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o Evaluation of non-culprit lesions in STEMI patients with OCT

1. SUMMARY

Primary percutaneous coronary intervention (PCl) is the preferred method of reperfusion for
patients with ST-segment elevation myocardial infarction (STEMI) (1-4). These patients often
have multivessel coronary artery disease, with additional angiographically significant lesions in
locations separate from that of the culprit lesion that caused the acute event (5). Whether to
routinely revascularize these non-culprit lesions or to manage them conservatively with
guideline based medical therapy alone is a common dilemma (6-8). Non-culprit lesions, which
are usually discovered incidentally at the time of primary PCl, may represent stable coronary
artery plaques, for which additional revascularization may not offer additional benefit (9).
However, if non-culprit lesions have morphologic features consistent with unstable plaques,
which confer an increased risk of future cardiovascular events, there may be a benefit of

routine non-culprit-lesion PCI (10, 11).

Observational studies have suggested a possible reduction in clinical events with staged non-
culprit lesion PCl, but these studies are limited by selection bias and confounding (12, 13). Early
randomized trials showed reduction in the risk of composite outcomes with non-culprit lesion
PCI, with results driven predominantly by the decreased risk of subsequent revascularization
(14-17). Meta-analyses have suggested a reduction in the risk of death from cardiovascular
causes or myocardial infarction with non-culprit lesion PCI, but previous individual trials have

not had the power to examine this clinically important outcome (18-20).
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o Evaluation of non-culprit lesions in STEMI patients with OCT

The Complete versus Culprit-Only Revascularization Strategies to Treat Multivessel Disease
after Early PCI for STEMI (COMPLETE) trial was designed to address this evidence gap. The
COMPLETE trial was a multinational, randomized trial among patients with STEMI and
multivessel coronary artery disease who had undergone successful culprit lesion PCl that
evaluated a strategy of staged complete revascularization (consisting of PCI of all suitable non-
culprit lesions) as compared with a strategy of no further revascularization (21, 22). The
COMPLETE trial demonstrated that routine angiography-guided PCl of obstructive non-culprit
lesions as a staged procedure reduced the composite of cardiovascular death or new

myocardial infarction by about 26% (p=0.004) (22).

Among patients with STEMI, approximately 30-50% have multivessel coronary artery disease
with additional angiographically significant non-culprit lesions remote from the culprit lesion
(10, 11, 23). Whether the benefit of routine non-culprit lesions PCl might be associated with

vulnerable plaque morphology, ischemia or a combination of both mechanisms is unknown.

Although angiographic identification of non-culprit stenoses used in the COMPLETE trial is
practical and feasible in every patient, intravascular imaging is required to identify whether
plagues have vulnerable features. Optical coherence tomography (OCT) is an intracoronary
imaging modality that can identify thin cap fibroatheroma (TCFA), the primary morphology of

the vulnerable plaque (24).

20



o Evaluation of non-culprit lesions in STEMI patients with OCT

This thesis is meant to define the plague morphology of the non-culprit lesions in patients

presenting with STEMI and hypothesize its relationship with the benefit of routine staged non-

culprit lesion PCl. The COMPLETE OCT sub-study of the COMPLETE trial is an investigator

initiative to evaluate prospectively the prevalence of TCFA by OCT in obstructive and non-

obstructive non-culprit lesions among patients randomized to non-culprit PCl in the COMPLETE

trial (25).

This thesis compendium is divided in 7 sessions:

1.

Introduction to atherosclerosis and lesion progression; vulnerable plaque and clinical
significance; and contrast of different methods to assess non-culprit lesions intervention
criteria, ischemia-driven vs. imaging-guided.

State of knowledge for the research performed in this thesis.

Thesis: background, methodology, analysis, results, discussion, and conclusions.

A compendium of original OCT images from the COMPLETE-OCT substudy (COMPLETE
OCT Atlas), showing a variety of vulnerable plaque features documented in vivo.
Additional original research on the evaluation of non-culprit lesions in patients in STEMI
and multivessel disease.

Final remarks and future directions.

List of academic contributions around the thesis including presentations, workshops,

and collaborations.

21
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2 RESUMEN

La angioplastia primaria es el método preferido de reperfusion para pacientes con sindrome
coronario agudo con elevacion del segmento ST (1-4). Estos pacientes usualmente tienen
enfermedad coronaria multivaso, con lesiones angiograficamente significativas en segmentos
lejanos a la lesidn culpable que causo el evento primario (5). Existe un dilema acerca de si
tratar estas lesiones no culpables con revascularizacién rutinaria o manejarlas
conservadoramente solo con terapia medica 6ptima (6-8). Las lesiones no culpables que se
descubren incidentalmente al momento de la angioplastia primaria, pueden representar placas
coronarias estables para las cuales revascularizacion adicional no ofrece beneficio (9). Sin
embargo, si las lesiones no culpables tienen caracteristicas morfoldgicas consistentes con
placas inestables que confieren un riesgo incrementado de eventos cardiovasculares futuros;

puede haber un beneficio considerando intervencionismo rutinario (10, 11).

Estudios observacionales han sugerido una posible reduccién de eventos clinicos con el
intervencionismo rutinario de las lesiones no culpables, pero estos estudios son limitados por
sesgos de seleccidn y criterios de inclusidn e intervencionismo confusos (12, 13). Estudios
randomizados iniciales mostraron una reduccién del riesgo de resultados compuesto con el
intervencionismo de lesiones no culpables, con resultados dependientes predominantemente
de reduccion de revascularizacién subsecuente (14-17). Meta andlisis han sugerido una

reduccion del riesgo de muerte por causas cardiovasculares o infarto de miocardio con el

23
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intervencionismo de lesiones no culpables; pero estudios previos individuales no tuvieron el
poder estadistico para evaluar estos importantes desenlaces clinicos (18-20).

El estudio COMPLETE, revascularizacién completa versus revascularizacién de solo el vaso
culpable de infarto para tratar enfermedad multivaso después de angioplastia primaria en
pacientes con sindrome coronario agudo con elevacién del segmento ST, se disefié para
abordar esta brecha en la evidencia clinica. COMPLETE es un estudio randomizado,
multinacional en pacientes con sindrome coronario agudo con elevacion del segmento STy
enfermedad multivaso que han tenido angioplastia primaria satisfactoria del vaso culpable, que
comparo una estrategia de revascularizacion completa diferida (intervencionismo de todas las
lesiones no culpables aptas) con una estrategia de solo tratar el vaso culpable con
intervencionismo y el resto de las lesiones solo con tratamiento médico éptimo (21, 22). El
estudio COMPLETE demostrd que intervenir rutinariamente las lesiones no culpables con guia
angiografica en un procedimiento diferido, redujo el compuesto de muerte cardiovascular o

nuevo infarto de miocardio en cerca del 26% (p=0.004) (22).

Entre los pacientes con sindrome coronario agudo con elevacién del segmento ST,
aproximadamente el 30-50% tienen enfermedad multivaso con lesiones en sitios remotos en
comparacion con la lesién culpable (10, 11, 23). Es incierto si el beneficio de revascularizacion
rutinaria de lesiones no culpables esta relacionado con placa morfoldgica vulnerable, isquemia

0 una combinacion de ambas.
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Aunque la identificacién angiografica de lesiones no culpables en el estudio COMPLETE es
practico y factible en todos los pacientes, imagen intravascular es necesaria si se quiere analizar
caracteristicas vulnerables de las placas coronarias. La tomografia de coherencia dptica es una
modalidad de imagen intracoronaria que puede identificar fibroateroma con capa fibrosa fina

gue es la caracteristica principal de las placas vulnerables (24).

Esta tesis esta dedicada a definir la placa morfoldgica de las lesiones no culpables e hipotetizar
su relacion con el beneficio de la revascularizacion rutinaria de estas lesiones coronarias en el
contexto de sindrome coronario agudo con elevacidn del segmento ST. El sub-estudio
COMPLETE OCT del estudio COMPLETE es una iniciativa del investigador para evaluar de forma
prospectiva la prevalencia de fibroateromas de capa fibrosa fina por tomografia de coherencia
6ptica en lesiones obstructivas y no obstructivas en pacientes randomizados a revascularizacién

completa en el estudio COMPLETE (25).

El compendio de esta tesis se divide en 7 secciones:

1. Introduccién a la aterosclerosis y la progresidn de las lesiones coronarias; placa
vulnerable y su significando clinico; y contraste de diferentes métodos para evaluar
criterios de intervencién en lesiones no culpables, demostracion de isquemia vs. guiadas
por imagen intracoronaria.

2. Estado del conocimiento acerca de la investigacion que se desarrolld en esta tesis.

3. Tesis: antecedentes, metodologia, analisis, resultados, discusion y conclusiones.
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Compendio de imagenes originales de tomografia de coherencia dptica del subestudio
COMPLETE-OCT (COMPLETE-OCT Atlas), incluyendo variedad de caracteristicas de placa
vulnerable documentadas en vivo.

Manuscritos originales adicionales en la evaluacién de lesiones no-culpables de infarto
en pacientes con sindrome coronario con elevacion del segmento ST.

Comentarios finales y direcciones futuras.

Lista de contribuciones académicas incluyendo presentaciones, workshops y

colaboraciones de investigacion.
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3 ABBREVIATIONS

ACS: Acute Coronary Syndrome

AUC: Area Under Curve

CABG: Coronary Artery Bypass Grafting
CAD: Coronary Artery Disease

CCS: Chronic Coronary Syndromes
CCTA: Coronary computed tomography angiography
Cl: Confidence Interval

CV: Cardiovascular

ECM: Extracellular Matrix

FFR: Fractional Flow Reserve

HPR: Healed Plaque Rupture

HR: Hazard Ratio

iFR: Instantaneous Wave Free Ratio
IRA: Infarct Related Artery

IVUS: Intravascular Ultrasound

LRP: Lipid Rich Plaque

LCBI: Lipid Core Burden Index

MACE: Major Adverse Cardiac Events

MACCE: Major Adverse Cardiac and Cerebrovascular Events
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MI: Myocardial Infarction

MLA: Minimum Lumen Area

MRI: Magnetic Resonance Imaging

MVD: Multivessel Disease

NSTEMI: Non-ST-Segment Elevation Myocardial Infarction
OCT: Optical Coherence Tomography

OMT: Optimal Medical Therapy

PCI: Percutaneous Coronary Intervention

PET: Positron Emission Tomography

QCA: Quantitative Coronary Angiography

RCT: Randomized Controlled Trials

RFR: Resting Full-Cycle Ratio

SAP: Stable Angina Pectoris

SCD: Sudden Cardiac Death

SIHD: Stable Ischemic Heart Disease

SMC: Smooth Muscle Cell

STEMI: ST-segment Elevation Myocardial Infarction
TCFA: Thin Cap Fibroatheroma

ThCFA: Thick Cap Fibroatheroma

TVF: Target Vessel Failure

UA: Unstable Angina
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4 PART |. ATHEROSCLEROSIS AND CORONARY ARTERY DISEASE

4.1 CORONARY ANGIOGRAPHY TO DIAGNOSE AND PROGNOSTICATE CORONARY ARTERY

DISEASE: A HISTORICAL PERSPECTIVE

Over decades, coronary angiography was the only available method to assess in vivo the
presence of coronary atherosclerosis (26). The prognosis of patients was found to be inversely
related to the number of coronary vessels with angiographically apparent stenosis.
Furthermore, the presence of a high-grade stenosis (>80% angiographic diameter narrowing)
and extensive coronary artery disease correlates with a higher risk of subsequent coronary
artery occlusion producing a myocardial infarction (27). All this led to bestowing to coronary
angiography the title of standard gold test for the evaluation of patients with suspected

coronary artery disease.

However, it was relatively soon after its implementation in clinical practice that, based on
necropsy studies, the discrepancy between the presence of luminal obstructions noted in the
angiogram and the degree of underlying atherosclerotic involvement became evident. Such
discrepancy was largely explained by the discovery of compensatory vessel remodelling over
atherogenesis by Glagov et al (28-30). The landmark work of Stary et al (31-33) on the evolution
of atherogenesis also highlighted that the structure of atheromatous plaques changes over

time. Thus, angiography was found to be unable to detect coronary atheroma unless

29



o Evaluation of non-culprit lesions in STEMI patients with OCT

obstructive lesions, and unable to provide qualitative information on the structure and
composition of atheromatous plaques (with the notable exception of those with massive

calcification), that can also be misleading by angiography in around 50%.

These findings are of key importance in discussing a key clinical question: how a diseased
coronary segment likely to trigger an acute myocardial infarction in the future can be identified
early to shift the natural history of the disease. Since 1970’ several groups noted the high
prevalence of future coronary events after an event of ACS. Contrary to the initial suggestion
that stenosis severity was a predictor of future cardiac events, Little et al, concluded that there
was no correlation between coronary stenosis and time of future events or predictive value for
future myocardial infarction location, after reviewing 42 patients in a retrospective fashion and
finding that over 60% of patients had <50% coronary stenosis in the future culprit lesion at the
initial coronary angiography (34). Ambrose et al, also reported in a retrospective analysis that
only 22% of patients had the subsequent event in a segment with previous >70% luminal

stenosis in angiography (35).

These observations opened the hypothesis that non-obstructive atherosclerosis with mild or
moderate luminal stenosis might also had the powered to rupture, resulting in thrombosis
formation with total or subtotal occlusion of the coronary vasculature producing myocardial

infarction; and made stronger recommendation for cardiovascular risk factors modification as a
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therapeutic pillar; given that available therapies for myocardial infarction at that time including

thrombolysis or coronary interventions would not be able to prevent future events.

Coronary artery disease (CAD) is a pathological process characterized by atherosclerotic plaque
accumulation in the epicardial arteries, whether obstructive or non-obstructive. The disease
can have long, stable periods but can also become unstable at any time, typically due to an
acute atherothrombotic event caused by plaque rupture or erosion. However, the disease is

chronic, most often progressive, and hence serious, even in clinically apparently silent periods.

The dynamic nature of the CAD process results in various clinical presentations, which can be
conveniently categorized as either acute coronary syndromes (ACS) or chronic coronary
syndromes (CCS). The natural history of CCS is illustrated in this Figure where the risk of acute

event on chronic disease may change over time (36).
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2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes
Schematic illustration of the natural history of chronic coronary syndromes
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Development of an ACS may acutely destabilize each of these clinical scenarios. The risk may
increase as a consequence of insufficiently controlled cardiovascular risk factors, suboptimal
lifestyle modifications and/or medical therapy, or unsuccessful revascularization. Alternatively,
the risk may decrease as a consequence of appropriate secondary prevention and successful
revascularization. Hence, CCS are defined by the different evolutionary phases of CAD,
excluding situations in which an acute coronary artery thrombosis dominates the clinical

presentation which is the case of ACS.
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4.2 VULNERABLE ATHEROSCLEROTIC PLAQUES

A key concept in discussing the non-lineal occurrence of cardiovascular events in CAD (i.e. the
development of an ACS) is about the presence of vulnerable atherosclerotic plaques that could
be present in non-obstructive coronary vessel segments and have the risk features to become

the acute culprit lesion of an ACS.

Vulnerable plaque is defined as a coronary artery lesion with a high likelihood of triggering an
acute coronary syndrome. Rudolf Virchow published Cellular Pathology lectures in 1858 (37),
which laid the foundations of modern pathology and indeed of modern medical theory. In his
LECTURE XVI - Atheromatous affection of arteries, pointed out that historically, the term
“atheroma” (represented on following Figure) refers to a dermal cyst (“Grutzbalg”), a fatty mass
encapsulated within a cap. Extending Virchow’s argument, the fibrous cap over the lipid mass
of an atherosclerotic plaque is analogous to the capsule containing an abscess, and like an

abscess, the plaque can be ruptured.
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Virchow, R. Nutr Rev. 1989 Jan;47(1):23-5.

Figure. Vertical section through the wall of the aorta at a sclerotic part in which atheromatous matter is already in
the course of formation. Media (m, m’), internal coat (i, i*,il"’) and highest point of the sclerotic part where it
projects into the cavity of the vessel (s). i the innermost layer of the intima running over the whole deposit, i’ the
proliferating, sclerosing layer preparing for fatty degeneration, i”’ the layer immediately adjoining the media which

has already undergone fatty degeneration; and e is in the process of direct softening.

Rupture of the fibrous cap exposes thrombogenic plaque material to the bloodstream, initiating
a platelet aggregation and coagulation process that leads to the formation of a mural
thrombus. These thrombotic changes result from activation of the clotting cascade by tissue
factor, and further propagation of the thrombosis results from the interaction of platelets with
the active thrombogenic matrix (38). Platelet activation and thrombin formation combined with
the evulsion of thrombogenic plaque contents into the lumen may result in sudden occlusion
(39). The described sequence of events is supported by necropsy and clinical angiographic

studies, in which the presence of surface irregularities has been interpreted as plague rupture
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(40-42). Pathological studies in patients with sudden coronary death have demonstrated
evidence of plaque rupture associated with thrombosis in 73% of cases (43). Reviews of
atherosclerosis have uniformly accepted plaque rupture as the most common critical event

leading to coronary artery related death (38).

Several important contributions have described the atherosclerosis and mechanisms for which
plaques erode or rupture causing myocardial infarction. In the late 1970s, Russell Ross
highlighted the importance of smooth muscle cell (SMC) proliferation in atherosclerotic lesion
formation and hypothesized that injury to the arterial wall had a major role in plaque
progression (44, 45). Inflammation was later identified as the primary driving force for
activation and proliferation of SMCs, processes mediated by growth factors (46). Subsequent
studies from Libby and Hansson in the late 1990s indicated that atherogenesis involved a
complex interaction between risk factors and inflammation; their work resulted in a move away
from the idea that atherosclerosis was a bland proliferative disorder to the concept of it being a

complex inflammatory disease of the vessel wall (47-49).

During the same period, Fuster and colleagues observed plaque progression as staged events:
initial involvement of the endothelium, which was causally linked to the developing intima, with
further injury of the underlying media in the advanced phases of development. They also

recognized that deep plaque fissures and ulcerations resulted in the manifestation of complex
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lesions, as a cause of luminal thrombosis and clinical presentation of acute coronary syndrome

(50, 51).

Several early angiographic studies reported a surge in the incidence of coronary atherosclerosis
in the months after a coronary event as well, with a worsening of not only the culprit lesion
when it has not been treated by angioplasty, but also of other lesions initially deemed
insignificant; this pattern appears in 20% of cases in ACS patients, compared with <5% in cases
of stable coronary artery disease (52-56). It was hypothesized that such rapid development of
atherosclerosis probably involved diffuse unstable atherosclerotic plaques, leading to the

concept of “pancoronaritis” in ACS patients (10, 57).
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4.3 ATHEROSCLEROSIS STAGES

The atherosclerosis includes precursor, established, chronic and complicated lesions; that
represent different disease stages. Patients presenting with STEMI are at high risk to have pan
atherosclerosis with evidence that all these disease stages can coexist in the coronary
vasculature of a single patient. COMPLETE OCT was a unique opportunity to obtain closer in-

vivo insights on this phenomenon.
The following section aims to describe these different stages, contrasting the pathological
definition described by Renu Virmani (58) and in-vivo cross-sectional images from the

COMPLETE OCT study if detectable in each category (25).

This is the descriptive nomenclature that Dr. Virmani has used in the pathophysiology of CAD

and it is used to represent findings in the following Figures.

Coronary artery vessel components and pathological tissues. Atherosclerosis.

© Arterywall @ Macrophage foam cells @® Necrotic core @® Angiogenesis Thrombus
@® Lumen Extracellular lipid * Cholesterol clefts @® Haemorrhage © ® Healed thrombus
@® Smooth muscle cells Collagen ® Calcified plaque <« Fibrin

K. Yahagi, Virmani R. Nat Rev Cardiol 2016 Vol. 13 Issue 2 Pages 79-98
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4.3.1 Nonatherosclerotic intimal lesions

4.3.1.1 Adaptive or diffuse intimal thickening

Adaptive or diffuse intimal thickening is often observed in atherosclerosis-prone arteries (59),
and is considered a physiological response to blood flow rather than an atherosclerotic process.
Study of young population has indicated that intimal masses that form near branch points
enlarge with advancing age and might be precursors to high-risk plaques with the potential to

thrombose (60, 61).

Adaptive or diffuse intimal thickening

K. Yahagi, Virmani R Pinilla-Echeverri N, Sheth T
Nat Rev Cardiol 2016 COMPLETE-OCT
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4.3.1.2 Intimal xanthomas

Intimal xanthomas, or so-called 'fatty streaks', are lesions primarily composed of infiltrating
macrophage foam cells and, to a lesser extent, lipid-laden smooth muscle cells within the
intima (62, 63). This type of lesion has been shown to regress, especially in the thoracic aorta
and the right coronary artery in young individuals (64-66). Intimal xanthomas do not always
convey the mandatory features of more-advanced atherosclerotic plaques and, therefore, are

not considered progression-prone disease.

Intimal Xantomas

K. Yahagi, Virmani R Pinilla-Echeverri N, Sheth T
Nat Rev Cardiol 2016 COMPLETE-OCT
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4.3.2 Progressive atherosclerotic lesions

4.3.2.1 Pathological intimal thickening

Pathological intimal thickening is the earliest progressive lesion consisting of SMC remnants
within an extracellular matrix (ECM) composed of proteoglycans and collagen type Ill with a co-
existing lipid pool (67). The ECM consists primarily of hyaluronan and proteoglycans with
neutral lipids and free cholesterol. Remnants of apoptotic SMCs are generally visualized by a
thickened basement membrane (68), and are thought to support continued intimal growth. The
lipid pools show a relative absence of viable SMCs. When present, resident macrophages in
pathological intimal thickening are often seen localized to the luminal aspect of the lipid pool,
which is likely to indicate a more-advanced stage of atherogenesis. Typical pathological intimal
thickening, consisting of extracellular lipid under layers of macrophage-derived foam cells, is

found at locations near branch points (69).

Fine crystalline structures of free cholesterol are also seen in lipid pools, but never in excess.
Smith and Slater found a high percentage of unesterified cholesterol in the deep layers of the
lipid pool in early plagues and concluded that most of this cholesterol was derived directly from
plasma LDL (70). However, the precise origin of free cholesterol in pathological intimal
thickening remains unknown but might be derived from membranes of dead SMCs (71).
Pathological intimal thickening is also the earliest type of lesion exhibiting calcification; von

Kossa or Alizarin demonstrates the presence of microcalcification in the lipid pools (72).
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The ECM is increasingly being recognized as being important in the early steps of inflammation,
particularly through its influence on macrophage phenotype. Pathogenesis studies of

inflammation in atherosclerosis have shown that macrophages are recruited into the lipid pools

where they eventually undergo necrosis (73).

Pathological intimal thickening. Without Macrophages

K. Yahagi, Virmani R Pinilla-Echeverri N, Sheth T
Nat Rev Cardiol 2016 COMPLETE-OCT

Pathological intimal thickening. With Macrophages

K. Yahagi, Virmani R Pinilla-Echeverri N, Sheth T
Nat Rev Cardiol 2016 COMPLETE-OCT
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4.3.2.2 Fibroatheromas

Fibroatheromas are a progressive stage of atherosclerotic disease characterized by the
presence of an acellular necrotic core generated by macrophage infiltration into lipid pools.
There are two unambiguous phases of the necrotic core formation relative to 'early' or 'late’

necrosis, mainly on the basis of the relative extent of matrix proteoglycans.

4.3.2.2.1 Early Fibroatheroma
Early Fibroatheromas have and early-phase necrosis (transition from lipid pool) that is
associated with an appreciable decrease in the expression of proteoglycans within the lipid pool

together with infiltrating macrophages, which are undergoing necrosis or apoptosis.

Early Fibroatheroma

K. Yahagi, Virmani R Pinilla-Echeverri N, Sheth T
Nat Rev Cardiol 2016 COMPLETE-OCT
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4.3.2.2.2 Late Fibroatheroma

Late Fibroatheroma has a necrotic core with noticeably deficient in ECM and more cholesterol
clefts, calcification, intraplague hemorrhage, and surrounding neoangiogenesis, than the early
fibroatheroma. These ones also have thick fibrous caps composed of collagen type and
proteoglycans interspersed with SMCs. The fibrous cap is the main structural element
responsible for harbouring the atheromatous hemorrhagic contents of the necrotic core and is
vulnerable to thinning and rupture. Although the precise mechanisms of fibrous cap thinning
are not fully understood, ECM degradation facilitated by proteases secreted by an
overabundance of macrophages are likely to be involved (74, 75), in addition to possible

deficiencies in repair mechanisms (76).
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Late Fibroatheroma

K. Yahagi, Virmani R Pinilla-Echeverri N, Sheth T
Nat Rev Cardiol 2016 COMPLETE-OCT

These morphological attributes provide important mechanistic insight into how necrotic cores
initiate and evolve (77-79). The presence of accumulated macrophages within lipid pools
coinciding with an appreciable increase in free cholesterol and breakdown of ECM essentially
defines the 'early necrotic core'. Moreover, macrophage death in tandem with defective
phagocytic clearance of apoptotic macrophages in animal models is another consistent feature
of early necrotic core formation (80). Consistent with this observation, a systematic assessment
of progressive coronary lesions shows the greatest density of apoptotic bodies in late versus

early fibroatheromas, and least in pathological intimal thickening (81).
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4.3.2.3 Thin-cap Fibroatheroma (TCFA)

The concept of TCFA was originally developed from observations of ruptured coronary lesions
where the distinguishing morphological features relative to rupture were the absence of a
luminal thrombus along with a disrupted cap. TCFAs are essentially synonymous with the more

widely used term 'vulnerable plaques', referring to precursor lesions with a tendency to rupture

(67).

TCFAs generally have a large 'late’ necrotic core, with an overlying thin intact fibrous cap that is
composed predominantly of collagen type | with varying degrees of macrophages and
lymphocytes, and paucity or absence of SMCs. Fibrous cap thickness <65 um is considered a
pathological indicator of lesion vulnerability based on observations of ruptured plaques in

necropsy studies (82).
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Thin Cap Fibroatheroma TCFA

K. Yahagi, Virmani R Pinilla-Echeverri N, Sheth T
Nat Rev Cardiol 2016 COMPLETE-OCT

The term “vulnerable plaque” was introduced by Muller et al, in the late 1980s as a coronary
plague with a high susceptibility to rupture (83). Nowadays, the vulnerable plague is commonly
referred to as a lesion with a high likelihood of precipitating thrombosis (84). Recently, Stone et
al; have introduced an alternative, more clinically relevant definition of the vulnerable plaque,

that is, a plaque that places a patient at risk for future MACE (85).

Historically most pathophysiological studies on plague morphology predisposing to ACS have
focused on plaque rupture; however, a plaque with a large necrotic core and a thin fibrous cap
is suspected to be rupture prone and is frequently referred to as TCFA; then, TCFA has been

considered the surrogate for “vulnerable plaque”.
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The following is a schematic representation of a suspected vulnerable plaque, including the

morphological aspects associated with rupture (86).

Schematic representation of a suspected Vulnerable Plaque

Fibrous cap
-Thin: <65 pm

Spotty calcification
- Infiltrated by macrophages

Intimal neovascularization

Vaso vasorum
proliferation

Positive remodeling

Intraplague hemorrhage

Bom MJ et al. Circulation: Cardiovascular Imaging. 2017;10:e005973

Morphological characteristics might be valuable surrogates of lesion instability that could be
assessed by invasive or non-invasive imaging technologies to improve prediction of TCFAs that
are susceptible to rupture. Overall, a large necrotic core that is separated from the lumen by a
thin fibrous cap (<65 um), infiltrated by macrophages, with proliferation of the vasa vasorum
that leads to intimal neovascularization are the most important characteristics of TCFAs,

although the most useful is fibrous cap thickness, as it is the one characteristic that leads to the
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susceptibility to rupture, which at the end is the link to rupture plaque and culprit lesion of ACS

(86, 87).

Other important characteristics that increase the vulnerability definition are the immature
neovessels that tend to leak red blood cells and cause intraplaque bleeding; and the positive

(outward) remodeling, necrotic core, and spotty calcification (86).

TCFA is more common among individuals presenting with acute plaque rupture than among
those with stable plaques or culprit lesions involving erosions (88). Also, patients with high
serum total cholesterol level, smoking history, age >50 years, and elevated levels of C-reactive

protein measured by high sensitivity assay have increased risk of TCFA (89).
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4.3.3 Atherosclerotic Plaque Instability, Healing and Progression

Atherosclerotic plaques typically develop over a period of years or decades. In contrast, the
thrombotic complications of atherosclerotic disease occur suddenly, often without warning
(90). The notion that ACSs develop from the rupture or superficial erosion of an atherosclerotic
plague is an oversimplification of a process involving plaque activity, blood thrombogenicity,
and healing (91, 92). Pathological studies have shown that many atherosclerotic plaques

destabilize without resulting in a clinical syndrome (93, 94).

Atherosclerotic plaque consists of extracellular lipid particles, foam cells, and debris that have
accumulated in the intima of the arterial wall and formed a lipid or necrotic core. The core is
surrounded by a layer of collagen-rich matrix and SMC covered by endothelial cells, known as
the fibrous cap. Inflammatory cells (mainly T cells and macrophages) infiltrate the lesion and

are involved in plaque progression and thrombosis, leading to an ACS (90-92).

The two most frequent causes of thrombosis are plaque rupture and superficial erosion. Plaque
rupture occurs when the fibrous cap covering the necrotic core fissures, exposing the highly
thrombogenic core to flowing blood. The TCFA, a plaque with a large necrotic core covered by

a thin (<65-um) fibrous cap infiltrated by activated macrophages, is considered the prototype of

the rupture-prone plaque (90-92, 95). Plaque erosion is caused by endothelial damage or
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denudation and overlying thrombosis in the absence of frank cap rupture. Plaques subject to
erosion tend to be proteoglycan-rich and lipid-poor and usually lack prominent inflammatory
infiltrates (91, 92, 95). When plaque rupture or erosion occurs in a prothrombotic milieu, sub-
occlusive or occlusive thrombosis results, causing a symptomatic acute coronary event;
otherwise, if thrombosis-resisting factors prevail, thrombus formation is contained, and plaque

healing occurs (90, 96).

Atherosclerotic Plaque Rupture/Erosion and Healing
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The occurrence of an acute coronary syndrome probably depends on the disruption of a
balance between instability (“activation”) and healing (“passivation”) of an atherosclerotic
plaque. During the past 30 years, research efforts have mostly been focused on the
mechanisms of plaque instability (91, 92). Yet the risk of acute Ml or SCD from coronary causes
remains difficult to predict, suggesting that other pathogenic mechanisms should also be

investigated (97).

Recently, the notion that plaque healing may play a key role in the natural history of
atherosclerotic disease has been gaining attention, in part because of the development of new
imaging techniques, allowing in vivo study of the morphologic features of atherosclerotic

plague (98, 99).

Although the mechanisms through which inflammation can precipitate or exacerbate the
thrombotic complications of atherosclerosis have been extensively investigated, the link

between inflammation and plaque healing remains incompletely elucidated (90, 100).

In the plaque instability process, SMC showed that exposure to interferon-y, secreted by
activated type 1 helper T (Th1) cells, inhibits the ability of SMC to produce the interstitial
collagen needed to repair the fibrous cap and maintain its integrity, even when the SMC are
maximally stimulated by TGF-B (101). In addition, crosstalk between Th1 cells and macrophages

(through the interaction between the T-cell-derived cytokine CD40 ligand and the
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macrophage receptor CD40) boosts the production of interstitial collagenases, including matrix
metalloproteinases 1, 8, and 13, which promote interstitial collagen breakdown, weakening the
fibrous cap (102, 103). These phagocytes, known as M1 macrophages, are part of Thl

responses and are involved in proinflammatory activities (104).
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In contrast; in the plaque healing process, so-called alternative M2 macrophages are triggered
by type 2 helper T (Th2) cytokines, including interleukin-4 and interleukin-13, and secrete anti-
inflammatory cytokines, including interleukin-10, which counterbalance the proinflammatory
activity of M1 macrophages and promote tissue repair (104, 105). M2a macrophages,
traditionally recognized as wound-healing macrophages, produce profibrotic factors, which may

contribute to plaque healing (104-106).

In the late phases of the healing process, M2 macrophages not only prompt the production of
extracellular matrix but also may promote plaque calcification by stimulating osteoblastic
differentiation (107, 108). Pathological studies have shown that maximum calcification is
present in healed plaque rupture and in fibrocalcific plaques and that the calcification area
steadily enlarges with progressive luminal narrowing. Healed plaques frequently contain diffuse

sheets of calcification, which provide mechanical support for the healed plaque (109).

Much of the work addressing the mechanisms of ACS during the past three decades has
focused on the pathogenesis of plaque instability (90-92). However, recent intracoronary
imaging studies suggest that acute coronary syndromes may require a “double hit” of plaque
disruption and impaired healing (99). The acute destabilization of an atherosclerotic

plague by either rupture or erosion (the first hit) leads to thrombosis and an ACS in patients

with an impaired healing capacity (the second hit). In contrast, in patients with an effective
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healing system, the first hit is contained, the unstable plaque is “pacified,” and the healing

process promotes the development of a more fibrous, stable plaque (110).

Repeated cycles of thrombosis and healing lead to progressive encroachment on the arterial
lumen, with silent, stepwise stenotic progression possibly leading to high-grade coronary
occlusion in the absence of acute coronary events. In vivo, healed coronary plagues detected
on OCT imaging have been consistently associated with a significantly smaller luminal area, and
the prevalence of healed plaques steadily increases with a greater degree of stenosis (98, 99,
111). The clinical significance of plaque healing is still a matter of debate. Impaired healing has
been associated with recurrent ACS due to silent progression of stenosis, recurrent coronary

thrombosis, or vasospasm (99, 110, 112-115).
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Role of Plaque Healing in the natural history of ischemic heart disease
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4.3.3.1 Layered luminal thrombosis

Silent luminal thrombi are usually nonocclusive, but if occlusive, chronic total occlusion occurs.
Nonocclusive thrombi can result from silent plaque ruptures or erosions, and the thrombus will
organize with granulation tissue and subsequent infiltration by SMCs with deposition of
proteoglycans and collagen. However, the thrombus propagates proximally and distally and,

when they heal, it converts into a fibrous plaque (116).
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Layered Intraluminal Thrombosis

Virmani R Pinilla-Echeverri N, Sheth T
Arterioscler Thromb Vasc Biol. 2020 COMPLETE-OCT

4.3.3.2 Healed rupture plaques

Episodic rupture and healing are believed to be the main mechanism of lesion progression. In
the early 1990s, Mann and Davies introduced the concept of plaque progression through the
identification of episodic rupture and healing in coronary arteries from patients who had died
because of unstable angina or acute myocardial infarction. Microscopic analysis of Picrosirius
Red staining viewed under polarized light identified healed plaque ruptures (HPRs) as breaks in
the fibrous cap showing disrupted collagen type |, together with an overlying repair reaction
consisting of SMCs, proteoglycans, and varying amounts of different types of collagen,

dependent on the time since rupture (94).
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Healed plaque rupture. Single layer
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K. Yahagi, Virmani R Pinilla-Echeverri N, Sheth T
Nat Rev Cardiol 2016 COMPLETE-OCT

Healed plaque rupture. Multiple layers

Virmani R Pinilla-Echeverri N, Sheth T
Arterioscler Thromb Vasc Biol. 2020 COMPLETE-OCT

Progressive healing of silent ruptures is characterized by the initial accumulation of
proteoglycans and collagen type lll, which is later replaced by collagen type I. Although the

prevalence of silent ruptures in the general population remains unknown, Mann and Davies
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reported an incidence of HPRs of 16% (94). In a later study, 61% prevalence of subclinical
ruptures in sudden cardiac death (SCD) was reported. The incidence was highest in culprit
lesions of stable plaque (80%), followed by acute rupture (75%) and plaque erosion (9%).
Multiple HPRs with layering were more common in proximal segments with underlying
significant luminal narrowing at the site of acute rupture, suggesting that SCD with thrombosis

was the culmination of the multiple previous silent events (93).
4.3.3.3 Healed erosion plaques

Plague erosion can occur quietly without obvious clinical symptoms, forming typical healed
plaque, and repeated cycles of non-culprit plaque erosion and healing may lead to culprit
plaque erosion (98). Recent study revealed the formation rate of healed plaque was 55.5% at 1
month and 69.2% at 1 year, in line with previous intravascular OCT studies (115). Dai et al.
showed that culprit healed plaque was observed in 40.3% of acute Ml patients (117). Wang et
al. observed that healed plaque accounting for 51.4% in 144 ACS patients (111). Previous
pathological study focusing on sudden death victims showed that above 85% of thrombi in

plaque erosion exhibiting late stages of healing (118).
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Healed Plaque Erosion

Virmani R Pinilla-Echeverri N, Sheth T
Arterioscler Thromb Vasc Biol. 2020 COMPLETE-OCT

4.3.3.4 Necrotic core expansion

The two plaque morphologies that can led to necrotic core expansion are plaque fissure and

intraplague hemorrhage.

4.3.3.4.1 Plaque Fissure

In the 1960s, Constantinides and colleagues initially described the notion of cracks or fissures
originating from the luminal surface as an entryway of blood into the lesions (119). This concept
was expanded upon in the 1980s by Michael Davies, who defined the term 'plaque fissure' as an
eccentric collection of blood, giving rise to fibrin deposition within the necrotic core (120). As
highlighted by Davies, fissures and plaque ruptures are distinct entities; the latter are always
accompanied by an appreciable luminal thrombus, whereas fissures generally have an intra-

intimal thrombus consisting of fibrin and platelets with scattered erythrocytes and, if present,
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luminal thrombi associated with fissures are generally very small. Rather than being an overt
breech of the fibrous cap and superimposed thrombus, as seen in ruptures, a lateral or
marginal tear in an eccentric plaque with underlying small necrotic core characterizes the
plaque fissure. The separation line of the fissure begins in the necrotic core and extends into

the lumen. The path is lined by few macrophages and red blood cells and/or fibrin.

Episodic Plaque Fissure Healing

K. Yahagi, Virmani R Pinilla-Echeverri N, Sheth T
Nat Rev Cardiol 2016 COMPLETE-OCT
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4.3.3.4.2 Intraplaque hemorrhage

The more dominant mechanism of intraplaque hemorrhage, however, occurs through
intraplague vasa vasorum, which extend into the intima from the adventitia. Kumamoto and
colleagues demonstrated that intraplaque hemorrhages are 28-fold more common than plaque
fissures (121). The extent of neovascularization correlated with luminal stenosis an

inflammation.

Intraplaque Hemorrhage. Necrotic Core

K. Yahagi, Virmani R Pinilla-Echeverri N, Sheth T
Nat Rev Cardiol 2016 COMPLETE-OCT
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4.4 TECHNIQUES FOR VULNERABLE PLAQUE DETECTION
4.4.1 Non-Invasive techniques
4.4.1.1 Coronary Computed Tomographic Angiography

Coronary computed tomography angiography (CCTA) allows non-invasive characterization and
guantification of coronary atherosclerotic plaque (122-126). Recent clinical studies have shown
that CCTA-characterized high-risk plague morphology and CCTA-measured plaque burden
provide an incremental value for predicting ACS compared to clinical risk factors and significant
luminal stenosis (123, 126-130). TCFA is considered the precursor of plaque rupture and the
prototype of vulnerable plaque (131, 132). Intravascular imaging has the advantage of detecting
rupture prone TCFAs characterized by a large necrotic core covered by a thin FCT (<65 um) (87,

133).

Even though the spatial resolution of CCTA imposes limitations for measuring FCT (134), recent
comparative studies between CCTA and intravascular imaging modalities (IVUS and OCT) have

shown some optimistic results (135-139). Coronary lesions demonstrating positive remodelling,
low attenuation plaque, spotty calcification and napkin ring sign when imaged with CCTA were

associated with vulnerable plaques (140).

Positive remodeling is a suspected feature of CCTA-derived plaque vulnerability (137, 139, 141,

142). In a direct comparison between CCTA and VH-IVUS, Kroéner et al (137), reported that
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plaques with positive remodeling had larger necrotic cores and were more frequent TCFA than

plagues without positive remodeling.

CCTA uses CT attenuation, expressed in Hounsfield Units, to differentiate between calcified
plagues with higher attenuation and noncalcified plaques with lower attenuation. Low-
attenuation plaques have been shown to correlate with lipid-rich plaques assessed by VH-IVUS
(138, 143, 144). Furthermore, studies that compare CCTA with OCT have reported that both
positive remodeling and low-attenuation plaque were associated with OCT-derived TCFA and

OCT-derived TCFA with macrophage infiltration (139, 141).

CCTA studies have suggested that plaques with spotty calcification might be considered
vulnerable (125, 126, 145). The napkin-ring sign is an additional suspected CCTA feature of
plague vulnerability and represents a necrotic core with low attenuation surrounded by a ring-
like area of higher attenuation (135, 136, 146, 147). Recent autopsy studies on human donor
hearts confirmed the presence of a large necrotic core in plagues with a napkin-ring sign and

showed excellent diagnostic accuracy of the napkin-ring sign for TCFA (147).
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Vulnerable plaque features in CCTA
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Bom MJ et al. Circulation: Cardiovascular Imaging. 2017;10:e005973

Plague quantification and characterization by automated software has been proposed to
increase prognostic value of CCTA in recent years, and studies have shown good correlation

with VH-IVUS and OCT (138, 140, 144).
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Correlation between OCT and CCTA

Yang DH, et al. Eur Radiol (2018) 28:833-843
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4.4.1.2 Positron Emission Tomography

Although Positron Emission Tomography (PET) has been used widely in oncology for several
decades, 18F-fluorodeoxyglucose (*®F-FDG) and *8F-sodium fluoride (*®F-NaF) have been
proposed in the imaging of atherosclerosis. c_FDG is a radiolabeled glucose analogue, and its
uptake determined by PET imaging can be used as a surrogate for metabolic activity (148). **F-
FDG uptake has been linked with increased plague macrophage density in animal models and in
human carotid arteries after endarterectomy and is considered to be a marker of plaque

inflammation and vulnerability (149-151).

8E_NaF is a PET tracer that detects areas of microcalcification by binding to hydroxyapatite and
is not hampered by uptake in the myocardium (152). Unlike macrocalcification, which can be
visualized by CT, these microcalcifications are considered an important feature of the
vulnerable plaque (153). The prognostic value of BF_NaF uptake was recently confirmed in a
prospective study that showed that ¥E_NaF uptake was higher in culprit lesions than in non-
culprit lesions in patients after Ml and in patients with symptomatic carotid artery disease
(154). Furthermore, 8E_NaF uptake showed a trend for the identification of TCFA on
intravascular ultrasound (P=0.068) (154). *®F-NaF PET imaging seems a promising imaging

technique for the non-invasive identification of vulnerable plaques.
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4.4.1.3 Magnetic Resonance Imaging

Magnetic Resonance Imaging (MRI) has been widely used in carotid artery disease to
differentiate between plaque components and to study high-risk plaque features (155). The
identification of intraplaque hemorrhage, lipid core, fibrous tissue components, and
calcification can be achieved by the use of several MRI image techniques, that is, pre- and post-
contrast T1-weighted, T2-weighted, proton-density, and time-of-flight imaging. The use of MRI
in coronary arteries however is limited by its relatively low spatial resolution and by cardiac and

respiratory motion.

Despite these limitations, the use of MRI has shown some potential in CAD. A post-mortem
study on 28 plaques obtained from human donor hearts has reported an excellent correlation
of ex vivo T1-weighted, T2-weighted, and ultrashort echo time MRI with histology for the
identification of calcified and lipid-rich coronary plaques (156). High signal intensity on T1-
weighted images is reported to be a marker for intraplaque hemorrhage and intracoronary
thrombus and is shown to be associated with IVUS-derived positive remodeling (157), with low
CT-attenuation and with OCT-derived intracoronary thrombus (158, 159), macrophage
accumulation (160), lipid-rich plaque, plaque rupture, and TCFA (159). Further studies are
needed to evaluate the role of the various MRI techniques in the visualization of the suspected

vulnerable plaque.
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4.4.2 Invasive techniques
4.4.2.1 Intravascular Ultrasound

Intravascular Ultrasound (IVUS) is an intravascular imaging technique based on the reflection of
emitted ultrasound waves, according to the acoustic properties of the tissue (161). Gray scale
IVUS is based only on the amplitude of sound waves backscattered from tissue and results in
relatively low spatial resolution that hampers detailed plague characterization. Radiofrequency
analysis IVUS has been introduced, of which virtual histology (VH-IVUS) is the most widely
available. This technology uses frequency in addition to echo-intensity information to compose
an intraluminal image of the coronary artery wall. VH-IVUS can visualize 4 distinct plaque
components, that is, fibrous plaque, fibrofatty plaque, necrotic core, and calcium, as shown

(162-164).

TCFA can be identified by VH-IVUS in fair good correlation with histology despite an axial
resolution (100-200 um) that limits the visualization of a thin FCT (<65 um) (133, 165, 166). VH-
derived TCFA (VH-TCFA) is defined as a lesion with a confluent necrotic core (210%) plaque in
direct contact with the lumen (97, 165, 167, 168). Three relevant studies have been published
on the prognostic value of VH-TCFA. PROSPECT study (Providing Regional Observations to Study
Predictors of Events in the Coronary Tree) (97), VIVA study (Virtual Histology in Vulnerable
Atherosclerosis) (167), and ATHEROREMO-IVUS study (European Collaborative Project on

Inflammation and Vascular Wall Remodeling in Atherosclerosis — Intravascular Ultrasound)
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(168); although these studies have shown that large plaque burden is a common feature of
ruptured plaques, the combined end points were mainly driven by unstable or refractory

angina, instead of Ml and death.

Plaque morphology with the use of VH-IVUS
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Bom M et al. Circulation: Cardiovascular Imaging. 2017;10:e005973

Positive remodeling as defined by gray scale IVUS has been reported to be more common in
patients with ACS and at sites with ruptured plaques (169-171). Lesions with positive
remodeling more frequently had a large plaque burden (>70%), when compared with lesions
with intermediate or negative remodeling (97, 167, 168). IVUS studies have also identified a
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specific pattern of calcification, called spotty calcification, which is thought to be a marker of
plaque vulnerability (172-175). Spotty calcification on IVUS has been associated with ACS (172),

with ruptured plaques in autopsy studies (173), and with VH-TCFA and a large necrotic core.

4.4.2.2 Optical Coherence Tomography

Optical Coherence Tomography (OCT) is an intravascular imaging technique based on infrared
light source directed at the vessel wall, using the backscattered light to produce an image of the
tissue. The resolution of OCT surpasses that of IVUS with an axial resolution of 10 to 20 um
(versus 100-250 um, respectively), at the cost of a limited depth penetration 0.1 to 2.0 mm
(versus 7-10 mm, respectively). OCT was proposed in the beginning as an alternative to IVUS in
the guidance of PCl procedures (176-178), and in the visualization of plague morphology in vivo
with good histology correlation (179). Studies that directly compare the ability of IVUS and OCT
to identify histopathologic TCFA have consistently shown better performance of OCT, as OCT

allows to measure the thin FCT (<65 um) (133, 165).

There are additional parameters to define vulnerable plague more than TCFA. The arc of the
lipid pool must be large, as a surrogate for a large necrotic core, with a frequently used cut-off
of 290° (180-182). Macrophage infiltration of the thin fibrous cap is thought to be an important
feature of the vulnerable plaque (87). Macrophages appear on OCT as so-called bright spots
with a high signal attenuation behind it (24). Vaso vasorum and micro vessels within coronary

atherosclerotic plaques can be visualized by OCT, appearing as microchannels (183, 184).
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Several reports have shown a correlation between the density of microchannels in OCT and

plaque vulnerability (defined as TCFA) and increase in plaque volume (181, 182, 185, 186).

Vulnerable plaque features by OCT
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4.4.2.3 Near-Infrared Spectroscopy

Near-infrared spectroscopy (NIRS) is an intravascular imaging technique based on a scanning
laser that delivers near-infrared light to the tissue of interest and the proportion of light
reflected back is measured over the range of optical wavelength by a detector. Cholesterol has
specific features in the wavelength region of NIRS, allowing distinct imaging of a lipid core
plaque (187). The measured data are displayed as a chemogram, a 2D visualization of the
probability of the presence of a lipid plague per millimeter. NIRS data can also be used to

calculate a lipid core burden index (LCBI), which is the amount of lipid in a scanned artery.
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LCBI4mm is commonly used to represent the amount of lipid in a coronary segment of 4 mm

length.

