 

enrolled 1,606 patients with 1,672 vulnerable plaque lesions identified using OCT, IVUS, and 

NIRS-IVUS 74. Inclusion criteria included MLA <4.0 mm², plaque burden >70%, TCFA, or 

maxLCBImm4 >315. Preventive PCI was performed in 91% of patients - 33% with BVS and 

67% with everolimus-eluting stents. At 2 years, the primary endpoint (composite of cardiac 

death, target-vessel MI, ischemia-driven revascularization, or hospitalization) occurred in 

                  



0.4% of PCI patients vs. 3.4% with GDMT (difference: –3.0%, 95% CI: –4.4 to –

1.8; p = 0.0003). In post-hoc analysis, all-cause death or target-vessel MI occurred in 0.6% 

vs. 1.9% (difference: –1.3%, 95% CI: –2.4 to –0.2), supporting preventive PCI for plaque 

passivation (Figure 3). 

The PREVENT trial also showed a sustained reduction in target vessel failure (TVF) 

over 7 years with preventive PCI for FFR-negative, >50% stenosis lesions74. Outcomes were 

significantly better with everolimus-eluting stents (EES) than bioresorbable scaffolds (BVS), 

which are no longer available. Broader use of NIRS-IVUS and OCT might have improved 

lesion selection. While not all vulnerable plaques were treated, this is the first large trial 

suggesting a role for PCI in non-flow-limiting, high-risk plaques, highlighting the potential of 

focal intervention for secondary prevention. 

There are still many questions left unanswered about the role of preventative PCI for 

patients with non-obstructive disease. In the PREVENT trial, the observed primary outcome 

rates were notably lower than expected in both groups, and the positive predictive value of 

most of these “high risk” features is relatively low. This may indicate that the study was 

underpowered, although the point estimates were accurate. Another limitation is that most 

participants had chronic coronary syndromes. It is important to consider that vulnerable 

plaques may be more common and biologically active in patients with troponin-positive 

disease. 

To fully understand the effectiveness and safety of preventive PCI, further research 

and clinical trials are needed. In fact, the use of stents or scaffolds in treating vulnerable 

plaque lesions may lead to potential risks and complications. These include fibrous cap 

rupture, that could lead to acute MI by the release and embolization of the lipid-rich core, and 

impaired reendothelialization that may increase the risk of device thrombosis, particularly in 

the presence of prothrombotic conditions associated with ACS or in the longer term50,75. 

                  



Bleeding risks from prolonged DAPT, and the potential economic burden of PCI also needs 

to be considered. The safety and effectiveness of preventive PCI must be proven in additional 

large-scale, randomized trials before this therapy is to be widely recommended. 

 

Research Gaps and Possible Future Directions 

Although invasive plaque characterization has been used in interventional cardiology 

for years, its clinical importance has only recently been appreciated with the now clear 

understanding of the relationship between atherosclerotic plaque morphology and patient 

prognosis76. At present, the optimal screening modality for high-risk plaques is also yet to be 

determined. Several randomized trials are underway as summarised in Table 4, with aims to 

demonstrate that preventive PCI is safe and improves long-term outcomes. 

 The DEBuT-LRP study evaluated the safety and efficacy of prophylactic PCI using 

drug-coated balloons (DCB) on lipid-rich, non-obstructive plaques in NSTEMI patients77. 

After PCI of all culprit lesions, three-vessel NIRS-IVUS was performed to identify lipid-rich 

plaques (LRP), defined by a maxLCBImm4 ≥325. Patients with ≥1 LRP received DCB 

treatment under nominal inflation across the entire LRP plus 5 mm margins. At 9 months, 

treated LRPs showed a significant reduction in maxLCBImm4 (from 397 [IQR: 299–527] to 

211 [106–349], p < 0.001), while untreated plaques did not. No LRP-related events occurred 

in treated lesions within 12 months, suggesting safety and potential efficacy, though further 

trials are needed. 

The COMBINE INTERVENE trial (NCT05333068) is the first to randomize patients 

to PCI based on combined FFR and OCT criteria versus FFR alone. Enrolling 1,222 patients 

with multivessel coronary artery disease, it includes patients with vulnerable plaques defined 

by OCT as thin-cap fibroatheroma (TCFA ≤75 μm), plaque rupture, erosion with ≥70% area 

stenosis, or MLA <2.5 mm². All ischemic and vulnerable lesions are treated with PCI. The 

                  



primary outcome is a composite of cardiac death, MI, and clinically-driven revascularization 

at 24 months. 

