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Abstract

Plaque erosion (PE) is now recognized as a common and clinically significant cause of acute
coronary syndromes (ACSs), accounting for up to 40% of cases. Unlike plaque rupture
(PR), PE involves superficial endothelial loss over an intact fibrous cap and occurs in a low-
inflammatory setting, typically affecting younger patients, women, and smokers with fewer
traditional risk factors. The growing recognition of PE has been driven by high-resolution
intracoronary imaging, particularly optical coherence tomography (OCT), which enables
in vivo differentiation from PR. Identifying PE with OCT has opened the door to personal-
ized treatment strategies, as explored in recent trials evaluating the safety of deferring stent
implantation in selected cases in favor of intensive medical therapy. Given its unexpectedly
high prevalence, PE is now recognized as a common pathophysiological mechanism in
ACS, rather than a rare exception. This growing awareness underscores the importance of
its accurate identification through OCT in clinical practice. Early recognition and a deeper
understanding of PE are essential steps toward the implementation of precision medicine,
allowing clinicians to move beyond “one-size-fits-all” models toward “mechanism-based”
therapeutic strategies. This narrative review aims to offer an integrated overview of PE,
tracing its epidemiology, elucidating the molecular and pathophysiological mechanisms
involved, outlining its clinical presentations, and placing particular emphasis on diagnostic
strategies with OCT, while also discussing emerging therapeutic approaches and future
directions for personalized cardiovascular care.

Keywords: plaque erosion; acute coronary syndromes; optical coherence tomography;
personalized care
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1. Introduction

“We shape our tools and thereafter our tools shape us”. Marshall McLuhan (Understanding Media:
The Extensions of Man, 1964)

Acute coronary syndromes (ACSs) have classically been attributed to plaque rupture
(PR), wherein a fibrous cap breaks and triggers intracoronary thrombosis. However, plaque
erosion (PE), the superficial denudation of endothelial cells without a fibrous cap rupture,
has emerged from a once-rare finding to a common underlying mechanism of ACS. Early
autopsy series focusing on fatal myocardial infarctions (Mls) reported PE in only ~20%
of cases. With advances in intracoronary imaging like optical coherence tomography
(OCT), contemporary studies now recognize PE in roughly 30-40% of ACS patients. This
paradigm shift in understanding is significant: PE is no longer overshadowed by rupture
but rather is appreciated as a distinct mechanism accounting for more than one-third of
acute coronary events. Recognition of PE prevalence has prompted new research and
tailored therapeutic approaches in ACS. Importantly, the clinical profile of patients with
PE tends to differ from those with PR. Erosions have been observed more often in patients
who do not fit the classic high-risk profile for coronary artery disease (CAD). These patients
are frequently younger in age, often present with non-ST elevation ACS (NSTE-ACS), and
have fewer traditional cardiovascular risk factors. It is now evident that improved risk-
factor management with aggressive lipid-lowering therapies has reduced the incidence of
large necrotic, rupture-prone plaques, thereby making erosion-related ACS relatively more
frequent in the modern era. This review provides a comprehensive overview of PE—from
epidemiology and pathophysiology to diagnosis and management—highlighting how OCT
imaging has unveiled this entity and how it may guide personalized treatment strategies.
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accounts for approximately 40% of ACS, especially in younger individuals, women, and
smokers. Its pathophysiology involves endothelial injury without fibrous cap rupture, lead-
ing to platelet-rich thrombus formation. Diagnosis often relies on intracoronary imaging,
with optical coherence tomography (OCT) as the gold standard. Treatment strategies may
range from antiplatelet therapy alone to revascularization depending on clinical context.

2. Plaque Erosion: An Autopsy-Driven Shift in the Understanding of
Acute Coronary Syndromes

The mechanisms underlying ACSs have been extensively investigated over the last
several decades, with pathologists playing a central role in mapping the natural history
of atherosclerotic disease. Among the most influential contributors in this field is Dr.
Renu Virmani, whose meticulous autopsy-based research has been pivotal in defining
the structural evolution of atherosclerotic plaques—from the earliest fatty streaks to the
advanced lesions responsible for ACSs. Her work has been instrumental in identifying and
characterizing three distinct mechanisms of plaque destabilization that can lead to acute
thrombosis: PR, PE, and calcified nodules (CNs) [1].

Initially, PR was thought to be the dominant culprit in sudden coronary death and
ACSs. However, through methodical histopathological studies of hearts from victims of
sudden cardiac death, Virmani and colleagues redefined this landscape [1-3]. In a 1996
study, Farb et al. [4] revealed that PE—marked by thrombus formation over an intact fibrous
cap and lacking a large lipid core—was a common yet overlooked cause of fatal coronary
thrombosis. These lesions, rich in smooth muscle cells (VSMCs) and proteoglycans but
sparse in macrophages, represented a distinct pathologic mechanism from classic PR. Build-
ing on this, Burke et al. [3] analyzed 51 women who died suddenly from coronary causes.
They found a clear age- and risk-factor-dependent divergence in thrombotic mechanisms:
PR predominated in postmenopausal women with hypercholesterolemia, while PE was
more frequent in younger, often normolipidemic smokers and occurred in less obstructive
lesions. Thrombi in PE cases were typically platelet-rich and non-occlusive, highlighting a
less inflammatory and less stenotic process. Arbustini et al. [5] further corroborated these
findings in a large autopsy cohort of acute MI patients, showing that PE accounted for
25% of cases, with a higher prevalence in women. These plaques maintained fibrous cap
integrity and lacked a thrombus—core interaction. The conceptual breakthrough culminated
in the comprehensive 2000 review by Virmani et al., “Lessons from Sudden Coronary
Death”, which synthesized data from hundreds of autopsy cases. This work proposed a
simplified morphological classification of atherosclerotic lesions, ranging from early intimal
thickening to thin-cap fibroatheromas (TCFAs). Critically, it reaffirmed that only about
one-third of fatal coronary thrombi were due to PR, while another third was caused by PE,
and the remainder had no thrombus, suggesting alternative mechanisms of death such
as lethal arrhythmia or ischemia from severe stenosis. The authors underscored that PE
occurs in structurally intact, often fibrous plaques, and is likely triggered by superficial
endothelial injury rather than deep inflammation and cap degradation. Together, these
investigations illuminate the unique biology of PE—a mechanism defined by preserved
fibrous cap integrity, minimal inflammation, high shear stress, and endothelial denudation.
Clinically, this translates to a subset of ACS patients—often younger, female, and smokers—
whose events are not caused by classic lipid-laden ruptured plaques. The recognition of PE
as a discrete entity has since inspired the development of high-resolution intracoronary
imaging and personalized treatment paradigms that aim to distinguish between erosion
and rupture in vivo.
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3. Epidemiology of Plaque Erosion: Prevalence and Patient Profiles

The epidemiological insights first suggested by autopsy-based investigations into PE
have found solid confirmation in the era of intracoronary imaging. While early pathological
studies had already drawn attention to PE as a significant and sex-based cause of coronary
thrombosis, contemporary in vivo imaging—particularly through OCT—has not only
validated those findings but also provided a more nuanced clinical and demographic
portrait of this phenomenon.

A landmark study by Yamamoto et al. [6], which analyzed over 1200 ACS patients
using pre-intervention OCT, established that PE accounts for approximately 40% of ACS
cases, thereby affirming its role as a major contributor to ACSs. This prevalence mirrors the
proportions observed in earlier post-mortem studies and definitively positions PE not as a
marginal variant of PR but as a distinct pathological entity with its own clinical implications.
One of the most consistent and striking observations across imaging studies is the greater
prevalence of PE in women, particularly among younger age groups. In the extensive OCT-
based cohort reported by Seegers et al. [7], the prevalence of PE was significantly higher
in women < 50 years, while older women tended to exhibit morphological features more
characteristic of PR, such as TCFAs and lipid-rich plaques. This age-dependent transition
in plaque phenotype underscores the complex interplay between biological sex, hormonal
status, and atherosclerotic progression. Complementing these observations, Araki et al. [8]
provided further granularity by demonstrating that younger patients with PE typically
exhibit fibrotic plaques rich in VSMC and proteoglycans, lacking significant lipid content
or calcification. In contrast, older patients presenting with PE often showed more complex
lesions, including lipid pools, cholesterol crystals (CCs), and CNs, and were more likely
to have comorbidities such as diabetes, hypertension, and chronic kidney disease. These
findings suggest the existence of at least two distinct phenotypes of PE: a proteoglycan-rich,
“early-life” form and a lipid-rich, “late-life” form—each potentially requiring different
therapeutic considerations. Further support for the age- and sex-specific patterns of PE
comes from a multicenter study analyzing 1083 ACS patients with OCT-confirmed erosion
or rupture. While the overall prevalence of erosion was similar between sexes, age-related
differences were evident. Men < 50 years and women aged 61-70 showed a significantly
higher prevalence of PE, whereas both sexes experienced a marked decline beyond 70 years.
Multivariate analysis confirmed that women <70 years had a significantly increased risk
of PE, with men <50 years showing a similar trend [9]. These results reinforce that PE
predominantly affects younger patients, particularly women before advanced age.

Across all studies, a recurring clinical signature emerges: patients with PE are more
frequently smokers and less likely to exhibit traditional cardiovascular risk factors such as
diabetes mellitus or dyslipidemia. This profile sharply contrasts with that of PR, which is
typically associated with longstanding metabolic derangement and systemic inflammation.
Notably, Yamamoto et al. [6] developed a predictive model incorporating clinical variables
such as smoking status, preserved renal function, and higher hemoglobin levels to estimate
the probability of PE in ACS patients, highlighting the feasibility of identifying erosion-
prone individuals even before invasive imaging is performed.

Taken together, the findings from intravascular imaging (IVI) studies converge on a
cohesive and clinically relevant narrative: PE is not only common but also demographically
and biologically distinct. Its recognition challenges the longstanding dominance of the
rupture-centric model of ACSs and opens the path toward personalized diagnostic and
therapeutic strategies, informed by plaque morphology, patient profile, and the mechanism
underlying ACSs.
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4. Clinical Presentation of Plaque Erosion: How Does It Differ from
Plaque Rupture?

PE is more typically associated with a clinical presentation of NSTE-ACS, rather than
persistent ST-elevation MI (STEMI). Patients with PE erosion tend to exhibit preserved
coronary flow, less myocardial injury, and white, platelet-rich thrombi, contributing to a
generally milder clinical picture compared to PR [10]. However, recent studies have high-
lighted that the clinical expression of PE may vary meaningfully with age, likely reflecting
both morphological and physiological differences in plaque behavior. In the large cohort
studied by Yamamoto et al. [6], patients with PE more commonly presented with NSTE-ACS
and exhibited lower levels of myocardial necrosis markers, indicative of smaller infarct size
and more stable presentations. These findings are consistent with data from Jia et al. [11],
who reported that 61.5% of erosion cases presented as NSTE-ACS compared to just 29.1%
in PR. Similarly, Yonetsu et al. [12] observed that patients with intact fibrous caps—a
hallmark of erosion—had lower peak myocardial necrosis marker levels and were more
frequently diagnosed with NSTE-ACS, reinforcing the association between erosion and
less severe myocardial injury. However, Araki et al. [8] revealed important age-dependent
differences in the clinical presentation of PE that may at first appear counterintuitive. Their
study showed that younger patients with PE typically exhibited fibrotic plaques, rich in
VSMCs and proteoglycans, with minimal lipid content and calcification. Conversely, older
patients with erosion often presented with more morphologically complex lesions, contain-
ing lipid pools, CCs, and CNs—features generally associated with higher thrombogenic
potential. Despite this, younger individuals were more likely to present with STEMI, while
older patients more commonly exhibited NSTE-ACS. This paradoxical age-related shift in
clinical presentation was explained by two key considerations. First, older patients had
significantly greater plaque burden, with the prevalence of diameter stenosis > 70% nearly
doubling compared to younger individuals. This anatomical severity may lead to repeated
subclinical ischemic episodes, which can trigger ischemic preconditioning, a phenomenon
that renders the myocardium more resistant to acute ischemic injury, thereby reducing the
likelihood of transmural AMI. Second, an additional hypothesis proposed by the present
authors is that older patients are more frequently treated with chronic antiplatelet therapy,
which may facilitate endogenous thrombolysis, preventing the formation of fully occlusive
thrombi. These two mechanisms likely contribute to a blunted clinical expression of PE in
elderly patients, shifting the presentation away from STEMI and toward NSTE-ACS, even
when the underlying plaque morphology appears more complex and thrombogenic. This
intriguing finding is further supported by Seegers et al. [7], which showed that younger
women with PE were more likely to present with STEMI, while older patients—both male
and female—showed a shift toward NSTE-ACS. Taken together, these studies suggest that
while PE is classically linked to less severe clinical syndromes, its presentation is modulated
by both biological age and therapeutic background. In younger patients—particularly
women and smokers—acute coronary events more often present as STEMI, whereas in
older individuals the combination of chronic ischemia, ischemic preconditioning, and
ongoing antiplatelet therapy blunts symptom severity, leading to a milder presentation
such as NSTE-ACS.