NIRS alone, however, is limited by its inability to provide information about the lumen and
plague depth. Therefore, NIRS is commonly combined with IVUS in a combined NIRS-IVUS
catheter, in which both techniques can be acquired simultaneously. Multiple post-mortem
studies have compared the ability of NIRS and gray scale IVUS alone versus combined NIRS-IVUS
to identify fibroatheroma and showed that combined NIRS-IVUS was superior to NIRS or IVUS
alone (188, 189). In vivo studies have shown that with NIRS-IVUS, LCBI4mm with a cut-off of
>400 was able to identify culprit lesions in patients with STEMI, non-STEMI, and unstable angina

(190, 191).
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Vulnerable plaque features by NIRS-IVUS
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Images from Ryan Madder, MD, Spectrum Health, Grand Rapids, MI, USA
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4.5 VULNERABLE PLAQUE CLINICAL SIGNIFICANCE

Despite advances in pharmacological therapy and PCI, recurrent major adverse cardiac events
(MACE) still occur in patients with coronary artery disease (192, 193). Vulnerable plaque is
thought to be responsible for most cases of MACE (89). There have been several academic
efforts focused on the detection of vulnerable plaque, under the premise that local treatment
could prevent future MACE. Given the high resolution, OCT did open the window for in-vivo
diagnosis; however, there is ongoing research focus on other plaque and lumen criteria that can

be combined with imaging-based diagnosis of vulnerable plaque to justify local intervention.

Recurrent cardiac ischemic events can be due to recurrence at the original treatment site, the
presence of untreated lesions elsewhere, or lesion progression. Pathological studies have
shown thrombotic coronary occlusion after rupture of a vulnerable plaque with only a thin
fibrous layer of intimal tissue covering the necrotic core; TCFA, is the most common cause of
myocardial infarction and SCD (89, 194, 195). Several years and pathology studies were needed
to understand the pathophysiology of ACS; after understanding in detail, clinical practice faced
the challenge of the in-vivo diagnosis of vulnerable plaque. The prospective identification of
TCFA was not possible until high-resolution intravascular imaging techniques like IVUS and OCT
were available. The new challenge is to know how to tackle vulnerable plaques in non-culprit

sites or no significant luminal stenosis.
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Despite of the challenges to understand how to treat vulnerable plaques, these are known to
be more unstable, prone to rupture, and become highly thrombogenic when disrupted (196). A
previous autopsy study in patients with fatal Ml demonstrated vulnerable plaque with
superimposed thrombus at most of the culprit sites (197). Studies of vulnerable plaque at
culprit sites detected by OCT and other intravascular imaging modalities in ACS patients
documented a close association between vulnerable plaque and cardiovascular events (198).
Madder et al. (199) reported the association between large lipid-rich plaques, detected by NIRS,

at non-stented sites in a target vessel and subsequent events.

Xing et al. (200) showed in a retrospective fashion that one-third of patients with ACS had a
vulnerable high-risk plaque in a non-culprit region; related to a higher incidence of future
cardiac events than those patients without a high-risk plaque. Vulnerable plaques related to
MACE showed longer lipid length, wider lipid arc, and smaller luminal size. When analyzing OCT
predictors, a curve analysis identified as best cut-off values lipid length >5.9 mm (area under
curve [AUC]: 0.656; p = 0.005); maximal lipid arc of >192.8° (AUC: 0.640; p = 0.012); and %AS of
>68.5% (AUC: 0.656; p = 0.005). The cumulative Kaplan-Meier analysis showed MACE rate rose
to 35.0% when all three criteria where combined. Presence of vulnerable plaque does not
necessarily lead to MACE but it is an indicator of higher risk for future cardiac events. These
findings indicated that detection of vulnerable plague by OCT in the non-culprit regions could
predict increased risk for future MACE; then OCT imaging might help to stratify the risk of

patients undergoing PCl for future cardiac events.
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OCT parameters alone or in combination and rate of non-culprit lesion related MACE.
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There have been other studies with different imaging modalities trying to understand the
clinical significance of vulnerable plague. The limited ability of IVUS to accurately identify lipid
core in plaques, considered to be a primary defining feature of vulnerable plaques, led to an
effort to develop NIRS, a technique with a high sensitivity for lipid plaque detection. Waksman
et al. (201) conducted the Lipid-Rich Plaque study; a prospective trial that aimed to establish
the relationship between lipid rich plaques detected by NIRS-IVUS imaging at unstented sites
and subsequent coronary events from new culprit lesions. Patients were enrolled after

successful culprit lesion PCI.
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The 2-year cumulative incidence of non-culprit lesion related MACE was 9%. On a patient level,
the unadjusted hazard ratio (HR) for non-culprit lesion related MACE was 1:21 (95% Cl 1-09—
1-35; p=0-0004) for each 100-unit increase maxLCBI4mm) and adjusted HR 1-18 (1-05-1-32;
p=0-0043). In patients with a maxLCBlsynm more than 400, the unadjusted HR for non-culprit
lesion related MACE was 2-18 (1:48—3-22; p<0-0001) and adjusted HR was 1:89 (1-26—2-83;
p=0-0021). At the plaque level, the unadjusted HR was 1-:45 (1:30-1:60; p<0-0001) for each 100-
unit increase in maxLCBl4mm. For segments with a maxLCBIl4mm more than 400, the unadjusted
HR for non-culprit lesion related MACE was 4-22 (2-:39-7-45; p<0-0001) and adjusted HR was

3-39 (1-85-6-20; p<0-0001).

LIPID-RICH PLAQUE Study. Kaplan-Meier time-to-first event curves for NCL-related MACEs

Patient-level cumulative incidence of non-culprit lesion related MACE Plague-level cumulative incidence of non-culprit lesion related MACE
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Waksman, R et al. Lancet 2019 Vol. 394 Issue 10209 Pages 1629-1637

The largest natural history studies about atherosclerosis are the PROSPECT trials. In the first

PROSPECT publication, Stone et al. (97) showed that in patients who presented with an ACS and
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underwent PCl of culprit and flow limiting lesions, MACE occurring during follow-up were
equally attributable to recurrence at the site of culprit lesions and to non-culprit lesions.
Although non-culprit lesions that were responsible for unanticipated events were frequently
angiographically mild, most were TCFAs or were characterized by a large plaque burden, a small
luminal area, or some combination of these characteristics, as determined by IVUS. It is
important to acknowledge important limitations: TCFA was defined by VH-IVUS that is a limited
technique to accurately define TCFA, and that most of the MACE were target lesion

revascularization, mainly due to plaque progression to obstructive lesions.

One of the most important concepts to understand the risk of future ischemic cardiac events is
lesion progression; Virmani et al. (67), whereby the atherosclerotic lesion progresses from a
low-risk to a high-risk phenotype before plaque ruptures. PROSPECT showed that despite
undergoing successful PCl for all coronary stenoses believed to require revascularization, within
3 years after treatment 11.6% of patients had unanticipated MACE associated with untreated
coronary segments. Most of these sites showed no evidence of severe stenosis on initial
conventional angiography, but the prospective fashion of PROSPECT was able to identify three
characteristics of lesions that were significant predictors of subsequent events: a small luminal

area, a large plaque burden, and the presence of TCFA.

Estimated Kaplan-Meier events when TCFA criteria were present was 4.9%, when plaque

burden of at least 70% rate was 9.6% and when minimal luminal area of 4.0 mm? or less, event
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rate was 5.3%. When all three predictive variables were present, the event rate rose to 18.2%.
This suggest that although such lesion characteristics are conducive to the occurrence of a
subsequent event, they are not sufficient to predict which atheromas will undergo plaque

progression in the intermediate term.

PROSPECT. MACE rate for lesions that were and were not TCFA at a median follow up of 3.4 years
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Erlinge et al. (202) conducted PROSPECT II, a prospective natural history study. Similar design
that PROSPECT, patients were recruited after successful PCl of all flow limiting lesions while
presenting with ACS. 3 vessel imaging was performed to detect non-culprit lesions, that were
identified by intravascular ultrasound and their lipid content was assessed by NIRS. The primary

outcome was the covariate-adjusted rate of MACEs (the composite of cardiac death, myocardial
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infarction, unstable angina, or progressive angina) arising from untreated non-culprit lesions

during 4-year follow-up.

PROSPECT II. Kaplan-Meier time-to-first event curves for NCL-related MACEs
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The 4-year MACE rate arising from plaques with the combination of maxLCBlynm of 3247 or
greater and plaque burden of 70% or greater was 7% (95% Cl 4-0—10-0) per lesion, and patients
with one or more of these high-risk plaques had a 4-year MACE rate of 13% (95% CI 9-4—-17-6).
This study establishes the incremental value of identifying high lipid content in lesions with a
large plaque burden. Untreated lesions with both high lipid content and large plaque burden

represented those at the highest risk for subsequent MACEs within 4 years.

Equally informative is the negative predictive value of low-risk plaques. In the first PROSPECT

study (97), no non-culprit lesion-related MACEs arose within 3 years from a lesion with plaque
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burden less than 40%. In PROSPECT Il study, no non-culprit lesion-related MACEs arose within 4
years from a lesion with plaque burden lower than 56%. Indeed, 65% of the non-culprit lesions
had both plaque burden lower than 70% and maxLCBI4mm less than 324-7; the 4-year non-
culprit lesion-related MACE rate from these lesions was only 0-2% (95% CI 0-1-0-5). Even if one
of the two major predictive high-risk plaque features (large plaque burden or high lipid content)
was present, the 4-year lesion-related MACE rate was only 1:3-2:2%, suggesting that high-risk

features impact outcomes in a synergistic manner.

With the initial imaging studies, different modalities thresholds and specific criteria were linked
to a higher risk of MACE. Most recent studies have tried to test those findings in specific
populations. The CLIMA study (203) is a prospective observational, multicenter registry that
recruited patients undergoing OCT assessment of the proximal left anterior descending
atherosclerosis with the intent to explore the predictive value of multiple high-risk plaque
features in the same coronary lesion. Composite of cardiac death and target segment

myocardial infarction was the primary clinical endpoint.

Definitions and cut-offs for OCT parameters that defined high-risk plaques were MLA <3.5 mm?
measured along the entire length of the assessed coronary segment, derived from the 4.0 mm?
cut-off applied in the PROSPECT clinical study (97), and corrected for the relative IVUS
overestimation (24, 204); minimum FCT <75 pm, lipid arc extension >180°, and presence of

macrophage clusters.
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CLIMA Study. High-risk plaques and subsequent risk of cardiovascular events

MLA <3.5mm? + FCT <75um + Lipid arc circumferential 4 OCT defined
extension >180° macrophages
|

In 18.9% of patients who experienced the primary end-point the combination of the 4
findings was an independent predictor of events (HR 7.54, Cl 95% 3.1-18.6).

Prati, F et al. Eur Heart J 2020 Vol. 41 Issue 3 Pages 383-391

At 1-year, the primary clinical endpoint was observed 3.7% of the patients. The presence of
MLA <3.5 mm” [HR 2.1, 95% Cl 1.1-4.0, p = 0.032], FCT <75 mm (HR 4.7, 95% Cl 2.4-9.0,
p<0.001), lipid arc circumferential extension >180° (HR 2.4, 95% Cl 1.2-4.8, p = 0.013), and OCT-
defined macrophages (HR 2.7, 95% Cl 1.2-6.1, p = 0.021) were all associated with increased risk
of the primary endpoint. The pre-specified combination of plaque features (simultaneous

presence of the four OCT criteria in the same plaque) was observed in 18.9% of patients
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experiencing the primary endpoint and was an independent predictor of events (HR 7.54, 95%

Cl 3.1-18.6, p<0.001).

CLIMA Study. One-year event rates for lesions with and without OCT-defined high-risk criteria.

81.1%
W Patients with events
W Patients without events
64.9%
56.8%
51.4%
38.8%
35.1%
17.0% 18.9% 18.9% 18.9%
FCT <75 um MIA <3.5mm2 Lipid arc >180* Macrophage MLA <3.5mm2 + FCT<75 um + MILA <3.5mm2 + MILA <3.5mm2 + MILA 3.5mm2 +
Lipid arc >180* Lipid arc >180"° FCT <75 pm FCT<75 pm + FCT<7Spm+
Lipid arc >180* Lipid arc >180° +
Macrophage
Hazard ratio  4.65 (2.4-9.0) 2.07 (1.1-4.0) 2.40 (1.2-4.8) 2.66 (1.2-6.1) 1.94(1.04.0)  653(3.2134)  3.40(1.481)  5.40(2.2-13.0)  7.54(3.1-18.6)
p value <0.001 0.032 0.013 0.021 0.07 <0.01 <0.01 <0.01 <0.01
Prevalence 19.8% 39.5% 44.4% 62.4% 18.3% 8.7% 6.9% 4.7% 3.6%

Prati, F et al. Eur Heart J 2020 Vol. 41 Issue 3 Pages 383-391
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CLIMA. Clinical outcomes.

Plaque without simultaneous Plaque with simultaneous
| presence of the 4 OCT high- «* fpresence of the 4 OCT high-
risk criteria risk criteria
0,8+

HR 7-54 (CI 95% 3-1-18-6)
p<0-001

0,4+

Event-free survival (%)

0,04

| T T T T T T T T
0 30 60 90 120 150 180 210 240 270 300 330 360
Time (days)

Patients at risk 1002 998 989 981 973 966 936 930 917 901 895 884 870

Events 1 5 8 14 15 21 24 26 31 32 3 35 37

Prati, F et al. Eur Heart J 2020 Vol. 41 Issue 3 Pages 383-391

The CLIMA study showed the simultaneous presence of multiple OCT high-risk coronary plaque
features in about 20% of patients with MACEs in the first year of follow-up. Future larger
studies with longer follow-up are needed to determine if these features provide incremental
value over clinical variables and to understand whether personalized medical treatment or

interventional procedures can improve clinical outcome in presence of such high-risk coronary

plagues.
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There is enough evidence that untreated non-ischemic lesions have higher rates of MACE
during follow-up in patients with ACS than in chronic coronary syndromes (205). Treatment of
non-culprit lesions that are angiographically severe or ischemic has been shown to reduce
reinfarction rates in STEMI (22). However, whether prophylactic revascularization of
angiographically non-severe high-risk lesions that are no flow limiting may be safely performed
and improve patient outcomes is still under ongoing investigation. There has always been

debate whether we should approach these no flow limiting lesions with physiology or imaging.
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4.6 THE MYTH OF VULNERABLE PLAQUES

Over the past few decades, clinical and laboratory investigations have led to a more complex
concept of the pathophysiology of acute coronary events, involving numerous processes, many
with poorly understood interactions (206, 207). Although the occurrence of acute coronary
events typically requires alterations of coronary atherosclerotic plaques (rupture or erosion), a
thrombosis-promoting milieu is necessary to allow a clinically significant decrease in coronary

blood flow and associated myocardial ischemia (206-208).

Such a setting appears to result from an unfortunate constellation of prothrombotic features,
for example, in patients with increased inflammatory activity and systemic or local suppression
of fibrinolytic performance, an extraordinarily large stimulus for thrombosis, vasoconstriction,
and/or others (206). The respective contributions of these factors (some hereditary, some
environmental) and their temporal relationships necessary to trigger clinically meaningful

vascular thrombosis are unknown.

Factors favoring thrombosis need to be collectively sufficient to tilt the scale away from
localized thrombus and toward extensive vascular thrombosis. Because numerous factors
influence the performance of the coagulation system at any given point in time, acute coronary
events may arise as result of a “perfect storm” scenario, in which plaque disruption occursin a

specific, thrombosis-promoting setting (206).
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CENTRAL ILLUSTRATION Fate of

p Coronary

Plaques to Ti Milieu

Thrombosis
promoting factors

Thrombosis
resisting factors

Vascular Thrombosis/ACS Asymptomatic Plaque Healing

« ‘ -
Ihrpm?osis
i resisting factors
promoting factors
Vascular Thrombosis/ACS

Asymptomatic Plaque Healing

Arbab-Zadeh, A. et al. ) Am Coll Cardiol. 2015; 65(8):846-55.

The interplay of pi ic and

resisting and factors that ine the outcome of a ruptured coronary
atherosclerotic plaque is shown. (A) In the most common scenario, small thrombus formation assodated with plaque rupture is contained and vascular ocdusive
thrombus is inhibited. (B) In the less common scenario of several factors state, large lesion plaque burden, vasocon-
striction, circadian changes), local with plaque rupture cannot be contained, and clinically significant vascular thrombosis occurs,
triggering an acute coronary syndrome (ACS). The constellation of factors leading to these different outcomes is unknown.

(eg.,

Arbab-Zadeh, A et al. ) Am Coll Cardiol 2015 Vol. 65 Issue 8 Pages 846-855

The risk of an acute coronary event equals the probability of plague rupture or erosion

coinciding with vascular thrombosis-promoting conditions that cannot contain the thrombus in
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the vascular wall. Frequent plaque ruptures, as with a large, metabolically active atherosclerotic
disease burden, increase the chance that a plaque rupture coincides with a thrombosis
conducive setting. Accordingly, the strongest predictors of adverse events are the magnitude
and activity of the coronary atherosclerotic plague burden and the number of risk factors for a
prothrombotic milieu, a concept supported by many clinical studies and epidemiologic data

(209-213).

Coronary artery imaging has provided insights into numerous lesion characteristics, but we
have yet to identify which are useful for guiding management. Individual plaque features may
have particular significance in specific settings; for example, TCFAs may have different
implications in patients with or without known susceptibility to vascular thrombosis. Thus,
integration of lesion characteristics with risk factors may be valuable. Currently unknown

features of atherosclerotic plaque may conceivably independently herald poor outcome.

Advanced imaging techniques may elucidate such features and allow further insights into
mechanisms of acute coronary event pathophysiology (214). To determine truly independent
risk prediction, any plaque assessment should be measured against the predictive power of

atherosclerotic burden and its metabolic activity.

Although general morphologic patterns of atherosclerotic disease influence the probability of

ACS, they are clearly modified by individual characteristics. Furthermore, the patterns and
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morphologic features of atherosclerotic disease appear similar among populations, suggesting
that the patient’s response to a thrombogenic trigger is critical for determining the probability
of events. Traditional risk factors for coronary artery disease (e.g., diabetes, smoking,
dyslipidemia) and genetic predisposition modify such responses. Several mutations are also
associated with increased event hazard, and individualized risk characterization may soon be

available (215-217).

We need a better understanding of which combination of imaging information and risk factors
yields the most accurate individual risk prediction. Research is needed to investigate
mechanisms influencing the coagulation system’s response to various internal and external
modifiers, both locally and systemically. Specifically, we need to understand and potentially to
predict the response of the coagulation system to stimuli occurring with atherosclerotic plaque
alterations. Variability in the coagulation system’s performance depends on numerous
hormonal, dietary, and environmental influences, hampering our ability to predict its function

at a given time (218-220).

Thus, we must strive for comprehensive risk assessment that integrates specific information on
the atherosclerotic plague burden and systemic factors that increase the risk for disease activity
and vascular thrombosis and is tailored to specific patient populations and individual patients.
This would enable effective, efficient triaging of patients into treatment categories ranging from

continued risk factor control to coronary arterial revascularization (221).
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4.6.1 Are there JUST “vulnerable plaques” OR “vulnerable patients”?

Despite significant advances in diagnostics, ranging from blood testing to genetics, imaging,
hemodynamics, and ‘omics’; identification of patients and plaques at higher risk of adverse

events remains limited.

The positive predictive value of detecting the high-risk plague characteristics remains too low
for clinical relevance, and it is also still unclear which individual plague features are most useful

in predicting the ‘hard’ clinical endpoint of death and myocardial infarction.

Nevertheless, improving imaging modalities supported by ongoing deep machine learning-
based developments provide new avenues of precision medicine that are likely to translate into
personalized preventive and therapeutic approaches to high-risk plaques occurring in
‘vulnerable’ patients. Further interdisciplinary research taking advantage of opportunities

offered by both systemic and ‘local’ diagnostics and therapies is warranted.
Two important messages around vulnerability:

e Atherosclerosis—as a systemic disease with focal manifestations— may require

systemic pharmacologic therapy and local interventional treatment of advanced lesions.
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* Improving coronary plaque imaging may be instrumental in guiding pharmacotherapy,
facilitating optimal allocation of novel, more aggressive, and costly treatment strategies
and tailoring the treatment of ACS to a specific underlying mechanism (culprit plaque

rupture, erosion, calcified nodule, or functional coronary alterations).
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4.7 WHICH IS THE BEST METHOD TO GUIDE NON-CULPRIT LESION REVASCULARIZATION?

The COMPLETE trial definitively established the benefit of a complete revascularization strategy
in patients with STEMI and multivessel CAD (22). COMPLETE was a multinational, randomized
trial evaluating a strategy of complete revascularization, consisting of angiography-guided PCI
of all suitable non-culprit-lesions versus a strategy of culprit-lesion-only PCI (optimal medical
therapy alone), in 4,041 patients from 140 centres in 31 countries undergoing primary PCl for
acute STEMI. Complete revascularization, defined by the angiographic core laboratory as
successful treatment of all target lesions, was achieved in 99.1% of patients randomized to this
arm of the trial. At a median follow-up of 3 years, complete revascularization reduced the first
co-primary outcome of CV death or Ml by 26% compared with the culprit-lesion only strategy
(HR 0.74; 95% CI1 0.60-0.91; P=0.004). The second co-primary outcome of CV death, new Ml or
ischemia-driven revascularization was reduced by 49% with complete revascularization (HR
0.51; 95% Cl 0.43-0.61; P<0.001). The results of COMPLETE have had a far-reaching impact on

global practice and is being incorporated into guideline recommendations.

However, it has also raised new questions on how to optimally manage these high-risk patients.
The most critical questions are: How to select which non-culprit lesions could benefit from
revascularization? All of them despite of the angiographic complexity? Only the non-culprit
lesions causing ischemia assessed by physiology? Only the ones that have vulnerable features?

Or a combination of ischemic and vulnerable lesions?
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4.7.1 Angiography-Guided Non-Culprit Lesion Revascularization

Angiography-guided PCl is the most common method used to identify lesions suitable for PCI
because this approach is simple to perform and has broad applicability. It was the strategy in
the COMPLETE trial to identify non-culprit lesions judged to be >70% by visual estimation of the

operator.

Despite the success of this approach in guiding non-culprit PCl, there are potential limitations of
an angiography-guided strategy. First, although angiography-guided non-culprit-lesion PCI
reduced hard outcomes in COMPLETE, this approach could select some patients who do not
require PCIl, resulting in some unnecessary procedures, costs, and PCl-related complications.
Second, data from the COMPLETE angiographic core lab analysis demonstrated that the benefit
of complete revascularization is dependent on the degree of stenosis (Figure 1). A Quantitative
Coronary Angiography (QCA) core lab analysis evaluated 3,851 patients with 5,355
non-culprit-lesions and found that, in the 2,479 patients with > 60% QCA stenosis, the first
co-primary outcome was reduced with complete revascularization (HR 0.61; 95% Cl 0.47-0.79),
whereas in the 1,372 patients with QCA stenosis <60%, there appeared to be no benefit (HR
1.04; 95% ClI 0.72-1.50; interaction P=0.02); suggesting that approximately 1/3 of patients with

less severe lesions did not seem to benefit from an angiography-guided non-culprit lesion PCI
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strategy (222). Third, visual stenosis severity judged by operators correlates poorly with QCA

values measured in an angiographic core lab.

COMPLETE. Kaplan-Meier Estimates of the Cumulative Incidence of CV death or MI
by subgroups of stenosis severity

Cumulative Incidence (%)

B
CV Death/MI: QCA 260% CV Death/MI: QCA <60%
30 30 4
HR: 0.61; 95% CI: 0.47-0.79 251 HR: 1.04; 95% CI: 0.72-1.50
20 20 4

Cumulative Incidence (%)
o

0 1 2 3 4 0 1 2 3 4
Years of Follow-Up From Randomization Years of Follow-Up From Randomization
—— Complete (n =1,238) — Culprit-Only (n = 1,241) —— Complete (n = 679) — Culprit-Only (n = 693)

Interaction p value = 0.02

Mehta, SR et al. N Engl ) Med 2019 Vol. 381 Issue 15 Pages 1411-1421
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4.7.2 Ischemia-Driven Lesion Revascularization

A physiology-guided approach addresses many of the limitations of an angiography-guided
approach in identifying which lesions might benefit from revascularization (223). Physiology
overcomes this limitation by localizing and quantifying the ischemic potential of epicardial
stenoses and assessing the distal microcirculatory bed supplied by the coronary artery. In this
way, only those lesions that are deemed to be functionally significant are treated with PClI;
lesions that are not functionally significant do not receive PCI (they are “deferred”) and are

treated with medical therapy alone.

The most used physiology-guided approach is Fractional Flow Reserve (FFR). There are also
several resting indices; from which the most used and the only one with randomized clinical
data is Instantaneous Wave Free Ratio (iFR). These resting indices are measured by inserting a
pressure wire across a lesion and comparing the pressure distal to the stenosis with aortic
pressure. FFR is measured under maximal hyperemic conditions, established by administering

intravenous or intracoronary adenosine, while resting indices do not required hyperemia.
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4.7.2.1 Ischemia-driven non-culprit Lesion Revascularization in SAP

An FFR-guided strategy for PCl is well established in patients with stable CAD and has been
shown to be superior to an angiography-guided strategy. From the early studies that have
compared FFR-guided to Angio-guided PCI; the one that has presented the longest follow-up is
the DEFER study, randomized controlled trial that investigated the safety of deferring PCl in an
angiographically significant, but functionally non-significant coronary stenosis as indicated by
an FFR > 0.75 in 325 patients. Results showed that even after 15 years of follow-up, the
prognosis of functionally non-significant deferred lesions is excellent, that PCl of such stenoses
has no advantage and even results in more Ml when compared with medical therapy (224).

These results extend from earlier findings in DEFER study at 2- and 5-year follow-up (225, 226).
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DEFER. 15 years follow-up. Kaplan—Meier curves of Myocardial Infarction.
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Zimmermann, FM et al. Eur Heart J 2015 Vol. 36 Issue 45 Pages 3182-8

Over the past decade, the landmark Fractional Flow Reserve versus Angiography for Multivessel
Evaluation (FAME) trials have established the clinical benefit of an FFR-directed strategy for PCI
and ushered in the contemporary era of invasive coronary physiology evaluation to guide

revascularization (227-229).

FAME was a multicenter, international, randomized clinical trial in 1005 patients with
multivessel CAD undergoing PCl that compared an FFR-guided strategy with the standard
angiography-guided strategy, published in 2009. The primary end point was the rate of MACE at
1 year, defined as a composite of death, myocardial infarction, and any repeat
revascularization. The primary endpoint occurred significantly more often in the angiography-

only group compared with the FFR group at 1 year (18.3% vs 13.2%, p 0.02). This finding was
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driven by numerically lower event rates across each of the individual component endpoints.
There were significantly more stents per patient placed in the angiography-only group (2.7+1.2
vs 1.9+1.3, p<0.001). FFR-guided PCl was associated with a 30% to 40% relative risk reduction in

individual MACE endpoints, including significantly less death or Ml (227).

FAME Trial. Outcomes at 1 year among patients randomized to
FFR-guided versus angiography-guided PCl
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Tonino, PA et al. N Engl ) Med 2009 Vol. 360 Issue 3 Pages 213-24

The mean cost of the index procedure was significantly higher in the angiography group than
the FFR group (S6007 + $2819 vs $5332 + $3261, p<0.001). A dedicated cost-effectiveness
analysis suggested that FFR-guided PCl in multivessel CAD was a dominant strategy; that is, it

was one that not only improved clinical outcomes but also provided cost savings.
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FAME Trial. Cost-effectiveness model of FFR-guided versus angiography-guided PCI.
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One of the criticisms of the original FAME trial was that there was not an arm that received
Optimal Medical Therapy (OMT) alone. FAME 2 sought to answer the question of whether PCI
improved outcomes when compared with OMT in patients with Stable Ischemic Heart Disease
(SIHD). FAME 2 was a multicenter, international, randomized clinical trial published in 2012 that
compared the initial strategies of FFR-guided PCl with OMT in 1220 patients with SIHD. All
patients underwent coronary angiography and FFR interrogation of all > 50% diameter stenoses
deemed by the operator to require stenting based on angiographic and clinical data. All
functionally significant stenosis (FFR < 0.80) were randomized to FFR-guided PCl versus OMT,
whereas those whose stenoses all had FFR values > 0.80 were enrolled in a registry and also

treated with OMT.
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Patient recruitment was stopped prematurely by the independent Data and Safety Monitoring
Board because of a significantly lower rate of the primary endpoint in the FFR-guided PCI group
compared with the OMT group (4.3% vs 12.7%, HR: 0.32, 95%, Cl: 0.19-0.53; p<0.001). This
difference at short-term follow-up (213 + 128 days) was driven by substantially less urgent
revascularization (1.6% vs 11.1%; HR: 0.13; 95% Cl: 0.06—0.30; p<0.001) in the FFR-guided PClI

group, particularly those prompted by Ml or ischemic electrocardiographic changes (228).

FAME 2. Kaplan—Meier curves for the cumulative incidence of MACE and individual components
FFR-guided PCl vs Medical Therapy; and Registry (Stenosis > 50% with FFR > 0.8)
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Long term data for the FAME 2 trial has been consistent with initial results. The rate of the

primary endpoint remained significantly lower in the FFR-guided PCl group compared with the

OMT group at 2 years (8.1% vs 19.5%, HR: 0.39, 95% CI: 0.26—0.57; p<0.001), and 5 years (13.9%

vs 27%, HR: 0.46, 95% Cl: 0.34-0.63; p<0.001), owing to a sustained reduction in urgent

revascularizations over time. At 5 years, there remained no significant between-group

differences in Ml or death. However, overall, Ml and spontaneous Ml were both lower in the

FFR-guided PCl arm compared with OMT alone (230, 231).

FAME 2. 2-years follow up. Kaplan—Meier curves for the Landmark Analyses.
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FAME 2. 5-years follow up. Kaplan=Meier curves for the Primary Endpoint.
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FAME 2. 5-years follow up. Kaplan—Meier curves for Myocardial Infarction and Urgent Revascularization.

B Myocardial Infarction C Urgent Revascularization
1009 20 Hazard ratio, 0.66 (95% CI, 0.43-1.00) 1009309 Hazard ratio, 0.27 (85% C, 0.18-0.41)
904 90+
€ 804 15 g 04
g 704 3 704 Medical therapy
5 10 Medical therapy 5
- 604 - 60
‘g PCl ] 10
£ 501 5 £ 504
4 o
= 40 2 404
L; 304 0 T T T T T '—; 304 0 T T T T T
E 0 1 2 3 4 5 g 0 1 2 3 4 5
a 20 3 204
104 ___d_.———F"_'_ 104
0 T T T T T 0 T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Years since Randomization Years since Randomization
No. at Risk No. at Risk
Medical therapy 441 408 399 387 315 301 Medical therapy 441 367 357 345 276 264
PCI 447 421 410 399 340 328 PCI 447 424 412 402 344 332

Xaplanteris, P et al. N Engl ] Med 2018 Vol. 379 Issue 3 Pages 250-259

FAME 3 was a multicenter, international, noninferiority trial, in 1500 patients with three-vessel

CAD that also recruited patients with ACS. These patients were randomly assigned to undergo

Coronary Artery Bypass Grafting (CABG) or FFR-guided PCl with current-generation zotarolimus-

eluting stents; that was recently published. The primary end point was the occurrence within 1

year of major adverse cardiac and cerebrovascular events (MACCE), defined as death from any

cause, M, stroke, or repeat revascularization. Noninferiority of FFR-guided PCl to CABG was
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prespecified as an upper boundary of less than 1.65 for the 95% Cl of the HR. Secondary end

points included a composite of death, Ml, or stroke; safety was also assessed (229).

The 1-year incidence of the composite primary end point was 10.6% among patients randomly
assigned to undergo FFR-guided PCl and 6.9% among those assigned to undergo CABG (HR: 1.5;
95% Cl, 1.1 to 2.2), findings that were not consistent with noninferiority of FFR-guided PClI
(p=0.35 for noninferiority). The incidence of death, M, or stroke was 7.3% in the FFR-guided PClI
group and 5.2% in the CABG group (HR: 1.4; 95% Cl, 0.9 to 2.1). In conclusion, in patients with

three-vessel CAD, FFR-guided PCl was not found to be noninferior to CABG.

FAME 3. 1-year follow up. Kaplan—Meier curves for the Primary Endpoint.

100+
90+ 20+
80- 16- P=0.35 for noninferiority
70 124 PCI
% 60 -
50 el 7z
£ " P CABG
5 40 4
0 1 T T T T 1
30 0 60 120 180 240 300 360
204
O 1 I 1 I 1 I 1 I I I I 1
0 30 60 90 120 150 180 210 240 270 300 330 360
Days since Randomization
No. at Risk
PCI 757 728 721 713 707 702 697 696 693 687 678 674 670
CABG 743 709 701 698 695 693 691 686 683 682 679 679 679

Fearon, WF et al. N Engl J Med 2021

103



o Evaluation of non-culprit lesions in STEMI patients with OCT

The current trial involved routine measurement of FFR to guide PCI, with the expectation that
the use of FFR would lead to more judicious stenting — that is, an FFR-guided strategy would
result in PCl being used to treat only functionally significant lesions, which have been shown to
be associated with higher rates of adverse events when treated with medications alone, and
would avoid unnecessary stenting of non—flow-limiting lesions, which respond as well to
medical therapy alone as they do to PCI (and may even respond better to medical therapy
alone). As anticipated, patients in FAME 3 received fewer stents than those in the SYNTAX trial
(3.7 vs. 4.6), which compared PCI (without FFR guidance) with CABG, although the number of
coronary lesions was similar (232). Although these trials are not directly comparable, patients
assigned to undergo PCl in FAME 3 also had a lower incidence of repeat revascularization (4.9%
vs. 13.5%) and lower mortality (1.6% vs. 4.4%) than those in the SYNTAX trial, despite similar
patient characteristics and risk profiles in the two trials. Plausible explanations for these
findings include the lower number of stents placed (with reduced risk of stent-related
complications such as thrombosis or restenosis), improved stent technology, and high levels of

adherence to recommended medical therapy.
Of note FAME 3 had only 12% intracoronary imaging guidance in the FFR-guided PCI group that

might have influenced the higher rate of MACCE at an expense of Ml and repeat

revascularization compared to CABG. Intracoronary imaging in such complex population would
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have helped with plaque vulnerability detection, complex plaque modification and PCI

optimization.

4.7.2.2 Ischemia-driven non-culprit Lesion Revascularization in ACS

In patients with stable angina pectoris (SAP), clinical practice guidelines recommend the use of
coronary physiology to decide if revascularization of intermediate-severity coronary stenosis is
indicated (233, 234). In these patients, the use of FFR has been shown to be safe (224, 225, 227,
228). With the growing adoption of coronary physiology, FFR is also increasingly being used to
guide revascularization in patients with ACS, particularly to assess the functional relevance of

non-culprit vessels in patients with multivessel disease.

Available evidence, including RCTs (14, 16), supports the use of FFR guidance in ACS non-culprit
stenoses compared with culprit-only treatment. Moreover, the use of FFR has demonstrated
better outcomes with respect to angiography-only approaches in both ACS and SAP (235).
Despite this, few data are available regarding the comparative performance of FFR in ACS

versus SAP.
Although some studies support the reliability of FFR measurements in patients with ACS,

several studies have consistently reported poorer clinical outcomes in patients with ACS in

whom revascularization was deferred based on FFR measurements (14, 16, 236, 237).
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The uncertainty regarding the use of a physiology-guided strategy in the setting of ACS comes
from the uncertainty of the benefit of a physiology-guided strategy to guide PCI for non-culprit
lesions in STEMI. A possible concern with a physiology-guided strategy is its inability to account
for the impact of plague morphology on future events. It is possible that a physiology-guided
PCl strategy would lead to deferral of lesions that, despite not being physiologically significant,
still harbor high-risk morphologic features (referred to as TCFA) at high risk for plaque rupture
leading to future MACE. The potential benefit of an FFR-guided strategy may be attenuated by

deferring intervention on such lesions.

Considering this background, a pooled analysis was performed to investigate the safety of
revascularization deferral of non-culprit lesions in patients with ACS in a large study population,

obtained from 3 large observational studies and 2 RCTs.

The primary endpoint was MACE at 1-year follow-up. Clinical outcomes of patients with ACS
and Stable Angina pectoris (SAP) were compared in both the deferred and the revascularized
groups. A total of 8.579 patients were included in the analysis, 6.461 with SAP and 2.118 with
ACS and no culprit stenoses. Using FFR, revascularization was deferred in 5.129 patients (59.8%)

and performed in 3.450 patients (40.2%).

In the deferred ACS group, a higher MACE rate was observed compared with the deferred SAP

group (4.46% vs. 2.83%; adjusted HR: 1.72; 95% Cl: 1.17 to 2.53; p<0.01). In particular, early
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unplanned revascularization (3.34% and 2.04% in ACS and SAP; adjusted HR: 1.81; 95% ClI: 1.09
to 3.00; p % 0.02) contributed to this excess in MACE but the difference between the ACS and
SAP groups did not reach statistical significance. On the contrary, no differences in outcomes
linked to clinical presentation were found in treated patients (MACE rate 6.51% vs. 6.20%;

adjusted HR: 1.21; 95% Cl: 0.88 to 1.26; p % 0.24) (205).

Kaplan—Meier curves of the pooled analysis.
Clinical outcomes of patients with ACS and SAP, compared between deferred and revascularized groups

10
, e
" Adjusted HR = 1.72 (95% Cl: 1.17 - 2.53); p < 0.01
E_
z2 . ACS
8 SAP
SR y
Sz 5
¢
- 3
< E
535
1]
s
0 4

0 1 2 3 4 5 6 7 8 9 10 n 12
Time Since Index Procedure (Months)
No. at risk:
SAP Treated 2,498 2,420 2,375 2,359 2,338 2,311 2,262 2,214 2,176 2,152 2,118 2,069 1,888
--- SAP Deferred 3,963 3,797 3,704 3,680 3,644 3,603 3,534 3,451 3,408 3,372 3,334 3,230 2,978
ACS Treated 952 919 897 888 881 872 857 842 828 825 815 795 709
—— ACS Deferred 1,166 1,124 1,098 1,088 1,081 1,065 1,053 1,027 1,016 1,007 999 974 910

Cerrato, E et al. JACC Cardiovasc Interv 2020 Vol. 13 Issue 16 Pages 1894-1903

Several hypotheses can be put forward to explain the higher risk for MACE found in patients
with deferred revascularization of ACS non-culprit stenoses. Compared with patients with SAP:

1) patients presenting with ACS may have an intrinsically higher risk for events during follow-
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up; 2) non-culprit vessels in patients with ACS may have more vulnerable atherosclerotic
plaques, increasing the chances of a subsequent ACS; 3) misdiagnosis of the ACS culprit vessel
might lead to FFR interrogation of the true culprit lesion, especially in unstable angina and non-
ST segment elevation myocardial infarction (NSTEMI) subsets, with negative FFR resulting in
deferral treatment of a high-risk stenosis; and 4) FFR may have a lower diagnostic yield in
patients with ACS because of transient modification of hemodynamic and microcirculatory

status, which may underscore the true functional impact of non-culprit stenoses in ACS.

Recently, the FLOWER-MI trial compared a physiology-guided FFR non-culprit lesion PCI
strategy to an angiography-guided strategy in STEMI patients with multivessel disease. It did
not find superiority of a physiology-based strategy. At 1 year, a primary outcome event
occurred in 32 of 586 patients (5.5%) in the FFR-guided group and in 24 of 577 patients (4.2%)
in the angiography-guided group (HR: 1.32; 95% Cl, 0.78 to 2.23; p = 0.31). Death occurred in 9
patients (1.5%) in the FFR-guided group and in 10 (1.7%) in the angiography-guided group;
nonfatal Ml in 18 (3.1%) and 10 (1.7%), respectively; and unplanned hospitalization leading to

urgent revascularization in 15 (2.6%) and 11 (1.9%), respectively (238).
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FLOWER-MI. Kaplan—Meier curves for the Primary Endpoint.
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This trial has several limitations. First, the trial was underpowered with only 56 primary

guided strategy is in avoiding unnecessary PCl procedures, thereby improving safety. It

therefore was not able to evaluate the key benefits of a physiology guided strategy.
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outcome events, which is too small to result in a major shift in clinical practice. Second, the
trial follow-up is only 1 year. As demonstrated in the COMPLETE trial, the benefit of complete
revascularization is not apparent until several years after STEMI. Third, the trial had no real

hypothesis for superior efficacy of a physiology guided strategy. The benefit of a physiology

These analyses have brought to light that it is likely that the coronary tree of patients with ACS
has more vulnerable atheroma prone to trigger cardiac events. The prognostic information

provided by FFR in a vessel with vulnerable plaques refers strictly to ischemia caused by fixed
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stenoses and not the potential consequence of ulceration and thrombosis of vulnerable lesions

present in the interrogated vessel.

It is also important that the accuracy of FFR in predicting outcomes among patients with ACS
may not be equivalent to FFR when applied in the stable setting. Mechanistically, this can be
explained by a failure to achieve maximal hyperemia during ACS (which is associated with a rise
in zero flow pressure and left ventricular filling pressures, enhanced sympathetic drive, and
blunted coronary vasodilation) because of transient impairment of the microcirculation (239-
241). Notably, decreased coronary flow reserve after an acute Ml involves both culprit and non-
culprit vessels, owing to the combination of post-occlusive hyperemia, myocardial necrosis,

hemorrhagic microvascular injury, compensatory hyperkinesis, and neurohumoral mechanisms.

Interestingly, one small study showed similar microvascular resistance, hyperemic flow, and
resistive reserve ratio (a measure of myocardial hyperemia) between patients with SAP and
non-culprit stenoses in patients with ACS during the subacute phase of a Ml (242). In this
observational study, non-infarct related arteries (IRA) underwent FFR, coronary flow reserve,
and the index of microcirculatory resistance assessment in 49 acute Ml patients (59 non-IRA)
and compared with a matched control group of 46 SAP patients (59 vessels). Time between
acute Ml to physiological interrogation was 5.9+2.4 days. FFR was similar in both groups
(0.7940.11 in non-IRA vs 0.80+0.13 in SAP vessels, p=0.527). No differences were found

regarding index of microcirculatory resistance (15.6 [10.4-21.8] in non-IRA vs 16.7 [11.6—23.6]
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in SAP vessels, p=0.559). This observational study suggested that in the subacute phase of Ml,
non-IRA microcirculatory resistance and adenosine-induced hyperemic response are similar to
those found in SAP patients. From a physiological perspective, these findings support the use of
fractional flow reserve to interrogate non-IRA during the subacute phase of myocardial

infarction.

Observational analysis. FFR and IMR in SAP compared to non-IRA from ACS in the sub-acute phase.
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In contrast with these results, there is new evidence supporting the hypothesis that FFR
measurements in the acute setting of ACS may lead to misclassification of the severity of non-
culprit stenoses in up to 15% of cases, compared with subacute FFR measurements (243). Also,
iFR might overestimate the functional impact in the sub-acute phase because of the increased
baseline flow. Consequently, there are concerns regarding the use of FFR and resting indices in
ACS and the potential inappropriate deferral of ischemia-causing lesions. The accuracy of

invasive physiology during ACS and timing of performance deserves further investigation.
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The most recent trial regarding ischemia-driven revascularization in ACS patients is the FUTURE
(FUnctional Testing Underlying coronary REvascularization) trial, which is a prospective,
randomized, open-label, superiority trial involving patients with ACS presentation (stabilized
STEMI, NSTEMI and UA) with multivessel CAD (244). At 1-year follow-up, by intention to treat,
there were no significant differences in MACE rates between groups (14.6% in the FFR group vs
14.4% in the control group; HR: 0.97; 95% Cl: 0.69-1.36; P % 0.85). The difference in all-cause
mortality was nonsignificant, 3.7% in the FFR group versus 1.5% in the control group (HR: 2.34;

95% Cl: 0.97-5.18; P % 0.06), and this was confirmed with a 24 months’ extended follow-up.

FFR significantly reduced the proportion of revascularized patients, with more patients referred
to exclusively medical treatment (P % 0.02); but did not reduce the risk of ischemic
cardiovascular events or death at 1-year follow-up. The trial was stopped prematurely by the

data safety and monitoring board after a safety analysis and 927 patients were enrolled.
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FUTURE Trial. Primary Endpoint at 1 Year in Intention-to-Treat Population
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Rioufol, G et al. ] Am Coll Cardiol 2021 Vol. 78 Issue 19 Pages 1875-1885
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4.7.3 Imaging-Guided Lesion Revascularization

The decision to perform PCl in patients with angiographically intermediate coronary lesions in
ACS is challenging. Atherosclerosis had been thought to be a disease of insidious onset and slow
process, secondary to smooth muscle cell proliferation (44). However, that concept has been
challenged during the past 3 decades by the theory that an alternative mode of rapid stepwise

plague progression may be important (245, 246).

Previous angiographic studies that investigated serial angiograms at intervals, showed that one-
third of plagues with progression showed abrupt progression, and two-thirds showed gradual
progression (213). A previous study assessed plaque volume at serial angiograms by using
intracoronary imaging (IVUS and OCT) and reported that 8.1% of plaques showed gradual linear
progression, whereas 9.7% of plaques showed early abrupt progression, and 5.6% showed late,

abrupt progressions (247).

Rapid progression of atherosclerotic plaques is the result of plaque disruption and subsequent
organization of the thrombus. The organized thrombus with collagen deposition can be
detected by OCT as a new layer with a different optical density. A previous study reported that

TCFA and intraplaque microchannels predicted plaque progression in the future (182).
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Mechanism of Rapid Plaque Progression.
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A recent observational analysis worked on identifying morphological predictors of subsequent
rapid plaque progression using OCT. Patients with baseline OCT imaging of major epicardial

coronary arteries and repeated coronary angiography at 6 to 9 months were included. Non-

culprit lesions with a diameter stenosis >30% on index angiography were investigated. Lesions

with subsequent rapid progression showed a significantly higher prevalence of lipid-rich plague

(76.0% vs. 50.5%, respectively; p = 0.001), TCFA (20.0% vs. 5.8%, respectively; p < 0.001),
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layered plaque (60.0% vs. 34.0%, respectively; p = 0.001), macrophage accumulation (62.0% vs.
42.4%, respectively; p = 0.036), micro-vessels (46.0% vs. 29.1%, respectively; p = 0.031), plaque
rupture (12.0% vs. 4.7%, respectively; p = 0.029), and thrombus (6.0% vs. 1.1%, respectively; p =
0.013), compared with lesions without rapid progression. Quantitative OCT analysis showed
that lesions with subsequent progression had a thinner fibrous cap (116.9 + 62.3 mm vs. 146.0
+ 73.3 mm, respectively; p = 0.016) and greater lipid length (6.0 + 3.6 mm vs. 4.8 + 2.8 mm,
respectively; p = 0.023) and lipid index (1,027.3 + 829.6° vs. 716.5 + 625.6°, respectively; p =

0.017) than lesions without progression (248).

Prevalence of OCT-Defined Plaque Characteristics in Lesions With or Without Subsequent Rapid Progression.
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JACC Cardiovasc Imaging. 2021 Aug;14(8):1628-1638.

Multivariate analysis identified LRP (OR: 2.17; 95% Cl: 1.02 to 4.62), TCFA (OR: 5.85; 95% ClI:
2.01to 17.03), and layered plaque (OR: 2.19; 95% CI: 1.03 to 4.17) as predictors of subsequent

rapid lesion progression.
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Predictor of lesion progression.

TABLE 3 Predictors of Lesion Progression

Univariate Multivariate
0dds Ratio 95% ClI p Value 0Odds Ratio 95% CI p Value
LRP (non-LRP as reference)
LRP without thin cap 3.0 1.58-6.06 0.001 217 1.02-4.62 0.045
TCFA 4.08 1.85-8.97 <0.001 5.85 2.01-17.03 0.001
Layered plaque 2.91 1.51-5.59 0.001 2.19 1.03-4.17 0.040
Macrophage 2.22 1.05-4.66 0.036 1.23 0.52-2.89 0.643
Microvessels 2.07 1.07-4.02 0.031 1.34 0.67-2.69 0.403
Cholesterol crystal 1.29 0.62-2.67 0.496
Calcification 0.99 0.53-1.81 0.961
Rupture 276 1.11-6.86 0.029 0.80 0.24-2.68 0.720
Thrombus 5.90 1.45-23.97 0.013 252 0.45-14.03 0.290

Variance inflation factor (VIF) analysis showed no indication of multicollinearity.
Cl = confidence interval; LRP = lipid-rich plague; TCFA = thin-cap fibroatheroma.

JACC Cardiovasc Imaging. 2021 Aug;14(8):1628-1638.
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Representative Cases of Rapid Plaque Progression.

Baseline Follow-up

Baseline Follow-up
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JACC Cardiovasc Imaging. 2021 Aug;14(8):1628-1638.