FAVOR V AMI (NCT05669222) is a 5,000-patient, multicenter randomized, sham-

controlled trial comparing a novel FAST (Functional and Angiography-derived Strain 

Integration Technique) approach to standard care post-STEMI. In the experimental arm, 

lesions with μQFR ≤0.80 or radial wall strain ≥13% are treated with PCI. The primary 

endpoint is major adverse cardiovascular events (MACE) at up to five years. 

The VULNERABLE trial is a prospective, multicenter RCT assessing whether 

preventive PCI plus optimal medical therapy (OMT) improves outcomes versus OMT alone 

in STEMI patients with multivessel disease78 . Patients undergo FFR and OCT post-primary 

PCI. If OCT detects vulnerable plaque (e.g., TCFA) in a non-ischemic intermediate lesion 

(FFR >0.80), patients are randomized. The primary endpoint is TVF at four years in 600 

patients. 

Lastly, the INTERCLIMA trial (NCT05027984) compares OCT-guided versus 

physiology-guided PCI strategies in ACS patients with intermediate (40–70% stenosis) non-

culprit lesions. It aims to enroll 1,420 participants across ~40 global sites. In the OCT arm, 

lesions with plaque vulnerability (MLA <3.5 mm², lipid arc >180°, macrophage clusters) 

undergo PCI; in the physiology arm, treatment is based on FFR/iFR. The primary endpoint is 

cardiac death or spontaneous target vessel MI at two and five years. 

These trials will clarify whether treating non-obstructive but high-risk plaques reduces 

future cardiac events. They will also assess the long-term safety of PCI in this setting. As 

stent technology and alternative modalities like DCBs, bioadaptors, and thin-strut 

bioresorbable scaffolds evolve, these studies may help define the next frontier in preventive 

coronary intervention. 

 

                  



Conclusions 

Vulnerable atherosclerotic coronary plaques are associated with a worsened prognosis 

during 3-5-year follow-up. These can be identified with modern high-resolution imaging 

techniques to provide prognostic guidance and potentially tailor therapy, at a minimum with 

intensive pharmacologic treatment and lifestyle modifications. At present, routine 

percutaneous intervention of vulnerable plaques is not recommended or indicated. However, 

ongoing and future studies will determine whether preventive PCI treatment of these non-

flow-limiting but high-risk lesions can safely improve patient outcomes and is cost-effective. 
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FIGURE AND TABLE LEGENDS 

Figure 1. Pathophysiology of ACS. ACS – acute coronary syndrome; TLR2 – Toll-like 

receptor 2. 

 

 
 

                  



 

Figure 2. Concept of Vulnerable Plaque. IVUS – intravascular ultrasound; NIRS-IVUS – Near 

infrared spectroscopy-IVUS; OCT – optical coherence tomography. 

 

 
 

  

                  



 

 

Figure 3. Outcomes of preventive PCI in treating patients with vulnerable plaques at 2-year 

follow-up in the PREVENT trial. MI – myocardial infarction; PCI – percutaneous coronary 

intervention; TVR – Target vessel revascularization. 

 

 
 

Central Illustration: Role of preventive percutaneous coronary intervention (PCI) in 

vulnerable plaque. IVUS – intravascular ultrasound; MACE – major adverse cardiovascular 

event; NIRS-IVUS – near-infrared spectroscopy-IVUS; OCT – optical coherence tomography; 

RF – radiofrequency. 

 

  

                  



 

Table 1. Milieus of vulnerable plaques. IVUS – intravascular ultrasound; NIRS-IVUS – near 

infrared spectroscopy-IVUS; OCT – optical coherence tomography. 

 

 

  

Characteristic Features Best Imaging Modality to Identify 

Thin fibrous cap (<65 micrometers) OCT 

Large plaque burden (≥70%) with positive 

remodelling 

IVUS, OCT 

Large necrotic lipid-rich core NIRS-IVUS, OCT 

Increased microvasculature with intraplaque 

haemorrhage 

OCT 

Inflammatory cells infiltration (macrophage 

and foam cells) 

OCT 

Minimal lumen area (MLA) < 4mm2 IVUS, OCT 

Spotty calcification (with low overall 

calcification grade) 

IVUS, OCT 

                  



Table 2. Characteristics of Coronary Imaging Modalities for Detecting Vulnerable Plaques. 

IVUS – intravascular ultrasound; NIRS-IVUS – near-infrared spectroscopy-IVUS; OCT – 

optical coherence tomography; RF – radiofrequency; US – ultrasound. 