5. Pathophysiological Substrate of Plaque Erosion and Rupture: Two
Distinct Mechanisms in ACS

For decades, the prevailing model of ACS has been built around the “vulnerable
plaque” paradigm. In this model, ACS is classically driven by the rupture of TCFAs—
plaques with large lipid cores, abundant macrophage infiltration, and thin fibrous caps,
weakened by inflammatory degradation of interstitial collagen. These lesions, rich in tissue
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factor and inflammatory mediators, provoke massive thrombin generation upon rupture,
leading to fibrin-rich occlusive thrombi and typically resulting in STEMI [13]. In contrast,
PE represents a fundamentally different entity, both morphologically and immunolog-
ically. Rather than cap rupture, PE involves the loss or dysfunction of the endothelial
layer overlying a proteoglycan- and VSMC-rich matrix, typically lacking lipid cores and
macrophage infiltration. The resulting thrombus is often platelet-rich (“white thrombus”)
and non-occlusive, more frequently leading to NSTE-ACS [13]. The underlying mecha-
nisms that lead to superficial erosion remain incompletely understood but are increasingly
being elucidated. A central hypothesis posits that the process begins with endothelial
injury or dysfunction. In contrast to PR, which is driven largely by chronic inflammation
mediated by adaptive immune cells and cytokines that weaken the fibrous cap, erosion may
stem from innate immune activation coupled with hemodynamic stress. One proposed
initiator is Toll-like receptor 2 (TLR2), an innate immune sensor that is upregulated in
endothelial cells in regions of disturbed flow. Experimental stimulation of TLR2 with its
ligands induces endothelial expression of adhesion molecules acting as potent neutrophil
chemoattractants. This activation is milder than that induced by classical pro-inflammatory
cytokines like TNF-« but is sufficient to create a low-grade, smoldering inflammatory
state [13,14]. As this endothelial activation progresses, it can lead to desquamation of the
endothelial layer. This loss of endothelial integrity is potentiated by decreased expres-
sion and functional disruption of junctional proteins which maintain endothelial barrier
function. Compounding this injury, neutrophils are recruited to the site of endothelial
disruption and release neutrophil extracellular traps (NETs) through a specialized form
of cell death known as NETosis [13]. NETs, composed of DNA strands decorated with
cytotoxic and prothrombotic proteins such as myeloperoxidase (MPO), neutrophil elastase,
and cathepsin G, serve multiple pathological roles. They promote local thrombosis by
trapping platelets, activating the coagulation cascade, and amplifying inflammation. NETs
can also incorporate tissue factor from the bloodstream, enhance IL-1x activation, and
degrade basement membrane components, exacerbating endothelial injury [13].

This pathophysiological distinct substrate was further clarified by the OPTICO-ACS
studies, which provided detailed insights into the distinct inflammatory mechanisms
and clinical outcomes associated with plaque rupture (rupture fibrous cap, RFC) and
plaque erosion (intact fibrous cap, IFC) in ACSs [15-17]. The OCT study conducted by
Leistner et al. [15] demonstrated that RFC-ACS lesions are characterized by higher lipid
content, thinner fibrous caps, and extensive systemic inflammation, with elevated levels
of interleukin-6 (IL-6) and interleukin-1f3. In contrast, IFC-ACS lesions have a thicker
fibrous cap, lower lipid content, and are often located near coronary bifurcations. IFC-ACS
involves local immune activation with increased CD4+ and CD8+ T cells and elevated
cytotoxic molecules such as granzyme A, perforin, and granulysin. Moreover, experimental
models demonstrated increased adhesion of CD8+ T cells under disturbed flow conditions,
mimicking coronary bifurcations. This study emphasizes the presence of distinct immuno-
logical signatures between IFC-ACS and RFC-ACS, highlighting that PE may be driven by
endothelial damage caused by cytotoxic T cells, a process further exacerbated by turbulent
flow conditions. Another study, conducted by Meteva et al., delves deeper into the under-
lying mechanisms of IFC-ACS [16]. The research identified TLR 2-mediated neutrophil
activation as a pivotal driver of endothelial damage in IFC-ACS. In these lesions, neu-
trophils exhibit heightened TLR2 expression, stimulated by elevated levels of hyaluronic
acid and disturbed flow conditions near bifurcations. Activated neutrophils release matrix
metalloproteinase 9 (MMP9), which intensifies endothelial detachment and cell death,
ultimately promoting thrombus formation [18]. Finally, a recently published investigation
compared clinical outcomes between RFC-ACS and IFC-ACS and found that patients with
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RFC-ACS have a higher residual inflammatory risk and worse outcomes, with a two-year
major adverse cardiac events (MACEs) rate of 26.7%, compared to 14.3% in IFC-ACS. The
inflammatory burden in RFC-ACS was significantly higher, driven by systemic activation
of innate immune pathways, including the IL-1f3 to IL-6 axis. In contrast, IFC-ACS patients
exhibited a lower inflammatory profile and localized immune responses [17]. In conclusion,
the OPTICO-ACS studies collectively reveal that RFC and IFC in ACS are underpinned
by distinct pathophysiological mechanisms and inflammatory responses. While RFC-ACS
involves intense systemic inflammation and a high-risk profile, IFC-ACS features localized
immune activation with a lower overall inflammatory burden. These findings underline
the importance of lesion-specific and patient-specific approaches to therapy, emphasizing
personalized treatment strategies for optimizing outcomes in ACS patients.

Additionally, shear stress plays a mechanical role. Computational fluid dynamics
studies indicate that regions of high shear stress adjacent to zones of low and oscillatory
shear are hotspots for thrombus formation in eroded plaques. This suggests that hemody-
namic factors interact with molecular signals to localize injury and thrombosis. Another
relevant mechanism is endothelial-to-mesenchymal transition (EndMT), a process by which
endothelial cells acquire a mesenchymal phenotype, lose polarity and adhesion, and invade
the intimal space. This phenotypic shift may further impair endothelial function and
promote matrix remodeling, setting the stage for thrombus formation.

Supporting this evidence, combining computational fluid dynamics and the OCT
study by Yamamoto et al. [19] showed that thrombus formation in PE was consistently
localized between regions of high endothelial shear stress at the minimal lumen area and
zones of high oscillatory shear index downstream. This flow pattern, present in 78% of
PE cases studied, reflects a biomechanical environment that fosters platelet activation at
peak shear, followed by thrombus propagation in regions of disturbed, recirculating flow.
Chronic low shear stress is known to induce endothelial inflammation and apoptosis, while
supraphysiological ESS can lead to mechanical injury and endothelial denudation [20].

These mechanical forces act synergistically with immune signals, such as TLR2 ac-
tivation, to promote endothelial dysfunction and trigger the release of NETs, web-like
DNA structures that propagate thrombosis by carrying proteolytic enzymes, oxidants, and
tissue factor [21]. Finally, these findings support a “two-hit” model of superficial erosion:
first, a low-grade activation of endothelial cells via innate immune stimuli and mechanical
forces; second, the recruitment of neutrophils and formation of NETs, leading to endothelial
detachment and thrombus formation [13].

In summary, PR and PE represent two pathophysiologically distinct pathways to
coronary thrombosis. While PR is driven by lipid accumulation, macrophage-driven
inflammation, and fibrous cap degradation, PE involves mechanical and immune-mediated
endothelial injury, localized at sites of altered flow dynamics. Recognizing these differences
not only advances our understanding of ACS but also paves the way for precision medicine,
allowing clinicians to align treatment strategies with lesion-specific biology.

6. Diagnosis of Plaque Erosion: The Role of Invasive and
Non-Invasive Imaging

Identifying PE in patients with ACS is clinically crucial, as this mechanism differs
substantially in pathophysiology and treatment response from PR. While coronary angiog-
raphy remains the primary imaging modality for assessing coronary anatomy and guiding
revascularization, it lacks the resolution to directly visualize the morphological features
that differentiate erosion from rupture. However, when integrated with the clinical context
and patient characteristics, angiography may offer valuable indirect indicators that raise
suspicion for plaque erosion and prompt further investigation. Specific angiographical
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features may suggest PE, particularly in younger patients, smokers, or those without exten-
sive CAD. In such cases, angiography supported by quantitative coronary angiography
(QCA) can offer additional insight, helping to identify patients in whom IVI techniques,
such as OCT, should be selectively employed. The following section will examine the
respective roles of currently available imaging techniques, including coronary angiography,
OCT, intravascular ultrasound (IVUS), near-infrared spectroscopy (NIRS), and coronary
computed tomography angiography (CCTA), in the diagnosis of PE and their contribution
to mechanism-guided management of ACSs.

6.1. Plaque Erosion and Coronary Angiography: A Non-Diagnostic but Suspicion-Guiding Tool

Coronary angiography remains a cornerstone in the evaluation and management of
ACSs, yet it has well-recognized limitations in discerning the underlying mechanisms of
plaque disruption, namely distinguishing between PR, PE, and CNs. These distinctions
are clinically relevant, as they carry important therapeutic implications. Nevertheless,
emerging evidence suggests that certain angiographic features, particularly when inte-
grated with clinical presentation and patient characteristics, may offer valuable clues for
suspecting PE. In such cases, the selective use of IVI modalities, such as OCT, can provide
critical insights into the morphological substrate of the culprit lesion and support more
personalized, mechanism-guided treatment strategies.

In a large multicenter analysis of patients presenting with non-ST-elevation ACS,
those with OCT-confirmed PE demonstrated angiographic profiles that were notably less
complex than those with PR. Erosions were associated with lower angiographic risk scores,
including Jeopardy, Gensini, and Syntax scores, and were more frequently located in the
mid-left anterior descending (LAD) artery. These lesions exhibited less frequent B2/C
lesion morphology and reduced prevalence of an angiographically visible thrombus or
calcification. Using QCA, the authors identified that erosions were associated with a
smaller reference vessel diameter and shorter lesion length [22]. Complementary findings
were reported in a focused angiography-OCT study of STEMI patients, which highlighted
the geometric characteristics of erosion-prone plaques. This study compared 484 culprit
PE lesions with 1132 non-culprit plaques and demonstrated that culprit erosions were
associated with significantly higher diameter stenosis and longer lesion length. Notably,
QCA measurements also showed smaller minimal lumen diameters in culprit erosions [23].
Moreover, these angiographic findings were spatially contextualized: most culprit PEs
were clustered within 40 mm of the LAD ostium and frequently occurred proximal to a
bifurcation, indicating a geometrical predilection for specific coronary segments. Impor-
tantly, minimal lumen area (MLA) < 2.51 mm? and area stenosis (AS) >64.02%—measured
using OCT but suggested by QCA geometry—were identified as independent predictors of
culprit PE [24].

Taken together, these studies suggest a refined role for coronary angiography, not
as a definitive diagnostic tool for PE but as a clinical compass that can orient suspicion.
When specific angiographic and QCA-derived features are observed, such as focal, high-
grade stenosis in the mid-LAD, simple lesion morphology, absence of calcification or a
large thrombus, and lower global angiographic scores, they should prompt the clinician
to consider plaque erosion in the differential diagnosis. In this regard, QCA emerges
as an underutilized but highly accessible adjunct that adds quantitative depth to the
qualitative impressions formed during angiographic interpretation. Ultimately, while only
IVI can definitively characterize plaque morphology, the ability to suspect PE based on
angiographic and QCA findings allows for more judicious, mechanism-targeted use of
technologies like optical coherence tomography.
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6.2. Assessing Plaque Erosion Using Optical Coherence Tomography: A Diagnostic Game Changer

In the modern landscape of ACS management, OCT has emerged as an indispensable
imaging modality that surpasses traditional coronary angiography in diagnostic precision.
While angiography remains the frontline tool for identifying obstructive lesions, its limi-
tations in characterizing plaque morphology and detecting the underlying mechanisms
of plaque destabilization have become increasingly evident—particularly in patients with
ambiguous angiographic findings or non-obstructive culprit lesions [10]. Particularly, the
advent of OCT has revolutionized the diagnosis of PE in vivo. The diagnostic goal of
this instrumental imaging tool is to determine whether the culprit lesion has a visible cap
rupture or not, as this is the key distinction between PR and PE. The hallmark OCT finding
for PE is the presence of a luminal thrombus, appearing as irregular masses protruding
into the lumen, attached to an intact plaque surface, without any evidence of fibrous cap
rupture [25,26]. By contrast, an OCT-confirmed PR is identified when a break in the fibrous
cap is clearly visualized, usually with a cavity or deep gap connecting to a lipid core (Fig-
ure 1, Panel A) [25,26]. Finally, if OCT shows a thrombus without fibrous cap rupture at the
culprit site in an ACS patient, the lesion can be classified as an OCT-defined PE (Figure 1,
Panel B) [26]. Moreover, two distinct types of OCT-defined erosion have been described:
definite and probable erosion. Definite erosion is diagnosed when a luminal thrombus is
clearly visualized over an intact fibrous cap that covers an atherosclerotic plaque, typically
containing lipid or calcium [25]. In contrast, probable erosion refers to the presence of a
thrombus or irregularities on the luminal surface in segments of the vessel that appear

otherwise normal, without clear evidence of underlying plaque [25].