The main mechanism of rapid stepwise progression is plaque rupture or erosion with
subsequent organization of residual thrombus. Plaque disruptions in the coronary arteries
without signs of myocardial necrosis are not uncommon (93, 94). Despite of knowing for long
time that layered plague was prevalent in non-culprit segments, this concept has recovered
interest lately when this pattern has been associated to rapid plague progression. There is need
to understand better the plaque characteristics associated to this plague phenotype, as this

might play an important role in future cardiovascular events if layered plague is present in
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segments without significant luminal stenosis or no-flow limiting disease by physiology.
Layered plaque is a signature of ‘biologically active plaque’ which is undergoing repetitive

episodes of disruption and healing.

A recent observational analysis described the characteristics of non-culprit plaques in ACS
patients with or without a layered plaque at the culprit lesion. Layered plaques showed higher
prevalence of lipid plague (93.3% vs. 86.0%, p = 0.028), TCFA (29.7% vs. 13.7%, p < 0.001), and
macrophage infiltration (82.4% vs. 54.0%, p < 0.001), compared to non-layered plaques. They
also had thinner fibrous cap, longer plaque length, longer lipid length and greater lipid index

than non-culprit plagues with a non-layered phenotype (249).

OCT characteristics of non-culprit plaques with or without a layered phenotype at the non-culprit site.
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Eur Heart J Cardiovasc Imaging. 2020 Dec 1;21(12):1421-1430.
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Layered vs. non-layered phenotype in non-culprit plaques.
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4.7.4 Ischemia-Driven vs. Imaging-Guided Lesion Revascularization in SAP and ACS

Functional assessment using FFR and vulnerability assessment using intracoronary imaging
techniques such IVUS or OCT may be considered for lesion severity evaluation and PCl
optimization. Clinical guidelines on myocardial revascularization support the use of
physiological assessment to guide revascularization in patients with angiographically

intermediate coronary lesions. Intracoronary imaging interest is growing in this setting.
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The FORZA (Fractional Flow Reserve vs. Optical Coherence Tomography to Guide
Revascularization of Intermediate Coronary Stenoses) study is an open-label, single-center
prospective randomized trial comparing clinical outcomes and costs in patients with at least 1
angiographically intermediate coronary lesion randomized to FFR or OCT guidance (250).
Patients with SIHD or stabilized ACS (culprit lesion treated previously) were randomized 1:1 to

FFR or OCT guided PClI.

PCl was performed when FFR was < 0.80, aiming to achieve a post-stenting FFR > 0.90 which
was defined as optimal result. In the group randomized to imaging, PCl was performed when at
least 1 of the following criteria was present in OCT: 1) Area Stenosis > 75%; 2) Area Stenosis
between 50% and 75% and MLA < 2.5 mm?; and 3) Area Stenosis between 50% and 75% and

plaque rupture.

From the lesions in the FFR arm, 29.3%; and from the lesions i the OCT imaging arm, 50.7%,
were managed with PCl, which translated into a statistically significant higher rate of patients
referred for initial medical management with FFR (67.7% vs. 41.1% with OCT imaging; p<0.001).
All patients completed 13-month follow-up. The primary endpoint of MACE or significant
angina at 13 months occurred in 14.8% of patients in the FFR arm and in 8.0% in the OCT
imaging arm (p=0.048). This result was driven by a statistically non-significant lower occurrence

of all components of the primary endpoint.
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FORZA. Primary Study Endpoint and Its Individual Components at 13-Month Follow-Up.
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Burzotta, F et al. JACC Cardiovasc Interv 2020 Vol. 13 Issue 1 Pages 49-58

The MACE rate observed at 13 months was 5.7%, with a non-significant lower incidence in the
OCT imaging arm compared with FFR (3.4% vs. 8.0%; p = 0.064). Of note, target vessel failure
(TVF) occurred significantly less commonly in patients randomized to OCT imaging (2.3% vs.

7.4% with FFR; p = 0.027).
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FORZA. MACE and TVF Occurring in the FFR and OCT Groups.
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This randomized study showed that the use of OCT is safe, causes a larger number of PCls, but
is associated with a lower occurrence of the combined endpoint of MACE or significant angina
and the use of FFR is associated with higher rate of medically managed patients and higher

MACE.

The COMBINE FFR-OCT is a prospective, double-blind, international, natural history,
investigator-initiated study that recruited diabetic mellitus patients undergoing coronary
angiography for either SAP or ACS with at least one de novo native coronary lesion with a

diameter of stenosis between 40% and 80% by visual assessment (251).
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Revascularization of the target lesions was guided by the FFR findings. Patients with exclusively
FFR-positive lesions < 0.80 underwent revascularization. Patients with at least one FFR-negative
target lesion > 0.80 underwent OCT assessment and were further treated by guideline
recommended optimal medical therapy. Following core lab analysis of the OCT findings,
patients with FFR-negative lesions were further classified as ‘TCFA-positive’ or ‘TCFA-negative’
depending on presence or absence of at least one TCFA lesion. The final trial population was
composed of three groups: group A, patients with at least one FFR-negative/TCFA-negative
lesion; group B, patients with at least one FFR-negative/TCFA-positive lesion; and group C,

patients with exclusively FFR-positive lesions, who underwent revascularization.

The primary endpoint, a composite of cardiac death, target vessel myocardial infarction,
clinically driven target lesion revascularization or hospitalization due to unstable or progressive
angina at 18 months. The primary endpoint occurred in 13.3% of the patients with FFR-
negative/TCFA-positive (group B) as compared to 3.1% of the patients with FFR-negative/TCFA-
negative (group A) (HR: 4.65; 95% Cl, 1.99-10.89, p < 0.001). Interestingly, all target vessel Ml at
follow-up occurred in the TCFA-positive patients (group B) whereas no target vessel Ml was
observed in the TCFA-negative patients (group A). Similarly, clinically driven target lesion
revascularization and unstable angina pectoris incidence was significantly higher in the FFR-
negative/TCFA-positive patients. A significantly higher incidence of clinically driven target lesion

revascularization was observed in the FFR-negative/TCFA positive group.
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COMBINE. Incidence of the primary endpoint at 18 months.
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Kedhi, E et al. Eur Heart J 2021
COMBINE. Patients’ clinical outcomes at 18-month follow-up.
Variable FFR(=)ITCFA(+) FFR(=)/TCFA(-) Hazard ratio (95% P-value
(n=198) (n=1292) confidence interval)
Primary endpoint.” n (%) 13 (13.3) 9 (3.1 4.65 (1.99-10.89) <0.001
Cardiac death, n (%) 0(0) 1(0.34) - -
Death (any), n (%) 0(0) 3(1.03) - -
TV ML, n (%) 4(4.1) 0(0) - -
Spontaneous Ml (any), n (%) 8(82) 3(1.0) 8.26 (2.19-31.14) 0.002
CD-TLR, n (%) 1(112) 4(1.4) 8.72 (2.78-27.39) <0.001
Revascularization (any), n (%) 17 (17.3) 17 (5.8) 3.26 (1.66-6.38) <0.001
Unstable angina requiring hospitalization, n (%) 6(6.1) 5(1.7) 3.76 (1.15-12.32) 0.03
Cardiac death and TV M, n (%) 4 (4.1) 1(0.3) 12.84 (1.44-114.92) 0.02
Death and any M1, n (%) 9(9.2) 6 (2.0) 470 (1.68-13.22) 0.003
Cardiac Death, TV Ml and CD-TLR, n (%) 11(11.2) 5(1.7) 7.0 (2.43-20.14) <0.001
Death, Ml and revascularization, n (%) 17 (17.3) 20 (6.8) 277 (1.45-5.28) 0.002

Kedhi, E et al. Eur Heart J 2021
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COMBINE findings raised concerns regarding the safety of revascularization deferral based
solely on FFR interrogation and support the use of image-based methods for more accurate risk

profiling in high-risk populations.

TCFA lesions are frequently associated with compensatory vessel remodeling, 90% of TCFAs are
located in large plaques with intermediate or severe cross-sectional stenosis area of > 50% (87).
Therefore, future adverse events are likely to originate from TCFA lesions with at least
intermediate degree of stenosis. Interestingly in COMBINE, while a LRP was also the
predominant plaque phenotype (about 60%) in the TCFA-negative group, the primary endpoint
event rate in that group was very low, suggesting that presence of LRP alone, in the absence of
TCFA features like thin fibrous cap, macrophage infiltration, and neovascularization, is
associated with a low rate of future adverse events and as such a safer substrate (251). These
findings may explain why an ischemia-guided revascularization approach can significantly
reduce angina but fails to reduce future adverse events, as was recently shown by the

ISCHEMIA trial (252).
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5 PARTIIl. STATE OF KNOWLEDGE REGARDING TREATMENT OF NON-CULPRIT

LESIONS IN PATIENTS PRESENTING WITH STEMI

Cardiovascular diseases are the leading cause of death globally, taking an estimated 17.9 million
lives each year. More than four out of five cardiovascular deaths are due to M, and one third of
these deaths occur prematurely in people under 70 years of age. Cardiovascular medicine has
changed the prognosis of Ml by developing pPCl which is the preferred and fastest method of
reperfusion in patients with STEMI, where the “culprit” coronary artery occlusion is opened,

restoring blood flow to the myocardium supplied by the IRA.

These patients often have multivessel CAD, with residual stenoses in locations separate from
the culprit lesion that caused the acute event. In STEMI, multivessel CAD carries a much worse
prognosis, with a 2-fold increase in long-term mortality (2). The management of non-culprit

lesions has been intensely debated and has been evaluated in clinical trials (14-17).

The COMPLETE trial is the largest randomized trial in this clinical setting with the longest follow-
up and has established the benefit of a complete revascularization strategy in patients with
STEMI and multivessel CAD (22). Non-culprit lesions were deemed angiographically significant if
they were associated with at least 70% stenosis of the vessel diameter on visual estimation or

with 50 to 69% stenosis accompanied by a FFR measurement of 0.80 or less; but the ischemia-
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driven strategy was used in a very small number of patients. COMPLETE was not powered to

assess the benefit of using physiological assessment in the non-culprit lesions.

COMPLETE showed that complete revascularization reduced the first co-primary outcome of CV
death or new Ml by 26% compared with the culprit-lesion only strategy (HR 0.74; 95% ClI
0.60-0.91; P=0.004). The second co-primary outcome of CV death, new MI or ischemia-driven
revascularization was reduced by 49% with complete revascularization (HR 0.51; 95% ClI

0.43-0.61; P<0.001).

The results of COMPLETE have had a far-reaching impact on global practice and is being
incorporated into guideline recommendations. The recently published 2021 ACC/AHA/SCAI
Guideline for Coronary Artery Revascularization, recommends staged PCI of the significant non-
IRA stenosis in selected hemodynamically stable patients with STEMI and multivessel disease
after successful primary PClI, to reduce the risk of death or MI; with a class of recommendation

1 and a level of evidence A (253). This recommendation is supported by the COMPLETE trial.

Despite the success of angiography in guiding non-culprit PCI, there are potential limitations of
an angiography-guided strategy as this approach could select some patients who do not require
PCl, resulting in some unnecessary procedures, costs, and PCl-related complications. Besides,

visual stenosis severity judged by operators correlates poorly with QCA values measured in an
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angiographic core lab. Given these limitations, novel strategies to identify non-culprit lesions

likely to benefit from PCl in patients with STEMI are urgently needed.

An ischemia-driven approach addresses many of the limitations of an angiography-guided
approach in identifying which non-culprit lesions might benefit from revascularization. In this
way, only those lesions that are deemed to be functionally significant by physiology are treated
with PCI; lesions that are not functionally significant do not receive PCl and are treated with

medical therapy alone.

An ischemia-driven strategy for PCl is well established in patients with stable CAD and has been
shown to be superior to an angiography-guided strategy (224, 227, 228, 230). However, there

is uncertainty regarding the use of an ischemia-driven strategy in the setting of ACS.

The benefit of a physiology-guided strategy to guide PCl for non-culprit lesions in STEMI is less
clear than in stable CAD. A possible concern with a physiology-guided strategy is its inability to
account for the impact of plaque morphology on future events. It is possible that a
physiology-guided PCl strategy would lead to deferral of lesions that, despite not being
physiologically significant, still harbor high-risk morphologic features at high risk for plaque
rupture or erosion leading to future cardiovascular events. The potential benefit of an

FFR-guided strategy may be attenuated by deferring intervention on such lesions.
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Recently, the FLOWER-MI compared a physiology-guided FFR non-culprit lesion PCl strategy to
an angiography-guided strategy in STEMI patients, and the FUTURE trial did the same
comparison in ACS patients including STEMI, NSTEMI and UA, with multivessel disease. They
failed to show superiority of a physiology-based strategy. These trials have several limitations:
first, they were underpowered; second, short 1-year follow-up, as demonstrated in the
COMPLETE trial, the benefit of complete revascularization is not apparent until several years
after STEMI; third, no real hypothesis for superior efficacy of a physiology-guided strategy. The
benefit of a physiology guided strategy is in avoiding unnecessary PCl procedures, thereby
improving safety, and these trials were not able to evaluate the key benefits of a physiology

guided strategy.

Based on this rationale, there is an urgent need for an adequately powered randomized trial
comparing a physiology-guided revascularization strategy to an angiography-guided strategy for
non-culprit lesion PCl in patients with STEMI and multivessel CAD. A non-inferiority trial would
be appropriate for this comparison as a physiology-guided approach may preserve the benefit
of an angiography-guided approach on future cardiovascular death, Ml, and ischemia-driven
revascularization, while reducing important additional outcomes of safety and cost. If a
physiology-guided strategy was found to be non-inferior but safer with fewer PCl procedures
and lower rates of bleeding, stroke, stent thrombosis and lower costs, it would represent a

major advance in the treatment of this life-threatening disorder.
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On the other hand, an imaging-guided revascularization strategy would target lesions given
their plaque morphology and vulnerability, which is an opposite strategy compared to ischemia-
driven, with the risk to over target lesions for revascularization. There are different
intracoronary imaging modalities, but the most powerful for vulnerability detection is OCT, as
TCFA definition is based on measurements calculated with OCT. We have learned over decades
than the concept of atherosclerosis is a diffuse phenomenon, the higher risk patient profile, the
more extensive; and these vulnerable plaques could be found in lesions with luminal stenosis

and also in coronary segments without stenosis.

Pathology studies have shown that the presence of TCFA in a coronary artery lesion has the
highest likelihood of triggering an acute coronary syndrome as they are prone to rupture.
Reviews of atherosclerosis have uniformly accepted plaque rupture as the most common

critical event leading to coronary artery related death.

However, the translation of the imaging concept into clinical practice is unclear and could
transform the therapeutic intervention into preventive intervention. This strategy might also
represent a higher cost and increase the risk of PCI complications and stent failure over the long

term.

Imaging-guided revascularization strategy has several limitations. First, despite that some

observational studies have shown that a MLA of >2 mm? often represents FFR negative lesions
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(254, 255), there are no clear revascularization indications based on just MLA; then imaging-
guided strategy might also addressed non-flow limiting lesions that are unlikely to represent a
symptomatic benefit or ischemia myocardium relief. Second, vulnerability criteria are still in
evolution, some observational and prospective studies have proposed pre-specified
combinations of plaque features including MLA or Area Stenosis, FCT, lipid arc circumferential
extension, and presence of macrophages (simultaneous presence in the same plaque) that have
been observed to be an independent predictor of future events (203, 250); however, different
criteria have been used in these combinations MLA < 2.5 vs. < 3.5 mm?, Area Stenosis >75%
which is a criteria that is used rarely in clinical practice, FCT < 65 vs. 75 vs. 85 um which is an
operator dependant measurement and it is challenging as there is a diffuse transition between
fibrous cap and lipidic plaque; and there is not academic or clinical agreement regarding the
most powerful predictor pre-specified criteria combination. Third, other plaque characteristics
can be misleading as lipid, including macrophages infiltration and superficial thick calcification
where the outer border is not captured by the cross-sectional image. Fourth, OCT
interpretation requires training as the vulnerability criteria are not automatized by the available
software. Then, performing imaging-guided revascularization is not a simple and reassuring

task.

OCT as imaging technique has also its own limitations. First, OCT requires contrast for
acquisition and the ACS setting is usually associated to a low cardiac output stage that is

frequently associated with renal dysfunction and increasing contrast volume during PCI might
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increase the risk of contrast induced nephropathy; second, the instrumentation of the coronary
vasculature with an additional catheter is not attractive, however, OCT catheter related
complications have reported not to be superior to the PCl related risk. Given these technique
limitations, OCT has not been used widely in clinical or research practice in ACS and most of the
current evidence for imaging-guided revascularization comes from studies stable clinical

presentations and complex interventions.

Moreover, OCT has a value not only in plague morphology and vulnerability characterization,
but to optimize PCI. Previous studies have shown that imaging-guided revascularization result
in larger final minimum stent area and reduced future risk of target lesion revascularization
compared to angiographically guided PCl (256). PCls guided by imaging use bigger

stents, larger post dilation balloons and higher-pressure inflations. Use of OCT image guidance
with an external elastic lamina-based sizing was shown to be non-inferior to IVUS on the
outcome of minimum stent area (176). This sizing strategy is being compared to angiography

guided PCl for complex lesions and high-risk patients in the ongoing ILUMIEN 4 trial (257).

Natural history studies that have explored the TCFA prevalence in ACS populations, have been
mostly performed in patients presenting with NSTEMI and UA, and the presence of such
vulnerables plaques in patients with STEMI in culprit and non-culprit vessels is unknown; more

when the pancoronaritis concept suggests that this high-risk STEMI population has diffuse
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atherosclerosis, and these lesions might be present in luminal stenotic and non-stenotic lesions

as well.

There are then several reason why this research question of exploring non-culprit lesions in
STEMI patients with OCT is attractive and valid; and outcomes from this observation will be
important to understand why these patients benefit from complete revascularization and what

intravascular imaging has to offer in the plague characterization and PCl optimization.
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6 PART lll: THESIS: COMPLETE-OCT Evaluation of non-culprit lesions in patients

with STEMI with OCT

6.1 BACKGROUND

PClI has become the preferred method of reperfusion for patients with STEMI who have timely
access to catheterization facilities (258). However, successful primary PCl has brought with it
new challenges. The optimal management of patients with multi-vessel CAD who have
undergone primary PCl to the culprit lesion is one such challenge (2). Whether to routinely
revascularize or medically treat the residual non-culprit stenosis found in non-infarct related

arteries discovered incidentally during the index coronary angiogram is unknown (259).

The COMPLETE trial is a multinational, randomized trial evaluating a strategy of complete
revascularization, consisting of angiography-guided PCl of all suitable non-culprit-lesions versus
a strategy of culprit-lesion-only PCI (optimal medical therapy alone), in 4,041 patients from 140
centres in 31 countries undergoing pPCl for acute STEMI (22). Complete revascularization,
defined by the angiographic core laboratory as successful treatment of all target lesions, was
achieved in 99.1% of patients randomized to this arm of the trial. At a median follow-up of 3
years, complete revascularization reduced the first co-primary outcome of CV death or new Ml
by 26% compared with the culprit-lesion only strategy (HR 0.74; 95% ClI 0.60-0.91; P=0.004).
The second co-primary outcome of CV death, new Ml or ischemia-driven revascularization was

reduced by 49% with complete revascularization (HR 0.51; 95% Cl 0.43-0.61; P<0.001). The
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results of COMPLETE have had a far-reaching impact on global practice and is being

incorporated into guideline recommendations.

6.1.1 Rationale for Optical Coherence Tomography Sub-study in the COMPLETE Trial

In patients with STEMI, angiographic studies have demonstrated the presence of multiple
unstable coronary plaques remote from the culprit lesion (10, 11, 260-264). This concept of
multiple unstable plaques suggests that ACS implies a diffuse pathophysiology affecting not
only the culprit lesion, but the coronary vasculature as a whole. If this concept is correct, non-
culprit lesions found at the time of a STEMI may not represent benign, stable plagues, but
rather vulnerable plagues that are more susceptible to plaque rupture (264). These vulnerable

plaques are more likely to progress and cause myocardial infarction or death (97).

Although the COMPLETE trial utilized visual angiographic assessment of non-culprit lesions to
identify targets for revascularization, angiography provides only limited information about
coronary stenosis. Intravascular imaging techniques are required to identify vulnerable

plagues.

The major characteristics of plaques that are vulnerable to rupture are a thin fibrous cap (<65
um), lipid rich plague content, and thrombus near the fibrous cap (39). OCT is an intracoronary
imaging modality that uses a single-mode optical fibre to produce two-dimensional

tomographic images of coronary plaques at near histologic resolution (10-20 um). OCT can
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identify all of the principal features of vulnerable plaques including characterization of the
three primary plague morphologies (fibrous, calcific and lipid-rich), measurement of fibrous cap

thickness, and detection of thrombus (265-267).

OCT studies of patients with NSTEMI have shown that a significantly higher proportion of non-
culprit lesions have features of plaque vulnerability compared to stable patients (23).
Treatment of such lesions with PClI may be the primary mechanism by which non-culprit PCI
may reduce Ml and death in patients with STEMI. Conversely, vulnerable plaques may be

present at sites in the coronary arteries other than those identified for non-culprit PCI.

While these lesions may not be > 70% stenosed and therefore do not meet the angiographic
criteria for PCl, they may still be associated with rapid progression to clinical events. An
observational study using Coronary Computed Tomography Angiography in over 3000 stable
coronary disease patients showed that patients with vulnerable lesions on Coronary Computed
Tomography Angiography imaging had a 16.3% rate of ACS compared to 1.4% for those without
vulnerable lesions and experienced a shorter time to event (1.7 years vs. 3.4 years) (128).
However, approximately 50% of the vulnerable plaques in this study were found in lesions that
were not severely stenotic at baseline. With this background, the COMPLETE OCT substudy
sought to evaluate the prevalence of plaques with high-risk features (TCFA) in non-culprit

vessels in patients with STEMI.
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In the COMPLETE OCT sub-study, evaluation of at least 2 major epicardial coronary arteries not
involved in the index STEMI using OCT characterized the prevalence of vulnerable plaques both
at lesions sites that have been identified for non-culprit PCI as well as the rest of the coronary

vasculature. OCT provides cross-sectional, high-resolution imaging of the coronary arteries.

6.1.2 Study Hypothesis

6.1.2.1. Primary Hypothesis
Patients with STEMI and Multivessel Disease (MVD) present a high (>70%) prevalence of

vulnerable plaque in non-culprit lesions.

6.1.2.2. Secondary hypothesis
Patients with STEMI and MVD have vulnerable plaques located in non-culprit segments free of

significant angiographic stenosis (<50%).

6.2 STUDY OBIJECTIVES

6.2.1 Primary Objective
To determine the prevalence of vulnerable plague features by OCT in non-culprit lesions

undergoing PCl in the COMPLETE Trial.
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6.2.2 Secondary Objective
To determine distribution of vulnerable plaques through multi-vessel imaging between lesions

undergoing PCl versus lesions not undergoing PCI.

6.3 STUDY DESIGN
Observational, multicenter imaging study in patients randomized to non-culprit PCl in the

COMPLETE Trial.

6.3.1 Inclusion Criteria
a. Acoronary artery with at least 1 non-culprit lesion with > 70% diameter stenosis (by
angiography) (the target lesion for PCl)
AND

b. A second coronary artery with a 30-69% diameter stenosis that will not be treated with PCI.

6.3.2 Exclusion Criteria
a. Angiographic evidence of severe calcification of the target vessels that would not permit safe
imaging.
b. Marked tortuosity of the target vessels that would not permit safe imaging.
¢. Chronic total occlusion.

d. GFR<35 mL/min.
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6.4 STUDY PROCEDURES AND SAFETY

Patients randomized to non-culprit PCl who were eligible for participation in the sub-study
were approached to participate prior to their non-culprit intervention. Upon consent, patients
underwent central randomization to blinded pre-stent OCT imaging or unblinded pre-stent OCT
imaging. During the PCl procedure, a coronary guide wire was advanced through the target
coronary artery and placed distal to the non-culprit lesion site. The OCT catheter was advanced
to a point distal to the non-culprit lesion that provided interrogation of the maximum length of
coronary artery. A 54 mm or 75 mm pullback; in most of the cases, was recorded after flushing
with intracoronary contrast at a rate of 4 cc/sec for a maximum dose of 14 cc in the left
coronary system and 3 cc /sec for a maximum dose of 12 cc in the right coronary system. If
required to pass the OCT catheter, inflation with a 2 mm balloon at < 10 atmospheres was
permitted prior to imaging. Following OCT, the PCl procedure was carried out as per operator

preference.

For the second coronary artery with 30-69% stenosis, a coronary guide wire was advanced
down the coronary artery and placed distal to the non-obstructive non-culprit lesion site. The
OCT catheter was advanced to a point distal to the non-obstructive lesion that provided for
interrogation of the maximum length of coronary artery. A 54 mm or 75 mm pullback; in most
of the cases, was recorded after flushing with intracoronary contrast at a rate of 4 cc/sec for a

maximum dose of 14 cc in the left coronary system and 3 cc /sec for a maximum dose of 12 cc

140



o Evaluation of non-culprit lesions in STEMI patients with OCT

in the right coronary system. Since these lesions were <70% in severity, pre-dilation was not

necessary for imaging.

Imaging of a major side branch of one of these principal vessels or a third vessel; the culprit

vessel for most of the cases, was performed at the discretion of operator.

Performance of OCT requires the same equipment as a PCl and does not result in additional

procedural risk to the patient beyond what is required for the PCl itself.
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6.5 STUDY FLOW CHART

STEMI patients after culprit lesion PCI enrolled in COMPLETE study and
a) Target non-culprit lesion in coronary artery with = 70% stenosis
b) Additional non-culprit lesion in second coronary artery with 30-69%

v

Randomized to Complete Revascularization
And
Consent to participate in COMPLETE OCT sub-study

l

Non-culprit lesion/s > 70% Additional
Non-culprit Lesion/s 30-69%
AND/OR STEMI culprit vessel

OCT to assess plaque l
morphology AND

Planned PCI OCT to assess

\L plaque
morphology
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6.6 STUDY OUTCOMES

6.6.1 Primary Outcome
The frequency of lesions defined by OCT with vulnerable plaque (lipid rich plaque and thin cap

fibroatheroma or thrombus).
6.6.2 Secondary Outcome

The prevalence of vulnerable plaques at lesions undergoing non-culprit PCl versus lesions not

undergoing PCI.
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6.7 IMAGING DEFINITIONS AND ANALYSIS
6.7.1 Imaging Endpoints and Definitions

6.7.1.1 Lesion Definition

- Alesion was defined by the number of consecutive frames containing > 1 diseased

guadrant.

- Plague composition was analyzed at 1 mm intervals over the length of the lesion

using standard definitions.

— To be considered as 2 separate lesions in the same vessel, the segment between
them had to have at least a single frame with > 3 quadrants of at least 3-layer
normal artery, the 4th quadrant should not be lipid. If not, they were considered 1

long lesion.

6.7.1.2 Quantitative
- Lesion length was defined as number of mm with more than 1 diseased quadrant.

— Fibrous cap thickness was measured at its thinnest part 3 times, the average value

was calculated.

— The minimum value of fibrous cap thickness in each lesion was selected.
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- Lipid arc was measured at every 1 mm interval throughout the entire lesion, the
average value was calculated.
- Lipid length was defined as number of mm with contiguous lipid arc > 90°.

- Lipid volume index was defined as the averaged lipid arc multiplied by lipid length.

6.7.1.3 Qualitative
- A TCFA was defined as a lesion with a mean fibrous cap thickness < 65 um overlying
a lipid-rich plaque (lipid arc > 90°).
— Complex TCFA: TCFA with at least one of the following:
= Microvessel was characterized by a black hole or tubular structure within a
lesion with a diameter of 50 to 300 um that was seen on at least 3 consecutive
frames.
= Macrophage accumulation on the lesion was characterized by increased signal
intensity within the lesion, accompanied by heterogeneous backward shadows.
= Cholesterol crystals was characterized by the presence of linear and highly
reflecting structures within the lesion.
— Plaque rupture was identified by fibrous cap discontinuity usually associated with
cavity formation.
- Intracoronary thrombus was defined as an irregular mass protruding into the lumen

or a luminal mass that is not connected to the vessel wall, including red thrombus

(red blood cell-rich) which was highly backscattering with high attenuation, and
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white thrombus (platelet-rich) which was less backscattering and homogeneous with
low attenuation.
- TCFA, microvessel, macrophage, cholesterol crystals, plaque rupture, intact fibrous

cap and intracoronary thrombus were recorded only for their presence.

A vulnerable plague was be defined as a lipid rich plague with a thin fibrous cap or a lesion with

thrombus.

6.7.2 Imaging Analysis

Image analysis was performed at the Imaging Core Laboratory of the Interventional Cardiology
Research Group at Hamilton Health Sciences by Dr. Natalia Pinilla-Echeverri and Dr. Tej Sheth.
Image interpretation was performed independently and blinded to clinical and angiographic

information. Any discrepancies were resolved by consensus.
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The primary objective of this study as to assess the prevalence of vulnerable plaque in non-

culprit lesions undergoing PCl following STEMI. Based on prior studies of non-culprit lesions in

NSTEMI, we hypothesized that the lesion-based prevalence of vulnerable plaque was going to

be 70%. The prevalence of subcomponents of vulnerable plaque was going to be: TCFA 45%,

LRP 70%, and thrombus 20%. We assumed that 90% of imaged lesions were going to be

assessable. Intraclass correlation was estimated by analysis of variance method. As a result,

sample size was inflated by a design effect of 1.4. With a two-sided confidence level of 0.05 and

precision of 5%, a total sample size of 100 was required for this sub-study.

Number of 95% 95%
Anticipated Number of Num!aer Ifnaged confidence | confidence
Category . of Lesions | Lesions that Interval Interval
Frequency Patients . .
Imaged can be (Design (Design
evaluated effect=1) | effect=1.4)
TCFA 100 200 180 37.73-52.27 36.40-53.60
45% 200 400 360 39.86-50.14 38.93-51.07
250 500 450 40.40-49.60 39.57-50.43
300 600 540 40.80-49.20 40.04-49.96
LRP 100 200 180 63.31-76.69 62.08-77.92
70% 200 400 360 65.27-74.73 64.41-75.59
250 500 450 65.77-74.23 65.00-75.00
300 600 540 66.13-73.87 65.43-74.57
Thrombus 100 200 180 14.16-25.84 13.09-26.91
20% 200 400 360 15.87-24.13 15.12-24.88
250 500 450 16.30-23.70 15.63-24.37
300 600 540 16.63-23.37 16.01-23.99
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6.9 STUDY ORGANIZATION

The study was coordinated by the Population Health Research Institute in Hamilton, Canada.
The existing study infrastructure (database and case report forms) for the COMPLETE Trial were
utilized for demographic, procedure, and angiographic core lab information. A specific

COMPLETE OCT case report form was designed to collect OCT information.

COMPLETE OCT was conducted at 6 centers in Canada between January 18, 2016 to November
20, 2017. The sub-study was funded by Hamilton Health Sciences, Population Health Research
Institute and Abbott Vascular. It was approved by the local human research ethics committees
of the recruiting hospitals. Informed consent was provided by all patients enrolled. Anonymized

OCT images were transferred to PHRI via a secure SFTP site for analysis.
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6.10 SIGNIFICANCE OF STUDY

The COMPLETE trial is the largest randomized trial to address the role of non-culprit PCl in
patients undergoing primary PCl. Given its large size, this trial had sufficient power to
determine if a non-culprit PCl strategy was to reduce Ml and death. The biological rationale for
this approach is that non-culprit lesions; are vulnerable plaques, that are at risk for rapid
progression and without a complete revascularization approach would leave untreated.
Therefore, an OCT sub-study was crucial to provide mechanistic insights into the results of this

global trial.
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6.11 STATISTICAL ANALYSIS

Baseline and procedural characteristics were reported as mean/SD for continuous variables and
proportion of prevalence for categorical variables. To account for the potential underlying
correlation among multiple lesions in the same patient, the primary outcome was analyzed
using a logistic mixed-effects model with patient as a random effect. Imaging findings were
analyzed using a linear mixed model for continuous variables, a negative binomial mixed model
for count variables and a logistic mixed model for categorical variables. All the reported means
with 95% ClI for continuous/count variables and prevalence for categorical variables were
adjusted for multiple lesions per patient. Continuous variables that violated the normality
assumption based on residual analysis were transformed to achieve normality, and the
adjusted means were thereafter back-transformed to the original scale. The intraclass (patient)
correlation coefficient, which evaluates the correlation among lesions within the same patient,
was reported for each imaging parameter except for count variables as there is no generally
accepted method for calculating intraclass (patient) correlation coefficient in a negative
binomial mixed model. Statistical analyses were conducted with the use of SAS 9.4 software
(SAS Institute, Inc, Cary, NC). All P values were 2-sided with significance level at P<0.05.

Considering the exploratory nature of the study, we did not adjust for multiple comparisons.

150



o Evaluation of non-culprit lesions in STEMI patients with OCT

6.12 RESULTS

A total of 129 patients were screened for the COMPLETEOCT sub-study during the recruitment
period, 25 patients were ineligible, and 5 eligible patients did not have OCT imaging performed.
Of the 99 patients that underwent OCT imaging, 6 had nonassessable morphology of the non-
culprit lesions randomized to PCl due to either inadequate blood clearance (n=5) or significant
disruption of the underlying plaque (n=1). Overall, 93 patients had diagnostic OCT images that

were included in the analysis.

Patient baseline characteristics are shown in Table 1, and PCl data are shown in Table 2.
Reasons for patient exclusion from recruitment and analysis in Table 3. Baseline (Table 4) and
procedure characteristics (Table 5) in patients undergoing OCT compared with those without

OCT imaging in the complete revascularization arm in the COMPLETE trial.
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Table 1. Patient baseline characteristics

All (N=93)
Age (year) - meanSD 61.2+10.0
Gender (male) - no.(%) 77 (82.8)
Diabetes - no.(%) 12 (12.9)
Chronic renal insufficiency - no.(%) 1(1.1)
Prior myocardial infarction - no.(%) 8(8.6)
Current smoker - no./total no.(%) 35/91 (38.5)
Hypertension - no. (%) 39 (41.9)
Dyslipidemia - no. (%) 40 (43.0)
Prior stroke - no. (%) 1(1.1)
Body mass index (BMI) (kg/m?) - meanSD 29.845.8
Hemoglobin A1C (%) — median (IQR) 5.7 (5.4-6.2)
LDL cholesterol (mmol/L) - meanSD 2.9+1.0
Peak creatinine (umol/L) - meanSD 82.0+18.0
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Table 2. Procedure Characteristics

All
(N=93)
Radial access - no.(%) 86 (92.5)
Number of residual diseased vessels (core lab) - no./total
no.(%)
1 55/86 (64.0)
22 31/86 (36.0)
Non-culprit lesion location (core lab) - no./total lesions (%)
Left main 0(0.0)
Left anterior descending (LAD) 55/134 (41.0)
Proximal LAD 14/134 (10.4)
Mid LAD 33/134 (24.6)
Apical LAD 2/134 (1.5)
Diagonals 6/134 (4.5)
Circumflex 43/134 (32.1)

Prox LCx and OM/Ramus

31/134 (23.1)

Distal LCx and PLV

12/134 (9.0)

RCA

36/134 (26.9)

RCA before the Crux

34/134 (25.4)

RCA beyond the Crux

2/134 (1.5)

Non-culprit lesion diameter stenosis (visual) - no./total lesions

(%)
70-79% 50/123 (40.7)
80-89% 39/123 (31.7)
90-99% 33/123 (26.8)
100% 1/123(0.8)
Non-culprit lesion diameter stenosis (visual) - mean+SD 79.318.4
Non-culprit lesion reference diameter (core lab) - meantSD 2.8+0.4
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Table 3. Reasons for patient exclusion from recruitment and analysis

Exclusion from COMPLETE-OCT sub-study Number of patients
Ineligible 25
e Target non-culprit vessel not suitable for OCT imaging
- Severe calcification 7
— Severe tortuosity 13
e Target non-culprit lesion is a CTO 1
e Target non-culprit lesion had negative FFR 1
e Cross-over to culprit only PCI 3
Eligible but OCT was not performed 5
e PCl not performed due to operator decision 2
e Patient deceased before staged PCl 1
e PCl not performed (no significant disease in the staged procedure 1
e (Catheter related dissection during staged PCI
1
OCT was not performed, but image was non-assessable 6
e Inadequate blood clearance 5
e Disruption of the underlying plaque in the non-culprit lesion 1
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Table 4. Baseline characteristics. Comparative table according to OCT imaging

Patients undergoing OCT in the COMPLETE OCT sub-study compared to those without OCT
imaging in the complete revascularization arm in the main COMPLETE trial

oCT Non-OCT
patients patients
(N=93) (N=1960) P Value
Age (year) - meantSD 61.2+10.0 61.7+£10.7 0.67
Gender (male) - no.(%) 77 (82.8) 1577 (80.5) 0.58
Diabetes - no.(%) 12 (12.9) 377 (19.2) 0.13
Chronic renal insufficiency - no.(%) 1/93 (1.1) | 36/1828 (2.0) | >0.99
Prior myocardial infarction - no.(%) 8 (8.6) 143 (7.3) 0.64
Current smoker - no./total no.(%) 35/91 (38.5) | 793/1960 (40.5)| 0.70
Hypertension - no.(%) 39 (41.9) 957 (48.8) 0.19
Dyslipidemia - no.(%) 40 (43.0) 740 (37.8) 0.31
Prior stroke - no.(%) 1(1.1) 63 (3.2) 0.36
Body mass index (kg/m?) - mean+SD 29.845.8 28.445.9 0.029
Hemoglobin A1C (%) - median(IQR) 5.7(5.4-6.2) | 5.8(5.5-6.4) 0.46
LDL cholesterol (mmol/L) - mean+SD 2.9+1.0 3.1+1.2 0.09
Peak creatinine (umol/L) - meantSD 82.0+18.0 84.8+31.1 0.15
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Table 5. Procedure characteristics. Comparative table according to OCT imaging
Patients undergoing OCT in the COMPLETE OCT sub-study compared to those without OCT

imaging in the complete revascularization arm in the main COMPLETE trial

Non-OCT
OCT patients patients
(N=93) (N=1960) P Value
Radial access - no.(%) 86 (92.5) 1577 (80.5) 0.004
Number of residual diseased vessels (core lab) - no./total no.(%)
1 55/86 (64.0) |1427/1862 (76.6) | 0.007
>2 31/86 (36.0) | 435/1862(23.4) | 0.007
Non-culprit lesion location (core lab) - no./total lesions (%)
Left main 0/134 (0.0) 10/2644 (0.4) 0.99
Left anterior descending (LAD) 55/134 (41.0) | 1002/2644 (37.9) 0.46
Proximal LAD 14/134 (10.4) | 257/2644 (9.7) 0.78
Mid LAD 33/134 (24.6) | 573/2644(21.7) 0.42
Apical LAD 2/134 (1.5) 67/2644 (2.5) 0.77
Diagonals 6/134 (4.5) 105/2644 (4.0) 0.99
Circumflex 43/134 (32.1) | 965/2644 (36.5) 0.30
Prox LCX and OM/Ramus 31/134 (23.1) | 723/2644 (27.3) 0.29
Distal LCX and PLV 12/134 (9.0) 242/2644 (9.2) 0.83
RCA 36/134 (26.9) | 667/2644 (25.2) 0.68
RCA before the Crux 34/134 (25.4) | 576/2644 (21.8) 0.34
RCA beyond the Crux 2/134 (1.5) 91/2644 (3.4) 0.68
Non-culprit lesion diameter stenosis (visual) - no./total lesions (%) 0.72
50-69% 0/123 (0.0) 21/2537 (0.8)
70-79% 50/123 (40.7) |1045/2537 (41.2)
80-89% 39/123 (31.7) | 852/2537 (33.6)
90-99% 33/123 (26.8) | 565/2537 (22.3)
100% 1/123 (0.8) 54/2537 (2.1)
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Non-OCT
OCT patients patients
(N=93) (N=1960) P Value
Non-culprit lesion diameter stenosis (visual) - meantSD 79.318.4 79.3+8.1 0.79
Non-culprit lesion reference diameter (core lab) - mean+SD 2.8+0.4 2.810.5 0.81

Staged non-culprit lesion PCl in the COMPLETE OCT sub-study was performed with a mean

timing of 2.9 £ 4.8 days from index culprit lesion PCI. OCT imaging was performed in at least 2

vessels in all patients, with mean of 2.82 £ 0.95 OCT pullbacks per patient. Mean unstented

coronary length imaged per patient was 152.5 + 53.9 mm. Balloon dilatation was performed

before OCT intracoronary imaging in 7 obstructive TCFA lesions (12.1%) and 21 obstructive non

TCFA lesions (22.8%).

Primary Outcome

For the primary outcome of TCFA frequency in obstructive and nonobstructive non-culprit
lesions, there were 58 TCFAs among 150 obstructive non-culprit lesions compared with 74

TCFAs among 275 nonobstructive lesions (adjusted TCFA prevalence: 35.4% versus 23.2%,

P=0.022) in Figure 1.
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Figure 1. Adjusted* prevalence of TCFA in Obstructive and Non-obstructive lesions.
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* Prevalence of TCFA was adjusted for multiple lesions per patient using logistic mixed-effects

model.

TCFA frequency in obstructive and non-obstructive non-culprit lesions. 58 TCFAs were detected
among 150 obstructive non-culprit lesions compared with 74 TCFAs among 275 non-obstructive

lesions (adjusted TCFA prevalence: 35.4% vs. 23.2%, p=0.022)
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Obstructive Lesions

Obstructive TCFA and obstructive non-TCFA had similar lesion length (23.1 versus 20.8 mm,
P=0.16) and MLA (1.9 versus 1.7 mm2, P=0.52); however, obstructive TCFA lesions had a higher
number of lipid quadrants (55.2 versus 19.2, P<0.001) and greater mean lipid arc (203.8° versus
84.5°, P<0.001) compared with obstructive non-TCFA lesions which were predominantly fibrotic
and calcific in composition (Table 6). Obstructive TCFA lesions also showed lower mean FCT
(54.5 versus 152.2 um, P<0.001) and higher frequencies of macrophages (97.1% versus 54.4%,
P<0.001) and cholesterol crystals (85.8% versus 44.3%, P<0.001) compared with the obstructive
non-TCFA. A sensitivity analysis that excluded all predilated lesions demonstrated similar
results, with no heterogeneity in Table 7. A scatterplot of number of lipid quadrants by MLA for
obstructive TCFA and non-TCFA lesions is shown in Figure 2. An MLA>2 mm? was observed in

31% of the obstructive TCFA lesions and 25% of obstructive non-TCFA lesions.
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Table 6. OCT imaging findings by lesions

P value for pairwise

comparison
Group 2: Group 3: Group 4:
Group 1: Non-obstructive Obstructive non- Non-obstructive
Obstructive TCFA TCFA TCFA non-TCFA Group | Group | Group
(N=58) (N=74) (N=92) (N=201) 1vs.2 | 1vs.3 | 2vs.4 | ICC
Adjusted mean Adjusted mean Adjusted mean Adjusted mean
(959% Cl) (959% Cl) (95% Cl) (95% Cl)
Lesion Length (mm) 23.1(20.4-25.7) 16.7(14.2-19.1) 20.8(18.7-22.9) 14.6(12.9-16.3) <0.001 | 0.16 0.11 | 0.242
Plague type by quadrant
Lipid
Number of quadrants 55.2(39.9-76.2) 36.4(27.2-48.7) 19.2(14.8-25.0) 13.5(11.1-16.4) 0.05 | <0.001 | <0.001 -
% of quadrants 78.4(70.6-86.2) 76.8(69.6-83.9) 36.5(30.2-42.9) 35.8(30.8-40.8) 0.73 | <0.001 | <0.001 | 0.254
Fibrous
Number of quadrants 9.4(7.2-12.1) 7.1(5.6-9.0) 21.2(17.3-26.0) 14.2(12.1-16.6) 0.10 | <0.001 | <0.001 -
% of quadrants 16.9(9.6-24.3) 16.2(9.5-22.9) 43.7(37.8-49.6) 45.5(41.0-50.1) 0.88 | <0.001 | <0.001 | 0.180
Calcified

Number of quadrants 2.5(1.5-4.3) 1.7(1.0-2.8) 9.8(6.4-15.0) 5.4(3.8-7.6) 0.26 | <0.001 | <0.001 -

% of quadrants 4.1(0.0-9.5) 7.0(2.0-12.0) 20.1(15.7-24.6) 19.0(15.4-22.5) 0.39 | <0.001 | <0.001 | 0.257
Maximum Lipid Arc 342.2(312.0-372.3) | 304.0(276.6-331.4) | 212.5(188.4-236.6) | 170.2(152.5-188.0) | 0.06 | <0.001 | <0.001 | 0.101
Mean Lipid Arc 203.8(183.9-223.7) | 191.8(173.5-210.0) | 84.5(68.4-100.5) 84.2(71.8-96.6) 0.34 | <0.001 | <0.001 | 0.191
Mean FCT (um) 54.5(51.3-57.9) 54.5(51.6-57.6) 152.2(141.0-164.3) | 143.9(136.6-151.6) | 0.98 | <0.001 | <0.001 | 0.098
Minimum Lumen Area 1.9(1.4-2.4) 4.8(4.4-5.2) 1.7(1.3-2.1) 4.1(3.9-4.4) <0.001 | 0.52 | 0.009 |0.017

Event No. (adjusted | Event No. (adjusted | Event No. (adjusted | Event No. (adjusted
prevalence[%]) prevalence[%]) prevalence[%]) prevalence[%])
Macrophages 55(97.1) 65 (93.7) 48 (54.4) 93 (47.8) 0.28 | <0.001 | <0.001 | 0.325
Microvessels 19 (32.0) 23 (30.6) 28 (29.8) 44 (21.4) 0.86 0.77 0.12 | 0.032
Cholesterol Crystals 48 (85.8) 29 (37.6) 42 (44.3) 58 (25.8) <0.001 | <0.001 | 0.09 |0.149
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Table 7. OCT imaging findings by lesions (pre-dilated lesions excluded)

P value for pairwise

comparison
Group 2: Group 3: Group 4:
Group 1: Non-obstructive | Obstructive non- Non-obstructive
Obstructive TCFA TCFA TCFA non-TCFA Group | Group | Group
(N=51) (N=74) (N=71) (N=201) 1vs.2 | 1vs.3 | 2vs.4 | ICC
Adjusted mean Adjusted mean Adjusted mean Adjusted mean
(95% Cl) (95% Cl) (95% CI) (95% Cl)
Lesion Length (mm) 23.4(20.7-26.2) 16.6(14.2-19.0) 20.0(17.6-22.4) 14.5(12.8-16.1) | <0.001 | 0.05 0.10 | 0.231
Plague type by quadrant
Lipid
Number of quadrants 56.3(39.8-79.5) 36.4(27.2-48.8) 18.8(14.0-25.4) 13.6(11.2-16.5) 0.05 <0.001 | <0.001 -
% of quadrants 78.1(69.7-86.5) 77.1(69.9-84.4) 38.4(31.2-45.6) 35.9(30.9-41.0) 0.85 | <0.001 | <0.001 | 0.234
Fibrous
Number of quadrants 9.7(7.3-12.9) 7.1(5.5-9.1) 19.8(15.6-25.0) 14.1(12.0-16.6) 0.09 | <0.001 | <0.001 -
% of quadrants 17.4(9.6-25.2) 16.1(9.3-22.8) 42.8(36.1-49.5) 45.4(40.9-49.9) 0.79 | <0.001 | <0.001 | 0.157
Calcified
Number of quadrants 2.6(1.5-4.7) 1.8(1.1-2.9) 9.8(6.1-15.7) 5.8(4.1-8.2) 0.26 | <0.001 | <0.001 -
% of quadrants 3.8(0.0-9.5) 6.7(1.7-11.7) 19.2(14.3-24.1) 19.1(15.7-22.5) 0.42 | <0.001 | <0.001 | 0.218
Maximum Lipid Arc 344.9(313.0-376.9) 304.4(277.1- 212.7(185.5-240.0) 170.7(153.1- 0.05 <0.001 | <0.001 | 0.089
331.6) 188.2)
Mean Lipid Arc 203.2(181.8-224.6) 192.4(173.9- 87.7(69.4-106.0) 84.6(72.2-97.1) 0.42 | <0.001 | <0.001 | 0.176
210.9)
Mean FCT (um) 54.2(50.9-57.8) 54.5(51.6-57.6) | 158.8(146.3-172.4) 144.0(136.7- 0.90 | <0.001 | <0.001 | 0.088
151.7)
Minimum Lumen Area 1.9(1.4-2.5) 4.8(4.4-5.3) 1.8(1.3-2.2) 4.2(3.9-4.4) <0.001 | 0.68 | 0.012 | 0.014
Event No. (adjusted Event No. Event No. (adjusted Event No.
prevalence[%]) (adjusted prevalence[%]) (adjusted
prevalence[%]) prevalence[%])
Macrophages 48 (96.9) 65 (93.7) 33 (48.9) 93 (48.2) 0.34 | <0.001 | <0.001 | 0.318
Microvessels 19 (36.4) 23 (30.4) 23 (31.5) 44 (21.2) 0.50 0.58 0.13 | 0.045
Cholesterol Crystals 42 (86.6) 29 (37.5) 31 (41.8) 58 (25.6) <0.001 | <0.001 | 0.10 | 0.175
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Figure 2. Scatter Plot of Minimum Lumen Area Vs. Number of Lipid Quadrants for

Obstructive TCFA (blue) and Obstructive Non-TCFA (orange)
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Number of lipid quadrants by MLA for obstructive TCFA and non-TCFA lesions. A MLA > 2mm?

was seen in 31% of obstructive TCFA and 25% of obstructive non-TCFA lesions
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Non-obstructive Lesions

There were 275 non-obstructive lesions of which 74 (27%) were non-obstructive TCFA and 201
(73%) were non-obstructive non-TCFA lesions. These lesions showed similar lesion lengths (16.7
versus 14.6 mm, P=0.11) that were shorter than obstructive lesions. Nonobstructive TCFA had a
higher number of lipid quadrants (36.4 versus 13.5, P<0.001) and greater mean lipid arc (191.8°

versus 84.2°, P<0.001) compared with nonobstructive non-TCFA lesions.