Imagi

ng 

Moda

lity 

Energy 

source 
Resolution 

Penetrat

ion 

Depth 

Strengths 
Clinical 

Utility 

Key 

Features 

for 

Vulnerab

le Plaque 

Detection 

Cost 

and 

Avail

abilit

y 

Limitat

ions 

IVUS 

(gray

-

scale, 

radio

frequ

ency) 

US (20–

60 MHz) 

150–200 

µm 

8–10 mm 

(can’t 

image 

through 

calcium) 

Provides 

detailed 

images of 

plaque 

burden 

and artery 

structure 

 

Allows 

assessmen

t of plaque 

size and 

compositi

on 

Used to 

assess 

overall 

plaque 

burden 

and vessel 

remodelli

ng 

 

Guides 

interventi

onal 

procedure

s 

 

Monitors 

stent 

deployme

nt and 

apposition 

Differenti

ates 

between 

fibrous 

and 

calcified 

plaques 

 

Limited in 

detecting 

thin 

fibrous 

caps and 

lipid cores 

Mode

rate 

cost 

 

Wide

ly 

avail

able 

in 

cathe

teriza

tion 

labs 

Lower 

resoluti

on than 

OCT 

 

Cannot 

reliably 

differen

tiate 

betwee

n lipid 

and 

fibrous 

tissue 

 

Artifact

s may 

obscure 

images 

NIRS

-

IVUS 

Near-

infrared 

spectrosco

py 

NA 3-4 mm 

Identifies 

lipid-rich 

tissue 

more 

accurately 

than any 

other 

technique 

 

Provides a 

chemogra

m (color-

coded 

map) of 

lipid 

content 

Combined 

with 

IVUS, 

provides 

structural 

and 

compositi

onal 

informatio

n 

Useful in 

high-risk 

patients to 

guide 

therapeuti

c 

decisions 

Detects 

lipid core 

plaques 

that may 

not be 

obstructiv

e 

 

Assesses 

lipid 

content 

and 

distributio

n 

 

Useful for 

identifyin

g high-

High 

cost 

when 

comb

ined 

with 

an 

IVUS 

imagi

ng 

core 

(NIR

S-

IVUS

) 

 

Limit

ed 

No 

structur

al detail 

with 

NIRS 

alone 

(relies 

on co-

register

ed 

imagin

g with 

IVUS) 

 

 

                  



risk 

plaques 

prone to 

rupture 

avail

abilit

y, 

mainl

y 

only 

in 

speci

alize

d 

cente

rs 

OCT 

Near-

infrared 

light 

10–15 µm 

3-4 mm 

(less 

through 

lipid) 

Provides 

the 

highest 

resolution 

among the 

modalities 

 

Can detect 

thin 

fibrous 

caps, 

ruptures, 

and small 

intraplaqu

e features 

 

Visualizes 

stent 

placement 

and 

apposition 

Ideal for 

detailed 

plaque 

characteri

zation and 

assessing 

stent 

deployme

nt 

 

Guides 

interventi

onal 

procedure

s, 

especially 

in 

complex 

cases 

Excellent 

for 

detecting 

thin 

fibrous 

caps 

 

Visualizes 

microstruc

tures 

within 

plaques 

(e.g., 

macropha

ges, 

microvess

els, spotty 

calcificati

on) 

 

Best for 

assessing 

fibrous 

cap 

thickness 

and stent 

apposition 

High 

cost 

 

Avail

abilit

y 

incre

asing 

but 

still 

limite

d 

Limited 

penetrat

ion 

depth 

(3-4 

mm), 

less 

through 

lipid 

 

Require

s blood 

displac

ement 

for 

clear 

imagin

g, 

usually 

with 

contrast 

media 

 

Limited 

use in 

patients 

with 

renal 

insuffic

iency 

 

  

                  



 

Table 3. Clinical trials evaluating the role of invasive treatments for high-risk, vulnerable 

plaques. ACS – acute coronary syndrome; BRS - bioresorbable scaffold; DES – drug eluting 

stent; DoCE – device-oriented composite endpoints; ESS – endothelial shear stress; GDMT – 

goal-directed medical therapy ; ID-TVR – ischemia-driven target vessel revascularisation;  

MLA – minimal lumen area; MACE – major adverse cardiovascular event; PCI – 

percutaneous coronary intervention; OCT – optical coherence tomography; POCE – patient-

oriented composite endpoints; RCT – randomized controlled trial; STEMI – ST-elevation 

myocardial infarction; TLF – target lesion failure. 

 

 

Trial Name Design & 

Population 

Primary Endpoint(s) Key Results (HR / OR / p-

values) 

MAGSTEMI Prospective, 

randomized in 

STEMI patients 

(~150); Mg-

based BRS vs. 

metallic DES 

DoCE: cardiac death, 

target-vessel MI, 

TLR) at 3 years 

DoCE: 17.6% vs. 6.6%; 

Δ 11.0% (95% CI –21.3 to –

0.7); p=0.038. TLR: 16.2% vs. 