Figure 1. Plaque rupture and plaque erosion. Panel (A): Plaque rupture with evidence of fibrous
cap discontinuity resulting in two distinct cavities in the vessel wall at 12 and 6 o’clock (dashed
arrow), with irregularities of the luminal surface (solid arrow). The underlying plaque is lipid-rich,
characterized by a low-backscattering zone with poorly defined borders (extending from 12 to 6
o’clock) and a high-backscattering fibrous cap of variable thickness. Panel (B): Plaque erosion with a
mixed thrombus overlying an intact fibrous cap. The asterisks indicate the guide wire artifact. All images
come from the authors” personal archive.

Since the diagnosis of definite erosion relies on the visualization of thrombi overlying
an intact fibrous cap, recognizing them and distinguishing their features becomes a funda-
mental aspect of OCT image interpretation. In this scenario, OCT plays a key role, offering
high-resolution visualization that surpasses other imaging modalities. It is considered
the reference standard for identifying thrombotic material within the coronary arteries,
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which may appear as masses adherent to the vessel wall or as mobile structures within
the lumen [25-27]. Importantly, OCT enables the differentiation between a red thrombus,
which is predominantly composed of erythrocytes, and a white thrombus, which is rich in
platelets, based on their distinct optical signatures. Red thrombi typically produce strong
signal reflection (high backscatter) and significant light attenuation, often leading to shad-
owing beyond the thrombus (Figure 2, Panel A). In contrast, white thrombi exhibit a more
moderate signal intensity with less attenuation, allowing better visualization of underlying
structures (Figure 2, Panel B). A third category, the mixed thrombus, displays intermediate
characteristics, combining features of both red and white components (Figure 2, Panel
C) [25]. Notably, white thrombi, composed primarily of platelets, are more commonly
associated with PE, whereas red thrombi, rich in erythrocytes, are more frequently ob-
served in cases of PR, reflecting their distinct underlying pathophysiology [28]. However,
thrombus composition does not contribute to the diagnostic differentiation between plaque
rupture and erosion with OCT and should therefore be interpreted as a supportive but

non-discriminatory finding.

Figure 2. Types of thrombi in plaque erosion. Panel (A): Plaque erosion over a likely lipid-rich plaque,
associated with a red thrombus (white arrow), characterized by high backscattering and significant
light attenuation, resulting in shadowing that obscures the underlying plaque. Panel (B): Erosion
with a white thrombus (white arrow), showing more moderate signal intensity and less attenuation,
allowing visualization of the underlying lipid plaque. Panel (C): Erosion with a mixed thrombus
(white arrow), which displays intermediate characteristics, combining features of both red and white
components. The asterisks indicate the guide wire artifact. All images come from the authors’ personal archive.

Moreover, it is essential to recognize that the presence of a thrombus can be under-
estimated during OCT imaging, particularly in patients with ACS who have received
thrombolytic agents or potent antithrombotic therapy, as partial or complete thrombus
resolution may occur prior to imaging. Furthermore, thrombus visualization is a critical
criterion for confirming certain plaque phenotypes: it is required to establish a diagnosis of
definite OCT erosion, whereas its presence is not necessary to classify a lesion as probable
OCT erosion. This highlights the importance of careful image interpretation and timing of
OCT acquisition relative to clinical presentation and pharmacologic treatment.

It is also important to note that diagnosing PE with OCT requires more than simply
ruling out fibrous cap rupture. A rare yet clinically significant lesion that may mimic
erosion is the eruptive CN, a distinct pathological substrate associated with intracoronary
thrombosis. Although relatively uncommon, eruptive CNs account for approximately
2-7% of culprit lesions in ACSs [11], and their appearance on OCT can closely resemble
that of PE, particularly when cap rupture is not clearly evident. CNs are characterized by
nodular calcium protruding into the vessel lumen and can be classified into non-eruptive
and eruptive forms based on their OCT features [26,27]. Non-eruptive CNs are typically



J. Clin. Med. 2025, 14, 5456

11 of 27

covered by a thick fibrous cap and lack a thrombus, while eruptive CNs display features of
fibrous cap disruption, superficial calcium protrusion, and an overlying thrombus. On OCT
imaging, eruptive CNs present as irregular, protruding calcific masses with an associated
thrombus and significant signal attenuation [25-27]. These characteristics can simulate the
appearance of a thrombus overlying an intact plaque, potentially leading to misdiagnosis as
PE. OCT plays a pivotal role in distinguishing these entities by providing high-resolution,
cross-sectional visualization of the entire calcified segment. Notably, CNs tend to arise
within heavily calcified plaques [25]; thus, accurate diagnosis also benefits from considering
the overall plaque phenotype observed along the entire OCT pullback. Evaluating the
broader atherosclerotic context, including the presence of extensive calcification proximal
and distal to the lesion, can strengthen the suspicion of an eruptive CN rather than PE.
While in many cases the presence of protruding nodular calcium into the lumen makes
the diagnosis straightforward, this protrusion is not always clearly defined: when it is
mild or irregular, it may be more difficult to differentiate from a thrombus on an otherwise
intact plaque, increasing the risk of misclassification. Therefore, a thorough and contextual
interpretation of OCT images, beyond the focal lesion, is essential to accurately identify
eruptive CNs and avoid confusion with PE, ensuring appropriate therapeutic decisions
are made.

OCT provides not only the means to identify PE but also the ability to contextualize it
within the broader framework of the patient’s atherosclerotic disease. Typically, plaques
associated with erosion show a relatively preserved lumen and a lower plaque burden
when compared to those involved in PR. Another key distinguishing feature is the pattern
of vascular remodeling: erosive lesions are more often associated with negative remodeling,
whereas positive remodeling is more frequently observed in rupture-prone plaques [11].
Finally, beyond PE detection, OCT offers critical insight into the plaque phenotype un-
derlying erosion. While the substrate for PR is well defined, most often corresponding to
TCFA, the setting for PE is less predictable, as it can arise from a range of plaque types not
typically associated with vulnerability features (Figure 3) [4,28,29].

In conclusion, OCT has become an essential tool for the in vivo identification of
PE, offering high-resolution imaging that allows clinicians to distinguish it from other
mechanisms of ACS. It enables precise detection of a thrombus overlying an intact fibrous
cap, a hallmark of erosion, and helps differentiate it from PR or mimicking entities such
as eruptive CNs. OCT also allows for thrombus characterization and provides insight
into the underlying plaque phenotype. By integrating morphological details with lesion
context, OCT supports a more accurate, mechanism-based diagnosis, guiding personalized
therapeutic decisions in patients with ACS.

6.3. Diagnostic Strategies with Intravascular Ultrasound and Near-Infrared Spectroscopy

While OCT is the gold standard for in vivo erosion diagnosis, other modalities are
being explored. High-definition IVUS (HD-IVUS) can sometimes hint at erosion by showing
a plaque with no clear rupture and only mild surface irregularities or a layered thrombus
and a pattern of negative remodeling. Novel techniques like combined NIRS-IVUS are also
under research to better characterize plaque composition.

Conventional IVUS lacks the spatial resolution necessary to reliably identify the subtle
features that characterize PE, such as an intact fibrous cap and superficial thrombus. How-
ever, its high-definition variant (HD-IVUS) offers improved tissue penetration and can be
useful in scenarios where OCT is limited, such as in patients with renal dysfunction, large
vessel diameters, or suboptimal blood clearance [30]. Despite its lower spatial resolution
(100-150 pm) compared to OCT, HD-IVUS has shown some potential in detecting features
suggestive of erosion. Cuesta et al. [31] explored the potential of this IVI modality in a
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series of patients with OCT-confirmed erosion. HD-IVUS was able to identify minor surface
irregularities and a superficial thrombus in the absence of signs of rupture, suggesting
some potential utility when OCT is unavailable. Nevertheless, due to its limited ability
to differentiate between plaque components and thrombus layers, HD-IVUS remains a
supplementary tool rather than a primary diagnostic modality. Similarly, Higuma et al. [28]
demonstrated the complementary value of combining OCT and IVUS in the assessment
of culprit lesions during primary PCI in AMI patients. While OCT remains the modality
of choice for evaluating fibrous cap integrity and thrombus presence—crucial for distin-
guishing PE from PR—IVUS contributes by assessing overall plaque burden and vessel
remodeling. As previously described, PE is often associated with lower plaque burden and

negative remodeling, both of which are readily evaluated by IVUS.

Figure 3. Plaque phenotype underlying plaque erosion. Panel (A): PE with a mixed thrombus (white
arrow) over a fibrous plaque, characterized by loss of the typical three-layered architecture and
appearance of a homogeneous high-intensity signal region (white curved line). Panel (B): PE with a
mixed thrombus (white arrow) that allows visualization of the underlying lipid plaque, identified
as a low-backscattering zone with poorly defined borders and an angular extension < 90° (white
curved line). Panel (C): PE with a white thrombus in the setting of a stenosis with diffuse calcification.
Calcium appears as a region with low backscattering, heterogeneous signal, and sharply defined
borders. The calcified arc exceeds 90° (white curved line), consistent with diffuse calcification. Panel
(D): PE with a mixed thrombus (solid white arrow) over a lipid plaque (white curved line), which
shows features of healing (dashed arrow), such as a distinct superficial layer with heterogeneous
optical signal and clear demarcation from the underlying tissue. The asterisks indicate the guide wire
artifact. All images come from the authors’ personal archive.
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The integration of virtual histology with IVUS (VH-IVUS) further refines plaque
characterization. In cases of PE, the underlying plaques are predominantly fibrotic, often
associated with a white thrombus, and tend to have an eccentric distribution. Conversely,
PR is generally linked to lipid-rich plaques, a red thrombus, and a more concentric morphol-
ogy [30]. Therefore, although IVUS lacks the resolution of OCT, it can still provide valuable
information regarding the extent of atherosclerotic disease, patterns of vessel remodeling,
and the plaque phenotype—factors that may indirectly support the identification of PE. In
its high-definition form, IVUS may also detect luminal surface irregularities, albeit with
significantly lower precision than OCT. In conclusion, IVUS can be considered a useful
alternative when OCT is contraindicated or unavailable, but it should not be regarded as
the imaging modality of choice for diagnosing PE.

NIRS is a catheter-based technique that assesses the chemical composition of the vessel
wall by detecting the lipid core burden index (LCBI) [32]. When combined with IVUS (as in
NIRS-IVUS), it provides both compositional and morphologic information. An intriguing
study by Terada et al. [33] evaluated the utility of NIRS-IVUS in differentiating between
PR, PE, and CNs in patients with AMI. Using OCT as the reference standard, the authors
analyzed 244 patients and found that PE could be identified based on a set of indirect criteria
rather than a single definitive feature. Specifically, erosion was characterized by the absence
of an intraplaque cavity (a hallmark of PR), the absence of convex calcification (typical
of CN), and the presence of a visible plaque with luminal irregularities or a superficial
thrombus. Importantly, lesions classified as erosion also demonstrated a lower lipid content
on NIRS. By combining these morphological and compositional parameters, the authors
developed a diagnostic algorithm that showed excellent performance in identifying PE,
with high sensitivity and specificity. These results suggest that while OCT remains the gold
standard for detecting PE, particularly due to its ability to directly visualize fibrous cap
integrity, NIRS-IVUS can offer a reliable alternative in settings where OCT is not feasible.
The combination of negative findings on IVUS with a low lipid burden on NIRS can support
the diagnosis of PE and guide clinical decision making in ACS.

The ability of NIRS to quantify lipid content within coronary plaques has provided a
valuable addition to our understanding of PE. Much like previous insights gained from
OCT-based studies, NIRS data have revealed that not all PEs arise from fibrous, lipid-poor
substrates as traditionally believed. In fact, a subset of OCT-defined erosions demon-
strates significant lipid presence on NIRS, indicating that erosion can also originate from
lipid-rich plaques. This emerging evidence underscores the heterogeneity of erosion as
a pathological process [30]. Clinically, this variability may have important implications.
Lipid-poor erosions could represent a more stable phenotype, potentially responsive to
conservative medical management. Conversely, lipid-rich erosions may carry a higher risk
for progression or recurrent events, warranting more aggressive monitoring or interven-
tion. In this context, NIRS offers a practical advantage, not only by refining the biological
characterization of the lesion but also by aiding in the stratification of erosion subtypes
in settings where OCT is either unavailable or contraindicated. As part of a multimodal
imaging strategy, NIRS contributes critical compositional information that supports more
personalized treatment approaches in complex ACS cases.