TCFA Lesions

Obstructive TCFA and nonobstructive TCFA lesions had similar percentage of lipidic (78.4%
versus 76.8%, P=0.73), fibrotic (16.9% versus 16.2%, P=0.88) and calcific (4.1% versus 7%,
P=0.39) plaque, similar mean FCT (54.5 versus 54.5 um, P=0.98) and mean lipid arc (203.8°
versus 191.8°, P=0.34). However, obstructive TCFA lesions were longer (23.1 versus 16.7 mm,

P<0.001) and had a smaller mean MLA (1.9 versus 4.8 mm?, P<0.001).

On a per-patient basis, obstructive TCFA with or without nonobstructive TCFA was observed in

47.3% of patients, nonobstructive TCFA only in 20.4%, and no TCFA in 32.3% (Figure 3).
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Figure 3. Per Patient Prevalence of TCFA
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Lesions were ranked from high-risk to low-risk as obstructive TCFA>non-obstructive TCFA>no-
TCFA, and each patient was classified into one of these 3 categories based on highest-risk
lesion. Obstructive TCFA with or without non-obstructive TCFA was seen in 47.3% of patients,

non-obstructive TCFA only in 20.4%, and no-TCFA in 32.3%.
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Baseline characteristics between patients who had at least 1 TCFA and patients with no TCFA

are shown in Table 8. Levels of LDL cholesterol were significantly higher in patients with at least

1 TCFA versus patients with no TCFA (3.1 versus 2.5 mmol/L, P=0.025).

Table 8. Baseline characteristics. Comparative table according to vulnerable plaque.

(Patients with at least 1 TCFA lesion vs. patients with no TCFA lesions)

Patients with at least

Patients with no

1TCFA TCFA

(N=63) (N=30) P Value
Age (year) - meantSD 60.8+10.0 62.2+10.2 0.51
Gender (male) - no.(%) 52 (82.5) 25 (83.3) 0.92
Diabetes - no.(%) 9(14.3) 3(10.0) 0.75
Chronic renal insufficiency - no.(%) 1(1.6) 0(0.0) >0.99
Prior myocardial infarction - no.(%) 6 (9.5) 2(6.7) >0.99
Current smoker - no./total no.(%) 24/62 (38.7) 11/29 (37.9) 0.94
Hypertension - no.(%) 29 (46.0) 10 (33.3) 0.25
Dyslipidemia - no.(%) 25 (39.7) 15 (50.0) 0.35
Body mass index (kg/m?) - mean+SD 30.1+5.9 29.1+5.6 0.45
Hemoglobin A1C (%) - median(IQR) 5.6 (5.4-6.2) 5.7 (5.7-6.0) 0.30
LDL cholesterol (mmol/L) - mean+SD 3.1+0.9 2.5+1.0 0.025
Peak creatinine (umol/L) - meanSD 81.5+18.1 82.9+18.0 0.75

Examples illustrating the 4 plaque types are shown in Figure 4.
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Figure 4. Representative angiographic and OCT images of (A) obstructive TCFA, (B)

obstructive non-TCFA, (C) non-obstructive TCFA and (D) non-obstructive non-TCFA lesions
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A. Mid RCA obstructive TCFA, MLA 2.16mm?; circumferential lipid, macrophages and cholesterol
crystals.

B. Mid LAD obstructive non-TCFA, MLA 1.96mm?; fibrotic and deep calcific plaque.

C. Proximal LCX non-obstructive TCFA, MLA 8.2mm?; lipidic plaque with superficial calcification.
D. Left main non-obstructive non-TCFA, MLA 5.95mm?; circumferential calcium.
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6.13 DISCUSSION

In this prospective COMPLETE OCT sub-study, we evaluated non-culprit lesions in patients after
STEMI who were randomized to non-culprit lesion PCl in the COMPLETE trial and demonstrated
that: 1) obstructive lesions more commonly contained vulnerable plaque morphology
compared with non-obstructive lesions, 2) obstructive TCFAs had increased lipid content and
other plaque features of vulnerability compared with obstructive non-TCFA lesions, 3)
obstructive TCFAs in these STEMI patients with multivessel disease were common, with about

47% of patients having at least one obstructive non-culprit lesion TCFA.

Obstructive TCFA lesions demonstrated extensive lipid infiltration, small MLA, and vulnerable
plaque features. Such lesions may carry a high risk of subsequent cardiovascular events. In the
PROSPECT study, the risk of future cardiac events associated with TCFA was 3.35-fold higher
than non-TCFA lesions (97). Similarly, in the ATHEROREMO-IVUS (The European Collaborative
Project on Inflammation and Vascular Wall Remodeling in Atherosclerosis - Intravascular
Ultrasound) study risk of future cardiac events was 2.51-fold higher when virtual histology —

IVUS derived TCFA was detected (168).
The lipid-rich plaque study showed the ability to predict future non-culprit segment related

major adverse cardiovascular events by detecting vulnerable plaque with near-infrared

spectroscopy- IVUS (201). Increased plaque lipid content on OCT is a predictor of non-culprit
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lesion progression with a predicted rate of events that is 3 times that of nonlipid rich plaques

(200).

Macrophages and cholesterol crystals are OCT detected features of plaque instability (67, 182,
200, 268). Consistent with prior reports (182, 268), we found these lesion characteristics more

commonly in obstructive TCFA compared with obstructive non-TCFA lesions.

TCFA is as a precursor lesion for plaque rupture (67). Optimal medical therapy with high
intensity statin improves clinical outcomes in patients with coronary atherosclerosis and
induces plaque level changes detectable by imaging (269). A meta-analysis by Ozaki et al (270)
showed that statin therapy induced a significant increase in FCT as assessed by OCT. A recent
multimodality imaging study in non-infarct related arteries in the STEMI population found a
significant increase in minimum FCT, reduction in macrophage accumulation, and frequent
regression of TCFAs to other plaque phenotypes in non-culprit lesions of patients with STEMI

treated with high-intensity statin therapy (271).

We have demonstrated in the COMPLETE trial that angiography-guided PCI of non-culprit
lesions was associated with a reduction in subsequent cardiovascular events. Most patients in
the COMPLETE trial, including those in this sub-study, did not have FFR evaluation of the non-

culprit lesion. We observed an MLA of >2 mm? in 31% of obstructive TCFA lesions, a value that
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often represents FFR negative lesions (254, 255). In FFR-guided non-culprit lesion PCI, 30% to
45% of lesions identified as obstructive on angiography are deferred after FFR (14, 16).
Therefore, it is possible that an FFR-guided non-culprit lesion PCI strategy would lead to
deferral of lesions that, despite being FFR negative, still have high-risk morphological

features for future cardiovascular events. To the extent that future events are driven by plaque
vulnerability, the potential benefit of an FFR-guided strategy may be attenuated by deferring

intervention on such lesions.

The FORZA study (Fractional Flow Reserve or Optical Coherence Tomography Guidance to
Revascularize Intermediate Coronary Stenosis Using Angioplasty), recruited patients with
angiographically intermediate coronary lesions to undergo either FFR or OCT-guided PCl and
showed that OCT guidance was associated with lower composite of major adverse cardiac
events or significant angina at 13 months follow-up and FFR-guidance was associated with

higher rate of deferred PCl and medical management (250).

Non-obstructive TCFAs were more numerous than obstructive TCFAs but had fewer features of
lesion complexity. This finding is consistent with prior observations that TCFAs with <70%
stenosis are more frequent than TCFAs with >70% stenosis but have lower plaque burden by
IVUS and fewer features of plaque vulnerability by OCT (272). The small plaque burden of non-
obstructive TCFAs is associated with recurrent cardiac events only over the long-term, whereas
short-term events (<6 months) are predicted by the presence of large plaque TCFA burden

(168).
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There is an ongoing randomized studies of optimal medical therapy alone versus PCl examining
if preventive coronary intervention on functionally insignificant vulnerable coronary stenosis
can reduce the incidence of the future major adverse cardiovascular events: PREVENT (The
Preventive Coronary Intervention on Stenosis With Functionally Insignificant Stenosis With

Vulnerable Plaque Characteristics; URL: https://www.clinicaltrials. gov. Unique identifier:

NCT02316886) using multimodality imaging (NIRS, OCT, virtual histology-IVUS, and IVUS).

At least one non-culprit obstructive TCFA was found in 47% of patients in the COMPLETE-OCT
sub-study. This finding is consistent with other studies, highlighting the increased frequency of
additional vulnerable plaques in ACS compared with stable angina patients. The reduction of
future events observed with complete revascularization in the COMPLETE trial suggests that

non-culprit lesion PCI may effectively pacify these lesions.
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6.14 CONCLUSIONS

Among patients who underwent OCT imaging in the COMPLETE trial, nearly 50% had at least
one obstructive non-culprit lesion containing complex vulnerable plague morphology.
Obstructive lesions more commonly harbored vulnerable plaque morphology than non-
obstructive lesions. This may help explain the benefit of routine PCl of obstructive non-culprit

lesions in patients with STEMI and multivessel disease.
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7 PART IV. COMPLETE-OCT ATLAS

This section presents a compendium of original OCT images from the COMPLETE-OCT substudy
(COMPLETE OCT Atlas), showing a variety of early and late stages of atherosclerosis, lesion
progression characteristics, vulnerable plaque features and complicated lesions documented in
vivo. These OCT images were collected along the culprit and non-culprit vessels in patients
presenting with STEMI that were recruited in the COMPLETE trial and were randomized to the

complete revascularization arm.
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Lesion Progression

Episodic rupture and healing are believed to be the main mechanism of lesion progression
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8 PART V. PUBLICATIONS LIST

8.1 Publication 1.
Complete Revascularization with Multivessel PCI for Myocardial Infarction

N Engl ] Med. 2019 Oct 10;381(15):1411-1421.

The COMPLETE trial is a multinational, randomized trial evaluating a strategy of complete
revascularization, consisting of angiography-guided PCI of all suitable non-culprit-lesions versus
a strategy of culprit-lesion-only PCI (optimal medical therapy alone), in 4,041 patients from 140
centres in 31 countries undergoing pPCl for acute STEMI. Complete revascularization, defined
by the angiographic core laboratory as successful treatment of all target lesions, was achieved

in 99.1% of patients randomized to this arm of the trial.

At a median follow-up of 3 years, complete revascularization reduced the first co-primary
outcome of CV death or new Ml by 26% compared with the culprit-lesion only strategy (HR
0.74; 95% Cl 0.60-0.91; P=0.004). The second co-primary outcome of CV death, new Ml or
ischemia-driven revascularization was reduced by 49% with complete revascularization (HR
0.51; 95% Cl 0.43-0.61; P<0.001). For both coprimary outcomes, the benefit of complete
revascularization was consistently observed regardless of the intended timing of nonculprit-
lesion PCI (P =0.62 and P = 0.27 for interaction for the first and second coprimary outcomes,
respectively).
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The COMPLETE trial concluded that among patients with STEMI and MVD, complete
revascularization was superior to culprit-lesion-only PCl in reducing the risk of cardiovascular

death or myocardial infarction, as well as the risk of cardiovascular death, myocardial

infarction, or ischemia-driven revascularization.

202



. Evaluation of non-culprit lesions in STEMI patients with OCT

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 OCTOBER 10, 2019

VOL. 381 NO. 15

Complete Revascularization with Multivessel PCI

for Myocardial Infarction
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ABSTRACT

BACKGROUND
In patients with ST-segment elevation myocardial infarction (STEMI), percutaneous
coronary intervention (PCI) of the culprit lesion reduces the risk of cardiovascular death
or myocardial infarction. Whether PCI of nonculprit lesions further reduces the risk of
such events is unclear.

METHODS

We randomly assigned patients with STEMI and multivessel coronary artery disease who
had undergone successful culprit-lesion PCI to a strategy of either complete revascular-
ization with PCI of angiographically significant nonculprit lesions or no further revas-
cularization. Randomization was stratified according to the intended timing of noncul-
prit-lesion PCI (either during or after the index hospitalization). The first coprimary
outcome was the composite of cardiovascular death or myocardial infarction; the second
coprimary outcome was the composite of cardiovascular death, myocardial infarction,
or ischemia-driven revascularization.

RESULTS

At a median follow-up of 3 years, the first coprimary outcome had occurred in 158 of the
2016 patients (7.8%) in the complete-revascularization group as compared with 213 of the
2025 patients (10.5%) in the culprit-lesion-only PCI group (hazard ratio, 0.74; 95% confi-
dence interval [CI], 0.60 to 0.91; P=0.004). The second coprimary outcome had occurred
in 179 patients (8.9%) in the complete-revascularization group as compared with 339 pa-
tients (16.7%) in the culprit-lesion-only PCI group (hazard ratio, 0.51; 95% CI, 0.43 to 0.61;
P<0.001). For both coprimary outcomes, the benefit of complete revascularization was
consistently observed regardless of the intended timing of nonculpritlesion PCI (P=0.62
and P=0.27 for interaction for the first and second coprimary outcomes, respectively).
CONCLUSIONS

Among patients with STEMI and multivessel coronary artery disease, complete revascu-
larization was superior to culprit-lesion-only PCI in reducing the risk of cardiovascular
death or myocardial infarction, as well as the risk of cardiovascular death, myocardial
infarction, or ischemia-driven revascularization. (Funded by the Canadian Institutes of
Health Research and others; COMPLETE ClinicalTrials.gov number, NCT01740479.)
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RIMARY PERCUTANEOUS CORONARY IN-
tervention (PCI) is the preferred method of
reperfusion for patients with ST-segment
elevation myocardial infarction (STEMI).** These
patients often have multivessel coronary artery
disease, with additional angiographically signifi-
cant lesions in locations separate from that of the
culprit lesion that caused the acute event.> Whether
to routinely revascularize these nonculprit lesions
or to manage them conservatively with guideline-
based medical therapy alone is a common dilem-
ma.*® Nonculprit lesions, which are usually discov-
ered incidentally at the time of primary PCI, may
represent stable coronary artery plaques, for
which additional revascularization may not offer
additional benefit.” However, if nonculprit lesions
have morphologic features consistent with un-
stable plaques, which confer an increased risk of
future cardiovascular events, there may be a bene-
fit of routine nonculprit-lesion PCL**
Although observational studies have suggested
a possible reduction in clinical events with
staged nonculprit-lesion PCL'** these studies
are limited by selection bias and confounding.
Randomized trials have shown reductions in the
risk of composite outcomes with nonculprit-lesion
PCI, with results driven predominantly by the
decreased risk of subsequent revascularization
with that strategy.*"” Meta-analyses suggest a
reduction in the risk of death from cardiovascu-
lar causes or myocardial infarction with noncul-
prit-lesion PCL™® but previous individual trials
have not had the power to examine this clini-
cally important outcome. The Complete versus
Culprit-Only Revascularization Strategies to Treat
Multivessel Disease after Early PCI for STEMI
(COMPLETE) tria! was designed to address this
evidence gap.

METHODS

TRIAL DESIGN AND OVERSIGHT
The COMPLETE trial was a multinational, ran-
domized trial that evaluated a strategy of com-
plete revascularization (consisting of PCI of all
suitable nonculprit lesions) as compared with a
strategy of no further revascularization in pa-
tients with STEMI and multivessel coronary ar-
tery disease who had undergone successful culprit-
lesion PCL.”" The executive committee designed
the protocol, which is available with the full text
of this article at NEJM.org, and was responsible
for the conduct and oversight of the trial. The

trial was coordinated and sponsored by the
Population Health Research Institute of Hamil-
ton Health Sciences and McMaster University.
The trial was funded by the Canadian Institutes
of Health Research. AstraZeneca and Boston
Scientific provided additional funding. These
companies had no role in the trial design; col-
lection, analysis, or interpretation of the data; or
writing of the manuscript. The protocol was
approved by institutional review boards at all
trial centers. The authors vouch for the accuracy
and completeness of the data and for the fidelity
of the trial to the protocol.

ELIGIBILITY

Patients who presented to the hospital with
STEMI were considered for inclusion in the trial
if they could undergo randomization within 72
hours after successful culprit-lesion PCI. Eligible
patients were required to have multivessel coro-
nary artery disease, defined as the presence of
at least one angiographically significant non-
infarct-related (nonculprit) lesion that was ame-
nable to successful treatment with PCI and was
located in a vessel with a diameter of at least
2.5 mm that was not stented as part of the index
culprit-lesion PCI. Nonculprit lesions were deemed
angiographically significant if they were associat-
ed with at least 70% stenosis of the vessel diameter
on visual estimation or with 50 to 69% stenosis
accompanied by a fractional flow reserve (FFR)
measurement of 0.80 or less. The main exclusion
criteria were an intention before randomization
to revascularize a nonculprit lesion, a planned
surgical revascularization, or previous coronary-
artery bypass grafting surgery. Details regarding
inclusion and exclusion criteria are provided in
Table 81 in the Supplementary Appendix, avail-
able at NEJM.org. Written informed consent was
obtained from all the patients.

RANDOMIZATION AND TRIAL TREATMENTS
Eligible patients were randomly assigned to under-
go either complete revascularization or culprit-
lesion-only revascularization according to a
computer-generated randomization list with the
use of randomly permuted blocks and with blind-
ing to trial center. Randomization was stratified
according to center and the intended timing of
nonculprit-lesion PCI (if the patient were to be
assigned to the complete-revascularization group).
Randomization was performed as soon as pos-
sible (no later than 72 hours) after the index PCL
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COMPLETE REVASCULARIZATION

Patients who were randomly assigned to the
complete-revascularization strategy were to have
routine staged PCI (i.e., PCI during a procedure
separate from the index PCI procedure for STEMI)
of all suitable nonculprit lesions, regardless of
whether there were clinical symptoms or there
was evidence of ischemia. Investigators specified
before randomization whether they intended to
perform nonculprit-lesion PCI during the index
hospitalization or after hospital discharge (no
later than 45 days after randomization). Evero-
limus-eluting stents were strongly recommended
for all PCI procedures. It was recommended that
PCI of chronic total occlusions be attempted
only by operators who had experience in treating
chronic total occlusions and only when there
was a high likelihood of successful PCI.

Patients who were randomly assigned to the
culprit-lesion-only PCI strategy received guide-
line-based medical therapy with no further re-
vascularization, regardless of whether there was
evidence of ischemia on noninvasive testing.
Protocol-specified criteria for crossover to the
complete-revascularization strategy are provided
in the Supplementary Appendix.

All coronary angiograms obtained during the
trial were forwarded to an angiographic core
laboratory located at the Population Health Re-
search Institute for detailed assessment.”* After
initial hospital discharge, routine follow-up oc-
curred at 6 weeks, 6 months, 1 year, and yearly
thereafter up to the final follow-up visit.

RECOMMENDED MEDICAL THERAPY
Guideline-based medical therapy was recommend-
ed in both treatment groups. Dual antiplatelet
therapy with aspirin and ticagrelor for at least
1 year was recommended.?? Beyond 1 year, aspirin
was recommended for all patients, and ticagrelor
(60 mg twice daily) was recommended for pa-
tients who were not at high risk for bleeding.”
High-dose statin therapy, angiotensin-converting—
enzyme inhibitors or angiotensin-receptor block-
ers, mineralocorticoid-receptor antagonists, and
beta-blockers were recommended.

OUTCOMES
The first coprimary outcome was the composite
of death from cardiovascular causes or new myo-
cardial infarction; the second coprimary outcome
was the composite of death from cardiovascular
causes, new myocardial infarction, or ischemia-
driven revascularization. Safety outcomes includ-

FOR MYOCARDIAL INFARCTION

ed major bleeding and contrast-associated acute
kidney injury. Secondary outcomes are described
in the Supplementary Appendix; detailed defini-
tions of all outcomes are provided in Table S2 in
the Supplementary Appendix. Myocardial infarc-
tion was defined according to the third universal
definition and was subclassified according to
type.” An event-adjudication committee, which
consisted of clinicians who were unaware of the
treatment assignments, adjudicated primary, sec-
ondary, and safety outcome events.

STATISTICAL ANALYSIS
We estimated that a sample of 4000 patients
would give the trial 80% power to detect a 22%
lower risk of the composite of cardiovascular
death or myocardial infarction in the complete-
revascularization group than in the culprit-lesion-
only PCI group, assuming an event rate of 5%
per year in the culprit-lesion-only PCI group. To
preserve the overall type I error rate of 5% for
the testing of both coprimary outcomes, the
first coprimary outcome was tested at a P value
of 0.045 and the second at a P value of 0.0119.”
One interim analysis was performed. Because a
very conservative monitoring boundary was used
for this analysis, no adjustment of the type I error
threshold was applied. Details regarding these
analyses are provided in the Supplementary Ap-
pendix.

All patients who underwent randomization
were included in the analysis according to the
treatment group to which they were assigned,
regardless of the treatment they actually received
(intention-to-treat principle). The coprimary out-
comes were analyzed with the use of a time-to-
first-event approach. Estimates of the hazard
ratios and 95% confidence intervals were calcu-
lated with the use of Cox proportional-hazards
models, with treatment group as an independent
variable and with stratification according to the
intended timing of nonculprit-lesion PCI. Confi-
dence intervals for secondary and exploratory
efficacy outcomes have not been adjusted for
multiple comparisons, and therefore inferences
drawn from these intervals may not be reproduc-
ible. The two treatment groups were compared
with the use of the stratified log-rank test. Cumu-
lative incidence was estimated with the Kaplan—
Meier method. A sensitivity analysis was per-
formed with a Fine-Gray model to account for
the competing risk of death from noncardiovas-
cular causes.”
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Table 1. Characteristics of the Patients at Baseline.®

Characteristic

Age —yr

Male sex — no. (%)

Diabetes — no. (%)

Chronic renal insufficiency — no./total no. (%)
Previous myocardial infarction — no. (%)
Current smoker — no. (%)

Hypertension — no. (%)

Dyslipidemia — no. (%)

Previous PCl — no. (%)

Previous stroke — no. (%)

Time from symptom onset to index PCl — no./total no. (%)

<6hr

Complete
Revascularization

(N=2016)
61.6:10.7
1623 (80.5)
385 (19.1)
37/1884 (2.0)
148 (7.3)
819 (40.6)
982 (48.7)
764 (37.9)
142 (7.0)
64 (3.2)

1383/1094 (69.4)

Culprit-Lesion-Only
PCI
(N=2025)

62.410.7
1602 (79.1)
402 (19.9)
4471903 (2.3)
154 (7.6)
787 (38.9)
1027 (50.7)
797 (39.4)
141 (7.0)
62 (3.1)

13412000 (67.0)

61012 hr 322/1994 (16.1) 354/2000 (17.7)
=12hr 289/1994 (14.5) 305/2000 (15.2)
Killip class =1l — no./total no. (%) 212/1995 (10.6) 218/1996 (10.9)
Glycated hemoglobin — % 6.3£1.6 6.3+1.6
Low-density lipoprotein cholesterol — mmol/liter 3.1£1.2 3.1:12
Peak creatinine — pmol/liter 84.7+30.8 85.2+26.8
Medications at discharge — no. (%)
Aspirin 2011 (99.8) 2015 (99.5)
P2Y); inhibitor
Any 2003 (99.4) 2018 (99.7)
Ticagrelor 1298 (64.4) 1281 (63.3)
Prasugrel 193 (9.6) 169 (8.3)
Clopidogrel 516 (25.6) 572 (28.2)
Beta-blocker 1776 (88.1) 1804 (89.1)
Angiotensin-converting—enzyme inhibitor or angiotensin- 1723 (85.5) 1714 (84.6)
receptor blocker
Statin 1980 (98.2) 1968 (97.2)

* Plus—minus values are means +SD. To convert the values for low-density lipoprotein cholesterol to milligrams per deci-
liter, divide by 0.02586. To convert the values for creatinine to milligrams per deciliter, divide by 88.4. PCI denotes per-

cutaneous coronary intervention.

RESULTS

PATIENTS, TREATMENT, AND FOLLOW-UP

From February 1, 2013, through March 6, 2017,
a total of 4041 patients from 140 centers in 31
countries underwent randomization: 2016 were
assigned to the complete-revascularization group
and 2025 to the culpritlesion-only PCI group.
Baseline and procedural characteristics are shown
in Tables 1 and 2, respectively. Details are pro-

vided in Table S3 and Figure S1 in the Supple-
mentary Appendix.

Among the patients who underwent complete
revascularization, the median time from ran-
domization to nonculprit-lesion PCI was 1 day
(interquartile range, 1 to 3) among the 1285
patients for whom the intended timing of non-
culprit-lesion PCI was during the index hospital-
ization and 23 days (interquartile range, 12.5 to
33.5) among the 596 patients for whom the in-
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COMPLETE REVASCULARIZATION FOR MYOCARDIAL INFARCTION

Table 2. Procedural Characteristics.®

Characteristic
Index procedure for STEMI — no. (%)
Primary PCI
Pharmacoinvasive PCI
Rescue PCI
Radial access — no. (%)
Thrombus aspiration — no./total no. (%)
SYNTAX scorefx
Culprit lesion—specific score
Nonculprit lesion—specific score
Baseline score, including culprit lesion
Residual score, after index PCI
Location of culprit lesion — no./total no. (%)
Left main coronary artery
Left anterior descending artery
Circumflex artery
Right coronary artery
No. of residual diseased vessels — no./total no. (%)
1
=2
Location of nonculprit lesions — no. [total no. of lesions (%)
Left main coronary artery
Left anterior descending artery
Proximal
Middle
Circumflex artery

Proximal left circumflex artery, obtuse marginal branch,
and ramus intermedius artery

Distal left circumflex artery and posterior left ventricular branch
Right coronary artery
Diameter of vessel with nonculprit lesion — mm7
Nonculprit-lesion stenosis on visual estimation
%
No./total no. of lesions (%)
50-69%, with fractional flow reserve <0.80
70-79%
80-89%
90-999%
100%

Complete
Revascularization
(N=2016)

1853 (91.9)
64 (3.2)
99 (4.9)
1629 (30.8)
451/1864 (24.2)

8.8+5.3
46+2.8
16.3+6.8
7.2+4.9

3/1918 (0.2)
660/1018 (34.4)
346/1018 (18.0)
900/1918 (47.4)

1458/1917 (76.1)
450/1917 (23.9)

10/2731 (0.4)
1037/2731 (38.0)
267/2731 (9.8)
502/2731 (21.7)
993/2731 (36.4)
744/2731 (27.2)

249/2731 (9.1)
601/2731 (25.3)
2.8:0.5

79.3+8.1

21/2612 (0.8)
1078/2612 (41.3)
$75/2612 (33.5)
583/2612 (22.3)

55/2612 (2.1)

Culprit-Lesion-Only

PCI
(N=2025)

1885 (93.1)
61 (3.0)
79 (3.9)
1634 (30.7)
48171875 (25.7)

8.6+5.3
4.6£2.7
16.0+6.6
7.0£4.7

471940 (0.2)
657/1940 (33.9)
307/1940 (15.8)
972/1940 (50.1)

1492/1934 (77.1)
442/1934 (22.9)

3/2624 (0.1)
1080/2624 (41.2)
274/2624 (10.4)
621/2624 (23.7)
933/2624 (35.6)
697/2624 (26.6)

236/2624 (9.0)
608/2624 (23.2)
2.9:0.6

78.7+7.9

16/2576 (0.6)
1162/2576 (45.1)
$39/2576 (32.6)
5082576 (19.7)

51/2576 (2.0)

* Plus—minus values are means +SD. Percentages may not total 100 because of rounding. STEMI denotes ST-segment

elevation myocardial infarction.
1 Data were obtained at the angiographic core laboratory.

i The SYNTAX (Synergy between PCl with Taxus and Cardiac Surgery) score is used to describe the degree of angiographic
complexity; a score of 0 indicates no angiographically significant disease, and higher scores indicate more extensive and

complex coronary artery disease.
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tended timing of nonculprit-lesion PCI was after
hospital discharge. Within the first 45 days,
crossover from the culprit-lesion-only PCI group
to the complete-revascularization group occurred
in 96 patients (4.7%), and crossover from the
complete-revascularization group to the culprit-
lesion-only PCI group occurred in 78 patients
(3.9%). After nonculpritlesion PCI, 90.1% of the
patients in the complete-revascularization group
had a SYNTAX (Synergy between PCI with Taxus
and Cardiac Surgery) score of 0, indicating no
angiographically significant disease (i.e., complete
revascularization).

Outcome events were assessed up to the date
of each patient’s final follow-up visit, which
ranged from September 1, 2018, to June 7, 2019,
when the database was locked. The mean follow-
up time was 36.2 months, and the median fol-
low-up time was 35.8 months (interquartile
range, 27.6 to 44.3). Data on vital status were
complete for 99.1% and 99.3% of the patients in
the complete-revascularization and culprit-lesion-
only PCI groups, respectively. Data on concomi-
tant medication use at hospital discharge and
throughout follow-up are provided in Table $4 in
the Supplementary Appendix.

PRIMARY AND SECONDARY OUTCOMES
At a median follow-up of 3 years, death from
cardiovascular causes or new myocardial infarc-
tion (the first coprimary composite outcome) had
occurred in 158 patients (7.8%) in the complete-
revascularization group as compared with 213
patients (10.5%) in the culprit-lesion-only PCI
group (hazard ratio, 0.74; 95% confidence inter-
val [CI], 0.60 to 0.91; P=0.004) (Table 3 and
Fig. 1A). This result was driven by the lower inci-
dence of new myocardial infarction in the com-
plete-revascularization group than in the culprit-
lesion-only PCI group (5.4% vs. 7.9%; hazard
ratio, 0.68; 95% CI, 0.53 to 0.86); the incidence
of death from cardiovascular causes was 2.9%
and 3.2%, respectively (hazard ratio, 0.93; 95%
CI, 0.65 to 1.32). Specifically, the following types
of myocardial infarction occurred less frequently
in the complete-revascularization group than in
the culprit-lesion-only PCI group: non-STEMI (66
events vs. 105 events), new STEMI (43 vs. 53),
and predominantly, myocardial infarction type 1
(63 vs. 128) (Table S5 in the Supplementary Ap-
pendix).

Death from cardiovascular causes, new myo-
cardial infarction, or ischemia-driven revascular-

ization (the second coprimary composite out-
come) occurred in 179 patients (8.9%) in the
complete-revascularization group as compared
with 339 patients (16.7%) in the culprit-lesion-
only PCI group (hazard ratio, 0.51; 95% CI, 0.43
to 0.61; P<0.001) (Table 3 and Fig. 1B). The re-
sults of competing-risk analyses with respect to
the two coprimary outcomes were consistent
with the results of the primary analyses (Table
S6 in the Supplementary Appendix).

Death from cardiovascular causes, new myo-
cardial infarction, ischemia-driven revasculariza-
tion, unstable angina, or New York Heart Asso-
ciation class IV heart failure (the key secondary
outcome) occurred in 272 patients (13.5%) in the
complete-revascularization group as compared
with 426 patients (21.0%) in the culprit-lesion-
only PCI group (hazard ratio, 0.62; 95% CI, 0.53
to 0.72). Results for other secondary outcomes
are shown in Table 3.

SUBGROUP ANALYSES AND TIMING OF NONCULPRIT-
LESION PCI

For the coprimary outcomes, there was no dif-
ferential treatment effect in prespecified sub-
groups (Fig. 2). The benefit of complete revas-
cularization was consistently observed among
patients for whom the intended timing of non-
culprit-lesion PCI was during the index hospital-
ization and those for whom the intended timing
was after hospital discharge (P=0.62 and P=0.27
for interaction for the first and second copri-
mary outcomes, respectively). In 87.1% of the
patients in the complete-revascularization group,
the actual timing of nonculpritlesion PCI corre-
sponded to the intended timing specified by the
investigator before randomization. The hazard
ratio for the first coprimary outcome with a
complete-revascularization strategy as compared
with a culprit-lesion-only PCI strategy was 0.77
(95% CI, 0.59 to 1.00) in the subgroup for which
in-hospital nonculprit-lesion PCI was intended
and 0.69 (95% CI, 0.49 to 0.97) in the subgroup
for which postdischarge nonculprit-lesion PCI
was intended.

SAFETY AND OTHER OUTCOMES
There was no significant difference between the
two treatment groups in the risk of major bleed-
ing, stroke, or stent thrombosis (Table 3). Re-
sults for specific types of stent thrombosis are
shown in Table S7 in the Supplementary Appen-
dix. Contrast-associated acute kidney injury oc-
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Table 3. Efficacy and Safety Outcomes.*

Coprimary outcomes
Cardiovascular death or myocardial infarction 158 (7.8)

Cardiovascular death, myocardial infarction, 179 (8.9)
or ischemia-driven revascularization

Key secondary outcome

Cardiovascular death, myocardial infarction, 272 (13.5)
ischemia-driven revascularization, unsta-
ble angina, or NYHA class IV heart failure
Other secondary outcomes
Myocardial infarction 109 (5.4)
Ischemia-driven revascularization 29 (1.4)
Unstable angina 70 (3.5)
Death from cardiovascular causes 59 (2.9)
Death from any cause 96 (4.8)
Other outcomes
Stroke 38 (1.9)
NYHA class IV heart failure 58 (2.9)
Stent thrombosis 26 (1.3)
Safety outcomes
Major bleeding 58 (2.9)
Contrast-associated acute kidney injuryf 30 (L.5)

Complete Culprit-Lesion-Only
Revascularization PCl Hazard Ratio
Outcome (N=2016) (N=2025) (95% CI) P Value
% per 9% per
no. (%)  person-yr  no. (%)  person-yr

27 213(10.5) 3.7
31 339(167) 6.2

0.74 (0.60-0.91)  0.004
0.51 (0.43-0.61)  <0.001

49  426(21.0) 81 062 (053-0.72)

19  160(7.9) 28
05 160(79) 28
12 130(64) 22
10 64(3.2) 10
16 106(5.2) 17

0.68 (0.53-0.36)
0.18 (0.12-0.26)
0.53 (0.40-0.71)
0.93 (0.65-1.32)
0.91 (0.60-1.20)

06  29(14) 05
10 56(28 09
04  19(09) 03

1.31 (0.81-2.13)
1.04 (0.72-1.50)
1.38 (0.76-2.49)

10 44(22) 07
— 1908 —

133 (0.90-197) 0.5
1.50 (0.89-2.84)  0.11

* P values were calculated with the use of the stratified log-rank test. Confidence intervals for secondary and exploratory
efficacy outcomes have not been adjusted for multiple comparisons, and therefore inferences drawn from these inter-
vals may not be reproducible. NYHA denotes New York Heart Association.

T Contrast-associated acute kidney injury was treated as a binary outcome. Shown are an odds ratio (instead of a hazard
ratio), 95% confidence interval, and P value that were calculated with stratified logistic regression.

curred in 30 patients in the complete-revascular-
ization group as compared with 19 patients in
the culprit-lesion-only PCI group (odds ratio, 1.59;
95% CI, 0.89 to 2.84; P=0.11). This event was
attributed to the nonculprit-lesion PCI procedure
in 7 patients in the complete-revascularization
group as compared with none (in accordance
with the protocol) in the culprit-lesion-only PCI
group. For those 7 patients, the intended timing
of nonculprit-lesion PCI was during the index
hospitalization.

DISCUSSION

The COMPLETE trial showed that, among patients
with STEMI and multivessel coronary artery dis-
ease, a strategy of staged nonculprit-lesion PCI

with the goal of complete revascularization re-
sulted in a 26% lower risk of a composite of
death from cardiovascular causes or new myo-
cardial infarction at a median follow-up of 3 years
than did a strategy of culprit-lesion-only PCI.
This benefit was driven by the 32% lower risk of
new, nonfatal myocardial infarction in the com-
plete-revascularization group than in the culprit-
lesion-only PCI group; the incidence of death
from cardiovascular causes was similar in the
two groups. For the second coprimary outcome,
which included ischemia-driven revasculariza-
tion in addition to the other two events, the risk
with a complete-revascularization strategy was
approximately half the risk with a culprit-lesion-
only PCI strategy. There was no significant dif-
ference between the two groups in the risk of

N ENGL ) MED 381,15 NEJM.ORG OCTOBER 10, 2019

The New England Journal of Medicine

209

1417



. Evaluation of non-culprit lesions in STEMI patients with OCT

The NEW ENGLAND JOURNAL of MEDICINE

A First Coprimary Outcome
100 20-, Hazard ratio, 0.74 (95% Cl, 0.60-0.91)
90+ P=0.004
K 80 15 Culprit-lesion-only PCI
g ™ 10
< 60
g 50+ 5
2 L Complete revascularization
E 0 1 T T T 1
g2 M 0 1 2 3 4
a 20
10+ —————
c T T T 1
0 1 2 3 4
Years of Follow-up
No. at Risk
Culprit-lesion- 2025 1897 1666 933 310
only PCI
Complete revas- 2016 1904 1677 938 337
cularization
B Second Coprimary Outcome
100 25, Hazard ratio, 0.51 (95% CI, 0.43-0.61)
904 P<0.001 . )
— 20 Culprit-lesion-only PCI
P
g 704 15
g
= 60 10
o
£ 50+
g 5 Complete revascularization
£ 4 .
- —| T T T T 1
: ¥ 0 1 2 3 4
= |
o 20
10+
0 T T T 1
0 1 2 3 4
Years of Follow-up
No. at Risk
Culprit-lesion- 2025 1808 1559 865 294
only PCI
Complete revas- 2016 1886 1659 925 329
cularization
Figure 1. Cumulative Incidence of the First and Second Coprimary Outcomes.
Panels A and B show Kaplan—Meier estimates of the cumulative incidence
of the first coprimary outcome (death from cardiovascular causes or new
myocardial infarction) and the second coprimary outcome (death from car-
diovascular causes, new myocardial infarction, or ischemia-driven revascu-
larization), respectively. Insets show the same data on an enlarged y axis.
PCl denotes percutaneous coronary intervention.
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major bleeding or stroke. The benefit of com-
plete revascularization was consistently observed
regardless of whether nonculprit-lesion PCI was
to be performed during the index hospitaliza-
tion or several weeks after discharge from the
hospital.

We designed the trial to have sufficient
power to determine whether a complete-revascu-

N ENGLJ MED 381,15

Figure 2 (facing page). Subgroup Analyses of the First
and Second Coprimary Outcomes.

P values for interaction have not been adjusted for mul-
tiple comparisons. The SYNTAX (Synergy between PC|
with Taxus and Cardiac Surgery) score is used to de-
scribe the degree of angiographic complexity; a score
of 0 indicates no angiographically significant disease,
and higher scores indicate more extensive and com-
plex coronary artery disease.

larization strategy would lead to a meaningful
reduction in the risk of the clinically important
outcome of cardiovascular death or new myocar-
dial infarction. Previous trials that evaluated a
complete-revascularization strategy in patients
with STEMI were smaller and included revascu-
larization as part of the composite primary out
come.”" In the absence of a reduction in irre-
versible events such as cardiovascular death or
new myocardial infarction, the clinical relevance
of performing early nonculprit-lesion PCI in all
patients with multivessel coronary artery disease
to prevent later PCI in a smaller number of those
patients is debatable. We have now found that
routine nonculprit-lesion PCI with the goal of
complete revascularization confers a reduction
in the long-term risk of cardiovascular death or
myocardial infarction. Over a period of 3 years,
the number needed to treat to prevent cardiovas-
cular death or myocardial infarction from occur-
ring in 1 patient is 37 patients, and the number
needed to treat to prevent cardiovascular death,
myocardial infarction, or ischemia-driven revas-
cularization from occurring in 1 patient is 13
patients.

At least 70% stenosis in coronary arteries on
visual estimation is routinely reported to be a
standard criterion used in coronary angiography
to establish the presence of angiographically
significant coronary artery disease. Evidence of
ischemia in the form of an FFR measurement of
0.80 or less was required only in patients with
moderate stenosis (50 to 69%), and only a small
number of such patients were enrolled in the trial.
Although it is possible that an FFR-based ap-
proach to guide nonculprit-lesion PCI could have
reduced the number of PCI procedures among
the patients included in the complete-revascular-
ization group, it is unclear how this strategy might
have influenced the effect on hard clinical out-
comes. It is possible that angiographically signifi-
cant lesions associated with an FFR measurement
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of more than 0.80 may still contain morpho-
logic features consistent with unstable plaques,
which confer an increased risk of recurrent events.
At least two trials involving patients with STEMI
and multivessel coronary artery disease that evalu-
ated an FFR-based approach to guide nonculprit-
lesion PCI did not show a reduction in the risk
of cardiovascular death or myocardial infarc-
tion, although neither trial was powered for this
outcome.'>"

In the COMPLETE trial, randomization was
stratified according to the intended timing of
nonculprit-lesion PCL. Investigators had to specify
before randomization whether they intended to
perform nonculprit-lesion PCI during the index
hospitalization or after hospital discharge (with-
in 45 days) if the patient were to be assigned to
the complete-revascularization group. We found
a consistent benefit of complete revasculariza-
tion regardless of whether nonculprit-lesion PCI
was performed earlier, during the index hospi-
talization, or later, several weeks after discharge.
During the early period after STEMI, events re-
lated to the index infarction and culprit-lesion
PCI probably accounted for a substantial propor-
tion of the events that occurred in both treat
ment groups. The benefit of complete revascu-
larization seems to have emerged over the long
term, with continued divergence of the Kaplan—
Meier curves for several years.

Limitations of our trial should be considered.
We did not evaluate nonculprit-lesion PCI that
was performed during the same procedure as
that for the index culprit-lesion PCI for STEML
Although cardiogenic shock was not an exclusion
criterion, no patients with cardiogenic shock were
enrolled in the trial and the results should not
be extrapolated to such patients. Complete re-
vascularization was attained in more than 90%
of the patients in the complete-revascularization
group, and crossover to the nonculprit-lesion PCI
strategy occurred in only 4.7% of the patients in
the culprit-lesion-only PCI group. It is unclear
whether the trial results would have been similar
if complete revascularization had been observed
in fewer patients or if the crossover criteria in
the culprit-lesion-only PCI group had been more
liberal.

In conclusion, the COMPLETE trial showed
that, among patients with STEMI and multives-
sel coronary artery disease, a strategy of routine

nonculprit-lesion PCI with the goal of complete
revascularization, performed either during the
index hospitalization or soon after discharge,
was superior to a strategy of culprit-lesion-only
PCI in reducing the risk of death from cardiovas-
cular causes or new myocardial infarction, as
well as the risk of death from cardiovascular
causes, new myocardial infarction, or ischemia-
driven revascularization, at a median follow-up
of 3 years.
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8.2 Publication 2.
Nonculprit Lesion Plague Morphology in Patients With ST-Segment—Elevation Myocardial
Infarction. Results From the COMPLETE Trial Optical Coherence Tomography Substudy

Circ Cardiovasc Interv. 2020 Jul;13(7):e008768. doi:10.1161/CIRCINTERVENTIONS.119.008768.

The COMPLETE- OCT is an imaging sub study of the COMPLETE trial. In a prospective design,
optical coherence tomography of at least 2 coronary arteries before non-culprit lesion
percutaneous coronary intervention was performed in 93 patients with ST-segment—elevation
myocardial infarction and multivessel disease; and the ST-segment—elevation myocardial
infarction culprit vessel if there was unstented segment amenable to imaging. Non-culprit
lesions were categorized as obstructive (>70% stenosis by visual angiographic assessment) or
nonobstructive, and as thin-cap fibroatheroma (TCFA) or non-TCFA by optical coherence
tomography criteria. TCFA was defined as a lesion with mean fibrous cap thickness <65 um

overlying a lipid arc >90°.

COMPLETE-OCT demonstrated that lipid plaque with TCFA morphology was commonly found in
patients with STEMI and multivessel disease. Lesions that had >70% diameter stenosis by
angiographic evaluation were more likely to be a TCFA than lesions that were <70% (35% vs.
23%). However, due to the larger number of <70% lesions present, the absolute number of

TCFA with stenosis severity <70% was greater than those with stenosis severity >70% (74 vs. 58
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TCFA lesions). PCl of >70% lesions in the COMPLETE trial reduced Ml and death by 26%.
Nevertheless, even in the complete revascularization arm, approximately 3/4ths of Mls were

not prevented. It is likely that <70% stenoses contributed to many of these events.

COMPLETE-OCT concluded that among patients who underwent optical coherence tomography
imaging in the COMPLETE trial, nearly 50% had at least one obstructive non-culprit lesion
containing complex vulnerable plague. Obstructive lesions more commonly harbored
vulnerable plague morphology than nonobstructive lesions. This may help explain the benefit of
routine percutaneous coronary intervention of obstructive non-culprit lesions in patients with

ST-segment—elevation myocardial infarction and multivessel disease.
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Nonculprit Lesion Plague Morphology in Patients
With ST-Segment—Elevation Myocardial Infarction

Results From the COMPLETE Trial Optical Coherence Tomography Substudy

Natalia Pinilla-Echeverri, MD, MSc; Shamir R. Mehta'®, MD, MSc; Jia Wang, MSc; Shahar Lavi, MD; Erick Schampaert, MD;
Warren J. Cantor, MD; Kevin R. Bainey, MD, MSc; Robert C. Welsh, MD; Saleem Kassam, MD; Roxana Mehran, MD;
Robert F. Storey, MD; Helen Nguyen, BSc; Brandi Meeks, MSc; David A. Wood, MD; John A. Caims, MD; Tej Sheth, MD

BACKGROUND: Complete revascularization with routine percutaneous coronary intervention of nonculprit lesions after primary
percutaneous coronary intervention improves outcomes in ST-segment—elevation myocardial infarction. Whether this benefit
is associated with nonculprit lesion vulnerability is unknown.

METHDDS: In a prospective substudy of the COMPLETE trial (Complete vs Culprit-Only Revascularization to Treat Multi-
Vessel Disease After Early PCI for STEMI), we performed optical coherence tomography of at least 2 coronary arteries
before nonculprit lesion percutaneous coronary intervention in 93 patients with ST-segment—elevation myocardial
infarction and multivessel disease; and the ST-segment-elevation myocardial infarction culprit vessel if there was
unstented segment amenable to imaging. Nonculprit lesions were categorized as obstructive (=70% stenosis by visual
angiographic assessment) or nonobstructive, and as thin-cap fibroatheroma (TCFA) or non-TCFA by optical coherence
tomography criteria. TCFA was defined as a lesion with mean fibrous cap thickness <65 pm overlying a lipid arc >90°.

RESULTS: On a patient level, at least one obstructive TCFA was observed in 44/93 (47%) of patients. On a lesion level,
there were 58 TCFAs among 150 obstructive nonculprit lesions compared with 74 TCFAs among 275 nonculprit lesions
(adjusted TCFA prevalence: 35.4% versus 23.2%, P=0.022). Compared with obstructive non-TCFAs, obstructive TCFAs
had similar lesion length (23.1 versus 20.8 mm, P=0.16) but higher lipid quadrants (55.2 versus 19.2, A<0.001), greater
mean lipid arc (203.8° versus 84.5%, A<0.001), and more macrophages (97.1% versus 54.4%, A<0.001) and cholesterol
crystals (85.8% versus 44.3%, P<0.001). For nonabstructive lesions, TCFA lesions had similar lesion length (16.7 versus
14.6 mm, P=0.11), but more lipid quadrants (36.4 versus 13.5, A<0.001), and greater mean lipid arc (191.8° versus 84.2°,
P<0.001) compared with non-TCFA.

CONCLUSIONS: Among patients who underwent optical coherence tomography imaging in the COMPLETE ftrial, nearly 50%
had at least one obstructive nonculprit lesion containing complex vulnerable plaque. Obstructive lesions more commonly
harbored vulnerable plaque morphology than nonobstructive lesions. This may help explain the benefit of routine
percutaneous coronary intervention of obstructive nonculprit lesions in patients with ST-segment—elevation myocardial
infarction and multivessel disease.