5.3%; Δ 10.9% (95% CI –20.7 

to –1.2); p=0.030. 

ESS Pattern Study Prospective 

intravascular 

imaging 

mechanistic 

study in BRS 

recipients 

Correlation between 

ESS and neointimal 

proliferation 

Low ESS regions exhibited 

significantly greater neointimal 

thickness. No HRs or p-values 

reported—purely mechanistic. 

PRAMI Randomized, 

multicenter, 

patient-blinded 

trial; 465 

STEMI patients 

with multivessel 

coronary artery 

disease 

Composite of cardiac 

death, nonfatal MI, or 

refractory angina 

Primary outcome: 9% vs. 23% 

(HR 0.35, 95% CI 0.21–0.58; p 

< 0.001) ↓ Nonfatal MI (3% vs. 

8.7%, p = 0.009) ↓ Refractory 

angina (5.1% vs. 13.0%, p = 

0.002) ↓ Repeat 

revascularization (6.8% vs. 

19.9%, p < 0.001) Trial stopped 

early due to clear benefits. 

PROSPECT ABSORB Randomized 

lesion-level 

RCT nested in 

PROSPECT II; 

ACS patients 

post-PCI 

(n=182); NIRS-

IVUS-imaged 

Primary effectiveness: 

follow-up MLA at 25 

months; safety: TLF 

at 24 

months; controlled 

endpoint: lesion-

related MACE 

through follow-up 

MLA: 6.9±2.6 mm² vs. 3.0±1.0; 

Δ 3.9 mm² (95% CI 3.3–

4.5); p<0.0001. TLF: 4.3% vs. 

4.5%, p=0.96. Lesion-related 

MACE: 4.3% vs. 10.7%; OR 

0.38 (95% CI 0.11–

1.28); p=0.12. 

                  



non-culprit 

plaques with 

plaque burden 

≥65% 

randomized to 

BRS + GDMT 

(n=93) vs. 

GDMT alone 

(n=89) 

PREVENT Multicenter, 

open-label RCT 

(n=1,606) in 

patients with 

angiographically 

mild but OCT-

imaged 

vulnerable 

plaques 

Composite: cardiac 

death, target-vessel 

MI, ID-TVR, or 

unstable angina 

hospitalization at 2 

and ~4.4 years 

At 2 years: event rate 0.4% vs. 

3.4%; HR 0.11 (95% CI 0.03–

0.36); p=0.0003. At 4.4 years: 

6.5% vs. 9.4%; HR 0.54 (95% 

CI 0.33–0.87); p=0.0097. 

POCE (all-cause 

death/MI/revasc): HR 0.69(95% 

CI 0.50–0.95); p=0.022. 

 

 

  

                  



 

Table 4. Ongoing trials of preventive PCI in vulnerable plaque treatment. FFR – fractional 

flow reserve; LCBI – lipid core burden index; LRPs – lipid rich plaques; PE-DCB – paclitaxel 

eluting-drug coated balloon; iFR – instantaneous wave-free ratio; MI – myocardial infarction; 

MACE – major adverse cardiac events; OMT – optimal medical treatment; OCT – optical 

coherence tomography; PCI – percutaneous coronary intervention; μQFR – next-generation 

quantitative flow ratio; RWS – radial wall strain; RFR – resting full-cycle ratio; TLR – target 

lesion revascularization; TVF – target vessel failure. 

 

Trial 
NCT 

Number 

Status/ 

Populatio

n 

Assessment/treatm

ent 

Primary 

Endpoint 

Follo

w up 

(year

s) 

DEBuT-LRP  
Recruited/

20 patients 
PE-DCB 

Change in 

maxLCBIm

m4 between 

baseline and 

9 months 

follow up in 

PE-DCB 

treated LRPs 

0.75 

COMBINE-

INTERVENE 

NCT053330

68 

Recruiting/ 

1222 

patients  

FFR + OCT vs. FFR 

Cardiac 

death, MI, 

clinically-

driven TLR 

2 

FAVOR V 

AMI 

NCT056692

22 

Not yet 

recruiting/ 

5000 

patients 

μQFR+RWS vs. 

Standard treatment 

strategy 

MACE 5 

INTERCLIM

A 

NCT050279

84 

Recruiting/ 

1420 

patients 

OCT vs. 

iFR/FFR/RFR 

Cardiac 

death, 

non-fatal 

target-vessel 

MI 

2 

VULNERAB

LE 

NCT055990

61 

Recruiting/ 

600 

patients 

OMT + PCI vs. 

OMT 
TVF 4 
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