6.4. Diagnostic Strategies with Coronary Computed Tomography Angiography

CCTA has emerged as a cornerstone in the non-invasive assessment of CAD, offering
a direct anatomical evaluation of both the coronary lumen and vessel wall through the
intravenous administration of a contrast agent. Over the past two decades, technological
advancements in computed tomography (CT) scanners, coupled with improved image
acquisition and post-processing techniques, have significantly enhanced the accuracy and
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utility of CCTA, offering insights into coronary anatomy, plaque phenotype, functional
significance of lesions, and vascular inflammation. This expanded role goes beyond simply
detecting luminal stenosis, allowing clinicians to perform more accurate risk stratification
and personalized treatment planning [34,35]. Although CCTA is primarily recommended
in the evaluation of patients with CCS [36], current European Society of Cardiology (ESC)
Guidelines expanded its role to include selected ACS settings. Specifically, in patients
presenting with chest pain but inconclusive troponin levels, no ECG changes, and no
recurrent symptoms, the incorporation of CCTA as part of the initial diagnostic workup
should be considered (Class Ila, A) [37]. In this context, CCTA is not merely a tool for
detecting obstructive CAD but also takes on the challenge of identifying the underlying
mechanisms of ACS.

In the contemporary era of cardiovascular medicine, CCTA has evolved well beyond
its original role as a purely anatomical tool for assessing stenosis severity. Thanks to
continuous technological advances and refined image analysis techniques, CCTA now
plays a central role in characterizing coronary plaque phenotype, identifying features of
vulnerability, and even capturing CAD biological activity [38]. CCTA enables non-invasive
visualization of plaque morphology, allowing the detection of high-risk characteristics such
as low-attenuation plaque (a surrogate for a lipid-rich necrotic core), positive remodeling
(indicative of compensatory vessel enlargement), spotty calcifications, and the so-called
napkin-ring sign, a ring-like low attenuation halo that often signals underlying necrotic
content. These imaging markers, when present, are indicative of heightened plaque vulner-
ability and an elevated risk of future acute coronary events. This association was notably
confirmed in a post hoc analysis of the SCOT-HEART trial [39], where the identification
of high-risk plaque features on CCTA, including low-attenuation plaque, positive remod-
eling, spotty calcifications, and the napkin-ring sign, was significantly correlated with an
increased incidence of subsequent cardiovascular events. Importantly, these prognostic
associations held true even in individuals without flow-limiting stenoses, emphasizing
the value of advanced plaque characterization in risk stratification beyond conventional
anatomical assessment. A major technological leap in this domain has been the ability of
CCTA to evaluate pericoronary adipose tissue (PVAT), not merely as a passive structural
component but as a dynamic, metabolically active tissue that reflects and influences coro-
nary inflammation. Through radiomic analysis, CCTA can assess PVAT both qualitatively
and quantitatively, shedding light on the bi-directional crosstalk between inflamed vascular
walls and surrounding fat. In this context, the fat attenuation index (FAI) has emerged as a
novel, CT-derived biomarker that captures spatial changes in PVAT attenuation, thereby
providing a non-invasive window into vascular inflammation [40]. This novel imaging
biomarker offers a unique, non-invasive means of evaluating vascular inflammation, a pro-
cess that plays a central role in plaque destabilization. Further strengthening this paradigm,
the CRISP-CT study [41], which included over 3,900 patients, demonstrated that elevated
perivascular FAI was a strong and independent predictor of both cardiac mortality and
MACE. Notably, this association remained significant regardless of traditional cardiovas-
cular risk factors or the extent of plaque burden, highlighting the incremental prognostic
value of FAIL These findings position FAI not merely as a structural or anatomical marker
but as a functional indicator of active disease, capable of enhancing current risk stratifi-
cation models and supporting a more biologically informed approach to cardiovascular
prevention and therapy.

CCTA has clearly established itself as a valuable tool for assessing the anatomical
severity of coronary stenoses, as well as for differentiating between plaque phenotypes,
detecting high-risk features of vulnerability, and even indirectly evaluating coronary in-
flammation through radiomic analysis of PVAT. However, a critical question remains: can
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CCTA identify the specific mechanisms underlying ACS and, in particular, PE? While
CCTA excels in structural characterization and offers important functional insights, its
ability to distinguish among the pathophysiological substrates of ACS remains limited.
Unlike intravascular imaging modalities such as OCT, which can directly visualize fibrous
cap integrity and thrombus morphology, CCTA lacks the spatial resolution necessary to
confirm these fine structural details. Nonetheless, ongoing research is exploring how cer-
tain indirect features on CCTA, such as the absence of high-risk plaque characteristics or
a preserved vessel architecture in the context of ACS, may contribute to raising clinical
suspicion of plaque erosion in selected scenarios.

Recent investigations have explored the potential of CCTA to differentiate PE from
PR. In a study by Suzuki et al. [42], patients with OCT-confirmed PE exhibited significantly
lower total plaque volumes and a reduced prevalence of high-risk plaque features, such
as positive remodeling, low-attenuation plaque, spotty calcification, and the napkin-ring
sign, compared to those with PR. Notably, a total plaque volume less than 116 mm? and the
presence of one or no high-risk features emerged as independent predictors of PE. These
findings were supported by the combined OCT-CCTA study by Niida [43], which examined
whether CCTA could help distinguish PE from PR in patients with NSTE-ACS by assessing
overall coronary plaque burden. In a cohort of 232 patients who underwent both CCTA and
OCT before PCI, the authors found that patients with PR had a significantly higher total
atherosclerotic burden than those with PE. This included greater volumes of non-calcified,
low-density non-calcified, and calcified plaques, both at the culprit lesion and throughout
the coronary tree. These results suggest that PE is typically associated with a lower and less
lipid-rich plaque burden, while PR reflects more extensive and vulnerable atherosclerosis.

Together, these studies suggest that CCTA may enable an indirect diagnosis of PE,
primarily through the quantification of overall plaque burden, which appears consistently
lower in erosion than in rupture, and through characterization of the lesion phenotype.
Erosive plaques tend to lack extensive lipid-rich necrotic cores and other hallmarks of vul-
nerability, presenting instead with a more fibrous, less inflamed profile. While CCTA cannot
directly visualize fibrous cap integrity or thrombi, its ability to assess these morphological
and compositional differences may help raise suspicion for plaque erosion in appropriate
clinical contexts. Finally, in the context of multimodality imaging and artificial intelligence
integration, CCTA may become a valuable tool in pre-selecting patients for invasive OCT,
especially when lesion morphology and plaque burden suggest a non-rupture etiology.

Among the most advanced applications of CCTA, the assessment of PVAT through
the FAl—a radiomic marker of local vascular inflammation—has opened new avenues for
understanding plaque biology. Since inflammation contributes differently to rupture and
erosion, FAI may enhance the diagnostic precision of CCTA when differentiating these two
ACS mechanisms. In this context, Nagamine et al. [44] explored whether combining CCTA-
derived plaque characteristics with FAI could aid in the non-invasive identification of PE.
This study enrolled 186 patients with NSTE-ACS who underwent CCTA prior to invasive
coronary angiography and OCT. The authors aimed to determine whether CCTA-derived
morphological and inflammatory features could reliably identify OCT-defined PE, specifi-
cally characterized by the presence of an IFC. Their analysis showed that lesions with IFC
had a significantly lower prevalence of high-risk plaque features, such as low-attenuation
plaque, positive remodeling, napkin-ring sign, and spotty calcification, all of which are
commonly associated with PR. Furthermore, IFC lesions were strongly associated with a
zero coronary artery calcium score and with lower PVAT inflammation, quantified using
FAI These characteristics suggest a less inflamed and more stable atherosclerotic profile in
patients with PE compared to those with rupture. Importantly, Nagamine et al. proposed a
simple predictive scoring system that combined the absence of high-risk plaque features,
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low FAI, and zero calcium score. This model demonstrated good discriminatory ability in
identifying patients with PE, offering a potential non-invasive method to triage patients
and to guide decisions about early invasive management or conservative therapy. These
findings support the growing role of multi-parametric CCTA as a valuable complement to
IV], particularly in settings where OCT is not immediately available.

Following this growing body of evidence supporting the role of multi-parametric
CCTA in the indirect identification of PE, it is reasonable to speculate that photon-counting
computed tomography (PCCT) could represent the next technological leap capable of over-
coming several intrinsic limitations of conventional CCTA. A major advancement in CT
imaging, PCCT utilizes photon-counting detectors that measure individual X-ray photons
and their respective energy levels, in contrast to traditional energy-integrating detectors.
This approach confers multiple benefits: significantly enhanced spatial resolution, im-
proved contrast-to-noise ratio, reduced image noise, and the capability for intrinsic spectral
imaging—all while potentially lowering radiation exposure. These features allow for better
tissue differentiation, with a marked reduction in common artifacts such as blooming from
calcifications or stents. Spectral data acquisition within a single scan further enables more
accurate differentiation between lipid-rich, fibrous, and calcified tissue components based
on their unique energy-dependent attenuation profiles, offering a more refined assessment
of plaque composition and total atherosclerotic burden [45,46]. In this context, PCCT
emerges not only as an advanced anatomical imaging modality but also as a non-invasive
tool for high-fidelity plaque phenotyping, with the potential to identify subtle morphologi-
cal features, such as positive remodeling or low-attenuation areas, more accurately than
current CCTA techniques. These traits are critical in recognizing high-risk plaques that may
be predisposed to rupture or erosion. Importantly, the ultra-high spatial resolution of PCCT
could provide greater insight into the pathophysiological mechanisms underlying ACS,
including PE. While PCCT still lacks the microscopic resolution of intravascular imaging
techniques like OCT, its ability to detect minute differences in tissue characteristics and to
assess vascular inflammation through spectral analysis may enhance the identification of
plaques with a more fibrous and stable profile—typical of erosion—versus the lipid-rich,
inflamed phenotypes associated with rupture.

Despite these promising advantages, the clinical use of PCCT in the ACS setting still
faces important limitations. In unstable patients or those with high-risk clinical features,
the time-sensitive nature of diagnosis and the potential need for immediate intervention
may favor invasive strategies. However, in selected low- to intermediate-risk patients
with atypical presentations or inconclusive biomarkers, PCCT could play a valuable role
in the early, non-invasive stratification of ACS mechanisms. Its capacity to integrate
morphological, compositional, and potentially inflammatory information from a single
PCCT scan position is a future cornerstone of precision cardiovascular imaging.

This potential has been vividly illustrated in the first reported clinical case describing
the use of PCCT in a patient with STEMI [47]. In this case, PCCT was successfully employed
to simultaneously assess coronary anatomy, perivascular inflammation through FAI, and
myocardial injury via iodine-based extracellular volume mapping. The scan not only
identified the culprit artery and its inflammatory status but also revealed the extent and
nature of myocardial damage, including the presence of microvascular obstruction and
the transmurality of infarction. Pending broader validation, this approach may help guide
revascularization strategies and tailor long-term management based on the biological
profile of both plaque and myocardium. Although the underlying pathophysiological
mechanism of ACS—specifically whether PR or PE—was not determined in this case,
it nevertheless offers a compelling proof of concept: PCCT is technically feasible and
clinically informative in selected cases of ACS. Its capacity to integrate detailed anatomical,
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inflammatory, and myocardial assessments non-invasively opens new possibilities for
diagnostic and prognostic refinement. In the future, if tested in larger cohorts of patients
with ACS and validated against IVI modalities such as OCT, PCCT could potentially
emerge as a useful tool for identifying the underlying mechanism of acute events, including
PE. Such developments would mark a significant step forward in non-invasive precision
medicine approaches to ACS, but future studies are essential to confirm its diagnostic
performance and to establish standardized criteria for differentiating ACS mechanisms
based on PCCT imaging biomarkers.

In summary, OCT remains the gold standard for diagnosing PE, offering direct vi-
sualization of the plaque-thrombus interface and fibrous cap status. IVUS and NIRS
provide valuable complementary information on plaque structure and composition, es-
pecially when OCT is not feasible. Meanwhile, CCTA shows potential as a non-invasive
screening tool, particularly when augmented by quantitative plaque analysis and FAI As
imaging technologies evolve, the integration of multiple modalities may enable earlier,
safer, and more accurate identification of PE, paving the way for more personalized and
mechanism-specific therapies in ACS.

7. OCT-Guided Strategy in Plaque Erosion: A New Frontier in
Personalized ACS Management

In recent years, the management of ACS has evolved significantly, driven by a deeper
understanding of its underlying pathophysiological mechanisms. Traditionally, ACS has
been treated uniformly with an invasive strategy involving coronary stenting and DAPT,
regardless of the specific plaque characteristics. However, emerging evidence has high-
lighted the distinct entity of PE, which differs from the classic PR in both morphology
and clinical implications. This has sparked growing interest in whether a tailored, less
invasive approach—focused on medical therapy alone—may be appropriate in selecting
patients. Such a strategy could potentially minimize stent-related complications and in-
stead promote natural endothelial healing, paving the way for a more personalized form of
ACS management.