REGISTRATION: URL: https://www.clinicaltrials.gov. Unique identifier: NCTO1740479.
GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: coronary artery disease ® fibroatheroma ® ST-segment—elevation myocardial infarction ® tomography, optical coherence
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WHAT IS KNOWN

* The COMPLETE trial (Complete vs Culprit-Only
Revascularization to Treat Multi-Vessel Disease
After Early PCI for STEMI) demonstrated that rou-
tine staged angiography-guided percutaneous cor-
onary intervention of obstructive nonculprit lesions
after ST-segment—elevation myocardial infarction
reduced the composite of cardiovascular death or
new myocardial infarction by about 26% (P=0.004).

* Thin-cap fibroatheroma is a well-recognized feature of
vulnerable plaque and a precursor for plaque rupture.

WHAT THE STUDY ADDS

* Obstructive nonculprit lesions (>70% visual diam-
eter stenosis) in ST-segment—elevation myocar-
dial infarction population more commonly have
increased lipid content and other plaque features of
vulnerability compared with nonobstructive lesions.

* Almost half of patients undergoing multivessel opti-
cal coherence tomography imaging had at least
one obstructive nonculprit lesion containing vulner-
able plague morphology.

* This may help explain the benefit of routine percuta-
neous coronary intervention of obstructive noncul-
prit lesions in patients with ST-segment-elevation
myocardial infarction and multivessel disease.

Nonstandard Abbreviations and Acronyms

FCT fibrous cap thickness

FFR fractional flow reserve

IVUsS intravascular ultrasound

LDL low-density lipoprotein

MLA minimum lumen area

ocCT optical coherence tomography

PCl percutaneous coronary intervention

STEMI ST-segment—elevation myocardial
infarction

TCFA thin-cap fibroatheroma

Revascularization to Treat Multi-Vessel Disease

After Early PCl for STEMI) demonstrated that a
strategy of complete revascularization with routine non-
culprit lesion percutaneous coronary intervention (PCI)
reduced the composite of cardiovascular death or new
myocardial infarction (MI) by 26% (P=0.004) at 3 years,
compared with a strategy of PCl of the culprit lesion
only.'? Approximately 50% of patients presenting with
ST-segment—elevation myocardial infarction (STEMI)
have multivessel disease, with lesions in nonculprit ves-
sels, in addition to the culprit lesion.®® Whether the
benefit of complete revascularization is due to PCI of
lesions with morphological features consistent with

The COMPLETE trial (Complete vs Culprit-Only

Circ Cardiovasc Interv. 2020;13:¢008768. DOI: 10.1161/CIRCINTERVENTIONS.119.008768
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unstable plaques, which confer an increased risk of
future cardiovascular events, is unknown.

Optical coherence tomography (OCT) is an intracoro-
nary imaging modality that can identify thin-cap fibro-
atheroma (TCFA), the primary morphology defining a
vulnerable plaque® In this prospective substudy of the
COMPLETE trial, we sought to determine the prevalence
of TCFA by OCT in obstructive and nonobstructive non-
culprit lesions among patients randomized to nonculprit
lesion PCl in the COMPLETE trial.

METHODS

The COMPLETE trial enrolled 4041 patients with STEMI who
had successful PCI of the culprit lesion and one or more non-
culprit lesions with either =70% angiographic severity or, in a
small minority, 50% to 69% angiographic severity associated
with fractional flow reserve (FFR) <0.80. COMPLETE-OCT was
an observational intravascular imaging substudy of the main
trial, conducted at 6 centers in Canada between January 18,
2016, to November 20, 2017. Patients randomized to the com-
plete revascularization arm were eligible for the study if they
had a target nonculprit lesion suitable for OCT imaging, plus at
least one additional coronary artery amenable for OCT imaging
with or without an angiographically significant lesion.

The substudy was designed by the principal investigators
and funded by Hamilton Health Sciences, Population Health
Research Institute and Abbott Vascular. It was approved by the
local human research ethics committees of the recruiting hos-
pitals. Informed consent was provided by all patients enrolled.
The data, analytic methods, and study materials are proprietary
to the Population Health Research Institute and at this time are
not available to nonstudy participants.

A suitable artery for OCT imaging was defined as a ves-
sel with >2 mm in diameter with at least 50 mm of unstented
native artery available for image evaluation. Arteries unsuitable
for imaging were those in which passage of the OCT catheter
was unlikely to be successful due to either severe calcification
(multiple persisting opacifications of the coronary wall visible in
>1 projection surrounding the complete lumen of the coronary
artery proximal to or at the site of the lesion) or marked tortuos-
ity (defined as one or more bends of 90° or more, or 3 or more
bends of 45° to 90°), or chronic total occlusions. Patients with
an estimated glomerular filtration rate <35 mL/min per 1.73
m? were excluded.

OCT Procedure

Dragonfly Duo and Dragonfly Optis imaging catheters, and
Optis Mobile System (Abbott Vascular, Westford, MA) were
used. During PCI, a guidewire was advanced, and the radio-
opaque distal marker of the OCT catheter was positioned
distally in the vessel and, while flushing with intracoronary con-
trast, 54 or 76 mm automatic pullback was recorded depending
on the available catheter technology. If the OCT catheter was
unable to traverse the nonculprit lesion, balloon dilatation was
allowed with a maximum 2.0 mm diameter compliant balloon up
to 10 atms. The same procedure was followed for the second
and third coronary arteries if applicable.

July 2020 2

218



. Evaluation of non-culprit lesions in STEMI patients with OCT

Pinilla-Echeverri et al

OCT Image Analysis

An OCT core laboratory (Hamilton Health Sciences and
McMaster University, Hamilton, ON, Canada) performed the
OCT image analysis. Two experienced intravascular imaging
investigators (Drs Pinilla-Echeverri and Sheth) analyzed the
OCT raw data using Offline Review Workstation software ver-
sion E.4.1 (Abbott Vascular).

Alesion was quantitatively defined by any cross-sectional frame
containing =1 diseased quadrant. In diffuse diseased segments,
lesions separated by at least a single frame with >3 quadrants of
normal 3-layer artery appearance without any lipid quadrants were
considered distinct lesions. Plague composition was analyzed in
each quadrant at 1 mm intervals throughout the lesion. Plagues
were classified as lipidic, fibrous, or calcific using standard defini-
tions.” Lesion length was defined as the number of contiguous
millimeters with >1 diseased quadrant. The minimum lumen area
(MLA) was defined as the tightest area along the lesion and was
automatically calculated from the lumen profile tool on the OCT
review software. Fibrous cap thickness (FCT) was measured at its
thinnest part in 3 different cross-sectional images, and the aver-
age value was calculated; importantly, in cases with predilatation,
measurements were performed in images without disruption of
the fibrous cap. Lipid arc was measured at every 1 mm interval
throughout the lesion, and the average value was calculated.

Qualitative analysis was performed as per standard defini-
tions® TCFA was defined as a lesion with a mean FCT <65 pm
overlying a lipidic plaque (lipid arc >00°). Microvessels were
characterized by a black hole or tubular structure within a lesion
with a diameter of 50 to 300 pm that was seen on at least
3 consecutive frames. Macrophage accumulation was charac-
terized by increased signal intensity within the lesion, accom-
panied by heterogeneous backward shadows. Cholesterol
crystals were characterized by the presence of linear and highly
reflecting structures within the lesion.

Obstructive lesions were defined as those with >70%
diameter stenosis by visual estimation of the site. Any lesion
that was not identified as >70% by visual estimation was
considered nonaobstructive. Combining angiographic stenosis
severity and TCFA criteria by OCT, lesions were classified into
4 groups: obstructive TCFA, obstructive non-TCFA, nonob-
structive TCFA, and nonobstructive non-TCFA.

Outcomes

The primary outcome was the comparative prevalence of TCFA
in obstructive and nonobstructive nonculprit lesions. Other
complex lesion features (lipid content, macrophages, microves-
sels, and cholesterol crystals) were identified.

Statistical Analysis

Baseline and procedural characteristics were reported as mean/
SD for continuous variables and proportion of prevalence for cat-
egorical variables. To account for the potential underlying cor-
relation among multiple lesions in the same patient, the primary
outcome was analyzed using a logistic mixed-effects model with
patient as a random effect. Imaging findings were analyzed using
a linear mixed model for continuous variables, a negative binomial
mixed model for count variables and a logistic mixed model for
categorical variables. All the reported means with 95% Cl for con-
tinuous/count variables and prevalence for categorical variables

Circ Cardiovasc Interv. 2020;13:e008768. DOI: 10.1161/CIRCINTERVENTIONS.119.008768
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were adjusted for multiple lesions per patient. Continuous vari-
ables that violated the normality assumption based on residual
analysis were transformed to achieve normality, and the adjusted
means were thereafter back-transformed to the original scale. The
intraclass (patient) correlation coefficient, which evaluates the cor-
relation among lesions within the same patient, was reported for
each imaging parameter except for count variables as there is no
generally accepted method for calculating intraclass (patient) cor-
relation coefficient in a negative binomial mixed model. Statistical
analyses were conducted with the use of SAS 9.4 software (SAS
Institute, Inc, Cary, NC). All Pvalues were 2-sided with significance
level at A<0.0b. Considering the exploratory nature of the study,
we did not adjust for multiple comparisons.

RESULTS

Atotal of 129 patients were screened for the COMPLETE-
OCT substudy during the recruitment period, 25 patients
were ineligible, and 5 eligible patients did not have OCT
imaging performed. Of the 99 patients that underwent
OCT imaging, 6 had nonassessable morphology of the
nonculprit lesions randomized to PCl due to either inad-
equate blood clearance (n=b) or significant disruption
of the underlying plaque (n=1). Overall, 93 patients had
diagnostic OCT images that were included in the analy-
sis. Patient baseline characteristics are shown in Table 1,
and PCI data are shown in Table 2. Reasons for patient
exclusion from recruitment and analysis (Table | in the
Data Supplement); baseline (Table Il in the Data Supple-
ment) and procedure characteristics (Table Ill in the Data
Supplement) in patients undergoing OCT compared with
those without OCT imaging in the complete revasculariza-
tion arm are shown in Appendix in the Data Supplement.
Staged nonculprit lesion PCl in the COMPLETE-OCT
substudy was performed with a mean timing of 29+4.8 days
from index culprit lesion PCl. OCT imaging was performed
in at least 2 vessels in all patients, with mean of 2.82+085
OCT pullbacks per patient Mean unstented coronary length

Table 1. Patlent Baseline Characteristics

All (N=93)
Age (y), meantSD 61.2+10.0
Sex (male), n (36) 77 (82.8)
Diabetes mellitus, n (%) 12 (12.9)
Chronic renal insufficiency, n (%) 1(1.1)
Prior myocardial infarction, n (%) 8 (8.8)
Current smoker, n/total number (%) 35/91 (38.0)
Hypertension, n (%) 39 (41.9)
Dyslipidemia, n (%) 40 (43.0)
Prior stroke, n (%) 1(1.1)
Body mass index, kg/m?, mean+SD 29.845.8
Hemoglobin A1C (%), median (IQR) 5.7 (5.4-6.2)
LDL cholesterol, mmol/L, mean+SD 2.8+1.0
Peak creatinine, pmol/L, mean+SD 82.0+18.0

LDL indicates low-density lipoprotein.
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Table 2. Procedure Characteristics

All (N=93)

Radial access, n (%) 86 (92.5)

No. of residual diseased vessels (core lab), nftotal number (06)

1 55/86 (64.0)

>2 31/86 (36.0)

Nonculprit lesion location (core lab), n/total lesions (%)

Left main 0 (0.0)
LAD 55/134 (41.0)
Proximal LAD 14/134 (10.4)
Mid LAD 33/134 (24.6)
Apical LAD 2/134 (1.5)
Diagenals 6/134 (4.5)
Circumflex 43/134 (32.1)
Prox LCX and OM/ramus 31/134 (23.1)
Distal LCX and PLV 12/134 (8.0)
RCA 36/134 (26.9)
RCA before the Crux 34/134 (25.4)
RCA beyond the Crux 2/134 (1.5)

Nonculprit lesion diameter stenosis (visual), n/total lesions (36)

70%%-79% 50/123 (40.7)
B80%—-89% 39/123(31.7)
90%—-99% 33/123 (26.8)
100% 1/123 (0.8)
Nonculprit lesion diameter stenosis (visual), 703184
meantSD
Nonculprit lesion reference diameter (core 2.8+0.4

lab), mean+SD

LAD indicates left anterior descending; LCX, left circumflex artery; OM, obtuse
marginal; PLV, posterior left ventricular; and RCA, right coronary artery.

imaged per patient was 1525+539 mm. Balloon dilata-
tion was performed before OCT intracoronary imaging in 7
obstructive TCFA lesions (12.1%) and 21 obstructive non-
TCFA lesions (22.8%). A sensitivity analysis that excluded
all predilated lesions demonstrated similar results, with no
heterogeneity (Table IV in the Data Supplement).

Primary Outcome

For the primary outcome of TCFA frequency in obstructive
and nonobstructive nonculprit lesions, there were 58 TCFAs
among 150 obstructive nonculprit lesions compared with 74
TCFAs among 275 nonobstructive lesions (adjusted TCFA
prevalence: 35.4% versus 93.2%, F=0.022; Figure 1).

Obstructive Lesions

Obstructive TCFA and obstructive non-TCFA had similar
lesion length (23.1 versus 20.8 mm, A=0.16) and MLA (1.9
versus 1.7 mm? P=0.52); however, obstructive TCFA lesions
had a higher number of lipid quadrants (55.2 versus 19.2,
P<0.001) and greater mean lipid arc (203.8° versus 84.5°
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Figure 1. Adjusted* prevalence of thin-cap fibroatheroma
(TCFA) In obstructive and nonobstructive lesions.

TCFA frequency in obstructive and nonobstructive nonculprit lesions.
Fifty-eight TCFAs were detected among 150 obstructive nonculprit
lesions compared with 74 TCFAs among 275 nonobstructive lesions
(adjusted TCFA prevalence: 35.4% vs 23.2%, P=0.022).
*Prevalence of TCFA was adjusted for multiple lesions per patient
using logistic mixed-effects model.

P<0.001) compared with obstructive non-TCFA lesions
which were predominantly fibrotic and calcific in composi-
tion (Table 3). Obstructive TCFA lesions also showed lower
mean FCT (54.5 versus 162.2 pm, P<X0.001) and higher fre-
quencies of macrophages (97.1% versus 54.4%, F~<0.001)
and cholesterol crystals (85.8% versus 44.3%, F<0.001)
compared with the obstructive non-TCFA. A scatterplot of
number of lipid quadrants by MLA for obstructive TCFA and
non-TCFA lesions is shown in Figure 2. An MLA>2 mm?
was observed in 31% of the obstructive TCFA lesions and
26% of obstructive non-TCFA lesions.

Nonobstructive Lesions

There were 275 nonobstructive lesions of which 74 (27%)
were nonobstructive TCFA and 201 (73%) were nonob-
structive non-TCFA lesions. These lesions showed similar
lesion lengths (16.7 versus 14.6 mm, P=0.11) that were
shorter than obstructive lesions. Nonobstructive TCFA
had a higher number of lipid quadrants (36.4 versus 13.5,
P<0.001) and greater mean lipid arc (191.8° versus 84.2°,
P<0.001) compared with nonobstructive non-TCFA lesions.

TCFA Lesions

Obstructive TCFA and nonobstructive TCFA lesions
had similar percentage of lipidic (78.4% versus 76.8%,
P=0.73), fibrotic (16.9% versus 16.2%, A=0.88) and
calcific (4.1% versus 7%, P=0.39) plaque, similar mean
FCT (54.5 versus 54.5 pm, P=0.98) and mean lipid arc
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Table 3. OCT Imaging Findings by Leslons
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P Value for Palrwise
Comparison
Group 1: Obstructive k-‘:nup 2: Nonobstruc- Group 3: Obstructive |Group 4: Nonobstructive| Group | Group | Group
TCFA (N=58) tive TCFA (N=74) | Non-TCFA (N=92) Non-TCFA (N=201) 1vs2 | 1vs3 | 2vs4 | ICC
Adjusted mean Adjusted mean Adjusted mean Adjusted mean
(85% Cl) (85% Cl) (95% CI) (95% CI)
Lesion length, mm 23.1 (20.4-25.7) 16.7 (14.2-19.1) 20.8 (18.7-22.9) 146 (12.9-16.3) <0001 | 016 | 0.11 |0.242
Plague type by quadrant
Lipid
No. of quadrants 55.2 (39.9-76.2) 36.4 (27.2-48.7) 19.2 (14.8-25.0) 13.5 (11.1-18.4) 0.0 <0.001 | <0.001
% of quadrants 78.4 (70.6-86.2) 76.8 (69.6-83.9) 36.5 (30.2-42.9) 35.8 (30.8-40.8) 0.73 <0.001 | <0.001 | 0.2564
Fibrous
No. of quadrants 9.4 (7.2-12.1) 7.1 (5.6-9.0) 21.2 (17.3-26.0) 142 (12.1-16.6) 0.10 | <0.001 | <0.001
% of quadrants 16.9 (9.6-24.3) 16.2 (9.56-22.9) 43.7 (37.8-49.6) 45.5 (41.0-50.1) 0.88 | <0.001 | <0.001 | 0.180
Calcified
No. of quadrants 2.5 (1.5-4.3) 1.7 (1.0-2.8) 9.8 (6.4-15.0) 5.4 (3.8-7.8) 0.26 <0.001 | <0.001
% of quadrants 41 (0.0-9.5) 7.0 (2.0-12.0) 20.1 (15.7-24.6) 19.0 (15.4-22.5) 039 | <0.001 | <0.001 | 0.257
Maximum lipid arc 342.2 (312.0-372.3) |304.0 (276.6-331.4) | 212.5 (188.4-236.6) | 170.2 (152.5-188.0) 0.086 <0.001 | <0.001 | 0.101
Mean lipid arc 203.8 (183.9-223.7) (191.8 (173.5-210.0)| 845 (68.4-100.5) 84.2 (71.8-96.6) 0.34 <0.001 | <0.001 | 0.191
Mean FCT, pm 54.6 (51.3-567.9) 545 (51.6-67.6) | 152.2 (141.0-164.3} | 143.9 (136.6-151.8) 098 | <0.001 | <0.001 | 0.098
Minimum lumen area 1.9(1.4-2.4) 4.8 (4.4-5.2) 1.7 (1.3-2.1) 4.1 (3.9-4.4) <0.001 0.62 0.008 | 0.017
Event no. (adjusted Event no. (adjusted Event no. (adjusted Event no. (adjusted
prevalence [%]) prevalence [%6]) prevalence [%6]) prevalence [%])
Macrophages 55 (97.1) 65 (93.7) 48 (94.4) 93 (47.8) 0.28 <0.001 | <0.001 | 0.325
Microvessels 19 (32.0) 23 (30.6) 28 (29.8) 44 (21.4) 0.86 0.77 0.12 0.032
Cholesterol crystals 48 (85.8) 29 (37.6) 49 (44.3) 58 (25.8) <0.001 | <0.001 | 0.09 |0.149

FCT indicates fibrous cap thickness; ICC, infraclass (patient) correlation coefficient; OCT, optical coherence tomography; and TCFA, thin-cap fibroatheroma.

(203.8° versus 191.8°, A=0.34). However, obstruc-
tive TCFA lesions were longer (23.1 versus 16.7 mm,
P<0.001) and had a smaller mean MLA (1.9 versus 4.8
mm?2, £<0.001).

On a per-patient basis, obstructive TCFA with or
without nonobstructive TCFA was observed in 47.3%
of patients, nonobstructive TCFA only in 20.4%, and
no TCFA in 32.3% (Figure 3). Baseline characteristics
between patients who had at least 1 TCFA and patients
with no TCFA are shown in Table V in the Data Supple-
ment. Levels of LDL (low-density lipoprotein) choles-
terol were significantly higher in patients with at least
1 TCFA versus patients with no TCFA (3.1 versus 2.5
mmol/L, P=0.025).

Examples illustrating the 4 plaque types are shown in
Figure 4.

DISCUSSION

In this prospective OCT substudy, we evaluated noncul-
prit lesions in patients after STEMI who were random-
ized to nonculprit lesion PCl in the COMPLETE trial and
demonstrated that' obstructive lesions more commonly
contained vulnerable plague morphology compared with
nonobstructive lesions,? obstructive TCFAs had increased

Circ Cardiovasc Interv. 2020;13:¢008768. DOL: 10.1161/CIRCINTERVENTIONS.119.008768

lipid content and other plaque features of vulnerability
compared with obstructive non-TCFA lesions® obstruc-
tive TCFAs in these STEMI patients with multivessel dis-
ease were common, with about 47% of patients having
at least one obstructive nonculprit lesion TCFA.
Obstructive TCFA lesions demonstrated extensive
lipid infiltration, small MLA, and vulnerable plaque fea-
tures. Such lesions may carry a high risk of subsequent
cardiovascular events. In the PROSPECT study (Pro-
viding Regional Observations to Study Predictors of
Events in the Coronary Tree), the risk of future cardiac
events associated with TCFA was 3.3b-fold higher
than non-TCFA lesions.” Similarly, in the ATHERO-
REMO-IVUS (The European Collaborative Project on
Inflammation and Vascular Wall Remodeling in Ath-
erosclerosis - Intravascular Ultrasound) study risk of
future cardiac events was 2.51-fold higher when vir-
tual histology-intravascular ultrasound (IVUS) derived
TCFA was detected® Recently, the lipid-rich plague
study showed the ability to predict future nonculprit
segment related major adverse cardiovascular events
by detecting vulnerable plaque with near-infrared spec-
troscopy-IVUS.® Increased plaque lipid content on OCT
is a predictor of nonculprit lesion progression with a
predicted rate of events that is 3 times that of nonlipid
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Minimum Lumen Area (mm?)

50
Number of lipid quadrants

Flgure 2. Scatter plot of minimum
lumen area vs number of lipid
quadrants for obstructive thin-cap
fibroatheroma (TCFA; blue) and
obstructive non-TCFA (orange).
Number of lipid quadrants by minimum
lumen area (MLA) for obstructive TCFA
and non-TCFA lesions. An MLA>2 mm?
was seen in 31% of obstructive TCFA and
25% of obstructive non-TCFA lesions.

*  Obstuctve TCFA
& Obstructve non-TCFA

rich plaques.’® Macrophages and cholesterol crystals
are OCT detected features of plaque instability.'>'3
Consistent with prior reports,'"'? we found these lesion
characteristics more commonly in obstructive TCFA
compared with obstructive non-TCFA lesions.

TCFA s as a precursor lesion for plaque rupture.'® Opti-
mal medical therapy with high-intensity statin improves
clinical outcomes in patients with coronary atherosclerosis
and induces plague level changes detectable by imag-
ing."* A meta-analysis by Ozaki et al'® showed that statin
therapy induced a significant increase in FCT as assessed
by OCT. A recent multimodality imaging study in noninfarct
related arteries in the STEMI population found a signifi-
cant increase in minimum FCT, reduction in macrophage
accumulation, and frequent regression of TCFAs to other

8

8 a4 (47 3%)

20(323%)

19 (20.4%)

Per patient prevalence (%)
30

T T T
Obstructive Mon-cbsiructive

TCFA TCFA Mon-TCFA

Flgure 3. Per-patlent prevalence of thin-cap fibroatheroma
(TCFA).

Lesions were ranked from high risk to low risk as obstructive
TCFA>nonobstructive TCFA>no TCFA, and each patient was
classified into one of these 3 categories based on highest-risk lesion.
Obstructive TCFA with or without nonobstructive TCFA was seen

in 47.3% of patients, nonobstructive TCFA only in 20.4%, and no
TCFA in 32.3%.
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plaque phenotypes in nonculprit lesions of patients with
STEMI treated with high-intensity statin therapy.'®
Recently, we have demonstrated in the COMPLETE
trial that angiography-guided PCl of nonculprit lesions
was associated with a reduction in subsequent cardio-
vascular events. Most patients in the COMPLETE ftrial,
including those in this substudy, did not have FFR evalu-
ation of the nonculprit lesion. We observed an MLA of
>2 mm? in 31% of obstructive TCFA lesions, a value that
often represents FFR negative lesions.'"'® In FFR-guided
nonculprit lesion PCl, 30% to 45% of lesions identified
as obstructive on angiography are deferred after FFR.1#20
Therefore, it is possible that an FFR-guided nonculprit
lesion PCl strategy would lead to deferral of lesions that,
despite being FFR negative, still have high-risk morpho-
logical features for future cardiovascular events. To the
extent that future events are driven by plague vulnerabil-
ity, the potential benefit of an FFR-guided strategy may
be attenuated by deferring intervention on such lesions.
The recently published FORZA study (Fractional Flow
Reserve or Optical Coherence Tomography Guidance
to Revascularize Intermediate Coronary Stenosis Using
Angioplasty), recruited patients with angiographically
intermediate coronary lesions to undergo either FFR or
OCT-guided PCI and showed that OCT guidance was
associated with lower composite of major adverse car-
diac events or significant angina at 13 months follow-up
and FFR-guidance was associated with higher rate of
deferred PCl and medical management.?'
Nonobstructive TCFAs were more numerous than
obstructive TCFAs but had fewer features of lesion com-
plexity. This finding is consistent with prior observations
that TCFAs with <70% stenosis are more frequent than
TCFAs with >70% stenosis but have lower plague bur-
den by IVUS and fewer features of plaque vulnerability by
OCT.” The small plaque burden of nonobstructive TCFAs
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Obstructive TCFA

MLA: 2.16 mm?

MLA: 8.2 mm?

MLA: 1.96 mm?

.

MLA: 5.95 mm?

Flgure 4. Representative anglographic and optical coherence tomography (OCT) images.

A, Obstructive thin-cap fibroatheroma (TCFA); mid right coronary artery, minimum lumen area (MLA) 2.16 mm? circumferential lipid, macrophages,
and cholesterol crystals. B, Obstructive non-TCFA; mid left anterior descending, MLA 1.96 mm?, fibrotic and deep calcific plaque. C, Non-
obstructive TCFA; proximal left circumflex artery, MLA 8.2 mm?, lipidic plaque with superficial calcification. D, Non-obstructive non-TCFA; left main,

MLA 5.95 mm?, circumferential calcium.

is associated with recurrent cardiac events only over the
long-term, whereas short-term events (<6 months) are
predicted by the presence of large plaque TCFA bur-
den® There are 2 ongoing randomized studies of optimal
medical therapy alone versus PCl examining if preventive
coronary intervention on functionally insignificant vulner-
able coronary stenosis can reduce the incidence of the
future major adverse cardiovascular events: PROSPECT
Il and PROSPECT ABSORB (A Multicenter Prospective
Natural History Study Using Multimodality Imaging in
Patients With Acute Coronary Syndromes - PROSPECT
Il [Natural History Study] Combined With a Randomized,
Controlled, Intervention Study; URL: https://www.clini-
caltrials.gov. Unique identifier: NCT02171065) using

Circ Cardiovasc Interv. 2020;13:e008768. DOI: 10.1161/CIRCINTERVENTIONS.119.008768

imaging with near-infrared spectroscopy-IVUS; and PRE-
VENT (The Preventive Coronary Intervention on Stenosis
With Functionally Insignificant Stenosis With Vulnerable
Plaque Characteristics; URL: https://www.clinicaltrials.
gov. Unique identifier: NCT02316886) using multimo-
dality imaging (near-infrared spectroscopy, OCT, virtual
histology-IVUS, and IVUS).

At least one nonculprit obstructive TCFA was found in
47% of patients in the COMPLETE-OCT substudy. This
finding is consistent with other studies, highlighting the
increased frequency of additional vulnerable plaques in
acute coronary syndrome compared with stable angina
patients.?® The reduction of future events observed
with complete revascularization in the COMPLETE trial
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suggests that nonculprit lesion PCl may effectively pacify
these lesions.

Limitations

OCT was performed in a subset of patients random-
ized to complete revascularization in the COMPLETE
trial. The findings apply to this subgroup of patients and
may not be generalizable to all patients with STEMI and
multivessel disease. The COMPLETE-OCT substudy
was observational and designed to better understand
nonculprit lesion plague morphology, it was not pow-
ered to link clinical events to plaque morphology. The
requirement for angiographically suitable arteries for
OCT imaging may have excluded certain plaque types;
however, angiographic severity was similar to the lesions
of patients in overall trial. A very small proportion of OCT
acquisitions could not be interpreted due to inadequate
blood clearance, a known limitation of OCT imaging. To
optimize blood clearance, predilation was required in
some severely stenosed obstructive lesions; because
OCT imaging was performed only after angioplasty in
these lesions, the MLA may have been overestimated
in these cases. However, in a sensitivity analysis that
excluded all predilated lesions, the results were similar
to the overall data, with no heterogeneity.

Conclusions

Among patients who underwent OCT imaging in the
COMPLETE trial, nearly 50% had at least one obstructive
nonculprit lesion containing complex vulnerable plaque
morphology. Obstructive lesions more commonly har-
bored vulnerable plague morphology than nonobstructive
lesions. This may help explain the benefit of routine PCI
of obstructive nonculprit lesions in patients with STEMI
and multivessel disease.
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8.3 Publication 3.
Nonculprit Lesion Severity and Outcome of Revascularization in Patients With STEMI and

Multivessel Coronary Disease

J Am Coll Cardiol. 2020 Sep 15;76(11):1277-1286. doi: 10.1016/j.jacc.2020.07.034.

In the COMPLETE (Complete vs Culprit-only Revascularization to Treat Multi-vessel Disease
After Early PCl for STEMI) trial, angiography-guided percutaneous coronary intervention of non-
culprit lesions with the aim of complete revascularization reduced major cardiovascular events
in patients with ST-segment elevation myocardial infarction and multivessel coronary artery
disease. The purpose of this specific analysis was to determine the effect of non-culprit lesion
stenosis severity measured by quantitative coronary angiography on the benefit of complete

revascularization.

Among 4.041 patients randomized in the COMPLETE trial, non-culprit lesion stenosis severity
was measured using QCA in the angiographic core laboratory in 3,851 patients with 5,355 non-
culprit lesions. In pre-specified analyses, the treatment effect in patients with QCA stenosis
>60% versus <60% on the first coprimary outcome of CV death or new Ml and the second co-

primary outcome of CV death, new MlI, or ischemia-driven revascularization was determined.

The first coprimary outcome was reduced with complete revascularization in the 2,479 patients

with QCA stenosis >60% (2.5%/year vs. 4.2%/year; hazard ratio [HR]: 0.61; 95% confidence
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interval [Cl]: 0.47 to 0.79), but not in the 1,372 patients with QCA stenosis <60% (3.0%/year vs.
2.9%/year; HR: 1.04; 95% Cl: 0.72 to 1.50; interaction p % 0.02). The second coprimary outcome
was reduced in patients with QCA stenosis >60% (2.9%/year vs. 6.9%/year; HR: 0.43; 95% Cl:
0.34 to 0.54) to a greater extent than patients with QCA stenosis <60% (3.3%/year vs.

5.2%/year; HR: 0.65; 95% Cl: 0.47 to 0.89; interaction p % 0.04).

This analysis concluded that among patients with ST-segment elevation Ml and multivessel
coronary artery disease, complete revascularization reduced major CV outcomes to a greater
extent in patients with stenosis severity of >60% compared with <60%, as determined by

guantitative coronary angiography.
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ABSTRACT

BACKGROUND In the COMPLETE (Complete vs Culprit-only Revascularization to Treat Multi-vessel Disease After Early
PCI for STEMI) trial, angiography-guided percutaneous coronary intervention (PCl) of nonculprit lesions with the aim of
complete revascularization reduced major cardiovascular (CV) events in patients with ST-segment elevation myocardial
infarction (M1) and multivessel coronary artery disease.

OBJECTIVES The purpose of this study was to determine the effect of nonculprit-lesion stenosis severity measured by
quantitative coronary angiography (QCA) on the benefit of complete revascularization.

METHODS Among 4,041 patients randomized in the COMPLETE trial, nonculprit lesion stenosis severity was measured
using QCA in the angiographic core laboratory in 3,851 patients with 5,355 nonculprit lesions. In pre-specified analyses,
the treatment effect in patients with QCA stenosis =60% versus <60% on the first coprimary outcome of CV death or
new MI and the second co-primary outcome of CV death, new MI, or ischemia-driven revascularization was determined.

RESULTS The first coprimary outcome was reduced with complete revascularization in the 2,479 patients with QCA
stenosis =60% (2.5%/year vs. 4.2%/year; hazard ratio [HR]: 0.61; 95% confidence interval [CI]: 0.47 to 0.79), but not in
the 1,372 patients with QCA stenosis <60% (3.0%/year vs. 2.9%/year; HR: 1.04; 95% Cl: 0.72 to 1.50; interaction

p = 0.02). The second coprimary outcome was reduced in patients with QCA stenosis =60% (2.9%/year vs. 6.9%/year;
HR: 0.43; 95% Cl: 0.34 to 0.54) to a greater extent than patients with QCA stenosis <60% (3.3%/year vs. 5.2%/year;
HR: 0.65; 95% Cl: 0.47 to 0.89; interaction p = 0.04).

CONCLUSIONS Among patients with ST-segment elevation Ml and multivessel coronary artery disease, complete
revascularization reduced major CV outcomes to a greater extent in patients with stenosis severity of =60% compared
((( with <60%, as determined by quantitative coronary angiography. (J Am Coll Cardiol 2020;76:1277-86)

© 2020 Published by Elsevier on behalf of the American College of Cardiology Foundation.
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ABEREVIATIONS
AND ACRONYMS

CAD = coronary artery disease
CV = cardiovascular
FFR = fractional flow reserve

IDR = ischemia-driven
revascularization

Ml = myocardial infarction
PCI = percutaneous coronary
intervention

GCA = quantitative coronary
angiography

STEMI = 5T-segment elevation
myocardial infarction

mong patients with ST-segment

elevation myocardial infarction

(STEMI), approximately 30% to 50%
have multivessel coronary artery disease
with additional angiographically significant
nonculprit lesions remote from the culprit
lesion (1). Recently, the COMPLETE (Com-
plete vs Culprit-only Revascularization to
Treat Multi-vessel Disease After Early PCI
for STEMI) randomized trial demonstrated
that routine angiography-guided percuta-
neous coronary intervention (PCI) of noncul-
prit lesions with wvisual stenosis =70%
reduced the composite of cardiovascular
(CV) death or new myocardial infarction

(MI) by 26%, compared with PCI confined to culprit
lesions only (2). Although visual estimation of steno-
sis severity is practical at the point of care, prior

studies have established quantitative coronary angi-

ography (QCA) performed in a core laboratory as the
gold standard for assessment of diameter stenosis
severity (3). Visual evaluation tends to overestimate
diameter stenosis compared with QCA for moderate-

JACC VOL. 76. NO. 11, 2020
SEPTEMBER 15. 2020:1277-86

to-severe lesions (4); QCA values typically range
from 50% to 70% for visually estimated stenoses
of =70%. For the present analysis of data from the
COMPLETE trial, we pre-specified a cutpoint of 60%
stenosis by QCA to identify subgroups with severe
versus moderate stenoses. The objective was to eval-
uate the effect of QCA stenosis severity (=60%
vs. <60%) on the comparison of complete revascular-
ization versus culprit-lesion-only PCI with respect to
the coprimary outcomes of: 1) CV death or MI; and
2) CV death, MI, or ischemia-driven revascularization
(IDR).

SEE PAGE 1287

METHODS

COMPLETE was a multinational, randomized trial
that evaluated a strategy of complete revasculariza-
tion (PCI of all suitable nonculprit lesions) compared
with a strategy of culprit-only PCI in patients with
STEMI and multivessel coronary artery disease. The
study design and main results have been previously
published (2,5). Briefly, following PCI of the culprit
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TABLE 1 Baseline Characteristics According to QCA Severity
QCA =60% QCA <60%
All Complete Culprit-Only All Complete Culprit-Only
(N =2,479) {n =1,238) (n=1241) (N =1,372) {n =679) {n = 693) p Value*
Age, yrs 621+10.8 615 +10.8 6264108 61.8 + 10.5 61.9 +£105 61.8 + 10.4 0.47
Male 1,964 (79.2) 994 (80.3) 970 (78.2) 1,109 (80.8) 550 (81.0) 559 (80.7) 023
Diabetes 487 (19.6) 234 (18.9) 253 (20.4) 247 (18.0) 118 (17.4) 129 (18.6) 0.
Chronic renal insuffidency 50/2,301 (2.2) 2201152 (1.9) 281,149 (2.4) 251,302 (1.9) 12/639 (1.9) 13/663 (2.0) 0.61
Prior myocardial infarction 195 (7.9) 95 (7.7 100 (81) 94 (6.9) 45 (6.6) 49 (7.1) 0.25
Current smoker 931 (37.6) 485 (39.2) 446 (35.9) 594 (43.3) 289 (42.6) 305 (44.0) <0.001
Hypertension 1,267 (51.1) 621 (50.2) 646 (52.1) 635 (46.3) 31 (45.8) 324 (46.8) 0.004
Dyslipidemia 1,020 (41.1) 509 (41.1) 511 (41.2) 483 (35.2) 221 (32.5) 262 (37.8) <0.001
Prior PCI 179 (7.2) 91 (7.4) 88 (7.1) 94 (6.9) 46 (6.8) 48 (6.9) 0.67
Prior stroke 87 (3.5) 42 (3.4) 45 (3.6) 3720 21(37) 16 (2.3) 017
Body mass index, kg/m? 28.6 +£57 28.8 + 64 283+ 49 279 +49 28.0 £5.0 279+ 48 <0.001
Time from symptom onset to primary PC 0.10
<6h 1,665/2,447 (68.0) 85501,222 (70.0) 810,225 (66.1) 957/1,361 (70.3) 476/676 (704) 481/685 (70.2)
6tol2h 401/2,447 (16.4) 1871,222(153) 241,225 (175  271361(16.7)  13/676 (16.7)  114/685 (16.6)
=12 h 381/2,447 (15.6) 18001222 (147)  2011,225 (16.4)  177/1,361 (13.0)  87/676 (12.9) 90/685 (13.1)
Killip class =2 260/2,445 (10.6)  1321,224 (10.8) 128,221 (10.5) 144/1,356 (10.6)  69/672 (10.3) 75/684 (11.0) 099
Medications at discharge
ASA 2,472 (99.7) 1,237 (99.9) 1,235 (99.5) 1,367 (99.6) 677 (99.7) 690 (99.6) 0.76
P2V, inhibitor (any) 2,469 (99.6) 1,232 (995) 1,237 (99.7) 1,367 (99.6) 675 (99.4) 692 (99.9) 0.85
Ticagrelor 1,647 (66.4) 830 (67.0) 817 (65.8) 867 (63.2) 437 (64.4) 430 (62.0) 0.043
Prasugrel 218 (8.8) 119 (9.6) 99 (8.0) 133007 70 (10.3) 63 (9.1 035
Clopidogrel 610 (24.6) 285 (23.0) 325 (26.2) 368 (26.8) 169 (24.9) 199 (28.7) 0.13
Beta-blocker 2,223 (89.7) 1,108 (89.5) 1,15 (89.8) 1,210 (88.2) 593 (87.3) 617 (89.0) 016
ACE inhibitor/ ARB 2,13 (85.2) 1,066 (86.1) 1,047 (84.4) 1,183 (86.2) 587 (86.5) 596 (86.0) 0.40
Statin 2,427 (97.9) 1,218 (98.4) 1,209 (97.4) 1,342 (97.8) 667 (98.2) 675 (97.4) 0.85
Hemoglobin AIC, % 5.8 (55-6.4) 5.8 (5.5-6.4) 5.8 (5.56.4) 58 (54-6.2) 5.8 (5462 5.8 (556.2) 0.20
LDL cholesterol, mmol/L 31412 31+12 31412 31+£12 31 +12 31+12 056
Peak creatinine, pmol/L 852+ 297 844 + 316 86.0 + 27.6 84.0 +£271 843+ 283 837+ 259 0.
Values ane mean + 5D, n (36), n/N (30), or median (interquartile range). *0CA =60% vs. QCA <60%.
ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; ASA = acetylsalicylic acid; LDL = low-density lipoprotein; PCl = percutaneous coronary intervention; QCA = quantitative
comonary angiography.

lesion, 4,041 patients were randomized to either
additional staged PCI of angiographically significant
nonculprit lesions or to no further revascularization.
The angiographic threshold for inclusion was =70%
severity by visual assessment (or fractional flow
reserve [FFR] <0.80 when visual estimation of ste-
nosis was 50% to 70%; accounting for <1% of treated
lesions). The COMPLETE trial received ethics com-
mittee approval from the Hamilton Integrated
Research Ethics Board and ethics committee approval
from each participating study center.

ANGIOGRAPHIC ANALYSIS. All angiograms,
including the index PCI for STEMI, nonculprit study
PCI, and any unplanned PCls or coronary angiograms,
were anonymized and sent to the central angio-
graphic core laboratory located at McMaster Univer-
sity and Hamilton Health Sciences. QCA was
performed on all randomized nonculprit lesions using

QAngio XA (Medis, Leiden, the Netherlands). The
stenosis severity was equal to 1 — the minimum
lumen diameter divided by the average of the prox-
imal and distal reference vessel diameters. A
protocol-specified subgroup analysis was based on a
combination of visual and QCA results where the
maximum stenosis severity of any lesion by either
method was used to classify the patient as severe or
not (i.e., =80% visual and/or =60% QCA) (2). In the
present analysis, only QCA measurements were used.
For patients with more than 1 nonculprit lesion, the
mean stenosis severity of all nonculprit lesions was
used, so that all randomized lesions contributed to
the stenosis severity weighting. The subgroups
analyzed were QCA diameter stenosis =60%
versus <60%. PCI procedural outcome was classified
for culprit and nonculprit PCI procedures by the
angiographic core laboratory as: 1) PCI success; 2) PCI
partial success; or 3) PCI failure. Details of the QCA
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TABLE 2 Procedure Characteristics According to QCA Severity

QCA =60% QCA <60%
All Complete Culprit-Only All Complete Culprit-Only
(N =2,479) (n =1238) (n =1,241) (N =1372) (n =679) (n = 693) P Value*
Index procedure for STEMI
Primary PCI 2,294 (92.5) 1,147 (92.6) 1,147 (92.4) 1,268 (92.4) 618 (91.0) 650 (93.8) 0.89
Pharmaco-invasive PCI 77 (31) 342.7) 43 (35) 44 (3.2) 27 (4.0) 17 (2.5) 0.86
Rescue PCI 108 (4.4) 57 (4.6) 51 (4.1) 60 (4.4) 34 (5.0) 26 (3.8) 0.98
Radial access 1,991 (80.3) 991 (80.0) 1,000 (80.6) 1,146 (83.5) 573 (84.4) 573 (82.7) 0.014
Thrombus aspiration 573/2,263 (253) 278/1,130 (24.6) 295/1,133 (26.0) 316/1,296 (24.4) 149/642 (232) 167/654 (255) 053
SYNTAX score (angiographic core laboratory)
STEMI culprit lesion-specific score 86 +53 87+53 86 +53 88 +53 89 +54 87 +53 0.38
Nonculprit lesion-specific score 47 +2.8 47 +28 47 +2.8 44 +26 44 + 2.6 44 +25  <=0.000
Baseline (including STEMI culprit) 163+ 68 165+ 69 16.1 + 6.8 159 + 6.5 16.0 + 6.5 15.8 + 6.4 0.06
Residual (after index PCI) 73+49 74 +£51 724+ 4.8 6.7+45 6.7+ 4.6 67 +45  <=0.001
Culprit lesion location (core laboratory)
Left main 5(0.2) 2(02) 3(0.2) 2(00) 1(0.1) 1(0.1) =0.99
Left anterior descending 833 (33.6) 413 (33.4) 420 (33.8) 481 (35.1) 247 (36.4) 234 (33.8) 0.36
Circumflex 385 (15.5) 209 (16.9) 176 (14.2) 267 (19.5) 136 (20.0) 131(18.9) 0.002
Right coronary artery 1,256 (50.7) 614 (49.6) 642 (51.7) 622 (45.3) 295 (43.4) 327 (472) 0.002
Number of residual diseased vessels
(core laboratory)
1 1,878 (75.8) 928 (75.0) 950 (76.6) 1,072 (78.1) 530 (78.1) 542 (78.2) 010
=2 601(242) 310 (25.0) 291 (23.4) 300 (21.9) 149 (21.9) 151 (21.8) 010
Nonculprit lesion location (core laboratory)
Left main 3/3472(0.1) 201,773 (0.1) 11,699 (0.1) 101,883 (0.5) 8/958 (0.8) 2925 (0.2) 0.39
Left anterior descending 1,352/3,472 (38.9) 666/1,773 (37.6) 686/1,699 (40.4) 765/1,883(40.6) 371/958 (387) 394/925 (426) 023
Proximal left anterior descending 336/3472(9.7) 168/1,773 (9.5) 168/1,699 (9.9) 205/1,883 (10.9) 99/958 (10.3) 106/925 (11.5) 0.61
Mid left anterior descending 758/3472 (21.8) 377/1,773 (13)  381/1,699 (22.4) 455/1,883 (24.2) 215/958 (22.4) 240/925(259) 0.05
Circumflex 1,349/3,472 (38.9) 696/1,773 (393) 653/1,699 (38.4) 577/1,883 (30.6) 297/958 (31.0) 280/925 (30.3) <0.001
Proximal left circumflex and obtuse 1,016/3,472 (293) 523/1,773 (29.5) 493/1,699 (29.0) 425/1,883 (22.6) 221/958 (23.1) 204/925 (22.1) <0.001
marginal/ramus
Distal Left circumflex and posterior lateral 333/3,472(9.6) 731,773 (9.8) 160/1,699 (9.4) 152/1,883(8.1) 76/958 (7.9) 76/925 (8.2) 052
ventricular
Right coronary artery 768/3472 (22.1) 4091,773 (23.1)  359/1,699 (21.1) 531/1,883 (28.2) 282/958 (29.4) 249/925 (269) <0.001
Nonculprit lesion reference diameter 28+ 05 28+ 05 29+ 05 29+ 06 28 +05 29+ 06 0.003
(core laboratory)
Nonculprit lesion diameter stenosis 703 +£13.0 700 £102 705+ 154 544 4+ 65 544 + 7.0 54.3 4+ 6.0 =0.001
(core laboratory)
Nonculprit lesion diameter stenosis (visual) 806 + 87 80.8 + 87 804 + 86 762 + 6.6 765 + 6.6 78+ 66  <0.000
Nonculprit lesion diameter stenosis (visual) <0.000
50%-69% 143,207 (0.4) 10/1,620 (0.6) 41,587 (0.3) 221,741(1.3) 11/869 (1.3) 11/872 (1.3)
70%-79% 1,145/3207 (35.7) 547/1,620 (33.8) 598/1,587 (37.7) 983/1,741 (56.5) 469/869 (54.0) 514/872 (58.9)
80%-89% 1,103/3,207 (34.4) 572/1,620 (35.3)  531/1,587 (335) 524/1,741(30.1) 268/869 (30.8) 256/872 (29.4)
90%-99% 846/3,207 (26.4) 440/1,620 (272) 406/1587 (25.6) 210/1,741 (12.1) 121/869 (13.9) 89/872 (102)
100% 99/3207 (3.1) 511,620 (3.1 481,587 (3.0) 2/1,741(0.1) 0/869 (0.0) 2/872(0.2)
Index PCI 0.90
Success 2,258 (91.1) 1,129 (91.2) 1,129 (91.0) 1,245 (90.7) 618 (91.0) 627 (90.5)
Partial 212 (8.6) 105 (85) 107 (8.6) 121 (8.8) 60 (8.8) 61 (8.8)
Failure 9(04) 4(0.3) 5(0.4) 6 (0.4) 1(0.1) 5(0.7)
Nonculprit PCI 0.025
Success - 1,537/1,588 (96.8) - - 800/814 (98.3) -
Partial - 34/1,588 (2.1) - - 13/814 (1.6) -
Failure - 17/1,588 (1.1) - - 1/814 (0.1) -

Values are n (36), n/N (26), or mean + SO. *QCA =60% versus QCA <60%
STEMI = ST-segment elevation myocardial infarction; other abbreviations as in Table 1.
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CENTRAL ILLUSTRATION Cumulative Incidence of the Coprimary Outcomes by Stenosis Severity
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Kaplan-Meier estimates of the cumulative incidence of (A) cardiovascular (CV) death and new myocardial infarction (MI) for quantitative coronary angiography (QCA)
stenosis =60%; (B) CV death and new M| for QCA stenosis <60%; (C) CV death, new MI, and ischemia-driven revascularization (IDR) for QCA stenesis =60%; and (D)
CV death, new MI, and IDR for QCA stenosis <60%. These major CV outcomes were reduced by complete revascularization to a greater extent in patients with QCA
nonculprit-lesion severity =60% compared with <60%. Cl = confidence interval; HR = hazard ratio.
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Complete

1 is of Clinical Outcomes in QCA =60% Versus <60% Group

Culprit Only

T T T (e TE T T Hazard Ratio (95% CI)
Co-Primary outcomes
Cardiovascular death or MI
QCA =60% 94/1,238 (2.5) 151/1,241 (4.2) -
QCA <60% 57/679 (3.0) 56/693 (2.9) - —
Cardiovascular death, MI, or IDR
QCA =60% 105/1,238 (2.9) 234/1,241 (6.9) -
QCA <60% 63/679 (3.3) 97/693 (5.2) —-—
Key secondary outcomes
CV death, MI, IDR, unstable angina, or class IV HF
QCA =60% 170/1,238 (4.9) 296/1,241 (9.1) b
QCA <60% 85/679 (4.6) 118/693 (6.5) - =
Other secondary outcomes
Ml
QCA 260% 65/1,238 (1.8) 114/1,241(3.2) -
QCA <60% 42/679(2.2) 41/693 (2.1) _——
IDR
QCA 260% 18/1,238 (0.5) 103/1,241 (2.9) ——
QCA <60% 7/679 (0.4) 53/693 (2.8) —a——
Unstable angina
QCA 260% 48/1,238 (1.3) 86/1,241(2.4) i
QCA <60% 15/679 (0.8) 39/693 (2.0) —_—
Cardiovascular death
QCA 260% 35/1,238 (0.9) 46/1,241(1.2) —
QCA <60% 19/679 (1.0) 16/693 (0.8) ——
All-cause death
QCA >60% 61/1,238 (1.6) 72/1,241(1.9) -
QCA <60% 28/679 (1.4) 32/693 (1.6) —n—
Other outcomes
Stroke
QCA 260% 231,238 (0.6) 221,241 (0.6) —_——
QCA <60% 11/679 (0.6) 6/693(0.3) B e
NYHA functional class IV HF
QCA 260% 351,238 (0.9) 46/1,241(1.2) s o
QCA <60% 21/679 (1.1) 10/693 (0.5) ——
Stent thrombosis
QCA =260% 15/1,238 (0.4) 16/1,241(0.4) —
QCA <60% 10/679 (0.5) 2/693 (0.1) —_—
Safety outcomes
Clinically significant bleeding, stroke, stent thrombosis or contrast-associated AKI*
QCA =60% 96/1,238 (2.7) 83/1,241(2.3) 4=
QCA <60% 58/679 (3.1) 37/693 (1.9) —_—
Clinically significant bleeding
QCA 60% 52/1,238 (1.4) 44/1,241(1.2) —fu—
QCA <60% 33/679 (1.7) 25/693 (1.3) +—
Contrast associated AKI
QCA =60% 14/1,238 (0.4) 131,241 (0.3) ——
QCA <60% 11/679 (0.6) 4/693 (0.2) +—
T T 1

T T T
0102 051 2 5 10

Complete Better Culprit Only Better

0.02
0.61(0.47-0.79)
1.04 (0.72-1.50)
0.04
0.43(0.34-0.54)
0.65 (0.47-0.89)
0.2
0.55 (0.45-0.66)
0.72(0.54-0.95)
0.02
0.56 (0.41-0.76)
1.04 (0.68-1.61)
0.6
0.17 (0.10-0.28)
0.13 (0.06-0.29)
0.31
0.55(0.39-0.78)
0.39 (0.21-0.70)
0.26
0.76 (0.49-1.18)
1.21(0.62-2.35)
0.86
0.85 (0.60-1.19)
0.89 (0.54-1.48)
0.32
1.05 (0.58-1.88)
1.86 (0.69-5.04)
0.02
0.76 (0.49-1.18)
2.14 (1.01-4.55)
0.03
0.94 (0.46-1.90)
5.12(1.12-23.40)
0.2
1.17 (0.87-1.57)
1.63 (1.08-2.46)
0.68
1.19 (0.80-1.78)
1.36 (0.81-2.29)
0.16

1.08 (0.51-2.30)
2.82(0.90-8.86)

Aforest plot demonstrating the hazard ratios (HRs) and 95% confidence intervals (Cls) for complete versus culprit-only revascularization an coprimary outcomes, key
secondary outcomes, and other secondary outcomes. In addition to the first and second primary outcomes, significant interaction (p < 0.05) was also detected for

myocardial infarction (MI), heart failure (HF), and stent thrombosis. *Composite safety outcome was defined post hoc. AKI = acute kidney injury; IDR = ischemia-driven
revascularization; NYHA = New York Heart Assodation; QCA = quantitative coronary angiography.
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technique and PCI outcome definitions are provided
in the Supplemental Appendix.

OUTCOMES. Detailed definitions of all efficacy and
safety outcomes have been previously published (2).
Deaths were classified as CV or non-CV. An event
adjudication committee of clinicians who were
masked to treatment allocation adjudicated primary
and secondary efficacy outcomes as well as bleeding
events. The outcome of IDR required all of the
following criteria: 1) ischemic symptoms consistent
with Canadian Cardiovascular Society class =2 angina
despite optimal medical therapy; 2) PCI or CABG of
either the culprit lesion (within 5 mm of the stented
segment) associated with the index PCI or a non-
culprit lesion that led to enrollment into the trial; and
3) at least 1 of the following: positive noninvasive
function study demonstrating reversible ischemia,
new ischemic electrocardiographic changes at rest or
with exertion, or an FFR =0.80.

STATISTICAL ANALYSIS. Randomized patients with
available angiographic core laboratory data were
included in the analysis following intention-to-treat
principles. Baseline and procedural characteristics
between these 2 groups were compared using the
2-sample Student’s t-test for normally distributed
variables, Wilcoxon rank-sum test for non-normally
distributed wariables, and chi-square test for cate-
gorical variables.

The effect of complete versus culprit-lesion-only
PCI on the 2 coprimary outcomes, secondary out-
comes, and a post hoc defined composite safety
outcome was estimated separately for each subgroup
of stenosis severity using Cox proportional hazards
models. Interaction effects of allocated therapy and
QCA stenosis severity were assessed with a likelihood
ratio test. The cumulative incidences of the 2 copri-
mary outcomes were plotted using the Kaplan-Meier
method. To evaluate the robustness of the primary
results, we conducted a sensitivity analysis using
different cut-offs of QCA stenosis severity. In addi-
tion, a propensity score matching strategy was
implemented to control for potential confounding
effects in subgroup analysis due to the differences in
baseline  characteristics between the QCA
stenosis =60% and <60% subgroups. Propensity
score for QCA stenosis was constructed using logistic
regression with the following baseline and procedural
variables: age, sex, diabetes, renal insufficiency, prior
MI, prior stroke, current smoker, hypertension, dys-
lipidemia, body mass index, prior PCI, radial access,
residual syntax score after index PCI, and culprit
lesion location. Each patient with QCA stenosis <60%

COMPLETE Stenosis Severity

was matched with up to 2 patients with QCA
stenosis =60% by logit of propensity score. Quality of
matching was evaluated by standardized difference
(6). Subgroup analysis was repeated on the matched
population. All statistical analyses were conducted
with the use of SAS 9.4 software (SAS Institute, Inc.,
Cary, North Carolina). All tests of significance were
2-sided with an alpha level of 0.05. Considering the
exploratory nature of the study, we did not adjust for
multiple testing.

RESULTS

PATIENT CHARACTERISTICS. Of the 4,041 patients
randomized in the COMPLETE trial, QCA was per-
formed by the angiographic core laboratory in 3,851
patients with 5,355 nonculprit lesions. One nonculprit
lesion was present in 2,627 patients, and =2 non-
culprit lesions were present in 1,224 patients. QCA
stenosis severity =60% was present in 2,479 patients,
and QCA stenosis severity <60% was present in 1,372
patients. Baseline and procedural characteristics are
shown in Tables 1 and 2. Patients with QCA
stenosis =60% were less likely to be current smokers,
but were more likely to be hypertensive, dyslipi-
demic, or have elevated body mass index. They had
slightly higher mean nonculprit-lesion-specific SYN-
TAX scores and residual SYNTAX scores after index
PCI. However, there was no difference in the pro-
portion of patients with =2 diseased nonculprit ves-
sels. Nonculprit lesion location in the circumflex was
more common and right coronary artery was less
common in patients with QCA stenosis =60%. Mean
diameter stenosis was slightly greater by visual
assessment and substantially greater by QCA in this
group. No obvious imbalance in patient characteris-
tics between treatment arms within each subgroup of
stenosis severity was detected. PCI success rate for
culprit lesion and nonculprit lesion PCI was high in
both QCA subgroups.

OUTCOMES. CV death or MI. There was a significant
interaction for the effect of stenosis severity on the
outcome of CV death or M1 (p = 0.02). Among the
2,479 patients with QCA stenosis =60%, the incidence
of the first coprimary outcome of CV death or MI was
2.5%/year in patients randomized to complete revas-
cularization versus 4.2%/year in patients randomized
to culprit-lesion-only PCI (hazard ratio [HR]: 0.61;
95% confidence interval [CI]: 0.47 to 0.79) (Central
Illustration A). Among the 1,372 patients with QCA
stenosis <60%, the incidence of the first coprimary
outcome of CV death or MI was 3.0%/year in
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patients randomized to complete revascularization
versus 2.9%jyear in patients randomized to culprit-
lesion-only PCI (HR: 1.04; 95% CI: 0.72 to 1.50)
(Central Illustration B).

CV death, MI, or IDR. There was a significant
interaction for the effect of stenosis severity on the
outcome of CV death, M1, or IDR (p = 0.04). Among
the 2,479 patients with QCA stenosis =60%, the
incidence of the second coprimary outcome of CV
death, MI, or IDR was 2.9%/year in patients random-
ized to complete revascularization versus 6.9%/year
in patients randomized to culprit-lesion-only PCI
(HR: 0.43; 95% CI: 0.34 to 0.54) (Central Illustration C).
Among the 1,372 patients with QCA stenosis <60%,
the incidence of the second coprimary outcome of CV
death, MI, or IDR was 3.3%/year in patients
randomized to complete revascularization wversus
5.2%/year in patients randomized to culprit-lesion-
only PCI (HR: 0.65; 95% CI: 0.47 to 0.89) (Central
Illustration D).

OTHER CLINICAL OUTCOMES. The HRs for compo-
nents of the primary outcomes, secondary outcomes,
and a post hoc-defined composite safety outcome in
QCA <60% versus =60% groups are shown in Figure 1.
In addition to the first and second primary outcomes,
a significant interaction (p < 0.05) was also detected
for MI (p = 0.02), heart failure (p = 0.02), and stent
thrombosis (p = 0.03). In the case of stent thrombosis,
this observation is based on only 12 events and could
be due to play of chance. There were no significant
interactions with stroke (p = 0.32), clinically signifi-
cant bleeding (p = 0.68), or contrast-induced acute
kidney injury (p = 0.16), The risk of an exploratory,
post hoc-defined composite safety outcome (clini-
cally significant bleeding, stroke, stent thrombosis, or
contrast-associated acute kidney injury) was more
frequent in the complete arm than in the culprit-only
arm in the QCA <60% subgroup (HR: 1.63; 95% CI:
1.08 t0 2.46) but was similar between the 2 arms in the
QCA =60% subgroup (HR: 1.17; 95% CI: 0.87 to 1.57:
interaction p = 0.20).

SENSITIVITY ANALYSES. We performed a sensitivity
analysis at different cut-offs of QCA stenosis severity
(Supplemental Table 1). For the first coprimary
outcome, a reduction of events in the complete arm
was seen for QCA stenosis =80%, 70% to <80%, and
60% to <70%, but not for <60% (interaction p = 0.07).
A treatment effect was seen in all categories for the
second coprimary outcome (interaction p = 0.13).
Using the propensity score, we matched 1,225 patients
with QCA stenosis <60% to 2,137 patients with QCA
stenosis =60%. All baseline and procedural
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characteristics between the 2 matched groups were
well balanced as demonstrated by the small stan-
dardized differences (<0.1) (Supplemental Table 2).
Similar results to the primary subgroup analysis were
observed using the matched population
(Supplemental Figure 1).

DISCUSSION

In this study, we performed QCA of nonculprit lesions
in patients with STEMI and multivessel disease and
showed that complete revascularization reduced
major CV outcomes to a greater extent in patients
with QCA-determined nonculprit-lesion stenosis
severity =60% compared with <60%.

These data provide insight into the impact of
nonculprit-lesion stenosis severity on the treatment
effect of PCI in patients with STEMI and multivessel
disease. The comparative likelihood of future MI be-
tween lesions of mild-moderate versus severe steno-
sis is controversial. Recent studies using CT coronary
angiography have suggested that most subsequent
acute coronary syndrome events are observed in the
setting of mild stenosis at baseline (7,8). The prog-
nosis of patients with multivessel nonobstructive
CAD was similar to those with limited obstructive
CAD (9), suggesting that severe lesions may simply be
a marker for the extent of CAD rather than contrib-
uting to prognosis directly. Conversely, pathology
and imaging studies show that patients with sudden
cardiac death or acute MI usually have culprit lesions
that are severely stenosed and have large plaque
burden (10-13). The present QCA analysis of the
COMPLETE trial demonstrated that the risk of future
MI and CV death by nonculprit PCI death was sub-
stantially reduced by performance of PCI in patients
with QCA stenosis =60%. These data provide
compelling evidence for the causal role of severe
stenoses in future MI in this population. For the
second coprimary outcome that included IDR, benefit
was seen in both subgroups, although the hazard
reduction was greater in the subgroup with
stenosis =60%.

The mechanistic basis for the risk of MI associ-
ated with severe nonculprit lesions is uncertain.
Angiographically severe stenoses may be more
likely to have features of vulnerable plaque. The
frequency of thin cap fibroatheroma (TCFA), as
defined by optical coherence tomography, is
severity is =70%
compared with <70% (14,15). Specifically in the
setting of STEMI and multivessel disease, 47% of
patients have at least 1 TCFA at a nonculprit lesion
site (15). Prospective studies have previously shown
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that TCFA lesions and small residual lumen area are
risk factors for progression at the lesion level
(16,17). Conversely, the concept of vulnerable pla-
que has been questioned (18,19) by observations
that TCFAs may be multiple and may persist for
years without causing a clinical event. In addition,
plaque rupture, for which TCFA is a precursor, may
be declining as a cause of acute coronary syn-
dromes, whereas superficial erosion appears to be
on the rise, possibly due to more widespread use of
statin therapy. Imaging techniques such as near-
infrared spectroscopy, intravascular ultrasound,
and optical coherence tomography can identify
features of vulnerable plaques, and several trials are
exploring the role of using plaque morphology on
imaging to guide PCI (20). These studies will pro-
vide randomized comparisons of PCI of TCFA-
containing lesions versus medical therapy of such
lesions on hard clinical outcomes and help to more
fully test the vulnerable plaque hypothesis.
Whether the identification of nonculprit lesions
for PCI should be performed by means other than
visual estimation is uncertain. Angiographically se-
vere lesions are more likely to also be physiologi-
cally significant. Although angiographic lesion
severity has only a moderate negative correlation
with FFR (—0.56) overall (21), among lesions with
visual assessment of stenosis from 71% to 90% and
>90%, positive FFR was observed in 80% and 96%
of such lesions, respectively (22). Several trials have
explored the role of FFR-guided PCI in patients
with STEMI and multivessel disease (23,24), and a
meta-analysis of FFR guidance that included these
trials showed a reduction in cardiac death and MI,
predominantly driven by reduced MI (25). The
advantage of a physiology-guided approach is that
it may reduce number of nonculprit-lesion PCI
procedures by targeting PCI to only functionally
significant lesions and may reduce the safety out-
comes, including bleeding, stent thrombosis, reste-
nosis, contrast-induced nephropathy, bleeding, and
periprocedural MI. There may be potential long-
term cost savings due to reduced need for addi-
tional stents and future procedures. The limitations
of a physiology-guided approach are that its efficacy
in the setting of ACS is uncertain because recurrent
events may be more closely linked to plaque
morphology rather than physiology. Thus, physio-
logically deferred lesions containing wunstable

COMPLETE Stenosis Severity

plaque morphology may drive recurrent events.
There is increased procedural cost associated with
pressure wire use that needs to be balanced against
savings from fewer PCIs and safety events. The
advantage of an angiography-guided approach is
that it is the current standard of care as established
by the COMPLETE trial, is simple and widely used,
and is the only strategy proven to reduce CV death
or new MI. The limitations of an angiography-
guided approach is that it is an all-encompassing
approach to PCI that may increase the number of
unnecessary PCIs, and this increase in procedures
may lead to more procedure-related safety events
such as bleeding, stent thrombosis, contrast-
induced nephropathy, and stroke. Comparative
studies are needed between these 2 approaches.

STUDY LIMITATIONS. Not all patients had angio-
grams submitted for core laboratory evaluation;
therefore, the QCA results were not available in
approximately 5% of randomized patients. The se-
lection of 60% cutoff for QCA was pre-specified but
arbitrary. Subgroup analyses have well-known limi-
tations including false negatives due to inadequate
power and false positives due to multiple testing.
Although potential confounding effects from
observed risk factors were controlled for in the study
using a propensity-score matching approach, the
ability to make causal inference may still be limited
by residual confounding from differences in baseline
characteristics between subgroups.

CONCLUSIONS

Among patients with STEMI and multivessel coronary
artery disease, complete revascularization reduced
major CV outcomes to a greater extent in patients
with QCA-determined nonculprit lesion stenosis
severity =60% compared with <60%. Although visual
estimation to identify nonculprit lesions is a safe and
effective strategy, future investigation of alternate
methods of selecting nonculprit lesions for treatment
is warranted.

ADDRESS FOR CORRESPONDENCE: Dr. Tej Sheth OR
Dr.Shamir R, Mehta, Population Health Research Institute,
Hamilton Health Sciences, General Division, 237 Barton
Street East, Hamilton, Ontario L8L 2X2, Canada. E-mail:
shetht@mcmaster.ca. OR smehta@mcmaster.ca. Twitter:
@PHRIresearch, @PHRIresearch.
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PERSPECTIVES

farction and CV mortality.

COMPETENCY IN PATIENT CARE AND PROCEDURAL
SKILLS: Inpatients with STEMI and multivessel coronary
disease, those with more severe (>60%) stenosis of
nonculprit lesions gain the greatest benefit from com-
plete revascularization in terms of reductions in rein-

JACC VOL. 76, NO. 11, 2020
SEPTEMBER 15, 2020:1277-86

TRANSLATIONAL OUTLOOK: Clinical trials are
needed to compare the outcomes of angiographically
versus physiologically guided assessments of nonculprit
coronary lesions in patients with STEMI and multivessel
coronary artery disease undergoing PCI.
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8.4 Publication 4.
Using Optical Coherence Tomography to Identify Lipid and Its Impact on Interventions and

Clinical Events — A Scoping Review —

Circ J. 2021 Oct 25;85(11):2053-2062. doi: 10.1253/circj.CJ-21-0377. Epub 2021 Jul 22.

Optical coherence tomographic imaging is a high-resolution intracoronary imaging technique
that has enabled the identification of lipid, with increasing interest in how it

may affect coronary interventions and clinical outcomes. This review summarizes the available
evidence around OCT identification of lipid and its effect on interventions, clinical events, and

the natural history of coronary disease.

A scoping review was conducted in Medline, HealthStar, and Embase databases for articles
published between 1996 and 2021. 1,194 articles were screened and 51 identified for inclusion
in this study. The literature supports a common OCT definition of lipid as low-signal regions
with diffuse borders, validated against histology and other imaging modalities with acceptable

intra- and inter-rater reliability.
There is evidence that OCT-identified lipid at the site of stent implantation increases the risk of

edge dissection, incomplete stent apposition, in-stent tissue protrusion, decreased coronary

flow after stenting, side branch occlusion, and post-procedural cardiac biomarker increases. In
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mostly retrospective studies, lipid indices measured at non-stented sites are associated with
plaque progression and the development of recurrent ischemic events.

This analysis concluded that there is extensive literature supporting the ability of OCT to
identify lipid and demonstrating a substantial impact of lipid on percutaneous coronary
intervention outcomes. Future work to prospectively evaluate the effect of the characteristics

of lipid rich plaques on long-term clinical outcomes is needed.
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Background: Optical coherence tomographic (OCT) imaging has enabled identification of lipid, with increasing interest in how it
may affect coronary interventions and clinical outcomes. This review summarizes the available evidence around OCT identification
of lipid and its effect on interventions, clinical events, and the natural history of coronary disease.

Methods and Resuits: We conducted a scoping review using the Medline, HealthStar, and Embase databases for articles published
between 1996 and 2021. We screened 1,194 articles and identified 51 for inclusion in this study, summarizing the key findings. The
literature supports a common OCT definition of lipid as low-signal regions with diffuse borders, validated against histology and other
imaging modalities with acceptable intra- and inter-rater reliability. There is evidence that OCT-identified lipid at the site of stent
implantation increases the risk of edge dissection, incomplete stent apposition, in-stent tissue protrusion, decreased coronary flow
after stenting, side branch occlusion, and post-procedural cardiac biomarker increases. In mostly retrospective studies, lipid indices
measured at non-stented sites are associated with plague progression and the development of recurrent ischemic events.

Conclusions: There is extensive literature supporting the ability of OCT to identify lipid and demonstrating a substantial impact of
lipid on percutaneous coronary intervention outcomes. Future work to prospectively evaluate the effect of the characteristics of lipid-

rich plaques on long-term clinical outcomes is needed.

Key Words: Lipid rich plaque; Optical coherence tomography; Thin cap fibroatheroma

factor in the outcome of percutaneous coronary

intervention (PCI)'2 and the natural history of
coronary disease.35 Although the role of calcified plaque
in PCT has received much attention, there has been a relatively
limited focus on lipidic plaque. Optical coherence tomo-
graphic (OCT) imaging has enabled identification of lipid,
and a growing literature base has explored how it may
affect the procedural outcomes of PCI, as well as longer-
term clinical outcomes.® To assist the practicing interven-
tionalist in applying this evidence base, we conducted a
literature review to summarize the available evidence
regarding OCT identification of lipid and its consequences.
Our objectives were Lo review: (1) the reliability and valid-
ity of lipid identification by OCT compared with histopa-
thology and other detection modalities; (2) the impact of
lipid on in-laboratory and post-laboratory PCI outcomes;
and (3) the effect of lipid on recurrent ischemic events in
natural history studies of coronary disease.

P laque morphology is recognized as an important

Methods

To explore the breadth and depth of the literature around
the OCT identification of lipid and its consequences, we
selected a scoping review methodology.” This allowed us to
summarize the diversity of the literature available and to
identify key evidence and gaps without being limited to
samples and datasets that can be easily aggregated using
more conventional systematic review approaches.?

Search Strategy

With the aid of a librarian, we conducted an OVID search
of the Medline, HealthStar, and Embase databases for
article published between 1996 and February 2021 using
the following keywords: tomography, optical OR tomog-
raphy, optical coherence/ AND (lipid OR thin cap fibroath-
eroma OR TCFA). We excluded ophthalmologic studies,
non-human studies, studies not published in English and
duplicates.
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OVID search of Medline, HealthStar, Embase
January 1996 to February 2021
1194 Citation(s)
Y
Non-Duplicate
Citations Screened
Inclusion/Exclusion 1059 Anticles Excluded
Criteria Applied After Title/Abstract Screen
Y
135 Articles Retrieved
Inclusion/Exclusion 84 Anticles Excluded 0 Anticles Excluded
Criteria Applied Afier Full Text Screen During Data Extraction
y
51 Articles Included
Figure 1. Flow diagram of the scoping review methodology.
Screening Data were extracted from the full text into 3 predefined

Articles were screened in duplicate using titles and abstracts
by 4 reviewers (M.S., M.A., J.C., G.D.) using an online
systematic review platform (https:/rayyan.qcri.org/). All
reviewers trained on a common set of 50 articles to ensure
consistency in inclusion and exclusion criteria. We included
empirical data (including case series, cross-sectional, cohort,
controlled trials, randomized data, systematic reviews,
expert consensus statements, and meta-analyses) pertaining
to OCT-identified lipid for the purposes of defining or
validating lipid pools, correlating lipid pools with intrapro-
cedural, periprocedural, and long-term clinical outcomes.
We excluded intravascular imaging studies without OCT
comparison, studies with data only relating to differences
in lipid pools based on demographics or clinical variables,
studies related to the impact of pharmacologic intervention
on lipid pools, studies related to neoatherosclerosis, case
reports, review articles, expert consensus, commentaries,
animal studies, basic science studies including ex vivo models
and computational modeling, and studies related to bioab-
sorbable scaffolds. In all, 274 articles were screened in
triplicate because at least 1 reviewer was undecided; 17
conflicts were resolved through discussion.

Eligihility and Data Extraction

The full text of articles meeting the screening criteria were
assessed by 2 reviewers (two of M.S.,, M.A_,J.C., G.D.) for
inclusion, with disagreements resolved through consensus.

tables for reliability and validity evidence and intra- and
post-procedural outcomes by a single reviewer (one of
M.A., J.C., G.D.) and verified by a second (M.S.).

IRB Information
Ethics approval was not applicable for this study because
the data collected were from previously published studies.

Results

The results of the literature search are presented in Figure 1.
In all, 1,194 articles were identified, 920 of which were
screened in duplicate and 274 were screened in triplicate
because at least 1 reviewer was undecided. Seventeen con-
flicts were resolved through discussion. Of the 135 articles
that underwent full text review, 51 met the criteria for
inclusion in the present study.

Reliahility and Validity of Lipid and TCFA Detection by OCT
Lipid was consistently defined in OCT imaging as plaque
with low signal intensity regions with diffuse borders.62-13
Reports suggest good intraobserver (xk=0.75-0.97) and
interobserver (x=0.76-0.93) agreement,12.14- 18 with improve-
ment documented in 1 paper after training on artifacts and
lipid mimics'® (see Table 1). Interobserver agreement on
maximal lipid arc was similarly good (intraclass correla-
tion coefficient [ICC] 0.82-0.90).14161% OCT detection of
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Table 1. Inter- and Intrarater Reliability of Lipid-Rich Plaque and Thin Cap Fibroatheroma
Lipid-rich plaque Thin cap fibroatheroma
Study Year No. Intrarater  Inter-rater Intrarater Inter-rater
raters Definition reliability  reliability Definition reliability reliability
(k) (k) (k) (®)
Brown et al'® 2015 Not Signal-poor region 0.85 0.66 Lipid-rich plaque 0.64 0.66
reported with a minimum with a fibrous cap
lipid arc of =90° thickness <85um
Di Vito et alts 2017 2 Signal-poor region 0.97 0.93
diffusely bordered
by overlying
signal-rich bands
Fuijii et al2s 2015 Not Lipid content >1 0.92 0.81
reported quadrant with
fibrous cap
measuring <65um
Habara et al'z 2017 2 Signal-poor 0.83 0.76
regions without
sharp borders
Kini et al'* 2015 3 Signal-poor region 0.66 Lipid-rich plaque 0.43 (improving
with poorly (improving  with minimal with training to
delineated borders, with training to fibrous cap 0.83-0.88)
litle or no signal 0.75-0.87) thickness <65mm
backscattering, and
an overlying
signal-rich layer
spanning >90° in
any cross-section
Lee et al'” 2011 2 More than 2 0.90 0.83 Lipid-rich plaque 0.83 0.77
quadrants of with a fibrous cap
signal-poor plaque thickness <70um
Lee et al® 2011 2 More than 2 0.86 0.78 Lipid-rich plaque 0.82 0.80
quadrants of with a fibrous cap
signal-poor plaque thickness <70um
Lee et al** 2015 2 Low-signal region Lipid-rich plaque 0.86 0.90
with a diffuse with a fibrous cap
border >90° thickness <80um
Paaletti et al22 2016 Not  Signal-poor region Lipid plague with R=0.93 R=0.92
reported diffusely bordered a cap thickness
by overlying <80um
signal-rich bands
Phipps et alz¢ 2016 Not Fibrous cap 0.83
reported <65um overlying
a lipid core
Radu et al® 2016 2 Fibroatheroma 0.50 (improving 0.23 (improving
with minimum to 1.0 with to 1.0 with
fibrous cap semiautomatic semiautomatic
thickness<65pm assessment)  assessment)
Roleder et al'® 2014 Not Lipid-rich plaque 0.84
reported with fibrous cap
thickness <65 um
Yabushita et alz* 2002 Not  Diffusely bordered 0.88 0.91
reported signal-poor regions
with overlying
signal-rich bands
lipid was sensitive 89-94%, but less specific 70-92%, based with lipid.*

on comparisons with near-infrared spectroscopy (NIRS;
sensitivity 86-90%, specificity 70-90%),'52® histologic
examination of direct atherectomy (sensitivity 89%, speci-
ficity 75%),'2 and pathology specimens (sensitivity 90-94%b,
specificity 90-92%;2! Table 2). Reasons for false positives
based on histologic comparisons include macrophages,
foam cells, red thrombus, and collagen-poor extracellular
matrix.122! Detecting lipid in patients presenting with acute
coronary syndromes, especially in ST-elevation myocardial
infarction, may be limited by red thrombus, which both
obscures lipid and may share similar optical characteristics

Circulation Journal

TCFA was most frequently defined as a lipid-rich plaque
with a minimum fibrous cap thickness of <65um.%!1
Interobserver agreement of cap thickness (ICC 0.52-0.91)
and TCFA (k=66-0.93)1416192224 was fair 0 good,
improving with training to identify macrophages and cal-
cification,!¥ and with semi-automated detection of fibrous
cap.® Although OCT detection of TCFA was sensitive
(87-100%o) and specific (92-97%) in histopathology studies,
positive predictive values are lower (41-47%), with micro-
calcifications, macrophages, foam cells, hemosiderin, fibrin,
and loose connective tissue contributing to false posi-
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Table 2. Comparison of OCT-Detected Lipid and Thin Cap Fibroatheroma With Other Modalities
No. Comparative o Sensitivity  Specificity PPV NPV
Study Year  patients standard OCT criteria (%) (%) (%) (%)
Presence of lipid
Di Vito et al's 2017 43 NIRS Signal-poor region 86 70 59 90
diffusely bordered by
overlying signal-rich
bands
Yonetsu et al20* 2014 17 NIRS Diffusely bordered 90 60 90 60
signal-poor region with
signal attenuation by
the overlying signal-rich
layer
Habara et ali2 2018 25 Directional Signal-poor regions 89 75 67 92
atherectomy without sharp borders
Yabushita et al* 2002 90 Autopsy Diffusely bordered 90-94 90-92 74-75 97-98
signal-poor regions
with overlying signal-
rich bands
Thin cap fibroatheroma
Fujii et al® 2015 60 Autopsy Lipid content >1 100 97 41 100
quadrant with fibrous
cap measuring < 65um
Miyamoto et al2e* 2011 81 Integrated Thin fibrous cap 95 88 a8 94
backscatter <65um overlying a
IVUS »55% lipid-rich plague >80°
lipid pool
Phipps et al?s 2016 10 Autopsy Fibrous cap <65um 87 92 37 99
overlying a lipid core

*Data calculated based on numbers provided. IVUS, intravascular ultrasound; NIRS, near-infrared spectroscopy; NPV, negative predictive
value; OCT, optical coherence tomography; PPV, positive predictive value.

tives.!2252¢ Macrophages, foam cells, and microcalcifica-
tions are hypothesized to result in extensive scattering of
light, resulting in signal attenuation that mimics lipid.2526

Measurements of OCT lipid (greater angle and thinner
cap) were associated with higher maximum lipid core bur-
den index by NIRS.127 Detection of lipid by OCT was
more sensitive than with intravascular ultrasound (IVUS),
even when IVUS was performed with enhanced integrated
backscatter.® Lipid and TCFA are more common in
plaques with higher grades of stenosis.** Lipid arc and cap
are correlated with atheroma volume.!® Lipid is more com-
monly found in the main branch side of bifurcations, with
TCFA more frequently opposite the flow divider.!!-*
TCFA is more common in the proximal and mid-left ante-
rior descending artery and proximal circumflex artery,3
particularly around the obtuse marginal bifurcation,3 with
broader distribution in the right coronary artery clustered
around the mid-vessel and distal bifurcation.30-3

Effect of Lipid on In-Lahoratory Outcomes
Stenting lipid is associated with in-stent plaque prolapse, 2
intra-stent thrombus,33 and incomplete stent apposi-
tion* (Table 3). Fibrous cap thickness is inversely corre-
lated with in-stent plaque prolapse.’” Landing a stent in
lipid was associated with edge dissections,®® both proxi-
mal® and distal,® and edge restenosis.4! Lipid opposite a
side branch ostium was associated with angiographic ste-
nosis of the side branch origin after provisional stenting.42
In patients undergoing elective stenting, the presence of
lipid plaque was associated with a reduction in Throm-
bolysis in Myocardial Infarction (TIMI) flow.3243 [n patients
undergoing primary PCI, the extent of lipid was associated
with no-reflow* and no-reflow with filter device use.*> One
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study identified an association between lipid and incom-
plete stent apposition in a primary PCI cohort, where
malapposition was also associated with the presence of
thrombus and larger proximal vessel diameters.3 The
impact of lipid on stenting is summarized in Figure 2.

Effect of Lipid on Post-Lahoratory Outcomes
Lipid was associated with post-procedural increases in
cardiac biomarkers in elective stenting,'’-182446-52 which
was related to landing the stent in lipid proximally,* the
lipid arc,®* lipid length,’82447 and the presence of
TCFA.18#437414 [ patients undergoing primary PCI, the
extent of lipid was related to the lack of prompt resolution
of stent thrombosis®** and higher increases in enzymes.*?
In patients with acute coronary syndromes, fibrous cap
thickness was inversely correlated with microvascular
obstruction identified by magnetic resonance imaging.*
The impact of lipid on stent healing is less clear, with
reports of greater neointimal hyperplasia of struts overly-
ing lipid at OCT imaging follow-up at 3 and 9 months, 5%
and greater persistence of malapposition of stented lipid
plaques at 8 months.5” The presence of fibrous cap disrup-
tion and a necrotic core with macrophages in an acute
culprit before stenting were independent predictors of the
composite of cardiovascular death, non-fatal myocardial
infarction and clinically driven revascularization at 1 year
in a retrospective cohort of 209 patients.s

Effect of Lipid on Clinical Outcomes

In a natural history study of 1,000 patients, half of whom
had an left anterior descending (LAD) culprit, lipid arc
>180° and TCFA were both associated with the composite
of cardiac death and target vessel LAD segment myocar-
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Table 3. Association Between OCT-Detected Lipid and Procedural Qutcomes

Study Year Population No. patients Association
Edge dissections

Antonsen et als® 2016 NSTEMI 97 Edge dissection associated with
thick-fibroatheroma (P<0.001)

Gonzalo et al* 2010 Stable angina and ACS 73 Distal edge dissection associated with
plague type (fibrocalcific 43.8%, lipid
rich 37.5%, fibrous 10%; P=0.009)

Zeglin-Sawczuk et al?® 2013 Stable angina and ACS 203 >90° lipid arc associated with proximal
edge dissection (OR 23.6, P<0.01)

Tissue protrusion

Bryniarski et al3* 2017 ACS and stable angina 786 Maximal lipid arc (187° vs. 162°;
P=0.004), mean lipid arc (138° vs. 119°;
P=0.001) and lipid index (P=0.003)

Sugiyama et alse 2017 Stable angina and ACS 145 >180° lipid arc (P<0.001)

Feng et al®= 2011 Unstable Angina 68 Lipid associated with tissue prolapse
(P<0.001) and in-stent microthrombosis
(P<0.001)

Incomplete apposition
Bemelli et al*? 2016 ACS 140 >90° lipid arc (OR 1.3, P=0.04)
Reduced post-stenting flow

Gamou et al*® 2014 Stable angina and ACS 141 TCFA <65um (HR 12.32, P=0.0005)

lkenaga et al*? 2012 STEMI 39 Length of lipid poal >9mm (P=0.002)

Ozaki et al®* 2011 ACS 21 TCFA <70um (P=0.012)

Soeda et al** 2017 STEMI 145 Maximum lipid arc (344° vs. 320°;
P=0.032) and lipid index (P<0.001)

SB occlusion >50%

Kini et als2 2017 Stable angina 30 Maximal lipid arc (146° vs. 75°; OR
1.014 per degree, P=0.038), presence
of lipid plague coniralateral to SB ostium
(OR 8.14, P=0.046)

Periprocedural biomarker elevation

Imola et al¢ 2013 Stable angina 30 Lipid pool quadrants (P=0.09) and lipid
pool arc (P=0.006) with all lipid arc >154°

Kini et alst 2015 Stable angina 110 Greater cap thickness (OR 0.90, P<0.001)

Lee et al'® 2011 Stable and unstable angina 135 =2 quadrants of lipid (OR 3.49, P=0.003)
and plaque cavity (OR 2.92, P<0.017)

Lee et al?* 2015 Stable angina 206 Lipid arc (178° vs. 160° degrees; OR
1.01 per degree, P=0.018), lipid length
(8 vs. 5mm; OR 1.08 per mm, P=0.008),
and TCFA <80um (OR 4.5, P<0.001)

Lee et als? 2017 NSTEMI 167 TCFA <70um (OR 2.88, P=0.011)
and lipid length (10 vs. 7mm; OR 1.12,
P=0.02)

Porto et al?? 2012 NSTEMI and stable angina 50 TCFA < 65um (OR 29.7, P=0.008)

Ueda et als® 2014 Stable angina 68 Colocalization of lipid and spotty
calcification (OR 8.4, P<0.01)

Uzu et al® 2017 Stable angina 94 Lipid index {P<0.001)

Yamamoato et al*7 2013 Stable angina 79 Optimal cut-off values: lipid arc >115°,

fibrous cap thickness <110um, and lipid
length >7.7mm

ACS, acute coronary syndrome; HR, hazard ratio; NSTEMI, non-ST segment elevation myocardial infarction; OR, odds ratio; SB, side branch;
STEMI, ST-elevation myocardial infarction; TCFA, thin cap fibroatheroma. Other abbreviations as in Table 2.

dial infarction at 1 year.?

In non-culprit disease, unstented lipid and TCFA were
associated with rapid plaque progression based on imaging
at 6-month intervals® (Table 4). In a cohort of 1,378
patients followed prospectively for 6 years, lipid arc >180°
and fibrous cap thickness <65um were each independently
associated with the development of acute coronary syn-
drome at the plaque level.® The hazard ratio was increased
when both these variables were present but fewer lesions
possessed both characteristics. In receiver operating char-

Circulation Journal

acteristic curve analysis, fibrous cap thickness <150 ym had
the greatest sensitivity (88%) and negative predictive value
(99%) to rule out incident acute coronary syndrome; the
presence of lipid plaque with a lipid arc >180° in combina-
tion with TCFA <65um had the greatest specificity (97%)
and positive predictive value (33%).6 Lipid length
>5.9mm, lipid arc >193°, and area stenosis >69% were
predictive of the composite of cardiac death, myocardial
infarction, and ischemia-drive revascularization among
1,474 patients followed for a median of 2 years.®!
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Diffuse-bordered signal
poor region with overlying
signal rich layer
Edge Incomplete
dissections apposition
JFlow

TBiomarkers

Extruded lipid

Figure 2. Effect of optical coher-
ence tomography-identified lipid on
stenting.

Tissue Protrusion

This literature has some limitations. Multivessel imaging
was not performed in any of the studies identified. A pro-
spective study design was only used in 1 study (CLIMA:
Coronary plaque morphology of the left anterior descending
artery and twelve months clinical outcome®), whereas the
remaining studies were retrospective evaluations of OCT
images acquired during image-guided PCI and were
confined to the non-stented segment of the PCI target vessel.
Only 1 study had exclusively plaque-level endpoints in the
study analysis.” The imaging parameters associated with
events in the current literature are summarized in Figure 3.

This review identified several key findings: (1) OCT identi-
fication of lipid had acceptable reliability, with the poten-
tial for improvements with training and automated
detection; (2) stenting lipid was associated with plaque
prolapse, incomplete apposition, and a reduction in post-
intervention coronary flow; (3) stenting lipid was associated
with post-procedural increases in cardiac biomarkers and
other markers of microvascular obstruction; and (4)
unstented lipid has an unfavorable natural history.

The OCT recognition of lipid as a low signal intensity
area with diffuse borders is supported by correlative stud-
ies using histology and other imaging modalities. However,
there is a false positive rate because a minority of plaques
with these characteristics are not lipid based on histologic
assessment. Operators are encouraged to examine adjacent
cross-sections to improve their specificity in identifying
lipid. Further, lipid plaque frequently contains micro- and
macrocalcifications, and vice versa, making the identifica-
tion of lipid deep to calcified plaque difficult. Automated
approaches hold promise to improve the detection of lipid
and to reduce the operator training required to achieve reli-

able lipid detection. Focal bands of attenuation not found
in adjacent cross-sections are characteristic of macrophage
infiltration, intraluminal extension with irregular borders
is more consistent with red thrombus, and sharply delin-
eated borders in contiguous cross-sections favor calcium.
Using a threshold of <65um, TCFA is accurately diag-
nosed by OCT in correlative studies. Thresholds for evalu-
ating intra- and interobserver identification of TCFA vary
from 65 to 85um with similar results. Semiautomated,
machine-based approaches show early promise for improv-
ing the consistency of image interpretation of TCFA, and
further evaluation of automated detection of lipid plaque
is warranted.

Of all plaque types, lipid appears to be the most easily
deformed and disrupted. A paucity of supportive fibrous
and connective tissues likely contributes to lipid exuding
through metallic struts, resulting in intra-stent plaque pro-
lapse and, in some cases, overt mechanical displacement of
lipid downstream of the stented segment. Downstream
displacement of micro- and macro-lipid plaque compo-
nents could lead to microvascular obstruction, no-reflow
phenomenon, post-procedural increases in enzymes, and
leave tissue voids contributing to malapposition. Image
guidance during intervention has the advantage of antici-
pating these potential complications when stenting lipidic
lesions. Observation of extensive lipid warrants a focus on
appropriate evidence-based systemic lipid therapy .6

Despite a diversity of a priori thresholds defining lipid
plaque, lipid arc, and TCFA, the associations with stent-
elated complications are consistent, with a narrow range of
thresholds found. Potential management implications of
identifying lipid have not been defined in clinical trials, and
there are no established interventional approaches specific
to OCT-identified lipid. However, given the observational
literature, avoiding ending stents in lipid plaques seems
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Tahle 4. Coronary Disease Natural History Studies Involving Lipid-Related Univariate Predictors of Patient- and Plaque-Level
Outcomes
No. Study Mean follow-up Stenosis
Study Year patients design (months) Outcomes severity
lannaccone et al®® 2018 209 Retrospective, 12.6 Patient level: composite of death from
multicenter cardiac causes, non-fatal MI, and clinically
driven target vessel revascularization
Xing et alét 2017 1,474 Retrospective 48 Patient level: composite of cardiac death, Area stenosis
multicenter acute MI, and ischemia-driven >69% (HR 6.1,
revascularization in non-culprit segment  P<0.001; AUC 0.66,
P=0.005)
Araki et als® 2020 248 Retrospective, 741 Angiographic: rapid progression
single center (decrease in mean luminal diameter
=0.4mm)
Prati et al® 2020 1,003 Prospective, 12 Patient and vessel level MLA <3.5mm?
multicenter Patient level: composite of cardiac death (HR 2.07, P=0.032)
and target Ml in imaged LAD territory
Kubo et alse 2021 1,378 Retrospective 72 Plague level: ACS in non-culpritimaged  MLA <2.9mm2
single center segment (HR 4.58, P<0.001)
- Fibrous cap
Study Lipid extent Macrophages thickness Plaque rupture

lannaccone et al®®

1.6-6.6, P<0.01) P=0.04) P<0.01)
Xing et alst Lipid arc >193° (HR 2.49, P=0.024;
AUC 0.64, P=0.012)
Lipid length >5.9mm (HR 5.69,
P=0.001; AUC 0.66, P=0.005)
Araki et al® Lipid arc >90° (OR 3.1, P<0.001) Present (OR 2.22, Fibrous cap thickness <65um  Fibrous cap discontinuity
P=0.036) and lipid arc >90° (OR 4.08, with cavity formation
P<0.001) (OR 2.76, P=0.029)
Prati et al® Lipid arc >180° (HR 2.40, P=0.017) Present (HR 2.66, Fibrous cap thickness <75um
P=0.027) (HR 4.85, P<0.001)
Kubo et als® Lipid arc >180° (HR 12.6, P<0.001) Present (HR 4.83, Fibrous cap thickness <65um
P<0.001) (HR 10.4, P<0.001)

Presence of necratic core (signal-poor region with poorly
delineated borders) with macrophages (HR 3.3, 95% CI

Fibrous cap discontinuity
(HR 3.7, 95% Cl 1.4-9.8,

Fibrous cap thickness <65um
(HR 2.3, 95% Cl 1.6-5.4,

AUC, area under the curve; MI, myocardial infarction; MLA, minimum lumen area. Other abbreviations as in Table 3.

justified. Moderating the approach to post-dilation that
takes into account the extent of lipid plaque burden would
be reasonable. In contrast with the existing literature,
which problematizes stent underexpansion with calcified
plaque as the principal determinant of restenosis, 364 the
absence of literature around underexpansion related to
lipid is notable.

The presence of lipid-rich plaque is associated with
recurrent ischemic events in non-stented segments.
However, there were no OCT studies of plaque natural
history conducted with a prospective multivessel imaging
protocol. In contrast, IVUS plaque characteristics were
assessed in 3 large prospective, multivessel imaging studies
with adjudication of events at the patient and plaque
level 36586 Patients who have a significant lipid burden
frequently have other risk factors for recurrent events,
making it important to have enough outcome events in
observational studies to allow clinical variables to be
adjusted for. When imaging findings are evaluated for
predictive value at the patient level, they serve as an overall
measure of risk rather than providing insight into plaque-
level events. Therefore, the development of a treatment
targel for lipid-rich plaque will require robust plaque-level
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data. Adequately powered natural history studies are
needed to provide further evidence for the effects of lipid
plaque on future events at both the patient and plaque
levels. Ideally, these studies would be conducted with
reproducible quantification of lipid by automated and
computerized approaches, laying the groundwork for a
definition of clinically relevant lipid based on predictive
ability for future events.

Study Limitations

Several limitations of this study are worth highlighting.
The scoping review methodology provides an overview of
the available evidence, without formally assessing study
quality or aggregating outcomes across studies. Studies that
compare OCT with other imaging modalities or histopath-
ologic specimens rely on manual coregistration, which can
introduce the possibility of bias, especially because lipid is
frequently found colocated and may be mistaken for calcium,
and vice versa. Given the observational nature of the data,
the results are linked to the specific populations studied
and include heterogeneity in the a priori imaging thresh-
olds applied to assess for associations.
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Figure 3. Lipid-related  optical
coherence tomography predictors of
adverse outcomes.

Conclusions

Lipid and TCFA are readily identifiable on OCT with
acceptable reliability. Stenting lipid is associated with plaque
prolapse, incomplete apposition, a reduction in post-stenting
coronary flow, and post-procedural increases in cardiac
biomarkers. Characteristics of unstented lipid are linked to
rapid plaque progression and recurrent ischemic events
and should be investigated further.

Impact on Daily Practice

Lipid is identified as a low signal intensity area with diffuse
borders on OCT. Stenting lipid is associated with edge dis-
sections, reduced vessel flow and periprocedural increases
in enzymes. It is reasonable to avoid ending stents in lipid
and to moderate the approach to post-dilation.
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9 PART VI. FINAL REMARKS AND FUTURE DIRECTIONS
MI and SCD are the most common acute manifestation of patients with CAD globally. pPCl is the
preferred method of reperfusion in patients with STEMI and has changed the prognosis of this

populations once presenting with an ACS. These patients often have multivessel CAD, with

residual stenoses in locations separate from the culprit lesion that caused the acute event.
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9.1 IS THE FUTURE ISCHEMIA-DRIVEN OR IMAGING-DRIVEN REVASCULARIZATION?

COMPLETE-OCT substudy demonstrated that non-culprit lesions in patients with STEMI and
multivessel CAD commonly contain TCFA plaque morphology, with 47% of patients having at
least one obstructive non-culprit TCFA, meaning that about half of ACS patients have
non-culprit lesions with plague morphology similar to the culprit lesion that caused the index
event (25). This observation is supported by other large scale registry studies, including
PROSPECT (97), ATHEROREMO-IVUS (168), and the Lipid-Rich Plaque study (201), demonstrated
that lesions with vulnerable plague morphology were associated with a 2-4 fold increase in

cardiovascular events, regardless of physiological significance.