7.1. The EROSION Trial

Identifying PE in the catheterization laboratory is not merely academic; it has direct
implications for patient management. Traditionally, the treatment for an ACS culprit lesion
is to perform PCI with stent implantation, especially if there is a flow-limiting plaque or
high-grade stenosis [48]. However, when OCT reveals a PE as the cause of ACS, especially if
the underlying plaque is not severely obstructive, a more conservative, tailored strategy can
be considered. Several studies have demonstrated that patients with PE tend to experience
better clinical outcomes than those with PR, including a lower incidence of MACE during
follow-up [49]. Building on this evidence, OCT-based investigations have shown that
patients with OCT-confirmed PE, whether treated conservatively with dual antiplatelet
therapy (DAPT) alone or with PCI, often remain asymptomatic for more than two years,
regardless of stent implantation [50]. This evidence has supported the rationale that if there
is no evidence of rupture or deep plaque cavity and the thrombus burden can be managed,
the patient might be treated with intensive pharmacotherapy alone, avoiding the potential
risks of stent implantation such as stent thrombosis (ST) or the need for long-term DAPT
beyond what is needed for the ACS itself.

This concept was tested by the landmark EROSION study (Effective Anti-Thrombotic
Therapy Without Stenting: Intravascular Optical Coherence Tomography-Based Man-
agement in Plaque Erosion) [51]. This study was a pivotal proof-of-concept trial that
prospectively evaluated whether patients with OCT-confirmed PE could be safely treated
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with antiplatelet therapy alone. In this single-arm study, patients with less than 70% resid-
ual diameter stenosis and TIMI 3 flow were managed with aspirin and ticagrelor, without
stent implantation. At 1-month follow-up, 85% of patients demonstrated >50% thrombus
volume reduction, and 92.5% were free of MACE. These results challenged the prevailing
dogma that all ACSs require stenting. Although this study has opened the door to a new
therapeutic model, its results must be interpreted in light of several limitations: it was a
small, single-center study without randomization. The 1-year follow-up of the EROSION
study provided critical confirmation of the strategy’s mid-term safety [52]. Among the
53 patients who completed follow-up, 49 underwent repeat OCT imaging. Thrombus
burden continued to decline between the 1-month and 1-year marks, and nearly half of the
patients had no residual thrombus at all. Importantly, 92.5% of patients remained free from
MACE. Only three patients required non-urgent revascularization due to exertional angina,
and one experienced a non-cardiac bleeding event. The sustained thrombus regression,
combined with the absence of recurrent ischemic events, strongly supports the feasibility of
individualized treatment in patients with PE. This experience reinforces the concept that in
selected cases, pharmacologic therapy alone may be sufficient to stabilize the culprit lesion
and avoid stent-related complications. The strategy’s long-term implications were clarified
in the four-year follow-up [53]. Of the 52 patients who completed follow-up (median
4.8 years), none experienced hard events such as death, MI, stroke, or heart failure. How-
ever, 11 patients (21%) underwent elective target lesion revascularization (TLR), mostly
due to progressive angina or persistent stenosis. Strikingly, the best long-term outcomes
were observed in patients who had shown significant thrombus resolution (>50%) at one
month. Nearly all patients in the non-TLR group met this endpoint (95% vs. 45% in TLR
group), underscoring the prognostic value of early thrombus dynamics. This emphasizes
that early OCT-assessed thrombus dynamics may serve not only as a short-term marker of
treatment efficacy but also as a long-term prognostic tool. The absence of hard events over
nearly five years confirms the safety of a non-stenting approach in appropriately selected
patients. However, the fact that one in five of the patients still required revascularization
points to the necessity of careful monitoring and possibly refining selection criteria for
conservative treatment.

While the EROSION trial provided important proof-of-concept evidence support-
ing a conservative, non-stent-based strategy in selected patients with OCT-confirmed
PE, its applicability to higher-risk populations remains limited. The study excluded
patients with significant left ventricular dysfunction (LVEF < 30%), renal impairment
(creatinine > 2.0 mg/dL or end-stage kidney disease), hemodynamic or electrical instabil-
ity, and those with reduced life expectancy. As such, individuals with advanced chronic
kidney disease or frailty were not represented in the trial population. Nevertheless, patients
with diabetes mellitus and prior ACS events were not explicitly excluded. The baseline
population characteristics of the EROSION trial and its long-term follow-up cohorts report
that 23% of patients had diabetes mellitus and 12% had a history of MI. These findings sug-
gest that a stent-free approach may still be feasible in selected high-risk patients, although
subgroup-specific outcomes were not reported. Further insight comes from a retrospective
study by Hu et al. [54], which included 141 ACS patients with OCT-confirmed PR or PE
and did not impose formal exclusion criteria. In this broader real-world population, a
subset of erosion patients managed without stenting experienced no MACE at one year,
further supporting the notion that individualized, imaging-guided management may be
appropriate even in complex patients.

Despite these encouraging observations, robust prospective data in patients with
diabetes, chronic kidney disease, or recurrent ischemic events are still lacking. Caution is
warranted when extrapolating conservative strategies to such populations, which are often
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characterized by greater plaque complexity, systemic inflammation, and prothrombotic risk.
Until further evidence becomes available, therapeutic decisions in these patients should be
guided by careful clinical and imaging assessment on a case-by-case basis.

Finally, current evidence suggests that in PE, management decisions should not rely
solely on angiographic severity or the presence of ACS but rather on lesion morphology,
thrombus burden, and dynamic response to therapy. Early thrombus resolution, mea-
surable with OCT, appears to be a strong marker of favorable outcome and may guide
clinicians in determining who can safely avoid stent implantation. Looking ahead, the shift
toward a personalized, pathophysiology-based approach to ACS treatment seems not only
feasible but necessary. PE represents a biologically distinct entity from PR, characterized
by endothelial denudation, hyaluronan-mediated inflammation, and neutrophil extracel-
lular trap formation, suggesting that it may respond differently to therapies and carry
different risks. For this reason, prediction tools that combine clinical, biochemical, and
imaging markers are essential to identify erosion cases non-invasively and optimize their
treatment. A future in which therapy is tailored to plaque phenotype, where only those
with high-risk features or poor thrombus resolution receive stents, may reduce unnecessary
interventions, limit long-term complications, and better align treatment with individual
disease mechanisms.

7.2. Who Should Avoid a Stent? Patient Selection in Plaque Erosion Through the Lens of
OCT Evidence

The clinical implications of the EROSION study are significant. The pioneering
findings from this trial suggest that in selected ACS patients with OCT-confirmed PE, a
strategy of intensive antithrombotic therapy (e.g., potent dual antiplatelets and sometimes
short-term anticoagulation or glycoprotein IIb/Illa inhibitors in certain protocols) can
stabilize the lesion and achieve healing without the need for an immediate stent.

It points to a potential paradigm shift where a subset of ACSs—those due to PE—might
be managed with a pharmacological approach, reserving stents only for those who truly
need it. This personalized approach could reduce unnecessary stenting and its associated
costs and complications. However, it is crucial to emphasize that this non-stenting strategy
is not yet the standard of care for all PEs, and careful patient selection is key.

When OCT is performed during an ACS workup, its findings can directly inform a
tailored treatment strategy. If OCT reveals PE, the clinician may consider a conservative,
antithrombotic approach instead of immediate stenting. In practice, this means that if
the culprit lesion has a residual stenosis that is not severe and there is no OCT evidence
of rupture or deep plaque cavity, intensive medical therapy alone can be pursued. By
contrast, if OCT confirms a PR or shows a high-grade stenosis compromising flow, standard
management with PCI and stent implantation remains necessary to secure the artery [55].

In this setting risk stratification is critical in deciding which erosion patients can be
safely managed without stenting. Both clinical and OCT-based criteria have emerged
from studies like EROSION to guide this decision. Key favorable factors for conservative
management include residual diameter stenosis less than 70%, TIMI 3 flow in the infarct-
related artery, and a manageable thrombus burden without an extensive clot obstructing
the lumen. Patients meeting these criteria—in particular, plaque erosion on OCT with a
large residual lumen and TIMI 3 flow—have been shown to do well with medical therapy
alone [51-53]. Pharmacologically, patients selected for conservative treatment must receive
DAPT, typically with aspirin plus a potent P2Y12 inhibitor such as ticagrelor, as used in
the EROSION protocol [51]. DAPT is generally maintained for at least 12 months, and
some clinicians advocate prolonged therapy beyond one year in selected cases, considering
the ongoing risk of thrombosis in a non-stented lesion. In the acute phase, intravenous
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glycoprotein IIb/Illa inhibitors or short-term parenteral anticoagulation may be employed
to accelerate thrombus dissolution.

To confirm therapeutic success and ensure lesion stabilization, a follow-up OCT at
1 to 3 months should be performed. In EROSION [51], follow-up imaging at one month
revealed significant thrombus regression in most patients and, in some, complete thrombus
resolution. This imaging-guided “watchful waiting” approach may allow a deferred,
selective stenting decision only in cases of poor healing or persistent stenosis.

Emerging clinical evidence is rapidly shaping this personalized approach. The ongoing
EROSION 1I trial is a multicenter study investigating OCT-guided deferral of stenting in a
larger STEMI population, aiming to validate the criteria and safety of medical therapy in
PE cases. Additionally, the recently published EROSION III trial [56] has provided robust
data from a randomized perspective. In EROSION III, STEMI patients with TIMI 3 flow
and <70% stenosis on initial angiography were randomized to OCT-guided therapy vs.
standard care. The OCT arm used a “mechanism-based” strategy: if OCT-confirmed PE
operators could opt to withhold stenting and treat with medications alone. Strikingly, OCT
guidance led to a significantly lower rate of stent implantation: only 43.8% in the OCT arm
vs. 58.8% in the angiography arm, indicating a 15% absolute reduction in stent use with
OCT guidance. Moreover, patients who did receive stents under OCT guidance had better
procedural results, with lower residual stenosis after implantation. Importantly, safety
outcomes were comparable between the two groups, with no reinfarctions and similar rates
of cardiac events after one year.

In this landscape, recent studies have further deepened the understanding of lesion
behavior in non-stented erosion. Yin et al. used serial OCT to show that plaque healing is a
common phenomenon in non-stented erosions, with more than half of patients developing
evidence of healed plaques over time. Importantly, healing was more likely in those
with larger thrombus burden and less severe baseline stenosis, suggesting that natural
resolution can occur in favorable anatomical settings [57]. However, these findings are
counterbalanced by the results of another study from the same group, which explored
predictors of adverse events in non-stented erosion patients. Older age, greater area stenosis
and higher thrombus burden were all associated with increased risk of MACE. When all
three risk factors were present, the event rate exceeded 50%, indicating that a conservative
approach may not be appropriate in these high-risk profiles [58].

In summary, the management of ACS caused by PE is transitioning from a uniform,
device-based paradigm to a more nuanced and individualized strategy, grounded in
intracoronary imaging and biological understanding. The EROSION study and its follow-
ups have laid the foundation for this shift, and the future lies in refining predictive models
and conducting prospective trials to validate non-stenting approaches in appropriately
selected patients. Moreover, future randomized trials are needed to definitively confirm
that an OCT-guided medical therapy approach is equivalent or superior to routine stenting
in eligible erosion patients. If confirmed, this would herald a new era of truly personalized
interventional cardiology, where the decision to stent or not is based on the mechanism of
plaque destabilization rather than just the angiographic appearance.

7.3. Next-Generation Management of Plaque Erosion

Aside from the possibility of deferring stents, recognizing PE may also influence the
choice of adjunctive therapies beyond DAPT. While optimal medical therapy (dual an-
tiplatelets, high-intensity statin, etc.) and PCI with stent implantation remain the standard
approach for ACS patients [37,48], there is considerable interest in identifying alternative
treatment pathways for PE cases. Among the most actively explored options is the use of
drug-coated balloons (DCBs).
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These devices allow localized delivery of antiproliferative drugs (e.g., paclitaxel or
sirolimus) to the vessel wall without leaving behind a permanent implant, potentially
offering a means to treat certain erosion lesions with minimal mechanical intervention [59].
The use of DCBs in ACS has gained increasing attention in recent years, particularly as
an alternative to stenting in selected patients. A foundational contribution in this field
is the BASKET-SMALL 2 trial, a large randomized controlled study evaluating the safety
and efficacy of DCBs versus drug-eluting stents in small-vessel CAD [60]. Among the 758
patients enrolled, nearly 30% presented with ACS, including STEMI and NSTE-ACS. Over
both 1- and 3-year follow-ups, the trial found no significant difference in MACE between
patients treated with DCBs or drug-eluting stents, indicating that DCBs are a viable and
safe alternative in the ACS setting. Importantly, in ACS patients, the DCB strategy was
associated with numerically lower rates of cardiac death and nonfatal myocardial infarction
at 1 year compared to DES, although the study was not powered to detect superiority.
These findings suggest that in certain ACS populations—particularly those with small
vessels or high bleeding risk—the concept of “leaving nothing behind” with DCBs may
offer both safety and clinical benefit.