An ischemia-driven PCl strategy is well established in patients with stable CAD and has been
shown to be superior to an angiography-guided strategy; but there is uncertainty regarding the
use of this strategy in the setting of ACS. Given recent trials; FLOWER-MI and FUTURE, a
physiology-guided strategy to guide PCl for non-culprit lesions in STEMI is not superior to

angiography alone.

Collectively, these data raise the question of whether a physiology-guided strategy in the
setting of ACS will be able to identify all high-risk obstructive lesions, as it does not provide
insight into the biology of the plague composition. On the other hand, the incidence of TCFA
increases with lesion severity, so a physiology guided strategy will likely be complimentary to

OCT guided imaging in identifying these lesions that require intervention.
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9.2 IS THE FUTURE JUST NOVEL MEDICAL THERAPIES?

LRP detection could also be used as a surrogate marker for event reduction with medical
therapies such as high-dose statin or PCSK9 inhibitors. One study is investigating the effect of a
PCSK9 inhibitor to abolish or reduce LCBI and alter OCT findings; PACMAN-AMI trial
(NCT03067844), which aims to examine the effects of the PCSK9-inhibiting antibody alirocumab
on coronary atherosclerosis in patients with acute myocardial infarction with NIRS, IVUS, and

OCT imaging modalities.

Systemic risk factors modification strategy reduced the incidence of death and myocardial
infarction by 30%; however, a subset of patients continued to have recurrent symptoms related
to coronary artery disease progression and lesion instability (273-275). Non-invasive imaging
and coronary angiography were limited techniques to identify those plaques with a higher
propensity for future instability. Thus, focal prophylactic treatment of potentially vulnerable
plagues was not performed because PCl of intermediate lesions were shown to have restenosis
rates similar to those of PCl for symptom-causing lesions, thereby obviating the potential
benefits of a prophylactic strategy (276). With the introduction of drug-eluting stents, capable
of reducing restenosis rates to <5%, opened the debate about optimal management of
incidental potentially unstable non-target lesions noted during PCl in an acute setting aiming to

reduce death and myocardial infarction.
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9.3 IS THE FUTURE ABOUT PREVENTIVE PCI?

Can intracoronary imaging provide sufficient risk stratification to warrant PCI of a plaque in the

absence of refractory symptoms or negative physiology assessment?

The event rate for medical treatment with FFR > 0.80 varies among different studies, but at
worst reaches 1% per year for death or Ml related specifically to the interrogated vessel (224,
227,228, 230). If PCI had no acute risk or long-term complications, then it could be applied
almost universally to those no-flow limiting vulnerable plaques. However, despite enormous
improvements in device design, implantation technique, and pharmacologic therapy; PCl carries
immediate and delayed consequences. Modern stents have a rate of 2% to 3.5%/year. Given
the very low event rates in unselected FFR negative lesions, definite imaging criteria that could
enrich outcomes remain under investigation; however, there is good evidence of certain
vulnerability criteria that are related to future MACE, imaging also has the power to improve

outcomes by PCl optimization.

Stone et al. (277) conducted PROSPECT ABSORB. Patients with an angiographically non-
obstructive stenosis not intended for PClI but with IVUS plaque burden of >65% were
randomized to PCl with bioresorbable vascular scaffold versus guideline-directed medical
therapy alone. The primary powered effectiveness endpoint was the IVUS-derived minimum

lumen area (MLA) at protocol-driven 25-month follow-up.
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High-risk vulnerable plaques might have a benign angiographic appearance, but their presence
portends an increased lesion-specific and patient-level risk of unanticipated future MACE
despite intensive treatment with guideline-directed medical therapy (97, 167, 168, 201, 203,
278). However, there is not enough evidence to support whether prophylactic revascularization

of non—flow-limiting vulnerable plaques might improve patient prognosis.

The background of the PROSPECT ABSORB (277) was based on experimental and observational
human studies that supported the concept of fibroatheromas PCl with either metallic stents or
bioresorbable vascular scaffolds resulting in neointimal hyperplasia, effectively thickening the
fibrous cap and normalizing wall stress (279-283). PCI might thus provide freedom from
atherosclerotic progression and clinical events arising from the vulnerable plaque site (25, 284-

287).
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PROSPECT ABSORB. Conceptual framework. High-risk plaque.

ﬁunen
Thin fibrous — Lipid-rich

cap necrotic core

PCl + GDMTl lGDMT alone

Stone, GW et al. ) Am Coll Cardiol 2020 Vol. 76 Issue 20 Pages 2289-2301

The secondary major clinical effectiveness endpoint of randomized lesion—related MACE at the
latest follow-up occurred in 4.3% of bioresorbable vascular scaffold-treated patients compared
with 10.7% of guideline-directed medical therapy alone—treated patients (OR: 0.38; 95% Cl:

0.11t01.28; p % 0.12).
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PROSPECT ABSORB. Lesion-related MACE
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Stone, GW et al. ) Am Coll Cardiol 2020 Vol. 76 Issue 20 Pages 2289-2301

PROSPECT ABSORB (277) concluded that PCl with bioresorbable vascular scaffold implantation
in angiographically mild, non—flow-limiting lesions with large plaque burden, small MLA, and
high lipid content was safe and substantially enlarged luminal dimensions during follow-up; and

was associated with favorable long-term clinical outcomes.

There is an ongoing randomized study; PREVENT (The Preventive Coronary Intervention on
Stenosis With Functionally Insignificant Stenosis With Vulnerable Plague Characteristics; URL:

https://www.clinicaltrials. gov. Unique identifier: NCT02316886) using multimodality imaging
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(NIRS, OCT, virtual histology-IVUS, and IVUS). The purpose of this study is to determine whether
preventive coronary intervention on functionally insignificant coronary stenosis with vulnerable

plaque characteristics plus optimal medical therapy reduces the incidence of MACE.
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9.4 ARE WE DONE WITH THE NON-CULPRIT LESION REVASCULARIZATION GUIDELINES?

Approximately 50% of patients with STEMI have multivessel disease (5, 288). PCl options for
patients with STEMI and multivessel disease include: 1) culprit artery-only primary PCI, with PCI
of non-culprit arteries only for spontaneous ischemia or intermediate or high-risk findings on
predischarge non-invasive testing; 2) multivessel PCl at the time of primary PCI; or 3) culprit

artery-only primary PCl followed by staged PCl of non-culprit arteries.

Initial observational studies, RCTs, and meta-analyses comparing culprit artery-only PCl with
multivessel PCl reported conflicting results (13, 289-292), likely because of differing inclusion
criteria, study protocols, timing of multivessel PCI, statistical heterogeneity, and variable
endpoints. Previous clinical practice guidelines recommended against PCl of non-culprit artery

stenoses at the time of primary PCl in hemodynamically stable patients with STEMI (3, 192).

Planning for routine, staged PCl of non-infarct artery stenoses based on the initial angiographic
findings was not addressed in these previous guidelines, and non-infarct artery PCl was
considered only in the limited context of spontaneous ischemia or high-risk findings on
predischarge non-invasive testing. The earlier recommendations were based in part on safety
concerns, which included increased risks for procedural complications, longer procedural time,
contrast nephropathy, and stent thrombosis in a prothrombotic and proinflammatory state,

and in part on the findings from many observational studies and meta-analyses of trends
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toward or statistically significant worse outcomes in those who underwent multivessel primary

PCI.

Four RCTs the suggested that a strategy of multivessel PCI, either at the time of primary PCl or
as a planned, staged procedure, may be beneficial and safe in selected patients with STEMI (14-
17). Based on these findings, the prior Class Ill (Harm) recommendation with regard to
multivessel primary PCl in hemodynamically stable patients with STEMI was upgraded and
modified to a Class llb recommendation to include consideration of multivessel PCI, either at

the time of primary PCl or as a planned, staged procedure.

2015. ACC/AHA/SCAL. Guidelines on primary PCl for patients with STEMI.

2015 Focused Update

2013 Recommendation Recommendation Comment

Class Ill: Harm lass 1Ib
PCl should not be PClI of a noninfarct Modified
performed in a artery may be recommendation
noninfarct artery at the considered in selected (changed class from
time of primary PCl in patients with STEMI “lll: Harm" to “IIb"
patients with STEMI and multivessel and expanded time
who are disease who are frame in which
hemodynamically hemodynamically multivessel PCI could
stable (11-13). stable, either at the be performed).

(Level of Evidence: B) time of primary PCI
or as a planned staged
procedure (11-24).
(Level of Evidence:
B-R)
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2018. ESC/EACTS. Guidelines on myocardial revascularization

Primary percutaneous coronary intervention for myocardial reperfusion in ST-elevation myocardial infarction: proce-
dural aspects (strategy and technique)

Recommendations Class® | Level®

Strategy

Routine revascularization of non-IRA lesions should be considered in patients with multivessel disease before hospital
211-214

discharge.

CABG should be considered in patients with ongoing ischaemia and large areas of jeopardized myocardium if PCI of the ™

IRA cannot be performed.

In cardiogenic shock, routine revascularization of non-IRA lesions is not recommended during primary PCL'®

Technique

©ESC 2018

Routine use of thrombus aspiration is not recommended.”* 226228

CABG = coronary artery bypass grafting; IRA = infarct-related artery; PCl = percutaneous coronary intervention; STEMI = ST-segment elevation myocardial infarction.
*Class of recommendation.
“Level of evidence.

Recently, the Complete vs Culprit-Only Revascularization to Treat Multivessel Disease After
Early PCl for STEMI (COMPLETE) study demonstrated that a strategy of complete
revascularization with staged PCl of the non-culprit lesion reduced the composite of CV death
and new Ml (22). Before the COMPLETE trial, guideline recommendations were limited to small
sample-size RCTs with lower power to detect differences in CV death or new MI. In addition,
most trials included revascularization in the primary composite outcome, which is subject to
criticism in an open-label trial. But currently, reasonable conclusions can be made regarding

complete revascularization in patients with multivessel disease after STEMI presentation.

The 2021 ACC/AHA/SCAI revascularization guidelines were recently published and for the first-
time non-culprit lesion PCI has class of recommendation 1, with level of evidence A. This

recommendation is supported by the COMPLETE trial (22).
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2021. ACC/AHA/SCAI Guidelines for Coronary Artery Revascularization

Recommendations for Revascularization of the Non-Infarct Artery in Patients With STEMI
Referenced studies that support the recommendations are summarized in .

. In selected hemodynamically stable patients with STEMI and multivessel disease, after successful primary

PCI, staged PCI of a significant non-infarct artery stenosis is recommended to reduce the risk of death or
MI (1-4).

2. In selected patients with STEMI with complex multivessel non-infarct artery disease, after successful
2 C-EO primary PCl, elective CABG is reasonable to reduce the risk of cardiac events.

3. In selected hemodynamically stable patients with STEMI and low-complexity multivessel disease, PCl of a

2b B-R non-infarct artery stenosis may be considered at the time of primary PCI to reduce cardiac event rates
(1.2,5-7).
4. In patients with STEMI complicated by cardiogenic shock, routine PCI of a non-infarct artery at the time
B-R of primary PCl should not be performed because of the higher risk of death or renal failure (8-10).

Despite of the strong evidence about complete revascularization, current guidelines focus

exclusively on the importance of ischemia and do not mention the vulnerable plaque (36, 233,
234). Recent studies have provided important insights by showing that ischemia is not the only
predictor of future adverse events, and therefore, intravascular imaging and vulnerable plague

detection merits further attention in future guideline drafting (25, 203, 205, 250, 251).

Although there is enough evidence that have suggested multivessel PCl may be associated with
better outcomes, questions remain regarding optimal timing of non-culprit vessel PCl and
optimal method of evaluating non-culprit lesions; percent of diameter stenosis by angiography-

QCA, FFR and/or intracoronary imaging.
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9.5 DO WE NEED ANOTHER TRIAL IN NON-CULPRIT LESION PCI?

The COMPLETE trial showed clear benefit of complete revascularization strategy in patients
presenting with STEMI and multivessel CAD; however, the decision for revascularization was
made on operator assessment of luminal stenosis by angiography (22). Then, the question
whether this strategy could be optimized by physiology and/or imaging is unclear. Future trials
need to focus on the value that physiology and imaging can add to the decision-making process;
acknowledging that this could increase the cost of the assessment/intervention and the risk of

PCl related complications and stent failure.

Based on this rationale, there is an urgent need for an adequately powered randomized trial
comparing a physiology-guided revascularization strategy to an angiography-guided strategy for
non-culprit lesion PCl in patients with STEMI and multivessel CAD with a large OCT imaging
substudy supporting the PCl decision-making process in negative-physiology non culprit lesions
if vulnerable plaque is present. A non-inferiority trial design is appropriate for this

comparison as we hypothesize that a physiology-guided approach may preserve the benefit of
an angiography-guided approach on future CV death, Ml, and ischemia-driven

revascularization, while reducing important additional outcomes of safety and cost. The
COMPLETE-2 trial will start recruitment soon and will provide strong insights about the role of

both physiology and imaging in patients presenting with STEMI and multivessel CAD.
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10 PART VIl. PRESENTATIONS AND ACADEMIC COLLABORATIONS

10.1 PRESENTATIONS

1. Coronary Physiology vs. Coronary Imaging in CAD. Canadian Cardiovascular Congress CCC 2021.
Canada. Oct 23, 2021.

2. Treatment of non-culprit lesions after STEMI. SICA 2021 Mexico, International Course on Acute
Coronary Syndromes, National Institute of Cardiology ‘Ignacio Chavez” Sep 13, 2021.

3. Concepts on the Treatment of Complex and Challenging Optical Coherence Tomography (OCT)-
Guided Cases Using MLD MAX & Discussion of a Clinical Case. SOLACI-CACI 2021 - Symposium
ABBOTT. Argentina. Aug 3, 2021.

4. Introduction to MLD-MAX Algorithm and Light Lab Data. CRT Virtual Fellows Course 2021.
United States. Jul 10, 2021.

5. STEMI: Complete Revascularization Vs Culprit Lesion. CARDIOEXCELLENCE USA 2021. United
States. Jun 4, 2021.

6. Complex PCl in Coronary Calcified Lesions, the right tools and techniques. Elevate PCI Conclave
2021. India. Jun 11, 2021.

7. Are we safe to defer patients using OCT in ACS?. ACC 2021 Atlanta Session: Invasive Imaging and
Physiology Diagnosis and Management of ACS Patients and Plaques. United States. May 15,
2021.

8. Complete Revascularization in AMI: One-stop fix or Wait a Few Days. SCAI 2021 Virtual Scientific

Sessions. United States. May 16, 2021.
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Imaging in PCI. IVUS and OCT in all cases. Xll Cardiology and Cardiac Surgery International
Symposium. Colombia. May 7, 2021.

Revascularization of non-culprit arteries after STEMI: PRO. Mexican Cardiology Congress 2021.
Mexico. Mar 19, 2021.

My Approach for COMPLETE Revascularization. Best of Both the Worlds: Integrating Physiology
with Morphology 2021. India. Jan 23, 2021.

ST Segment Elevation Myocardial Infarction. Interventional Cardiology Perspective. Costal Rica
Cardiology National Congress 2020. Costa Rica. Dec 4, 2020.

Optical Coherence Tomography, new gold standard in the diagnosis and treatment of the
coronary artery disease. Cardiolili 2020 XIIl Congreso Internacional de Cardiologia. Colombia.
Nov 7, 2020.

Imaging in Acute Myocardial Infarction. CRT Virtual Imaging and Physiology 2020. United States.
Nov 21, 2020.

Use of optical coherence tomography in acute coronary syndrome: Lessons learned from the
COMPLETE trial. CITIC Digital 2020. Mexico. Nov 25, 2020.

OCT basic features in Interventional Cardiology; When, How, What to focus on. XVI Congreso
Colombiano De Hemodinamia 2020. Nov 6, 2020.

Intravascular Imaging. CAIC-ACCI 2020 Interventional Cardiology / Fellows’ Course. Canada. Oct
17, 2020.

How to use intravascular imaging to optimize PCl in ACS. Transcatheter Cardiovascular
Therapeutics 2020. United States. Oct 18, 2020.

Antiplatelet therapy in Acute Coronary Syndrome. Colombian Cardiology Congress 2020. Oct 23,

2020.
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Spotlight Discussion: Management of multivessel disease in patients with acute coronary
syndromes. Intracoronary Guidance in Complex PCl. Spain. Oct 26, 2020.

How benign is good enough?. Canadian Coronary Physiology and Invasive Imaging Symposium.
CPI 2020. Montreal, Quebec, Canada. Feb 5, 2020.

Hybrid imaging cases from novel IVUS/ OCT imaging catheter. Canadian Coronary Physiology and
Invasive Imaging Symposium. CPI 2020. Montreal, Quebec, Canada. Feb 5, 2020.

Coronary Physiology. When, why and which index? English Session. CALA Kickoff Meeting.
Abbott Vascular. 2020. Sao Paulo, Brazil. Feb 17, 2020.

Coronary Physiology. When why and which index? Spanish Session. CALA Kickoff Meeting.
Abbott Vascular. 2020. Sao Paulo, Brazil. Feb 17, 2020.

OCT, fundamentals of interpretation and clinical indications. CALA Kickoff Meeting. Abbott
Vascular. 2020. Sao Paulo, Brazil. Feb 18, 2020.

OCT, How to perform, interpret and correlate intravascular imaging. 12th International
Cardiology Meeting. CADECI. 2020. Guagalajara, Mexico. Feb 22, 2020.

Coronary Physiology. Resting indexes. (RFR-iFR). OCT and Physiology Workshop. Abbott
Vascular. 2019. Medellin, Colombia.

Coronary physiology. Fractional Flow Reserve (FFR) vs. Resting Indexes (RFR- IFR). OCT and
Physiology Workshop. Abbott Vascular. 2019. Medellin, Colombia.

Optical Coherence Tomography (OCT) vs. Intravascular Ultrasound (IVUS) OCT and Physiology
Workshop. Abbott Vascular. 2019. Medellin, Colombia.

Optical Coherence Tomography (OCT) in left main. OCT and Physiology Workshop. Abbott

Vascular. 2019. Medellin, Colombia.
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Optical coherence tomography and coronary physiology: clinical use in special clinical situations.
XV Colombian Interventional Cardiology Congress. 2019. Cartagena, Colombia.

Discussion Panel: Coronary Anatomy and Physiology in special situations. XV Colombian
Interventional Cardiology Congress. 2019. Cartagena, Colombia.

Novel intravascular imaging hybrid catheter, IVUS and OCT. TCT Innovation I: Global
Perspectives in MedTech and Emerging Technological Trends. Transcatheter Cardiovascular
Therapeutics 2019. San Francisco, California, United States.

Case Presentations From Former CRF Intravascular Fellows- Part 1. Intravascular Imaging Stent
Guidance: Part 1- The Basics. Transcatheter Cardiovascular Therapeutics 2019. San Francisco,
California, United States.

OCT: Now that | see It, | know how to treat It: A hands-on OCT skills Lab. Training Pavilion.
Transcatheter Cardiovascular Therapeutics 2019. San Francisco, California, United States.
Image interpretation and clinical indications. Canadian Interventional Cardiology Fellows Course.
2019. Toronto, Ontario, Canada.

OCT. PCI Optimization. Canadian Interventional Cardiology Fellows Course. 2019. Toronto,
Ontario, Canada.

How OCT changed my clinical practice. WebEx Quebec and Ottawa. Abbott Vascular. 2019.
Hamilton, Ontario, Canada.

Case Presentation: A Patient With STEMI and Multivessel Disease. American College of
Cardiology. ACC 2019. New Orleans, Louisiana, United States.

IVUS-OCT Novel Hybrid Imaging catheter. Canadian Coronary Physiology and Invasive Imaging

Symposium. CPI 2019. Montreal, Quebec, Canada.
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The orange is the new black. CALA Kickoff Meeting. Abbott Vascular. 2019. Orlando, Florida,
United States.

OCT: Coherent though on Coherent optics. Excellence in Interventional Cardiology. EIC 2018.
Whistler, British Columbia, Canada.

Functional Vs. Anatomical Approach to Coronary Artery Disease. Cardiology Niagara 22nd
Annual Cardiac Meeting. 2018. St. Catharines, Ontario, Canada.

OCT Interpretation and Clinical Indications. OCT Symposium. SOLACI- SOCIME Congress 2018.
Mexico City, Mexico.

OCT Image Acquisition and Image Review. OCT Training Course. Fundacién Clinica Shaio. Bogota,
Colombia. Jun 27, 2018.

Technical Aspects and Decision Making in STEMI. Combined Interventional Cardiology and
Stroke Journal Club. Ancaster, Ontario, Canada. Nov 8, 2017.

Antiplatelet Therapy in Patients with Acute Coronary Syndrome. Essentials Il Cardiologia. 2017.
San Jose de Costa Rica, Costa Rica.

Coronary Percutaneous Interventions. Essentials Il Cardiologia. 2017. San José de Costa Rica,
Costa Rica.

Case Presentation: Multivessel Disease in a Patient with Large Inferior STEMI with RCA Culprit
and Proximal LAD Non-culprit Lesion. Transcatheter Cardiovascular Therapeutics. TCT 2016.
Washington DC, Washington, United States.

COMPLETE Trial. NACSIC Cardiovascular Science investigators Congress. 2015. Orlando, Florida,
United States.

Angiographic Core Lab for COMPLETE Trial. Investigator Meeting at American Heart Association
Congress. AHA 2015. Orlando, Florida, United States.

Angiographic Core Lab for COMPLETE Trial. Canadian Investigators Meeting at Canadian

Cardiovascular Congress. 2015. Toronto, Ontario, Canada.
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10.2 WORKSHOPS

1. Tips and Tricks to facilitate interventions with intracoronary imaging - Workshop. CITIC 2021.
Mexico. Sep 23, 2021.

2. OCT Advanced Sizing Workshop. Canadian OCT Symposium. 2019. Montreal, Quebec, Canada.

3. OCT Workshop. Tremblant Interventional Cardiology. TIC 2019. Tremblant, Quebec, Canada.

4. OCT Sizing Workshop. Canadian OCT Symposium. 2018. Mississauga, Ontario, Canada.

5. OCT Workshop. Round table with 6 cases. Canadian Interventional Cardiology Fellows Course.

2018. Toronto, Ontario, Canada.
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10.3 FACULTY DEVELOPMENT COURSES

1. Fundamentals OCT Course. McMaster University. Canada

2. Canadian Fellowship OCT rounds. McMaster University. Canada

3. Latin-American Fellowship OCT rounds. McMaster University. Canada
4. Hamilton Intravascular Imaging Rounds. McMaster University. Canada

5. OCT Skills Lab. Abbott Vascular. USA
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10.4 LIVE CASES

1. Live Case 1. Assessing coronary physiology on borderline coronary artery disease. OCT and
Physiology Workshop. Abbott Vascular. 2019. Medellin, Colombia.

2. Live case 2. Coronary Physiology and OCT in stent failure. OCT and Physiology Workshop. Abbott
Vascular. 2019. Medellin, Colombia.

3. Live Case 3. Coronary Physiology and OCT in left main disease. OCT and Physiology Workshop.
Abbott Vascular. 2019. Medellin, Colombia.

4, Live Case 4. OCT in stent restenosis. OCT and Physiology Workshop. Abbott Vascular. 2019.
Medellin, Colombia.

5. Live Case 5. OCT in borderline left main disease. OCT and Physiology Workshop. Abbott
Vascular. 2019. Medellin, Colombia.

6. Live Case 6. OCT in ambiguous culprit lesion. OCT and Physiology Workshop. Abbott Vascular.

2019. Medellin, Colombia.

272



o Evaluation of non-culprit lesions in STEMI patients with OCT

REFERENCES LIST

1. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et al. 2017 ESC
Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment
elevation: The Task Force for the management of acute myocardial infarction in patients presenting with
ST-segment elevation of the European Society of Cardiology (ESC). Eur Heart J. 2018;39(2):119-77.

2. Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intravenous thrombolytic therapy for
acute myocardial infarction: a quantitative review of 23 randomised trials. Lancet. 2003;361(9351):13-
20.

3. O'Gara PT, Kushner FG, Ascheim DD, Casey DE, Jr., Chung MK, de Lemos JA, et al. 2013
ACCF/AHA guideline for the management of ST-elevation myocardial infarction: executive summary: a
report of the American College of Cardiology Foundation/American Heart Association Task Force on
Practice Guidelines. J Am Coll Cardiol. 2013;61(4):485-510.

4, Wong GC, Welsford M, Ainsworth C, Abuzeid W, Fordyce CB, Greene J, et al. 2019 Canadian
Cardiovascular Society/Canadian Association of Interventional Cardiology Guidelines on the Acute
Management of ST-Elevation Myocardial Infarction: Focused Update on Regionalization and
Reperfusion. Can J Cardiol. 2019;35(2):107-32.

5. Park DW, Clare RM, Schulte PJ, Pieper KS, Shaw LK, Califf RM, et al. Extent, location, and clinical
significance of non-infarct-related coronary artery disease among patients with ST-elevation myocardial
infarction. JAMA. 2014;312(19):2019-27.

6. Bates ER, Tamis-Holland JE, Bittl JA, O'Gara PT, Levine GN. PCI Strategies in Patients With ST-
Segment Elevation Myocardial Infarction and Multivessel Coronary Artery Disease. J Am Coll Cardiol.
2016;68(10):1066-81.

7. Vogel B, Mehta SR, Mehran R. Reperfusion strategies in acute myocardial infarction and
multivessel disease. Nat Rev Cardiol. 2017;14(11):665-78.

8. Wood DA, Cairns JA, Mehta SR. Multivessel Revascularization and ST-Segment-Elevation
Myocardial Infarction: Do We Have the Complete Answer? Circ Cardiovasc Interv. 2017;10(4).

9. Boden WE, O'Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk WJ, et al. Optimal medical
therapy with or without PCl for stable coronary disease. N Engl J Med. 2007;356(15):1503-16.

10. Goldstein JA, Demetriou D, Grines CL, Pica M, Shoukfeh M, O'Neill WW. Multiple complex
coronary plaques in patients with acute myocardial infarction. N Engl J Med. 2000;343(13):915-22.

11. Takano M, Inami S, Ishibashi F, Okamatsu K, Seimiya K, Ohba T, et al. Angioscopic follow-up
study of coronary ruptured plaques in nonculprit lesions. J Am Coll Cardiol. 2005;45(5):652-8.

12. Bainey KR, Mehta SR, Lai T, Welsh RC. Complete vs culprit-only revascularization for patients
with multivessel disease undergoing primary percutaneous coronary intervention for ST-segment
elevation myocardial infarction: a systematic review and meta-analysis. Am Heart J. 2014;167(1):1-14
e2.

13. Hannan EL, Samadashvili Z, Walford G, Holmes DR, Jr., Jacobs AK, Stamato NJ, et al. Culprit
vessel percutaneous coronary intervention versus multivessel and staged percutaneous coronary
intervention for ST-segment elevation myocardial infarction patients with multivessel disease. JACC
Cardiovasc Interv. 2010;3(1):22-31.

14. Engstrom T, Kelbaek H, Helqvist S, Hofsten DE, Klovgaard L, Holmvang L, et al. Complete
revascularisation versus treatment of the culprit lesion only in patients with ST-segment elevation

273



o Evaluation of non-culprit lesions in STEMI patients with OCT

myocardial infarction and multivessel disease (DANAMI-3-PRIMULTI): an open-label, randomised
controlled trial. Lancet. 2015;386(9994):665-71.

15. Gershlick AH, Khan JN, Kelly DJ, Greenwood JP, Sasikaran T, Curzen N, et al. Randomized trial of
complete versus lesion-only revascularization in patients undergoing primary percutaneous coronary
intervention for STEMI and multivessel disease: the CvLPRIT trial. J Am Coll Cardiol. 2015;65(10):963-72.
16. Smits PC, Abdel-Wahab M, Neumann FJ, Boxma-de Klerk BM, Lunde K, Schotborgh CE, et al.
Fractional Flow Reserve-Guided Multivessel Angioplasty in Myocardial Infarction. N Engl ] Med.
2017;376(13):1234-44.

17. Wald DS, Morris JK, Wald NJ, Chase AJ, Edwards RJ, Hughes LO, et al. Randomized trial of
preventive angioplasty in myocardial infarction. N Engl J Med. 2013;369(12):1115-23.

18. Bainey KR, Welsh RC, Toklu B, Bangalore S. Complete vs Culprit-Only Percutaneous Coronary
Intervention in STEMI With Multivessel Disease: A Meta-analysis and Trial Sequential Analysis of
Randomized Trials. Can J Cardiol. 2016;32(12):1542-51.

19. Elgendy 1Y, Mahmoud AN, Kumbhani DJ, Bhatt DL, Bavry AA. Complete or Culprit-Only
Revascularization for Patients With Multivessel Coronary Artery Disease Undergoing Percutaneous
Coronary Intervention: A Pairwise and Network Meta-Analysis of Randomized Trials. JACC Cardiovasc
Interv. 2017;10(4):315-24.

20. Tarantini G, D'Amico G, Brener SJ, Tellaroli P, Basile M, Schiavo A, et al. Survival After Varying
Revascularization Strategies in Patients With ST-Segment Elevation Myocardial Infarction and
Multivessel Coronary Artery Disease: A Pairwise and Network Meta-Analysis. JACC Cardiovasc Interv.
2016;9(17):1765-76.

21. Mehta SR, Wood DA, Meeks B, Storey RF, Mehran R, Bainey KR, et al. Design and rationale of the
COMPLETE trial: A randomized, comparative effectiveness study of complete versus culprit-only
percutaneous coronary intervention to treat multivessel coronary artery disease in patients presenting
with ST-segment elevation myocardial infarction. Am Heart J. 2019;215:157-66.

22. Mehta SR, Wood DA, Storey RF, Mehran R, Bainey KR, Nguyen H, et al. Complete
Revascularization with Multivessel PCI for Myocardial Infarction. N Engl J Med. 2019;381(15):1411-21.
23. Kato K, Yonetsu T, Kim SJ, Xing L, Lee H, McNulty |, et al. Nonculprit plaques in patients with
acute coronary syndromes have more vulnerable features compared with those with non-acute
coronary syndromes: a 3-vessel optical coherence tomography study. Circ Cardiovasc Imaging.
2012;5(4):433-40.

24, Tearney GJ, Regar E, Akasaka T, Adriaenssens T, Barlis P, Bezerra HG, 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(12):1058-72.

25. Pinilla-Echeverri N, Mehta SR, Wang J, Lavi S, Schampaert E, Cantor WJ, et al. Nonculprit Lesion
Plague Morphology in Patients With ST-Segment-Elevation Myocardial Infarction: Results From the
COMPLETE Trial Optical Coherence Tomography Substudys. Circ Cardiovasc Interv. 2020;13(7):e008768.

26. Proudfit WL, Bruschke AV, Sones FM, Jr. Natural history of obstructive coronary artery disease:
ten-year study of 601 nonsurgical cases. Prog Cardiovasc Dis. 1978;21(1):53-78.
27. Moise A, Lesperance J, Theroux P, Taeymans Y, Goulet C, Bourassa MG. Clinical and angiographic

predictors of new total coronary occlusion in coronary artery disease: analysis of 313 nonoperated
patients. Am J Cardiol. 1984;54(10):1176-81.

28. Glagov S, Weisenberg E, Zarins CK, Stankunavicius R, Kolettis GJ. Compensatory enlargement of
human atherosclerotic coronary arteries. N Engl J Med. 1987;316(22):1371-5.

274



o Evaluation of non-culprit lesions in STEMI patients with OCT

29. Hermiller JB, Tenaglia AN, Kisslo KB, Phillips HR, Bashore TM, Stack RS, et al. In vivo validation of
compensatory enlargement of atherosclerotic coronary arteries. Am J Cardiol. 1993;71(8):665-8.

30. Ward MR, Pasterkamp G, Yeung AC, Borst C. Arterial remodeling. Mechanisms and clinical
implications. Circulation. 2000;102(10):1186-91.

31. Stary HC, Blankenhorn DH, Chandler AB, Glagov S, Insull W, Jr., Richardson M, et al. A definition
of the intima of human arteries and of its atherosclerosis-prone regions. A report from the Committee
on Vascular Lesions of the Council on Arteriosclerosis, American Heart Association. Circulation.
1992;85(1):391-405.

32. Stary HC, Chandler AB, Dinsmore RE, Fuster V, Glagov S, Insull W, Jr., et al. A definition of
advanced types of atherosclerotic lesions and a histological classification of atherosclerosis. A report
from the Committee on Vascular Lesions of the Council on Arteriosclerosis, American Heart Association.
Circulation. 1995;92(5):1355-74.

33. Stary HC, Chandler AB, Glagov S, Guyton JR, Insull W, Jr., Rosenfeld ME, et al. A definition of
initial, fatty streak, and intermediate lesions of atherosclerosis. A report from the Committee on
Vascular Lesions of the Council on Arteriosclerosis, American Heart Association. Circulation.
1994;89(5):2462-78.

34, Little WC, Constantinescu M, Applegate RJ, Kutcher MA, Burrows MT, Kahl FR, et al. Can
coronary angiography predict the site of a subsequent myocardial infarction in patients with mild-to-
moderate coronary artery disease? Circulation. 1988;78(5 Pt 1):1157-66.

35. Ambrose JA, Tannenbaum MA, Alexopoulos D, Hiemdahl-Monsen CE, Leavy J, Weiss M, et al.
Angiographic progression of coronary artery disease and the development of myocardial infarction. J Am
Coll Cardiol. 1988;12(1):56-62.

36. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C, et al. 2019 ESC
Guidelines for the diagnosis and management of chronic coronary syndromes. Eur Heart J.
2020;41(3):407-77.

37. Virchow R. Cellular pathology. As based upon physiological and pathological histology. Lecture
XVI--Atheromatous affection of arteries. 1858. Nutr Rev. 1989;47(1):23-5.

38. Ross R. Atherosclerosis--an inflammatory disease. N Engl ] Med. 1999;340(2):115-26.

39. Falk E, Shah PK, Fuster V. Coronary plaque disruption. Circulation. 1995;92(3):657-71.

40. Ambrose JA, Winters SL, Arora RR, Eng A, Riccio A, Gorlin R, et al. Angiographic evolution of
coronary artery morphology in unstable angina. J Am Coll Cardiol. 1986;7(3):472-8.

41. Giroud D, Li JM, Urban P, Meier B, Rutishauer W. Relation of the site of acute myocardial
infarction to the most severe coronary arterial stenosis at prior angiography. Am J Cardiol.
1992;69(8):729-32.

42. Nobuyoshi M, Tanaka M, Nosaka H, Kimura T, Yokoi H, Hamasaki N, et al. Progression of
coronary atherosclerosis: is coronary spasm related to progression? J Am Coll Cardiol. 1991;18(4):904-
10.

43, Davies MJ. Anatomic features in victims of sudden coronary death. Coronary artery pathology.
Circulation. 1992;85(1 Suppl):119-24.

44, Ross R. The pathogenesis of atherosclerosis--an update. N Engl J Med. 1986;314(8):488-500.
45. Ross R, Glomset JA. The pathogenesis of atherosclerosis (first of two parts). N Engl J Med.
1976;295(7):369-77.

46. Ross R. The pathogenesis of atherosclerosis: a perspective for the 1990s. Nature.
1993;362(6423):801-9.
47. Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N Engl J Med.

2005;352(16):1685-95.

275



o Evaluation of non-culprit lesions in STEMI patients with OCT

48. Hansson GK, Libby P, Schonbeck U, Yan ZQ. Innate and adaptive immunity in the pathogenesis of
atherosclerosis. Circ Res. 2002;91(4):281-91.
49, Libby P. Inflammation in atherosclerosis. Nature. 2002;420(6917):868-74.

50. Fuster V. Lewis A. Conner Memorial Lecture. Mechanisms leading to myocardial infarction:
insights from studies of vascular biology. Circulation. 1994;90(4):2126-46.
51. Fuster V, Badimon L, Badimon JJ, Chesebro JH. The pathogenesis of coronary artery disease and

the acute coronary syndromes (1). N Engl J Med. 1992;326(4):242-50.

52. Ambrose JA, Winters SL, Arora RR, Haft JI, Goldstein J, Rentrop KP, et al. Coronary angiographic
morphology in myocardial infarction: a link between the pathogenesis of unstable angina and
myocardial infarction. ] Am Coll Cardiol. 1985;6(6):1233-8.

53. Chen L, Chester MR, Crook R, Kaski JC. Differential progression of complex culprit stenoses in
patients with stable and unstable angina pectoris. J Am Coll Cardiol. 1996;28(3):597-603.

54, Chen L, Chester MR, Redwood S, Huang J, Leatham E, Kaski JC. Angiographic stenosis
progression and coronary events in patients with 'stabilized' unstable angina. Circulation.
1995;91(9):2319-24.

55. Guazzi MD, Bussotti M, Grancini L, De Cesare N, Guazzi M, Pera IL, et al. Evidence of multifocal
activity of coronary disease in patients with acute myocardial infarction. Circulation. 1997;96(4):1145-
51.

56. Kaski JC, Chen L, Crook R, Cox |, Tousoulis D, Chester MR. Coronary stenosis progression differs
in patients with stable angina pectoris with and without a previous history of unstable angina. Eur Heart
J. 1996;17(10):1488-94.

57. Asakura M, Ueda Y, Yamaguchi O, Adachi T, Hirayama A, Hori M, et al. Extensive development of
vulnerable plagues as a pan-coronary process in patients with myocardial infarction: an angioscopic
study. J Am Coll Cardiol. 2001;37(5):1284-8.

58. Yahagi K, Kolodgie FD, Otsuka F, Finn AV, Davis HR, Joner M, et al. Pathophysiology of native
coronary, vein graft, and in-stent atherosclerosis. Nat Rev Cardiol. 2016;13(2):79-98.

59. Nakashima Y, Chen YX, Kinukawa N, Sueishi K. Distributions of diffuse intimal thickening in
human arteries: preferential expression in atherosclerosis-prone arteries from an early age. Virchows
Arch. 2002;441(3):279-88.

60. Ikari Y, McManus BM, Kenyon J, Schwartz SM. Neonatal intima formation in the human coronary
artery. Arterioscler Thromb Vasc Biol. 1999;19(9):2036-40.

61. McGill HC, Jr., McMahan CA, Tracy RE, Oalmann MC, Cornhill JF, Herderick EE, et al. Relation of a
postmortem renal index of hypertension to atherosclerosis and coronary artery size in young men and
women. Pathobiological Determinants of Atherosclerosis in Youth (PDAY) Research Group. Arterioscler
Thromb Vasc Biol. 1998;18(7):1108-18.

62. Aikawa M, Rabkin E, Okada Y, Voglic SJ, Clinton SK, Brinckerhoff CE, et al. Lipid lowering by diet
reduces matrix metalloproteinase activity and increases collagen content of rabbit atheroma: a potential
mechanism of lesion stabilization. Circulation. 1998;97(24):2433-44.

63. Fan J, Watanabe T. Inflammatory reactions in the pathogenesis of atherosclerosis. J Atheroscler
Thromb. 2003;10(2):63-71.

64. McGill HC, Jr., McMahan CA, Zieske AW, Sloop GD, Walcott JV, Troxclair DA, et al. Associations of
coronary heart disease risk factors with the intermediate lesion of atherosclerosis in youth. The
Pathobiological Determinants of Atherosclerosis in Youth (PDAY) Research Group. Arterioscler Thromb
Vasc Biol. 2000;20(8):1998-2004.

65. Velican C. Relationship between regional aortic susceptibility to atherosclerosis and
macromolecular structural stability. J Atheroscler Res. 1969;9(2):193-201.

276



o Evaluation of non-culprit lesions in STEMI patients with OCT

66. Velican C. A dissecting view on the role of the fatty streak in the pathogenesis of human
atherosclerosis: culprit or bystander? Med Interne. 1981;19(4):321-37.

67. Virmani R, Kolodgie FD, Burke AP, Farb A, Schwartz SM. Lessons from sudden coronary death: a
comprehensive morphological classification scheme for atherosclerotic lesions. Arterioscler Thromb
Vasc Biol. 2000;20(5):1262-75.

68. Kockx MM, De Meyer GR, Bortier H, de Meyere N, Muhring J, Bakker A, et al. Luminal foam cell
accumulation is associated with smooth muscle cell death in the intimal thickening of human saphenous
vein grafts. Circulation. 1996;94(6):1255-62.

69. Nakashima Y, Fujii H, Sumiyoshi S, Wight TN, Sueishi K. Early human atherosclerosis:
accumulation of lipid and proteoglycans in intimal thickenings followed by macrophage infiltration.
Arterioscler Thromb Vasc Biol. 2007;27(5):1159-65.

70. Smith EB, Slater RS. The microdissection of large atherosclerotic plaques to give morphologically
and topographically defined fractions for analysis. 1. The lipids in the isolated fractions. Atherosclerosis.
1972;15(1):37-56.

71. Tulenko TN, Chen M, Mason PE, Mason RP. Physical effects of cholesterol on arterial smooth
muscle membranes: evidence of immiscible cholesterol domains and alterations in bilayer width during
atherogenesis. J Lipid Res. 1998;39(5):947-56.

72. Otsuka F, Sakakura K, Yahagi K, Joner M, Virmani R. Has our understanding of calcification in
human coronary atherosclerosis progressed? Arterioscler Thromb Vasc Biol. 2014;34(4):724-36.

73. Bogels M, Braster R, Nijland PG, Gul N, van de Luijtgaarden W, Fijneman RJ, et al. Carcinoma
origin dictates differential skewing of monocyte function. Oncoimmunology. 2012;1(6):798-809.

74. Johnson JL, Jenkins NP, Huang WC, Di Gregoli K, Sala-Newby GB, Scholtes VP, et al. Relationship
of MMP-14 and TIMP-3 expression with macrophage activation and human atherosclerotic plaque
vulnerability. Mediators Inflamm. 2014;2014:276457.

75. Lee CW, Hwang |, Park CS, Lee H, Park DW, Kang SJ, et al. Comparison of ADAMTS-1, -4 and -5
expression in culprit plaques between acute myocardial infarction and stable angina. J Clin Pathol.
2011;64(5):399-404.

76. Edsfeldt A, Goncalves |, Grufman H, Nitulescu M, Duner P, Bengtsson E, et al. Impaired fibrous
repair: a possible contributor to atherosclerotic plaque vulnerability in patients with type Il diabetes.
Arterioscler Thromb Vasc Biol. 2014;34(9):2143-50.

77. Kolodgie FD, Gold HK, Burke AP, Fowler DR, Kruth HS, Weber DK, et al. Intraplaque hemorrhage
and progression of coronary atheroma. N Engl J Med. 2003;349(24):2316-25.

78. Sluimer JC, Kolodgie FD, Bijnens AP, Maxfield K, Pacheco E, Kutys B, et al. Thin-walled
microvessels in human coronary atherosclerotic plaques show incomplete endothelial junctions
relevance of compromised structural integrity for intraplague microvascular leakage. J Am Coll Cardiol.
2009;53(17):1517-27.

79. Virmani R, Joner M, Sakakura K. Recent highlights of ATVB: calcification. Arterioscler Thromb
Vasc Biol. 2014;34(7):1329-32.

80. Tabas |. Macrophage death and defective inflammation resolution in atherosclerosis. Nat Rev
Immunol. 2010;10(1):36-46.

81. Otsuka F, Kramer MC, Woudstra P, Yahagi K, Ladich E, Finn AV, et al. Natural progression of
atherosclerosis from pathologic intimal thickening to late fibroatheroma in human coronary arteries: A
pathology study. Atherosclerosis. 2015;241(2):772-82.

82. Burke AP, Virmani R, Galis Z, Haudenschild CC, Muller JE. 34th Bethesda Conference: Task force
#2--What is the pathologic basis for new atherosclerosis imaging techniques? J Am Coll Cardiol.
2003;41(11):1874-86.

277



o Evaluation of non-culprit lesions in STEMI patients with OCT

83. Muller JE, Tofler GH, Stone PH. Circadian variation and triggers of onset of acute cardiovascular
disease. Circulation. 1989;79(4):733-43.

84. Davies MJ. The pathophysiology of acute coronary syndromes. Heart. 2000;83(3):361-6.

85. Stone GW, Maehara A, Mintz GS. The reality of vulnerable plaque detection. JACC Cardiovasc
Imaging. 2011;4(8):902-4.

86. Bom MJ, van der Heijden DJ, Kedhi E, van der Heyden J, Meuwissen M, Knaapen P, et al. Early
Detection and Treatment of the Vulnerable Coronary Plaque: Can We Prevent Acute Coronary
Syndromes? Circ Cardiovasc Imaging. 2017;10(5).

87. Narula J, Nakano M, Virmani R, Kolodgie FD, Petersen R, Newcomb R, et al. Histopathologic
characteristics of atherosclerotic coronary disease and implications of the findings for the invasive and
noninvasive detection of vulnerable plaques. J Am Coll Cardiol. 2013;61(10):1041-51.

88. Farb A, Burke AP, Tang AL, Liang TY, Mannan P, Smialek J, et al. Coronary plaque erosion without
rupture into a lipid core. A frequent cause of coronary thrombosis in sudden coronary death. Circulation.
1996;93(7):1354-63.

89. Virmani R, Burke AP, Farb A, Kolodgie FD. Pathology of the vulnerable plaque. ] Am Coll Cardiol.
2006;47(8 Suppl):C13-8.

90. Libby P. Mechanisms of acute coronary syndromes and their implications for therapy. N Engl J
Med. 2013;368(21):2004-13.

91. Crea F, Liuzzo G. Pathogenesis of acute coronary syndromes. J Am Coll Cardiol. 2013;61(1):1-11.
92. Libby P, Pasterkamp G, Crea F, Jang IK. Reassessing the Mechanisms of Acute Coronary
Syndromes. Circ Res. 2019;124(1):150-60.

93. Burke AP, Kolodgie FD, Farb A, Weber DK, Malcom GT, Smialek J, et al. Healed plaque ruptures
and sudden coronary death: evidence that subclinical rupture has a role in plaque progression.
Circulation. 2001;103(7):934-40.

94, Mann J, Davies MJ. Mechanisms of progression in native coronary artery disease: role of healed
plaque disruption. Heart. 1999;82(3):265-8.
95. Jia H, Abtahian F, Aguirre AD, Lee S, Chia S, Lowe H, 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(19):1748-58.

96. Okafor ON, Gorog DA. Endogenous Fibrinolysis: An Important Mediator of Thrombus Formation
and Cardiovascular Risk. ] Am Coll Cardiol. 2015;65(16):1683-99.

97. Stone GW, Maehara A, Lansky AJ, de Bruyne B, Cristea E, Mintz GS, et al. A prospective natural-
history study of coronary atherosclerosis. N Engl ) Med. 2011;364(3):226-35.

98. Fracassi F, Crea F, Sugiyama T, Yamamoto E, Uemura S, Vergallo R, et al. Healed Culprit Plaques
in Patients With Acute Coronary Syndromes. J Am Coll Cardiol. 2019;73(18):2253-63.
99. Vergallo R, Porto I, D'Amario D, Annibali G, Galli M, Benenati S, et al. Coronary Atherosclerotic

Phenotype and Plaque Healing in Patients With Recurrent Acute Coronary Syndromes Compared With
Patients With Long-term Clinical Stability: An In Vivo Optical Coherence Tomography Study. JAMA
Cardiol. 2019;4(4):321-9.

100. Buffon A, Biasucci LM, Liuzzo G, D'Onofrio G, Crea F, Maseri A. Widespread coronary
inflammation in unstable angina. N Engl J Med. 2002;347(1):5-12.

101. Amento EP, Ehsani N, Palmer H, Libby P. Cytokines and growth factors positively and negatively
regulate interstitial collagen gene expression in human vascular smooth muscle cells. Arterioscler
Thromb. 1991;11(5):1223-30.

278



o Evaluation of non-culprit lesions in STEMI patients with OCT

102. Herman MP, Sukhova GK, Libby P, Gerdes N, Tang N, Horton DB, et al. Expression of neutrophil
collagenase (matrix metalloproteinase-8) in human atheroma: a novel collagenolytic pathway suggested
by transcriptional profiling. Circulation. 2001;104(16):1899-904.

103.  Shah PK, Falk E, Badimon JJ, Fernandez-Ortiz A, Mailhac A, Villareal-Levy G, et al. Human
monocyte-derived macrophages induce collagen breakdown in fibrous caps of atherosclerotic plaques.
Potential role of matrix-degrading metalloproteinases and implications for plaque rupture. Circulation.
1995;92(6):1565-9.

104. Mantovani A, Garlanda C, Locati M. Macrophage diversity and polarization in atherosclerosis: a
question of balance. Arterioscler Thromb Vasc Biol. 2009;29(10):1419-23.

105.  Jinnouchi H, Guo L, Sakamoto A, Torii S, Sato Y, Cornelissen A, et al. Diversity of macrophage
phenotypes and responses in atherosclerosis. Cell Mol Life Sci. 2020;77(10):1919-32.