Building on this groundwork, recent investigations have started to explore more
pathophysiology-driven indications for DCB use, particularly in the context of PE. A
notable example is the study by Yamamoto et al. [61], which specifically assessed the
long-term outcomes of ACS patients treated with a DCB-only strategy based on OCT-
defined plaque morphology. In this multicenter observational study of 127 patients, OCT
imaging was used to classify culprit lesions into PE, PR, or CNs. The results were striking;
patients with PE had significantly better outcomes, with a 3-year target lesion failure
of just 7.5%, compared to 26.1% in PR and 43.5% in CN. What further distinguished
this study was its demonstration of the prognostic value of residual thrombus burden
after DCB treatment. Even among patients with PR, those with minimal thrombus left
after the procedure had outcomes approaching those seen in the erosion group. This
suggests that successful thrombus resolution—regardless of plaque type—may be a key
determinant of long-term outcomes and that DCBs may be most appropriate in settings
where effective thrombus clearance can be achieved. The Yamamoto study thus highlights
a potential paradigm shift in the management of plaque erosion: in selected cases with
favorable anatomical and thrombotic profiles, DCBs may represent a safe, effective, and
stent-free option, especially when guided by high-resolution imaging such as OCT. These
findings move the conversation beyond simple vessel size or bleeding risk, toward a more
nuanced, mechanism-based approach to ACS treatment, tailoring therapy to the underlying
pathophysiology of the lesion rather than applying a uniform stent-based strategy.

Alongside the development of new interventional devices, there is growing interest
in enhancing plaque stabilization through systemic medical therapy, particularly in the
context of plaque erosion. Since erosion is typically less lipid-rich and more platelet-
driven compared to ruptured plaques, it may benefit particularly from interventions
aimed at improving endothelial function and reducing subtle inflammation. High-intensity
statins remain foundational not only for lipid lowering but also for their pleiotropic effects,
including plaque stabilization and promotion of endothelial repair. In addition, angiotensin-
converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs) should be
prioritized, especially in patients with hypertension, diabetes, or impaired ventricular
function, as these agents have shown endothelial benefits and may mitigate shear-stress-
induced endothelial injury, which plays a role in erosion pathogenesis [55]. Looking to
the future, anti-inflammatory therapies such as colchicine or interleukin-1{ inhibitors may
have a role in preventing recurrent erosion events, although their efficacy specifically in
erosion has not yet been proven. These agents are being tested more broadly in post-
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ACS settings [62,63] and may one day be tailored to the biological subtype of plaque
involved. Finally, the long-term outlook for patients with PE must include aggressive
risk factor modification, with particular emphasis on smoking cessation. Smoking is
strongly associated with endothelial dysfunction and is a well-recognized risk factor for
erosion [9,64]. Continued tobacco exposure may not only hinder healing but also predispose
to new erosion events. In addition, optimizing blood pressure, glycemic control, body
weight, and adherence to lifestyle changes must remain a core component of secondary
prevention strategies [37].

8. Conclusions and Future Perspectives

Plaque erosion has rapidly gained recognition as a major mechanism of ACS, now
accounting for roughly 30—40% of cases. What was once considered a rare post-mortem
finding is today frequently identified in living patients thanks to high-resolution OCT
imaging. Erosion-prone patients tend to be younger, often female, and may lack classic risk
factors aside from smoking, underlining a distinct clinical phenotype of ACS. Pathologi-
cally, erosion represents a different route to thrombosis than PR: it is driven by superficial
endothelial injury and shear stress with a modest inflammatory component, in contrast to
the intense inflammation and cap disruption of rupture. These differences have practical
importance. Clinicians can now diagnose PE in the catheterization lab using OCT criteria,
distinguishing it from PR with high confidence. Perhaps most exciting are the therapeutic
implications: early studies like the EROSION trial indicate that a tailored, less invasive
approach (intense pharmacotherapy without immediate stenting) can be effective in manag-
ing erosion-related ACS. This opens the door to personalized ACS management—treating
the patient based on the underlying plaque pathology. Going forward, larger trials and
long-term follow-ups will clarify which erosion patients can safely avoid stents and how
best to promote healing of the endothelium. In parallel, research into biomarkers and
non-invasive imaging may one day allow clinicians to suspect PE before invasive angiog-
raphy, and novel therapies targeting the unique biology of erosion (such as anti-TLR2 or
NET-inhibiting strategies) could emerge. In summary, PE is now established as a common
cause of ACS with distinct characteristics. A thorough understanding of its epidemiology,
identification by OCT, and optimal management strategies will enable cardiologists to
improve patient outcomes through mechanism-guided therapy.

“We shape our tools and thereafter our tools shape us”. This insight from Marshall McLuhan
resonates now more than ever in cardiovascular medicine. The evolution of OCT—from a
mere diagnostic advancement to a driver of paradigm shifts—has profoundly altered our
understanding and management of acute coronary syndromes. By illuminating the role of
PE as a distinct and prevalent mechanism, OCT has enabled clinicians to move beyond tra-
ditional models rooted solely in PR, ushering in an era of mechanism-guided, personalized
therapy. As our tools become more precise, so too must our thinking: reshaped by what we
can now see and redefined by what we can now do. In this way, the future of ACS care
will not be dictated solely by the presence of a lesion but by a deeper understanding of its
nature—and by the thoughtful application of the tools that allow us to see it.
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Abbreviations

The following abbreviations are used in this manuscript:

ACS Acute coronary syndrome

PR Plaque rupture

PE Plaque erosion

MI Myocardial infarction

OCT Optical coherence tomography
CAD Coronary artery disease
NSTE-ACS  Non-ST elevation ACS

CN Calcified nodule

VSMC Vascular smooth muscle cells

AMI Acute myocardial infarction

TCFA Thin-cap fibroatheroma

CGCs Cholesterol crystals

VI Intravascular imaging

STEMI ST-elevation myocardial infarction
TLR2 Toll-like receptor 2

NET Neutrophil extracellular traps
MPO Myeloperoxidase

RFC Rupture fibrous cap

IFC Intact fibrous cap

MMP Matrix metalloproteinase

MACE Major adverse cardiac events
EndMT Endothelial-to-mesenchymal transition
QCA Quantitative coronary angiography
IVUS Intravascular ultrasound

NIRS Near-infrared spectroscopy

CCTA Coronary computed tomography angiography
LAD Left anterior descending artery
MLA Minimal lumen area

HD-IVUS High-definition intravascular ultrasound
VH-IVUS Virtual histology intravascular ultrasound

LCBI Lipid core burden index

CT Computed tomography

PVAT Perivascular adipose tissue

FAI Fatty attenuation index

PCCT Photon-counting computed tomography
TLR Target lesion revascularization

DCB Drug-coated balloon

ACE Angiotensin-converting enzyme

ARBs Angiotensin receptor blockers



J. Clin. Med. 2025, 14, 5456 24 of 27

References

1.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

Virmani, R.; Kolodgie, ED.; Burke, A.P.; Farb, A.; Schwartz, S.M. Lessons from Sudden Coronary Death: A Comprehensive
Morphological Classification Scheme for Atherosclerotic Lesions. Arterioscler. Thromb. Vasc. Biol. 2000, 20, 1262-1275. [CrossRef]
Burke, A.P.; Morbini, P.; Dal Bello, B.; Bocciarelli, M.; Virmani, R.; Arbustini, E.; Specchia, G. Plaque Erosion Is a Major Substrate
for Coronary Thrombosis in Acute Myocardial Infarction. Heart 1999, 82, 269-272. [CrossRef]

Burke, A.P; Farb, A.; Malcom, G.T.; Liang, Y.; Smialek, J.; Virmani, R. Coronary Risk Factors and Plaque Morphology in Men with
Coronary Disease Who Died Suddenly. N. Engl. ]. Med. 1997, 336, 1276-1282. [CrossRef]

Farb, A ; Burke, A.P; Tang, A.L.; Liang, T.Y.; Mannan, P.; Smialek, J.; Virmani, R. Coronary Plaque Erosion without Rupture into a
Lipid Core. A Frequent Cause of Coronary Thrombosis in Sudden Coronary Death. Circulation 1996, 93, 1354-1363. [CrossRef]
[PubMed]

Arbustini, E.; Burke, A.; dal Bello, B.; Morbini, P.; Specchia, G.; Virmani, R. Plaque Erosion Is a Major Substrate for Coronary
Thrombosis in Acute Myocardial Infarction. J. Am. Coll. Cardiol. 1998, 31, 379. [CrossRef]

Yamamoto, E.; Yonetsu, T.; Kakuta, T.; Soeda, T; Saito, Y.; Yan, B.P.; Kurihara, O.; Takano, M.; Niccoli, G.; Higuma, T.; et al.
Clinical and Laboratory Predictors for Plaque Erosion in Patients with Acute Coronary Syndromes. |. Am. Heart Assoc. 2019, 8,
e012322. [CrossRef] [PubMed]

Seegers, L.M.; Araki, M.; Nakajima, A.; Yonetsu, T.; Minami, Y.; Ako, J.; Soeda, T.; Kurihara, O.; Higuma, T.; Kimura, S.; et al. Sex
Differences in Culprit Plaque Characteristics Among Different Age Groups in Patients with Acute Coronary Syndromes. Circ.
Cardiovasc. Interv. 2022, 15, €011612. [CrossRef]

Araki, M.; Yonetsu, T.; Kurihara, O.; Nakajima, A.; Lee, H.; Soeda, T.; Minami, Y.; Higuma, T.; Kimura, S.; Takano, M.; et al. Age
and Phenotype of Patients with Plaque Erosion. J. Am. Heart Assoc. 2021, 10, €020691. [CrossRef]

Kim, H.O,; Kim, C.J.; Kim, W.; Cho, J.-M.; Soeda, T.; Takano, M.; Yan, B.P,; Crea, F; Niccoli, G.; Vergallo, R.; et al. Relative Risk of
Plaque Erosion among Different Age and Sex Groups in Patients with Acute Coronary Syndrome. |. Thromb. Thrombolysis 2020,
49, 352-359. [CrossRef]

Buonpane, A.; Trimarchi, G.; Ciardetti, M.; Coceani, M.A.; Alagna, G.; Benedetti, G.; Berti, S.; Ando, G.; Burzotta, F; De Caterina,
A.R. Optical Coherence Tomography in Myocardial Infarction Management: Enhancing Precision in Percutaneous Coronary
Intervention. J. Clin. Med. 2024, 13, 5791. [CrossRef] [PubMed]

Jia, H.; Abtahian, F.; Aguirre, A.D.; Lee, S.; Chia, S.; Lowe, H.; Kato, K.; Yonetsu, T.; Vergallo, R.; Hu, S.; et al. In Vivo Diagnosis of
Plaque Erosion and Calcified Nodule in Patients with Acute Coronary Syndrome by Intravascular Optical Coherence Tomography.
J. Am. Coll. Cardiol. 2013, 62, 1748-1758. [CrossRef]

Yonetsu, T.; Kakuta, T.; Lee, T.; Takahashi, K.; Kawaguchi, N.; Yamamoto, G.; Koura, K.; Hishikari, K.; Iesaka, Y.; Fujiwara, H.;
et al. In Vivo Critical Fibrous Cap Thickness for Rupture-Prone Coronary Plaques Assessed by Optical Coherence Tomography.
Eur. Heart ]. 2011, 32, 1251-1259. [CrossRef]

Libby, P,; Pasterkamp, G.; Crea, F; Jang, LK. Reassessing the Mechanisms of Acute Coronary Syndromes: The “Vulnerable Plaque”
and Superficial Erosion. Circ. Res. 2019, 124, 150-160. [CrossRef] [PubMed]

Libby, P. The Changing Landscape of Atherosclerosis. Nature 2021, 592, 524-533. [CrossRef]

Leistner, D.M.; Krénkel, N.; Meteva, D.; Abdelwahed, Y.S.; Seppelt, C.; Stahli, B.E.; Rai, H.; Skurk, C.; Lauten, A.; Mochmann,
H.-C; et al. Differential Immunological Signature at the Culprit Site Distinguishes Acute Coronary Syndrome with Intact from
Acute Coronary Syndrome with Ruptured Fibrous Cap: Results from the Prospective Translational OPTICO-ACS Study. Eur.
Heart J. 2020, 41, 3549-3560. [CrossRef]

Meteva, D.; Vinci, R.; Seppelt, C.; Abdelwahed, Y.S.; Pedicino, D.; Nelles, G.; Skurk, C.; Haghikia, A.; Rauch-Krohnert, U.;
Gerhardt, T.; et al. Toll-like Receptor 2, Hyaluronan, and Neutrophils Play a Key Role in Plaque Erosion: The OPTICO-ACS
Study. Eur. Heart ]. 2023, 44, 3892-3907. [CrossRef]

Gerhardt, T.; Seppelt, C.; Abdelwahed, Y.S.; Meteva, D.; Wolfram, C.; Stapmanns, P; Erbay, A.; Zanders, L.; Nelles, G.; Musfeld, J.;
et al. Culprit Plaque Morphology Determines Inflammatory Risk and Clinical Outcomes in Acute Coronary Syndrome. Eur. Heart
J. 2023, 44, 3911-3925. [CrossRef] [PubMed]

Pedicino, D.; Vinci, R.; Giglio, A.F.; Pisano, E.; Porto, I.; Vergallo, R.; Russo, G.; Ruggio, A.; D’Aiello, A.; Flego, D.; et al. Alterations
of Hyaluronan Metabolism in Acute Coronary Syndrome. J. Am. Coll. Cardiol. 2018, 72, 1490-1503. [CrossRef]

Yamamoto, E.; Thondapu, V.; Poon, E.; Sugiyama, T.; Fracassi, F; Dijkstra, J.; Lee, H.; Ooi, A.; Barlis, P.; Jang, I.-K. Endothelial
Shear Stress and Plaque Erosion. JACC Cardiovasc. Imaging 2019, 12, 374-375. [CrossRef]

Russo, G.; Pedicino, D.; Chiastra, C.; Vinci, R.; Lodi Rizzini, M.; Genuardi, L.; Sarraf, M.; d"Aiello, A.; Bologna, M.; Aurigemma,
C.; et al. Coronary Artery Plaque Rupture and Erosion: Role of Wall Shear Stress Profiling and Biological Patterns in Acute
Coronary Syndromes. Int. J. Cardiol. 2023, 370, 356-365. [CrossRef] [PubMed]

Franck, G.; Mawson, T.; Sausen, G.; Salinas, M.; Masson, G.S.; Cole, A.; Beltrami-Moreira, M.; Chatzizisis, Y.; Quillard, T.;
Tesmenitsky, Y.; et al. Flow Perturbation Mediates Neutrophil Recruitment and Potentiates Endothelial Injury via TLR2 in Mice:
Implications for Superficial Erosion. Circ. Res. 2017, 121, 31-42. [CrossRef]


https://doi.org/10.1161/01.ATV.20.5.1262
https://doi.org/10.1136/hrt.82.3.269
https://doi.org/10.1056/NEJM199705013361802
https://doi.org/10.1161/01.CIR.93.7.1354
https://www.ncbi.nlm.nih.gov/pubmed/8641024
https://doi.org/10.1016/S0735-1097(98)80657-8
https://doi.org/10.1161/JAHA.119.012322
https://www.ncbi.nlm.nih.gov/pubmed/31640466
https://doi.org/10.1161/CIRCINTERVENTIONS.121.011612
https://doi.org/10.1161/JAHA.120.020691
https://doi.org/10.1007/s11239-019-01969-9
https://doi.org/10.3390/jcm13195791
https://www.ncbi.nlm.nih.gov/pubmed/39407851
https://doi.org/10.1016/j.jacc.2013.05.071
https://doi.org/10.1093/eurheartj/ehq518
https://doi.org/10.1161/CIRCRESAHA.118.311098
https://www.ncbi.nlm.nih.gov/pubmed/30605419
https://doi.org/10.1038/s41586-021-03392-8
https://doi.org/10.1093/eurheartj/ehaa703
https://doi.org/10.1093/eurheartj/ehad379
https://doi.org/10.1093/eurheartj/ehad334
https://www.ncbi.nlm.nih.gov/pubmed/37381774
https://doi.org/10.1016/j.jacc.2018.06.072
https://doi.org/10.1016/j.jcmg.2018.07.024
https://doi.org/10.1016/j.ijcard.2022.10.139
https://www.ncbi.nlm.nih.gov/pubmed/36343795
https://doi.org/10.1161/CIRCRESAHA.117.310694

J. Clin. Med. 2025, 14, 5456 25 of 27

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kim, H.O.; Kim, C.-J; Kurihara, O.; Thondapu, V.; Russo, M.; Yamamoto, E.; Sugiyama, T.; Fracassi, F.; Lee, H.; Yonetsu, T.; et al.
Angiographic Features of Patients with Coronary Plaque Erosion. Int. ]. Cardiol. 2019, 288, 12-16. [CrossRef]

Vergallo, R.; Lombardi, M.; Besis, G.; Migliaro, S.; Ricchiuto, A.; Maino, A.; Buonpane, A.; Bianchini, E.; Annibali, G.; Galli,
M.; et al. Pre-Stenting Residual Thrombotic Volume Assessed by Dual Quantitative Coronary Angiography Predicts Microvas-
cular Obstruction in Patients with ST-Segment Elevation Myocardial Infarction Undergoing Primary Percutaneous Coronary
Intervention. Minerva Cardiol. Angiol. 2023, 71, 421-430. [CrossRef] [PubMed]

Cao, M.; Wu, T.; Zhao, J.; Du, Z.; Wang, Z.; Li, L.; Wei, G.; Tian, ].; Jia, H.; Mintz, G.S.; et al. Focal Geometry and Characteristics of
Erosion-Prone Coronary Plaques In Vivo Angiography and Optical Coherence Tomography Study. Front. Cardiovasc. Med. 2021, 8,
709480. [CrossRef]

Jang, LK. Cardiovascular OCT Imaging; Springer: Berlin/Heidelberg, Germany, 2015; p. 216. ISBN 978-3-319-10801-8.

Araki, M,; Park, S.J.; Dauerman, H.L.; Uemura, S.; Kim, J.S.; Di Mario, C.; Johnson, TW.; Guagliumi, G.; Kastrati, A.; Joner, M.;
et al. Optical Coherence Tomography in Coronary Atherosclerosis Assessment and Intervention. Nat. Rev. Cardiol. 2022, 19,
684-703. [CrossRef]

Tearney, G.J.; Regar, E.; Akasaka, T.; Adriaenssens, T.; Barlis, P.; Bezerra, H.G.; Bouma, B.; Bruining, N.; Cho, ].M.; Chowdhary,
S.; et al. Consensus Standards for Acquisition, Measurement, and Reporting of Intravascular Optical Coherence Tomography
Studies: A Report from the International Working Group for Intravascular Optical Coherence Tomography Standardization and
Validation. J. Am. Coll. Cardiol. 2012, 59, 1058-1072. [CrossRef]

Higuma, T.; Soeda, T.; Abe, N.; Yamada, M.; Yokoyama, H.; Shibutani, S.; Vergallo, R.; Minami, Y.; Ong, D.S.; Lee, H.; et al. A
Combined Optical Coherence Tomography and Intravascular Ultrasound Study on Plaque Rupture, Plaque Erosion, and Calcified
Nodule in Patients with ST-Segment Elevation Myocardial Infarction Incidence, Morphologic Characteristics, and Outcomes
After Percutaneous Coronary Intervention. JACC Cardiovasc. Interv. 2015, 8, 1166-1176.

Kramer, M.C.A ; Rittersma, S.Z.H.; de Winter, R].; Ladich, E.R.; Fowler, D.R,; Liang, Y.-H.; Kutys, R.; Carter-Monroe, N.; Kolodgie,
ED.; van der Wal, A.C.; et al. Relationship of Thrombus Healing to Underlying Plaque Morphology in Sudden Coronary Death. J.
Am. Coll. Cardiol. 2010, 55, 122-132. [CrossRef] [PubMed]

Collet, C.; Conte, E.; Mushtagq, S.; Brouwers, S.; Shinke, T.; Coskun, A.U.; Pu, Z.; Hakim, D.; Stone, PH.; Andreini, D. Reviewing
Imaging Modalities for the Assessment of Plaque Erosion. Atherosclerosis 2021, 318, 52-59. [CrossRef] [PubMed]

Cuesta, J.; Antufia, P; Jiménez, C.; Rivero, F; Bastante, T.; Garcia-Guimaraes, M.; Alfonso, F. Can Plaque Erosion Be Visualized by
High-Definition Intravascular Ultrasound? JACC Cardiovasc. Interv. 2020, 13, e57—e61. [CrossRef]

Oemrawsingh, R.M.; Cheng, ].M.; Garcia-Garcia, H.M.; Van Geuns, R.-J.; De Boer, S.P.M.; Simsek, C.; Kardys, I.; Lenzen, M.].; Van
Domburg, R.T.; Regar, E.; et al. Near-Infrared Spectroscopy Predicts Cardiovascular Outcome in Patients with Coronary Artery
Disease. J. Am. Coll. Cardiol. 2014, 64, 2510-2518. [CrossRef]

Terada, K.; Kubo, T.; Kameyama, T.; Matsuo, Y.; Ino, Y.; Emori, H.; Higashioka, D.; Katayama, Y.; Khalifa, A.K.M.; Takahata, M.;
et al. NIRS-IVUS for Differentiating Coronary Plaque Rupture, Erosion, and Calcified Nodule in Acute Myocardial Infarction.
JACC Cardiovasc. Imaging 2021, 14, 1440-1450. [CrossRef] [PubMed]

Nurmohamed, N.S.; Van Rosendael, A.R.; Danad, I.; Ngo-Metzger, Q.; Taub, PR.; Ray, K.K,; Figtree, G.; Bonaca, M.P,; Hsia, J.;
Rodriguez, E; et al. Atherosclerosis Evaluation and Cardiovascular Risk Estimation Using Coronary Computed Tomography
Angiography. Eur. Heart ]. 2024, 45, 1783-1800. [CrossRef] [PubMed]

Kwiecinski, J.; Tzolos, E.; Williams, M.C.; Dey, D.; Berman, D.; Slomka, P.; Newby, D.E.; Dweck, M.R. Noninvasive Coronary
Atherosclerotic Plaque Imaging. JACC Cardiovasc. Imaging 2023, 16, 1608-1622. [CrossRef]

Vrints, C.; Andreotti, F.; Koskinas, K.C.; Rossello, X.; Adamo, M.; Ainslie, J.; Banning, A.P.; Budaj, A.; Buechel, R.R.; Chiariello,
G.A,; et al. 2024 ESC Guidelines for the Management of Chronic Coronary Syndromes: Developed by the Task Force for the
Management of Chronic Coronary Syndromes of the European Society of Cardiology (ESC) Endorsed by the European Association
for Cardio-Thoracic Surgery (EACTS). Eur. Heart . 2024, 45, 3415-3537. [CrossRef] [PubMed]

Byrne, R.A ; Rossello, X.; Coughlan, ].J.; Barbato, E.; Berry, C.; Chieffo, A.; Claeys, M.].; Dan, G.A.; Dweck, M.R.; Galbraith, M.;
et al. 2023 ESC Guidelines for the Management of Acute Coronary Syndromes. Eur. Heart ]. 2023, 44, 3720-3826. [CrossRef]
Antonopoulos, A.S.; Angelopoulos, A.; Tsioufis, K.; Antoniades, C.; Tousoulis, D. Cardiovascular Risk Stratification by Coronary
Computed Tomography Angiography Imaging: Current State-of-the-Art. Eur. |. Prev. Cardiol. 2022, 29, 608-624. [CrossRef]
Williams, M.C.; Moss, A.].; Dweck, M.; Adamson, P.D.; Alam, S.; Hunter, A.; Shah, A.S.V.; Pawade, T.; Weir-McCall, ].R.; Roditi,
G.; et al. Coronary Artery Plaque Characteristics Associated with Adverse Outcomes in the SCOT-HEART Study. J. Am. Coll.
Cardiol. 2019, 73, 291-301. [CrossRef]

Antoniades, C.; Tousoulis, D.; Vavlukis, M.; Fleming, I.; Duncker, D.J.; Eringa, E.; Manfrini, O.; Antonopoulos, A.S.; Oikonomou,
E.; Padro, T,; et al. Perivascular Adipose Tissue as a Source of Therapeutic Targets and Clinical Biomarkers. Eur. Heart |. 2023, 44,
3827-3844. [CrossRef]


https://doi.org/10.1016/j.ijcard.2019.03.039
https://doi.org/10.23736/S2724-5683.22.06156-7
https://www.ncbi.nlm.nih.gov/pubmed/36847435
https://doi.org/10.3389/fcvm.2021.709480
https://doi.org/10.1038/s41569-022-00687-9
https://doi.org/10.1016/j.jacc.2011.09.079
https://doi.org/10.1016/j.jacc.2009.09.007
https://www.ncbi.nlm.nih.gov/pubmed/19818571
https://doi.org/10.1016/j.atherosclerosis.2020.10.017
https://www.ncbi.nlm.nih.gov/pubmed/33129585
https://doi.org/10.1016/j.jcin.2019.10.036
https://doi.org/10.1016/j.jacc.2014.07.998
https://doi.org/10.1016/j.jcmg.2020.08.030
https://www.ncbi.nlm.nih.gov/pubmed/33221211
https://doi.org/10.1093/eurheartj/ehae190
https://www.ncbi.nlm.nih.gov/pubmed/38606889
https://doi.org/10.1016/j.jcmg.2023.08.021
https://doi.org/10.1093/eurheartj/ehae177
https://www.ncbi.nlm.nih.gov/pubmed/39210710
https://doi.org/10.1093/eurheartj/ehad191
https://doi.org/10.1093/eurjpc/zwab067
https://doi.org/10.1016/j.jacc.2018.10.066
https://doi.org/10.1093/eurheartj/ehad484

J. Clin. Med. 2025, 14, 5456 26 of 27

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Oikonomou, E.K.; Marwan, M.; Desai, M.Y.; Mancio, J.; Alashi, A.; Hutt Centeno, E.; Thomas, S.; Herdman, L.; Kotanidis,
C.P; Thomas, K.E.; et al. Non-Invasive Detection of Coronary Inflammation Using Computed Tomography and Prediction of
Residual Cardiovascular Risk (the CRISP CT Study): A Post-Hoc Analysis of Prospective Outcome Data. Lancet 2018, 392, 929-939.
[CrossRef]

Suzuki, K.; Kinoshita, D.; Sugiyama, T; Yuki, H.; Niida, T.; Dey, D.; Lee, H.; McNulty, I.; Ferencik, M.; Kakuta, T; et al. Coronary
Computed Tomography Angiography Findings of Plaque Erosion. Am. J. Cardiol. 2023, 196, 52-58. [CrossRef]

Niida, T.; Usui, E.; Suzuki, K,; Kinoshita, D.; Yuki, H.; Fujimoto, D.; Covani, M.; Dey, D.; Lee, H.; McNulty, I; et al. Differences
in Total Plaque Burden between Plaque Rupture and Plaque Erosion: A Combined Computed Tomography Angiography and
Optical Coherence Tomography Study. J. Cardiovasc. Comput. Tomogr. 2024, 18, 568-574. [CrossRef]

Nagamine, T.; Hoshino, M.; Yonetsu, T.; Sugiyama, T.; Kanaji, Y.; Matsuda, K.; Sayama, K.; Ueno, H.; Nogami, K.; Hanyu, Y.; et al.
Identification of Optical Coherence Tomography-Defined Coronary Plaque Erosion by Preprocedural Computed Tomography
Angiography. J. Am. Heart Assoc. 2023, 12, €029239. [CrossRef]

Meloni, A.; Maffei, E.; Positano, V.; Clemente, A.; De Gori, C.; Berti, S.; La Grutta, L.; Saba, L.; Bossone, E.; Mantini, C.; et al.
Technical Principles, Benefits, Challenges, and Applications of Photon Counting Computed Tomography in Coronary Imaging: A
Narrative Review. Cardiovasc. Diagn. Ther. 2024, 14, 698-724. [CrossRef]

Meloni, A.; Maffei, E.; Clemente, A.; De Gori, C.; Occhipinti, M.; Positano, V.; Berti, S.; La Grutta, L.; Saba, L.; Cau, R.; et al.
Spectral Photon-Counting Computed Tomography: Technical Principles and Applications in the Assessment of Cardiovascular
Diseases. J. Clin. Med. 2024, 13, 2359. [CrossRef]

Kotronias, R.A.; Raman, B.; Ferreira, V.; Neubauer, S.; Antoniades, C. Photon-Counting Computed Tomography: ‘One-Stop Shop’
for Coronary Stenosis, Inflammation, and Myocardial Assessment in ST-Segment Elevation Acute Coronary Syndrome. Eur. Heart
J.-Cardiovasc. Imaging 2024, 25, €165. [CrossRef]

Neumann, E-J.; Sousa-Uva, M.; Ahlsson, A.; Alfonso, F,; Banning, A.P,; Benedetto, U.; Byrne, R.A.; Collet, ].-P; Falk, V.; Head, S.J.;
et al. 2018 ESC/EACTS Guidelines on Myocardial Revascularization. Eur. Heart ]. 2019, 40, 87-165. [CrossRef]

Niccoli, G.; Montone, R.A.; Di Vito, L.; Gramegna, M.; Refaat, H.; Scalone, G.; Leone, A.M.; Trani, C.; Burzotta, F.; Porto, I; et al.
Plaque Rupture and Intact Fibrous Cap Assessed by Optical Coherence Tomography Portend Different Outcomes in Patients
with Acute Coronary Syndrome. Eur. Heart ]. 2015, 36, 1377-1384. [CrossRef] [PubMed]

Prati, F.; Uemura, S.; Souteyrand, G.; Virmani, R.; Motreff, P.; Di Vito, L.; Biondi-Zoccai, G.; Halperin, ].; Fuster, V.; Ozaki, Y.; et al.
OCT-Based Diagnosis and Management of STEMI Associated with Intact Fibrous Cap. JACC Cardiovasc. Imaging 2013, 6, 283-287.
[CrossRef] [PubMed]

Jia, H.; Dai, J.; Hou, J.; Xing, L.; Ma, L.; Liu, H.; Xu, M.; Yao, Y,; Hu, S.; Yamamoto, E.; et al. Effective Anti-Thrombotic Therapy
without Stenting: Intravascular Optical Coherence Tomography-Based Management in Plaque Erosion (the EROSION Study).
Eur. Heart J. 2017, 38, 792-800. [CrossRef] [PubMed]

Xing, L.; Yamamoto, E.; Sugiyama, T.; Jia, H.; Ma, L.; Hu, S.; Wang, C.; Zhu, Y.; Li, L.; Xu, M.; et al. EROSION Study (Effective Anti-
Thrombotic Therapy Without Stenting: Intravascular Optical Coherence Tomography—Based Management in Plaque Erosion): A
1-Year Follow-Up Report. Circ. Cardiovasc. Interv. 2017, 10, e005860. [CrossRef] [PubMed]

He, L.; Qin, Y,; Xu, Y;; Hu, S.; Wang, Y.; Zeng, M.; Feng, X.; Liu, Q.; Syed, I.; Demuyakor, A.; et al. Predictors of Non-Stenting
Strategy for Acute Coronary Syndrome Caused by Plaque Erosion: Four-Year Outcomes of the EROSION Study. Eurolntervention
2021, 17,497-505. [CrossRef] [PubMed]

Hu, S.; Zhu, Y.; Zhang, Y.; Dai, J.; Li, L.; Dauerman, H.; Soeda, T.; Wang, Z.; Lee, H.; Wang, C.; et al. Management and Outcome of
Patients with Acute Coronary Syndrome Caused by Plaque Rupture Versus Plaque Erosion: An Intravascular Optical Coherence
Tomography Study. J. Am. Heart Assoc. 2017, 6, €004730. [CrossRef]

Jia, H.; Kubo, T.; Akasaka, T.; Yu, B. Optical Coherence Tomography Guidance in Management of Acute Coronary Syndrome
Caused by Plaque Erosion. Circ. |. 2018, 82, 302-308. [CrossRef]

Jia, H.;; Dai, J.; He, L.; Xu, Y.; Shi, Y.; Zhao, L.; Sun, Z; Liu, Y.; Weng, Z.; Feng, X.; et al. EROSION III. JACC Cardiovasc. Interv. 2022,
15, 846-856. [CrossRef]

Yin, Y,; Fang, C.; Jiang, S.; Wang, J.; Wang, Y.; Guo, J.; Lei, F; Sun, S.; Pei, X; Jia, R.; et al. In Vivo Evidence of Atherosclerotic
Plaque Erosion and Healing in Patients with Acute Coronary Syndrome Using Serial Optical Coherence Tomography Imaging.
Am. Heart J. 2022, 243, 66-76. [CrossRef] [PubMed]

Yin, Y; Lei, F; Fang, C.; Jiang, S.; Xu, X.; Sun, S.; Pei, X,; Jia, R;; Tang, C.; Peng, C.; et al. Predictors of Adverse Prognosis in Patients
with Acute Coronary Syndrome Caused by Plaque Erosion with a Nonstent Strategy. J. Am. Heart Assoc. 2022, 11, e026414.
[CrossRef]

Cortese, B.; Kalkat, H.; Bathia, G.; Basavarajaiah, S. The Evolution and Revolution of Drug Coated Balloons in Coronary
Angioplasty: An up-to-Date Review of Literature Data. Catheter. Cardiovasc. Interv. 2023, 102, 1069-1077. [CrossRef]


https://doi.org/10.1016/S0140-6736(18)31114-0
https://doi.org/10.1016/j.amjcard.2023.03.007
https://doi.org/10.1016/j.jcct.2024.09.007
https://doi.org/10.1161/JAHA.122.029239
https://doi.org/10.21037/cdt-24-52
https://doi.org/10.3390/jcm13082359
https://doi.org/10.1093/ehjci/jeae003
https://doi.org/10.1093/eurheartj/ehy394
https://doi.org/10.1093/eurheartj/ehv029
https://www.ncbi.nlm.nih.gov/pubmed/25713314
https://doi.org/10.1016/j.jcmg.2012.12.007
https://www.ncbi.nlm.nih.gov/pubmed/23473109
https://doi.org/10.1093/eurheartj/ehw381
https://www.ncbi.nlm.nih.gov/pubmed/27578806
https://doi.org/10.1161/CIRCINTERVENTIONS.117.005860
https://www.ncbi.nlm.nih.gov/pubmed/29246916
https://doi.org/10.4244/EIJ-D-20-00299
https://www.ncbi.nlm.nih.gov/pubmed/33164894
https://doi.org/10.1161/JAHA.116.004730
https://doi.org/10.1253/circj.CJ-17-1373
https://doi.org/10.1016/j.jcin.2022.01.298
https://doi.org/10.1016/j.ahj.2021.09.007
https://www.ncbi.nlm.nih.gov/pubmed/34582778
https://doi.org/10.1161/JAHA.122.026414
https://doi.org/10.1002/ccd.30891

J. Clin. Med. 2025, 14, 5456 27 of 27

60.

61.

62.

63.

64.

Mangner, N.; Farah, A.; Ohlow, M.-A.; Mobius-Winkler, S.; Weilenmann, D.; Wohrle, J.; Linke, A.; Stachel, G.; Markovic, S.;
Leibundgut, G.; et al. Safety and Efficacy of Drug-Coated Balloons Versus Drug-Eluting Stents in Acute Coronary Syndromes: A
Prespecified Analysis of BASKET-SMALL 2. Circ. Cardiovasc. Interv. 2022, 15, e011325. [CrossRef]

Yamamoto, T.; Kawamori, H.; Toba, T.; Kakizaki, S.; Nakamura, K.; Fujimoto, D.; Sasaki, S.; Fujii, H.; Hamana, T.; Osumi, Y,;
et al. Clinical Impact of Optical Coherence Tomography Findings after Drug-Coated Balloon Treatment for Patients with Acute
Coronary Syndromes. Int. ]. Cardiol. 2023, 387, 131149. [CrossRef] [PubMed]

Yu, M,; Yang, Y.; Dong, S.L.; Zhao, C.; Yang, F; Yuan, Y.F; Liao, YH.; He, S.L.; Liu, K.; Wei, E; et al. Effect of Colchicine
on Coronary Plaque Stability in Acute Coronary Syndrome as Assessed by Optical Coherence Tomography: The COLOCT
Randomized Clinical Trial. Circulation 2024, 150, 981-993. [CrossRef] [PubMed]

Tardif, J.-C.; Kouz, S.; Waters, D.D.; Bertrand, O.F.; Diaz, R.; Maggioni, A.P; Pinto, EJ.; Ibrahim, R.; Gamra, H.; Kiwan, G.S,;
et al. Efficacy and Safety of Low-Dose Colchicine after Myocardial Infarction. N. Engl. ]. Med. 2019, 381, 2497-2505. [CrossRef]
[PubMed]

Paradossi, U.; De Caterina, A.R.; Trimarchi, G.; Pizzino, F; Bastiani, L.; Dossi, E; Raccis, M.; Bianchi, G.; Palmieri, C.; de Gregorio,
C.; et al. The Enigma of the ‘Smoker’s Paradox”: Results from a Single-Center Registry of Patients with STEMI Undergoing
Primary Percutaneous Coronary Intervention. Cardiovasc. Revasc. Med. 2024, 69, 42-49. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1161/CIRCINTERVENTIONS.121.011325
https://doi.org/10.1016/j.ijcard.2023.131149
https://www.ncbi.nlm.nih.gov/pubmed/37423566
https://doi.org/10.1161/CIRCULATIONAHA.124.069808
https://www.ncbi.nlm.nih.gov/pubmed/39166327
https://doi.org/10.1056/NEJMoa1912388
https://www.ncbi.nlm.nih.gov/pubmed/31733140
https://doi.org/10.1016/j.carrev.2024.06.007
https://www.ncbi.nlm.nih.gov/pubmed/38862370

	Introduction 
	Plaque Erosion: An Autopsy-Driven Shift in the Understanding of Acute Coronary Syndromes 
	Epidemiology of Plaque Erosion: Prevalence and Patient Profiles 
	Clinical Presentation of Plaque Erosion: How Does It Differ from Plaque Rupture? 
	Pathophysiological Substrate of Plaque Erosion and Rupture: Two Distinct Mechanisms in ACS 
	Diagnosis of Plaque Erosion: The Role of Invasive and Non-Invasive Imaging 
	Plaque Erosion and Coronary Angiography: A Non-Diagnostic but Suspicion-Guiding Tool 
	Assessing Plaque Erosion Using Optical Coherence Tomography: A Diagnostic Game Changer 
	Diagnostic Strategies with Intravascular Ultrasound and Near-Infrared Spectroscopy 
	Diagnostic Strategies with Coronary Computed Tomography Angiography 

	OCT-Guided Strategy in Plaque Erosion: A New Frontier in Personalized ACS Management 
	The EROSION Trial 
	Who Should Avoid a Stent? Patient Selection in Plaque Erosion Through the Lens of OCT Evidence 
	Next-Generation Management of Plaque Erosion 

	Conclusions and Future Perspectives 
	References