106. Martinez FO, Gordon S, Locati M, Mantovani A. Transcriptional profiling of the human
monocyte-to-macrophage differentiation and polarization: new molecules and patterns of gene
expression. J Immunol. 2006;177(10):7303-11.

107.  Shioi A, Ikari Y. Plaque Calcification During Atherosclerosis Progression and Regression. J
Atheroscler Thromb. 2018;25(4):294-303.

108. Shioi A, Katagi M, Okuno Y, Mori K, Jono S, Koyama H, et al. Induction of bone-type alkaline
phosphatase in human vascular smooth muscle cells: roles of tumor necrosis factor-alpha and
oncostatin M derived from macrophages. Circ Res. 2002;91(1):9-16.

109. Burke AP, Weber DK, Kolodgie FD, Farb A, Taylor AJ, Virmani R. Pathophysiology of calcium
deposition in coronary arteries. Herz. 2001;26(4):239-44.

110. Vergallo R, Crea F. Atherosclerotic Plaque Healing. N Engl ) Med. 2020;383(9):846-57.

111. WangC,HuS, WuJ, YuH, Pan W, QinY, et al. Characteristics and significance of healed plaques
in patients with acute coronary syndrome and stable angina: an in vivo OCT and IVUS study.
Eurolntervention. 2019;15(9):e771-e8.

112.  Nakajima A, Araki M, Minami Y, Soeda T, Yonetsu T, McNulty |, et al. Layered Plaque
Characteristics and Layer Burden in Acute Coronary Syndromes. Am J Cardiol. 2022;164:27-33.

113. Yamamoto T, Toshimitsu I, Ishida A. Healed plaque erosion as a cause of recurrent vasospastic
angina: a case report. Eur Heart J Case Rep. 2021;5(10):ytab349.

114.  Yin WJ, Jing J, Zhang YQ, Tian F, Zhang T, Zhou SS, et al. Association between non-culprit healed
plaque and plaque progression in acute coronary syndrome patients: an optical coherence tomography
study. J Geriatr Cardiol. 2021;18(8):631-44.

115. YinY, FangC, Jiang S, Wang J, Wang Y, Guo J, 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.

116.  Sakakura K, Nakano M, Otsuka F, Yahagi K, Kutys R, Ladich E, et al. Comparison of pathology of
chronic total occlusion with and without coronary artery bypass graft. Eur Heart J. 2014;35(25):1683-93.
117. Dail, Fang C, Zhang S, Li L, Wang Y, Xing L, et al. Frequency, Predictors, Distribution, and
Morphological Characteristics of Layered Culprit and Nonculprit Plaques of Patients With Acute
Myocardial Infarction: In Vivo 3-Vessel Optical Coherence Tomography Study. Circ Cardiovasc Interv.
2020;13(10):e009125.

118.  Kramer MC, Rittersma SZ, de Winter RJ, Ladich ER, Fowler DR, Liang YH, et al. Relationship of
thrombus healing to underlying plague morphology in sudden coronary death. J Am Coll Cardiol.
2010;55(2):122-32.

119. Constantindes P. Coronary Thrombosis Linked to Fissure in Atherosclerotic Vessel Wall. JAMA.
1964;188:SUPPL:35-7.

279



o Evaluation of non-culprit lesions in STEMI patients with OCT

120. Davies MJ, Thomas AC. Plaque fissuring--the cause of acute myocardial infarction, sudden
ischaemic death, and crescendo angina. Br Heart J. 1985;53(4):363-73.

121. Kumamoto M, Nakashima Y, Sueishi K. Intimal neovascularization in human coronary
atherosclerosis: its origin and pathophysiological significance. Hum Pathol. 1995;26(4):450-6.

122. Hecht HS, Achenbach S, Kondo T, Narula J. High-Risk Plaque Features on Coronary CT
Angiography. JACC Cardiovasc Imaging. 2015;8(11):1336-9.

123.  Kristensen TS, Kofoed KF, Kuhl JT, Nielsen WB, Nielsen MB, Kelbaek H. Prognostic implications of
nonobstructive coronary plaques in patients with non-ST-segment elevation myocardial infarction: a
multidetector computed tomography study. J Am Coll Cardiol. 2011;58(5):502-9.

124.  Maurovich-Horvat P, Ferencik M, Voros S, Merkely B, Hoffmann U. Comprehensive plaque
assessment by coronary CT angiography. Nat Rev Cardiol. 2014;11(7):390-402.

125. Motoyama S, Kondo T, Sarai M, Sugiura A, Harigaya H, Sato T, et al. Multislice computed
tomographic characteristics of coronary lesions in acute coronary syndromes. ] Am Coll Cardiol.
2007;50(4):319-26.

126.  Puchner SB, Liu T, Mayrhofer T, Truong QA, Lee H, Fleg JL, et al. High-risk plaque detected on
coronary CT angiography predicts acute coronary syndromes independent of significant stenosis in acute
chest pain: results from the ROMICAT-II trial. J Am Coll Cardiol. 2014;64(7):684-92.

127. DwivediG, LiuY, Tewari S, Inacio J, Pelletier-Galarneau M, Chow BJ. Incremental Prognostic
Value of Quantified Vulnerable Plaque by Cardiac Computed Tomography: A Pilot Study. J Thorac
Imaging. 2016;31(6):373-9.

128. Motoyama S, Ito H, Sarai M, Kondo T, Kawai H, Nagahara Y, et al. Plaque Characterization by
Coronary Computed Tomography Angiography and the Likelihood of Acute Coronary Events in Mid-Term
Follow-Up. J Am Coll Cardiol. 2015;66(4):337-46.

129.  Nadijiri J, Hausleiter J, Jahnichen C, Will A, Hendrich E, Martinoff S, et al. Incremental prognostic
value of quantitative plaque assessment in coronary CT angiography during 5 years of follow up. J
Cardiovasc Comput Tomogr. 2016;10(2):97-104.

130. Versteylen MO, Kietselaer BL, Dagnelie PC, Joosen IA, Dedic A, Raaijmakers RH, et al. Additive
value of semiautomated quantification of coronary artery disease using cardiac computed tomographic
angiography to predict future acute coronary syndrome. J Am Coll Cardiol. 2013;61(22):2296-305.

131.  Burke AP, Farb A, Malcom GT, Liang YH, Smialek J, Virmani R. Coronary risk factors and plaque
morphology in men with coronary disease who died suddenly. N Engl J Med. 1997;336(18):1276-82.
132.  Otsuka F, Joner M, Prati F, Virmani R, Narula J. Clinical classification of plague morphology in
coronary disease. Nat Rev Cardiol. 2014;11(7):379-89.

133.  Fujii K, Hao H, Shibuya M, Imanaka T, Fukunaga M, Miki K, et al. Accuracy of OCT, grayscale IVUS,
and their combination for the diagnosis of coronary TCFA: an ex vivo validation study. JACC Cardiovasc
Imaging. 2015;8(4):451-60.

134.  Cademartiri F, Mollet NR, Runza G, Bruining N, Hamers R, Somers P, et al. Influence of
intracoronary attenuation on coronary plague measurements using multislice computed tomography:
observations in an ex vivo model of coronary computed tomography angiography. Eur Radiol.
2005;15(7):1426-31.

135. Ito T, Terashima M, Kaneda H, Nasu K, Matsuo H, Ehara M, et al. Comparison of in vivo
assessment of vulnerable plaque by 64-slice multislice computed tomography versus optical coherence
tomography. Am J Cardiol. 2011;107(9):1270-7.

136.  Kashiwagi M, Tanaka A, Kitabata H, Tsujioka H, Kataiwa H, Komukai K, et al. Feasibility of
noninvasive assessment of thin-cap fibroatheroma by multidetector computed tomography. JACC
Cardiovasc Imaging. 2009;2(12):1412-9.

280



o Evaluation of non-culprit lesions in STEMI patients with OCT

137.  Kroner ES, van Velzen JE, Boogers MJ, Siebelink HM, Schalij MJ, Kroft LJ, et al. Positive
remodeling on coronary computed tomography as a marker for plaque vulnerability on virtual histology
intravascular ultrasound. Am J Cardiol. 2011;107(12):1725-9.

138. Marwan M, Taher MA, El Meniawy K, Awadallah H, Pflederer T, Schuhback A, et al. In vivo CT
detection of lipid-rich coronary artery atherosclerotic plaques using quantitative histogram analysis: a
head to head comparison with IVUS. Atherosclerosis. 2011;215(1):110-5.

139.  Nakazato R, Otake H, Konishi A, Iwasaki M, Koo BK, Fukuya H, et al. Atherosclerotic plaque
characterization by CT angiography for identification of high-risk coronary artery lesions: a comparison
to optical coherence tomography. Eur Heart J Cardiovasc Imaging. 2015;16(4):373-9.

140. Yang DH, Kang SJ, Koo HJ, Chang M, Kang JW, Lim TH, et al. Coronary CT angiography
characteristics of OCT-defined thin-cap fibroatheroma: a section-to-section comparison study. Eur
Radiol. 2018;28(2):833-43.

141.  Sato A, Hoshi T, Kakefuda Y, Hiraya D, Watabe H, Kawabe M, et al. In vivo evaluation of fibrous
cap thickness by optical coherence tomography for positive remodeling and low-attenuation plaques
assessed by computed tomography angiography. Int J Cardiol. 2015;182:419-25.

142. Thomsen C, Abdulla J. Characteristics of high-risk coronary plaques identified by computed
tomographic angiography and associated prognosis: a systematic review and meta-analysis. Eur Heart J
Cardiovasc Imaging. 2016;17(2):120-9.

143. Benedek T, Jako B, Benedek I. Plague quantification by coronary CT and intravascular ultrasound
identifies a low CT density core as a marker of plague instability in acute coronary syndromes. Int Heart
J. 2014;55(1):22-8.

144. Voros S, Rinehart S, Qian Z, Vazquez G, Anderson H, Murrieta L, et al. Prospective validation of
standardized, 3-dimensional, quantitative coronary computed tomographic plague measurements using
radiofrequency backscatter intravascular ultrasound as reference standard in intermediate coronary
arterial lesions: results from the ATLANTA (assessment of tissue characteristics, lesion morphology, and
hemodynamics by angiography with fractional flow reserve, intravascular ultrasound and virtual
histology, and noninvasive computed tomography in atherosclerotic plaques) | study. JACC Cardiovasc
Interv. 2011;4(2):198-208.

145. YangX, Gai L, Dong W, Liu H, Sun Z, Tian F, et al. Characterization of culprit lesions in acute
coronary syndromes compared with stable angina pectoris by dual-source computed tomography. IntJ
Cardiovasc Imaging. 2013;29(4):945-53.

146.  Maurovich-Horvat P, Schlett CL, Alkadhi H, Nakano M, Otsuka F, Stolzmann P, et al. The napkin-
ring sign indicates advanced atherosclerotic lesions in coronary CT angiography. JACC Cardiovasc
Imaging. 2012;5(12):1243-52.

147.  Seifarth H, Schlett CL, Nakano M, Otsuka F, Karolyi M, Liew G, et al. Histopathological correlates
of the napkin-ring sign plaque in coronary CT angiography. Atherosclerosis. 2012;224(1):90-6.

148.  Tarkin JM, Joshi FR, Rudd JH. PET imaging of inflammation in atherosclerosis. Nat Rev Cardiol.
2014;11(8):443-57.

149. Tawakol A, Migrino RQ, Bashian GG, Bedri S, Vermylen D, Cury RC, et al. In vivo 18F-
fluorodeoxyglucose positron emission tomography imaging provides a noninvasive measure of carotid
plaque inflammation in patients. J Am Coll Cardiol. 2006;48(9):1818-24.

150. Tawakol A, Migrino RQ, Hoffmann U, Abbara S, Houser S, Gewirtz H, et al. Noninvasive in vivo
measurement of vascular inflammation with F-18 fluorodeoxyglucose positron emission tomography. J
Nucl Cardiol. 2005;12(3):294-301.

281



o Evaluation of non-culprit lesions in STEMI patients with OCT

151. Zhang Z, Machac J, Helft G, Worthley SG, Tang C, Zaman AG, et al. Non-invasive imaging of
atherosclerotic plague macrophage in a rabbit model with F-18 FDG PET: a histopathological correlation.
BMC Nucl Med. 2006;6:3.

152. Irkle A, Vesey AT, Lewis DY, Skepper JN, Bird JL, Dweck MR, et al. Identifying active vascular
microcalcification by (18)F-sodium fluoride positron emission tomography. Nat Commun. 2015;6:7495.
153.  Joshi NV, Vesey A, Newby DE, Dweck MR. Will 18F-sodium fluoride PET-CT imaging be the magic
bullet for identifying vulnerable coronary atherosclerotic plaques? Curr Cardiol Rep. 2014;16(9):521.
154.  Joshi NV, Vesey AT, Williams MC, Shah AS, Calvert PA, Craighead FH, et al. 18F-fluoride positron
emission tomography for identification of ruptured and high-risk coronary atherosclerotic plaques: a
prospective clinical trial. Lancet. 2014;383(9918):705-13.

155. den Hartog AG, Bovens SM, Koning W, Hendrikse J, Luijten PR, Moll FL, et al. Current status of
clinical magnetic resonance imaging for plaque characterisation in patients with carotid artery stenosis.
Eur J Vasc Endovasc Surg. 2013;45(1):7-21.

156.  Karolyi M, Seifarth H, Liew G, Schlett CL, Maurovich-Horvat P, Stolzmann P, et al. Classification of
coronary atherosclerotic plaques ex vivo with T1, T2, and ultrashort echo time CMR. JACC Cardiovasc
Imaging. 2013;6(4):466-74.

157. Kawasaki T, Koga S, Koga N, Noguchi T, Tanaka H, Koga H, et al. Characterization of hyperintense
plague with noncontrast T(1)-weighted cardiac magnetic resonance coronary plaque imaging:
comparison with multislice computed tomography and intravascular ultrasound. JACC Cardiovasc
Imaging. 2009;2(6):720-8.

158. Ehara S, Hasegawa T, Nakata S, Matsumoto K, Nishimura S, Iguchi T, et al. Hyperintense plaque
identified by magnetic resonance imaging relates to intracoronary thrombus as detected by optical
coherence tomography in patients with angina pectoris. Eur Heart J Cardiovasc Imaging. 2012;13(5):394-
9.

159.  Matsumoto K, Ehara S, Hasegawa T, Nishimura S, Shimada K. The signal intensity of coronary
culprit lesions on T1-weighted magnetic resonance imaging is directly correlated with the accumulation
of vulnerable morphologies. Int J Cardiol. 2017;231:284-6.

160. Matsumoto K, Ehara S, Hasegawa T, Sakaguchi M, Otsuka K, Yoshikawa J, et al. Localization of
Coronary High-Intensity Signals on T1-Weighted MR Imaging: Relation to Plaque Morphology and
Clinical Severity of Angina Pectoris. JACC Cardiovasc Imaging. 2015;8(10):1143-52.

161. Garcia-Garcia HM, Gogas BD, Serruys PW, Bruining N. IVUS-based imaging modalities for tissue
characterization: similarities and differences. Int J Cardiovasc Imaging. 2011;27(2):215-24.

162. Garcia-Garcia HM, Mintz GS, Lerman A, Vince DG, Margolis MP, van Es GA, et al. Tissue
characterisation using intravascular radiofrequency data analysis: recommendations for acquisition,
analysis, interpretation and reporting. Eurolntervention. 2009;5(2):177-89.

163.  Nair A, Kuban BD, Tuzcu EM, Schoenhagen P, Nissen SE, Vince DG. Coronary plaque classification
with intravascular ultrasound radiofrequency data analysis. Circulation. 2002;106(17):2200-6.

164. Nair A, Margolis MP, Kuban BD, Vince DG. Automated coronary plaque characterisation with
intravascular ultrasound backscatter: ex vivo validation. Eurolntervention. 2007;3(1):113-20.

165. Brown AJ, Obaid DR, Costopoulos C, Parker RA, Calvert PA, Teng Z, et al. Direct Comparison of
Virtual-Histology Intravascular Ultrasound and Optical Coherence Tomography Imaging for Identification
of Thin-Cap Fibroatheroma. Circ Cardiovasc Imaging. 2015;8(10):e003487.

166.  Garcia-Garcia HM, Costa MA, Serruys PW. Imaging of coronary atherosclerosis: intravascular
ultrasound. Eur Heart J. 2010;31(20):2456-69.

282



o Evaluation of non-culprit lesions in STEMI patients with OCT

167. Calvert PA, Obaid DR, O'Sullivan M, Shapiro LM, McNab D, Densem CG, et al. Association
between IVUS findings and adverse outcomes in patients with coronary artery disease: the VIVA (VH-
IVUS in Vulnerable Atherosclerosis) Study. JACC Cardiovasc Imaging. 2011;4(8):894-901.

168. ChengJM, Garcia-Garcia HM, de Boer SP, Kardys |, Heo JH, Akkerhuis KM, et al. In vivo detection
of high-risk coronary plaques by radiofrequency intravascular ultrasound and cardiovascular outcome:
results of the ATHEROREMO-IVUS study. Eur Heart J. 2014;35(10):639-47.

169. Maehara A, Mintz GS, Bui AB, Walter OR, Castagna MT, Canos D, et al. Morphologic and
angiographic features of coronary plaque rupture detected by intravascular ultrasound. J Am Coll
Cardiol. 2002;40(5):904-10.

170. Nakamura M, Nishikawa H, Mukai S, Setsuda M, Nakajima K, Tamada H, et al. Impact of
coronary artery remodeling on clinical presentation of coronary artery disease: an intravascular
ultrasound study. J Am Coll Cardiol. 2001;37(1):63-9.

171.  Schoenhagen P, Ziada KM, Kapadia SR, Crowe TD, Nissen SE, Tuzcu EM. Extent and direction of
arterial remodeling in stable versus unstable coronary syndromes : an intravascular ultrasound study.
Circulation. 2000;101(6):598-603.

172. Ehara S, Kobayashi Y, Yoshiyama M, Shimada K, Shimada Y, Fukuda D, et al. Spotty calcification
typifies the culprit plague in patients with acute myocardial infarction: an intravascular ultrasound
study. Circulation. 2004;110(22):3424-9.

173.  Fujii K, Carlier SG, Mintz GS, Takebayashi H, Yasuda T, Costa RA, et al. Intravascular ultrasound
study of patterns of calcium in ruptured coronary plaques. Am J Cardiol. 2005;96(3):352-7.

174. KataokaY, Wolski K, Uno K, Puri R, Tuzcu EM, Nissen SE, et al. Spotty calcification as a marker of
accelerated progression of coronary atherosclerosis: insights from serial intravascular ultrasound. J Am
Coll Cardiol. 2012;59(18):1592-7.

175. PuJ, Mintz GS, Biro S, Lee JB, Sum ST, Madden SP, et al. Insights into echo-attenuated plaques,
echolucent plaques, and plaques with spotty calcification: novel findings from comparisons among
intravascular ultrasound, near-infrared spectroscopy, and pathological histology in 2,294 human
coronary artery segments. J Am Coll Cardiol. 2014;63(21):2220-33.

176.  Ali ZA, Maehara A, Genereux P, Shlofmitz RA, Fabbiocchi F, Nazif TM, et al. Optical coherence
tomography compared with intravascular ultrasound and with angiography to guide coronary stent
implantation (ILUMIEN Ill: OPTIMIZE PCIl): a randomised controlled trial. Lancet. 2016;388(10060):2618-
28.

177. Maehara A, Ben-Yehuda O, Ali Z, Wijns W, Bezerra HG, Shite J, et al. Comparison of Stent
Expansion Guided by Optical Coherence Tomography Versus Intravascular Ultrasound: The ILUMIEN Il
Study (Observational Study of Optical Coherence Tomography [OCT] in Patients Undergoing Fractional
Flow Reserve [FFR] and Percutaneous Coronary Intervention). JACC Cardiovasc Interv. 2015;8(13):1704-
14.

178.  Wijns W, Shite J, Jones MR, Lee SW, Price MJ, Fabbiocchi F, et al. Optical coherence tomography
imaging during percutaneous coronary intervention impacts physician decision-making: ILUMIEN | study.
Eur Heart J. 2015;36(47):3346-55.

179. Kume T, Akasaka T, Kawamoto T, Watanabe N, Toyota E, Neishi Y, et al. Assessment of coronary
intima--media thickness by optical coherence tomography: comparison with intravascular ultrasound.
CircJ. 2005;69(8):903-7.

180. Maejima N, Hibi K, Saka K, Nakayama N, Matsuzawa Y, Endo M, et al. Morphological features of
non-culprit plagues on optical coherence tomography and integrated backscatter intravascular
ultrasound in patients with acute coronary syndromes. Eur Heart J Cardiovasc Imaging. 2015;16(2):190-
7.

283



o Evaluation of non-culprit lesions in STEMI patients with OCT

181. TianJ, HouJ, Xing L, Kim SJ, Yonetsu T, Kato K, et al. Significance of intraplaque
neovascularisation for vulnerability: optical coherence tomography study. Heart. 2012;98(20):1504-9.
182. Uemuras, Ishigami K, Soeda T, Okayama S, Sung JH, Nakagawa H, et al. Thin-cap fibroatheroma
and microchannel findings in optical coherence tomography correlate with subsequent progression of
coronary atheromatous plaques. Eur Heart J. 2012;33(1):78-85.

183.  Nishimiya K, Matsumoto Y, Takahashi J, Uzuka H, Odaka Y, Nihei T, et al. In vivo visualization of
adventitial vasa vasorum of the human coronary artery on optical frequency domain imaging. Validation
study. Circ J. 2014;78(10):2516-8.

184.  Vorpahl M, Nakano M, Virmani R. Small black holes in optical frequency domain imaging
matches intravascular neoangiogenesis formation in histology. Eur Heart J. 2010;31(15):1889.

185. Kitabata H, Tanaka A, Kubo T, Takarada S, Kashiwagi M, Tsujioka H, et al. Relation of
microchannel structure identified by optical coherence tomography to plaque vulnerability in patients
with coronary artery disease. Am J Cardiol. 2010;105(12):1673-8.

186. Taruya A, Tanaka A, Nishiguchi T, Matsuo Y, Ozaki Y, Kashiwagi M, et al. Vasa Vasorum
Restructuring in Human Atherosclerotic Plaque Vulnerability: A Clinical Optical Coherence Tomography
Study. J Am Coll Cardiol. 2015;65(23):2469-77.

187.  Kilic ID, Caiazzo G, Fabris E, Serdoz R, Abou-Sherif S, Madden S, et al. Near-infrared
spectroscopy-intravascular ultrasound: scientific basis and clinical applications. Eur Heart J Cardiovasc
Imaging. 2015;16(12):1299-306.

188. Kang SJ, Mintz GS, Pu J, Sum ST, Madden SP, Burke AP, et al. Combined IVUS and NIRS detection
of fibroatheromas: histopathological validation in human coronary arteries. JACC Cardiovasc Imaging.
2015;8(2):184-94.

189.  Puri R, Madder RD, Madden SP, Sum ST, Wolski K, Muller JE, et al. Near-Infrared Spectroscopy
Enhances Intravascular Ultrasound Assessment of Vulnerable Coronary Plaque: A Combined Pathological
and In Vivo Study. Arterioscler Thromb Vasc Biol. 2015;35(11):2423-31.

190. Madder RD, Goldstein JA, Madden SP, Puri R, Wolski K, Hendricks M, et al. Detection by near-
infrared spectroscopy of large lipid core plaques at culprit sites in patients with acute ST-segment
elevation myocardial infarction. JACC Cardiovasc Interv. 2013;6(8):838-46.

191. Madder RD, Husaini M, Davis AT, VanOosterhout S, Harnek J, Gotberg M, et al. Detection by
near-infrared spectroscopy of large lipid cores at culprit sites in patients with non-ST-segment elevation
myocardial infarction and unstable angina. Catheter Cardiovasc Interv. 2015;86(6):1014-21.

192. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cercek B, et al. 2011 ACCF/AHA/SCAI
Guideline for Percutaneous Coronary Intervention. A report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice Guidelines and the Society for
Cardiovascular Angiography and Interventions. ] Am Coll Cardiol. 2011;58(24):e44-122.

193.  Writing Group M, Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, et al. Executive
Summary: Heart Disease and Stroke Statistics--2016 Update: A Report From the American Heart
Association. Circulation. 2016;133(4):447-54.

194.  Naghavi M, Libby P, Falk E, Casscells SW, Litovsky S, Rumberger J, et al. From vulnerable plaque
to vulnerable patient: a call for new definitions and risk assessment strategies: Part Il. Circulation.
2003;108(15):1772-8.

195. Naghavi M, Libby P, Falk E, Casscells SW, Litovsky S, Rumberger J, et al. From vulnerable plaque
to vulnerable patient: a call for new definitions and risk assessment strategies: Part I. Circulation.
2003;108(14):1664-72.

284



o Evaluation of non-culprit lesions in STEMI patients with OCT

196. Fernandez-Ortiz A, Badimon JJ, Falk E, Fuster V, Meyer B, Mailhac A, et al. Characterization of
the relative thrombogenicity of atherosclerotic plague components: implications for consequences of
plaque rupture. J Am Coll Cardiol. 1994;23(7):1562-9.

197. Farb A, Tang AL, Burke AP, Sessums L, Liang Y, Virmani R. Sudden coronary death. Frequency of
active coronary lesions, inactive coronary lesions, and myocardial infarction. Circulation.
1995;92(7):1701-9.

198.  Kubo T, Imanishi T, Takarada S, Kuroi A, Ueno S, Yamano T, et al. Assessment of culprit lesion
morphology in acute myocardial infarction: ability of optical coherence tomography compared with
intravascular ultrasound and coronary angioscopy. J Am Coll Cardiol. 2007;50(10):933-9.

199. Madder RD, Husaini M, Davis AT, VanOosterhout S, Khan M, Wohns D, et al. Large lipid-rich
coronary plaques detected by near-infrared spectroscopy at non-stented sites in the target artery
identify patients likely to experience future major adverse cardiovascular events. Eur Heart J Cardiovasc
Imaging. 2016;17(4):393-9.

200. Xing L, Higuma T, Wang Z, Aguirre AD, Mizuno K, Takano M, et al. Clinical Significance of Lipid-
Rich Plague Detected by Optical Coherence Tomography: A 4-Year Follow-Up Study. ] Am Coll Cardiol.
2017;69(20):2502-13.

201. Waksman R, Di Mario C, Torguson R, Ali ZA, Singh V, Skinner WH, et al. Identification of patients
and plaques vulnerable to future coronary events with near-infrared spectroscopy intravascular
ultrasound imaging: a prospective, cohort study. Lancet. 2019;394(10209):1629-37.

202.  Erlinge D, Maehara A, Ben-Yehuda O, Botker HE, Maeng M, Kjoller-Hansen L, et al. Identification
of vulnerable plaques and patients by intracoronary near-infrared spectroscopy and ultrasound
(PROSPECT 1l): a prospective natural history study. Lancet. 2021;397(10278):985-95.

203.  Prati F, Romagnoli E, Gatto L, La Manna A, Burzotta F, Ozaki Y, et al. Relationship between
coronary plague morphology of the left anterior descending artery and 12 months clinical outcome: the
CLIMA study. Eur Heart J. 2020;41(3):383-91.

204. Prati F, Regar E, Mintz GS, Arbustini E, Di Mario C, Jang IK, et al. Expert review document on
methodology, terminology, and clinical applications of optical coherence tomography: physical
principles, methodology of image acquisition, and clinical application for assessment of coronary
arteries and atherosclerosis. Eur Heart J. 2010;31(4):401-15.

205. Cerrato E, Mejia-Renteria H, Dehbi HM, Ahn JM, Cook C, Dupouy P, et al. Revascularization
Deferral of Nonculprit Stenoses on the Basis of Fractional Flow Reserve: 1-Year Outcomes of 8,579
Patients. JACC Cardiovasc Interv. 2020;13(16):1894-903.

206.  Arbab-Zadeh A, Nakano M, Virmani R, Fuster V. Acute coronary events. Circulation.
2012;125(9):1147-56.

207. Bentzon JF, Otsuka F, Virmani R, Falk E. Mechanisms of plaque formation and rupture. Circ Res.
2014;114(12):1852-66.

208. UedaY, Ogasawara N, Matsuo K, Hirotani S, Kashiwase K, Hirata A, et al. Acute coronary
syndrome: insight from angioscopy. Circ J. 2010;74(3):411-7.

209. Budoff MJ, Hokanson JE, Nasir K, Shaw LJ, Kinney GL, Chow D, et al. Progression of coronary
artery calcium predicts all-cause mortality. JACC Cardiovasc Imaging. 2010;3(12):1229-36.

210.  Budoff MJ, Shaw LJ, Liu ST, Weinstein SR, Mosler TP, Tseng PH, et al. Long-term prognosis
associated with coronary calcification: observations from a registry of 25,253 patients. J Am Coll Cardiol.
2007;49(18):1860-70.

211.  Greenland P, Knoll MD, Stamler J, Neaton JD, Dyer AR, Garside DB, et al. Major risk factors as
antecedents of fatal and nonfatal coronary heart disease events. JAMA. 2003;290(7):891-7.

285



o Evaluation of non-culprit lesions in STEMI patients with OCT

212.  Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB. Prediction of
coronary heart disease using risk factor categories. Circulation. 1998;97(18):1837-47.

213.  Yokoya K, Takatsu H, Suzuki T, Hosokawa H, Ojio S, Matsubara T, et al. Process of progression of
coronary artery lesions from mild or moderate stenosis to moderate or severe stenosis: A study based
on four serial coronary arteriograms per year. Circulation. 1999;100(9):903-9.

214. Sadat U, Jaffer FA, van Zandvoort MA, Nicholls SJ, Ribatti D, Gillard JH. Inflammation and
neovascularization intertwined in atherosclerosis: imaging of structural and molecular imaging targets.
Circulation. 2014;130(9):786-94.

215.  Damani SB, Topol EJ. Emerging genomic applications in coronary artery disease. JACC Cardiovasc
Interv. 2011;4(5):473-82.

216.  Makinen VP, Civelek M, Meng Q, Zhang B, Zhu J, Levian C, et al. Integrative genomics reveals
novel molecular pathways and gene networks for coronary artery disease. PLoS Genet.
2014;10(7):e1004502.

217.  Traylor M, Farrall M, Holliday EG, Sudlow C, Hopewell JC, Cheng YC, et al. Genetic risk factors for
ischaemic stroke and its subtypes (the METASTROKE collaboration): a meta-analysis of genome-wide
association studies. Lancet Neurol. 2012;11(11):951-62.

218. Montagnana M, Salvagno GL, Lippi G. Circadian variation within hemostasis: an underrecognized
link between biology and disease? Semin Thromb Hemost. 2009;35(1):23-33.

219. Phang M, Lazarus S, Wood LG, Garg M. Diet and thrombosis risk: nutrients for prevention of
thrombotic disease. Semin Thromb Hemost. 2011;37(3):199-208.

220.  Servoss SJ, Januzzi JL, Muller JE. Triggers of acute coronary syndromes. Prog Cardiovasc Dis.
2002;44(5):369-80.

221.  Arbab-Zadeh A, Fuster V. The myth of the "vulnerable plaque": transitioning from a focus on
individual lesions to atherosclerotic disease burden for coronary artery disease risk assessment. J Am
Coll Cardiol. 2015;65(8):846-55.

222.  Sheth T, Pinilla-Echeverri N, Moreno R, Wang J, Wood DA, Storey RF, et al. Nonculprit Lesion
Severity and Outcome of Revascularization in Patients With STEMI and Multivessel Coronary Disease. J
Am Coll Cardiol. 2020;76(11):1277-86.

223.  Fischer JJ, Samady H, McPherson JA, Sarembock 1), Powers ER, Gimple LW, et al. Comparison
between visual assessment and quantitative angiography versus fractional flow reserve for native
coronary narrowings of moderate severity. Am J Cardiol. 2002;90(3):210-5.

224. Zimmermann FM, Ferrara A, Johnson NP, van Nunen LX, Escaned J, Albertsson P, et al. Deferral
vs. performance of percutaneous coronary intervention of functionally non-significant coronary
stenosis: 15-year follow-up of the DEFER trial. Eur Heart J. 2015;36(45):3182-8.

225.  Bech GJ, De Bruyne B, Pijls NH, de Muinck ED, Hoorntje JC, Escaned J, et al. Fractional flow
reserve to determine the appropriateness of angioplasty in moderate coronary stenosis: a randomized
trial. Circulation. 2001;103(24):2928-34.

226.  Pijls NH, van Schaardenburgh P, Manoharan G, Boersma E, Bech JW, van't Veer M, et al.
Percutaneous coronary intervention of functionally nonsignificant stenosis: 5-year follow-up of the
DEFER Study. J Am Coll Cardiol. 2007;49(21):2105-11.

227. Tonino PA, De Bruyne B, Pijls NH, Siebert U, Ikeno F, van't Veer M, et al. Fractional flow reserve
versus angiography for guiding percutaneous coronary intervention. N Engl J Med. 2009;360(3):213-24.
228.  De Bruyne B, Pijls NH, Kalesan B, Barbato E, Tonino PA, Piroth Z, et al. Fractional flow reserve-
guided PCl versus medical therapy in stable coronary disease. N Engl J Med. 2012;367(11):991-1001.
229. Fearon WF, Zimmermann FM, De Bruyne B, Piroth Z, van Straten AHM, Szekely L, et al.
Fractional Flow Reserve-Guided PCl as Compared with Coronary Bypass Surgery. N Engl J Med. 2021.

286



o Evaluation of non-culprit lesions in STEMI patients with OCT

230. De Bruyne B, Fearon WF, Pijls NH, Barbato E, Tonino P, Piroth Z, et al. Fractional flow reserve-
guided PClI for stable coronary artery disease. N Engl J Med. 2014;371(13):1208-17.

231. Xaplanteris P, Fournier S, Pijls NHJ, Fearon WF, Barbato E, Tonino PAL, et al. Five-Year Outcomes
with PCl Guided by Fractional Flow Reserve. N Engl ] Med. 2018;379(3):250-9.

232.  Serruys PW, Morice MC, Kappetein AP, Colombo A, Holmes DR, Mack MJ, et al. Percutaneous
coronary intervention versus coronary-artery bypass grafting for severe coronary artery disease. N Engl J
Med. 2009;360(10):961-72.

233. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U, et al. [2018
ESC/EACTS Guidelines on myocardial revascularization. The Task Force on myocardial revascularization
of the European Society of Cardiology (ESC) and European Association for Cardio-Thoracic Surgery
(EACTS)]. G Ital Cardiol (Rome). 2019;20(7-8 Suppl 1):1S-61S.

234.  Patel MR, Calhoon JH, Dehmer GJ, Grantham JA, Maddox TM, Maron DJ, et al.
ACC/AATS/AHA/ASE/ASNC/SCAI/SCCT/STS 2017 Appropriate Use Criteria for Coronary Revascularization
in Patients With Stable Ischemic Heart Disease: A Report of the American College of Cardiology
Appropriate Use Criteria Task Force, American Association for Thoracic Surgery, American Heart
Association, American Society of Echocardiography, American Society of Nuclear Cardiology, Society for
Cardiovascular Angiography and Interventions, Society of Cardiovascular Computed Tomography, and
Society of Thoracic Surgeons. J Am Coll Cardiol. 2017;69(17):2212-41.

235.  Sels JW, Tonino PA, Siebert U, Fearon WF, Van't Veer M, De Bruyne B, et al. Fractional flow
reserve in unstable angina and non-ST-segment elevation myocardial infarction experience from the
FAME (Fractional flow reserve versus Angiography for Multivessel Evaluation) study. JACC Cardiovasc
Interv. 2011;4(11):1183-9.

236. lLaylandJ, Oldroyd KG, Curzen N, Sood A, Balachandran K, Das R, et al. Fractional flow reserve vs.
angiography in guiding management to optimize outcomes in non-ST-segment elevation myocardial
infarction: the British Heart Foundation FAMOUS-NSTEMI randomized trial. Eur Heart J. 2015;36(2):100-
11.

237.  Picchi A, Leone AM, Zilio F, Cerrato E, D'Ascenzo F, Fineschi M, et al. Outcome of coronary
lesions with deferred revascularization due to negative fractional flow reserve in subjects with acute
coronary syndrome. Int J Cardiol. 2017;230:335-8.

238.  Puymirat E, Cayla G, Simon T, Steg PG, Montalescot G, Durand-Zaleski I, et al. Multivessel PCI
Guided by FFR or Angiography for Myocardial Infarction. N Engl J Med. 2021;385(4):297-308.

239. Diez-Delhoyo F, Gutierrez-lbanes E, Sanz-Ruiz R, Vazquez-Alvarez ME, Gonzalez Saldivar H,
Rivera Juarez A, et al. Prevalence of Microvascular and Endothelial Dysfunction in the Nonculprit
Territory in Patients With Acute Myocardial Infarction. Circ Cardiovasc Interv. 2019;12(2):e007257.

240.  Van Herck PL, Carlier SG, Claeys MJ, Haine SE, Gorissen P, Miljoen H, et al. Coronary
microvascular dysfunction after myocardial infarction: increased coronary zero flow pressure both in the
infarcted and in the remote myocardium is mainly related to left ventricular filling pressure. Heart.
2007;93(10):1231-7.

241.  Zhou Z, de Wijs-Meijler D, Lankhuizen I, Jankowski J, Jankowski V, Jan Danser AH, et al. Blunted
coronary vasodilator response to uridine adenosine tetraphosphate in post-infarct remodeled
myocardium is due to reduced P1 receptor activation. Pharmacol Res. 2013;77:22-9.

242.  Mejia-Renteria H, Lee JM, van der Hoeven NW, Gonzalo N, Jimenez-Quevedo P, Nombela-Franco
L, et al. Coronary Microcirculation Downstream Non-Infarct-Related Arteries in the Subacute Phase of
Myocardial Infarction: Implications for Physiology-Guided Revascularization. J Am Heart Assoc.
2019;8(9):e011534.

287



o Evaluation of non-culprit lesions in STEMI patients with OCT

243.  van der Hoeven NW, Janssens GN, de Waard GA, Everaars H, Broyd CJ, Beijnink CWH, et al.
Temporal Changes in Coronary Hyperemic and Resting Hemodynamic Indices in Nonculprit Vessels of
Patients With ST-Segment Elevation Myocardial Infarction. JAMA Cardiol. 2019;4(8):736-44.

244. Rioufol G, Derimay F, Roubille F, Perret T, Motreff P, Angoulvant D, et al. Fractional Flow Reserve
to Guide Treatment of Patients With Multivessel Coronary Artery Disease. J Am Coll Cardiol.
2021;78(19):1875-85.

245.  Puri R, Nicholls SJ, Ellis SG, Tuzcu EM, Kapadia SR. High-risk coronary atheroma: the interplay
between ischemia, plaque burden, and disease progression. ] Am Coll Cardiol. 2014;63(12):1134-40.
246.  Jang IK. Plaque Progression: Slow Linear or Rapid Stepwise? Circ Cardiovasc Imaging. 2017;10(9).
247. XieZ,HouJ, YuH, JiaH, DuH, Lee H, et al. Patterns of coronary plaque progression: phasic
versus gradual. A combined optical coherence tomography and intravascular ultrasound study. Coron
Artery Dis. 2016;27(8):658-66.

248.  Araki M, Yonetsu T, Kurihara O, Nakajima A, Lee H, Soeda T, et al. Predictors of Rapid Plaque
Progression: An Optical Coherence Tomography Study. JACC Cardiovasc Imaging. 2021;14(8):1628-38.
249.  Russo M, Kim HO, Kurihara O, Araki M, Shinohara H, Thondapu V, et al. Characteristics of non-
culprit plaques in acute coronary syndrome patients with layered culprit plaque. Eur Heart J Cardiovasc
Imaging. 2020;21(12):1421-30.

250. Burzotta F, Leone AM, Aurigemma C, Zambrano A, Zimbardo G, Arioti M, et al. Fractional Flow
Reserve or Optical Coherence Tomography to Guide Management of Angiographically Intermediate
Coronary Stenosis: A Single-Center Trial. JACC Cardiovasc Interv. 2020;13(1):49-58.

251. Kedhi E, Berta B, Roleder T, Hermanides RS, Fabris E, AJJ 1J, et al. Thin-cap fibroatheroma
predicts clinical events in diabetic patients with normal fractional flow reserve: the COMBINE OCT-FFR
trial. Eur Heart J. 2021.

252. Maron DJ, Hochman JS, Reynolds HR, Bangalore S, O'Brien SM, Boden WE, et al. Initial Invasive
or Conservative Strategy for Stable Coronary Disease. N Engl J Med. 2020;382(15):1395-407.

253. Lawton JS, Tamis-Holland JE, Bangalore S, Bates ER, Beckie TM, Bischoff JM, et al. 2021
ACC/AHA/SCAI Guideline for Coronary Artery Revascularization: A Report of the American College of
Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation.
2021:CIRO000000000001038.

254.  Gonzalo N, Escaned J, Alfonso F, Nolte C, Rodriguez V, Jimenez-Quevedo P, et al. Morphometric
assessment of coronary stenosis relevance with optical coherence tomography: a comparison with
fractional flow reserve and intravascular ultrasound. J Am Coll Cardiol. 2012;59(12):1080-9.

255.  Pawlowski T, Prati F, Kulawik T, Ficarra E, Bil J, Gil R. Optical coherence tomography criteria for
defining functional severity of intermediate lesions: a comparative study with FFR. Int J Cardiovasc
Imaging. 2013;29(8):1685-91.

256. Raber L, Mintz GS, Koskinas KC, Johnson TW, Holm NR, Onuma Y, et al. Clinical use of
intracoronary imaging. Part 1: guidance and optimization of coronary interventions. An expert
consensus document of the European Association of Percutaneous Cardiovascular Interventions.
Eurolntervention. 2018;14(6):656-77.

257.  Ali Z, Landmesser U, Karimi Galougahi K, Maehara A, Matsumura M, Shlofmitz RA, et al. Optical
coherence tomography-guided coronary stent implantation compared to angiography: a multicentre
randomised trial in PCI - design and rationale of ILUMIEN IV: OPTIMAL PCI. Eurolntervention.
2021;16(13):1092-9.

258.  Antman EM, Anbe DT, Armstrong PW, Bates ER, Green LA, Hand M, et al. ACC/AHA guidelines
for the management of patients with ST-elevation myocardial infarction--executive summary. A report
of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines

288



o Evaluation of non-culprit lesions in STEMI patients with OCT

(Writing Committee to revise the 1999 guidelines for the management of patients with acute myocardial
infarction). J Am Coll Cardiol. 2004;44(3):671-719.

259. Bangalore S, Faxon DP. Coronary intervention in patients with acute coronary syndrome: does
every culprit lesion require revascularization? Curr Cardiol Rep. 2010;12(4):330-7.

260. Ambrose JA, D'Agate DJ. Plaque rupture and intracoronary thrombus in nonculprit vessels: an
eyewitness account. J Am Coll Cardiol. 2005;45(5):659-60.

261. de Feyter PJ, Ozaki Y, Baptista J, Escaned J, Di Mario C, de Jaegere PP, et al. Ischemia-related
lesion characteristics in patients with stable or unstable angina. A study with intracoronary angioscopy
and ultrasound. Circulation. 1995;92(6):1408-13.

262. Glaser R, Selzer F, Faxon DP, Laskey WK, Cohen HA, Slater J, et al. Clinical progression of
incidental, asymptomatic lesions discovered during culprit vessel coronary intervention. Circulation.
2005;111(2):143-9.

263. Rioufol G, Finet G, Ginon |, Andre-Fouet X, Rossi R, Vialle E, et al. Multiple atherosclerotic plaque
rupture in acute coronary syndrome: a three-vessel intravascular ultrasound study. Circulation.
2002;106(7):804-8.

264.  Zairis MN, Papadaki OA, Manousakis SJ, Thoma MA, Beldekos DJ, Olympios CD, et al. C-reactive
protein and multiple complex coronary artery plagues in patients with primary unstable angina.
Atherosclerosis. 2002;164(2):355-9.

265. DiVito L, Yoon JH, Kato K, Yonetsu T, Vergallo R, Costa M, et al. Comprehensive overview of
definitions for optical coherence tomography-based plaque and stent analyses. Coron Artery Dis.
2014;25(2):172-85.

266. Tearney GJ, Yabushita H, Houser SL, Aretz HT, Jang IK, Schlendorf KH, et al. Quantification of
macrophage content in atherosclerotic plaques by optical coherence tomography. Circulation.
2003;107(1):113-9.

267.  Yabushita H, Bouma BE, Houser SL, Aretz HT, Jang IK, Schlendorf KH, et al. Characterization of
human atherosclerosis by optical coherence tomography. Circulation. 2002;106(13):1640-5.

268. Dail, TianJ, Hou J, Xing L, Liu S, Ma L, et al. Association between cholesterol crystals and culprit
lesion vulnerability in patients with acute coronary syndrome: An optical coherence tomography study.
Atherosclerosis. 2016;247:111-7.

269.  Koskinas KC, Siontis GCM, Piccolo R, Mavridis D, Raber L, Mach F, et al. Effect of statins and non-
statin LDL-lowering medications on cardiovascular outcomes in secondary prevention: a meta-analysis
of randomized trials. Eur Heart J. 2018;39(14):1172-80.

270.  OzakiY, Garcia-Garcia HM, Beyene SS, Hideo-Kajita A, Kuku KO, Kolm P, et al. Effect of Statin
Therapy on Fibrous Cap Thickness in Coronary Plaque on Optical Coherence Tomography- Review and
Meta-Analysis. Circ J. 2019;83(7):1480-8.

271.  Raber L, Koskinas KC, Yamaji K, Taniwaki M, Roffi M, Holmvang L, et al. Changes in Coronary
Plague Composition in Patients With Acute Myocardial Infarction Treated With High-Intensity Statin
Therapy (IBIS-4): A Serial Optical Coherence Tomography Study. JACC Cardiovasc Imaging. 2019;12(8 Pt
1):1518-28.

272.  TianJ, Dauerman H, Toma C, Samady H, Itoh T, Kuramitsu S, et al. Prevalence and characteristics
of TCFA and degree of coronary artery stenosis: an OCT, IVUS, and angiographic study. J Am Coll Cardiol.
2014;64(7):672-80.

273.  Randomised trial of cholesterol lowering in 4444 patients with coronary heart disease: the
Scandinavian Simvastatin Survival Study (4S). Lancet. 1994;344(8934):1383-9.

289



o Evaluation of non-culprit lesions in STEMI patients with OCT

274.  Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG, et al. The effect of
pravastatin on coronary events after myocardial infarction in patients with average cholesterol levels.
Cholesterol and Recurrent Events Trial investigators. N Engl J Med. 1996;335(14):1001-9.

275.  Long-Term Intervention with Pravastatin in Ischaemic Disease Study G. Prevention of
cardiovascular events and death with pravastatin in patients with coronary heart disease and a broad
range of initial cholesterol levels. N Engl J Med. 1998;339(19):1349-57.

276. Mercado N, Maier W, Boersma E, Bucher C, de Valk V, O'Neill WW, et al. Clinical and
angiographic outcome of patients with mild coronary lesions treated with balloon angioplasty or
coronary stenting. Implications for mechanical plaque sealing. Eur Heart J. 2003;24(6):541-51.

277. Stone GW, Maehara A, Ali ZA, Held C, Matsumura M, Kjoller-Hansen L, et al. Percutaneous
Coronary Intervention for Vulnerable Coronary Atherosclerotic Plaque. J Am Coll Cardiol.
2020;76(20):2289-301.

278. Motoyama S, Sarai M, Harigaya H, Anno H, Inoue K, Hara T, et al. Computed tomographic
angiography characteristics of atherosclerotic plagues subsequently resulting in acute coronary
syndrome. J Am Coll Cardiol. 2009;54(1):49-57.

279. Bourantas CV, Garcia-Garcia HM, Diletti R, Muramatsu T, Serruys PW. Early detection and
invasive passivation of future culprit lesions: a future potential or an unrealistic pursuit of chimeras? Am
Heart J. 2013;165(6):869-81 e4.

280. Bourantas CV, Papafaklis Ml, Kotsia A, Farooq V, Muramatsu T, Gomez-Lara J, et al. Effect of the
endothelial shear stress patterns on neointimal proliferation following drug-eluting bioresorbable
vascular scaffold implantation: an optical coherence tomography study. JACC Cardiovasc Interv.
2014;7(3):315-24.

281. Bourantas CV, Serruys PW, Nakatani S, Zhang YJ, Farooq V, Diletti R, et al. Bioresorbable vascular
scaffold treatment induces the formation of neointimal cap that seals the underlying plague without
compromising the luminal dimensions: a concept based on serial optical coherence tomography data.
Eurolntervention. 2015;11(7):746-56.

282. Gomez-LaraJ, Brugaletta S, Farooq V, OnumaY, Diletti R, Windecker S, et al. Head-to-head
comparison of the neointimal response between metallic and bioresorbable everolimus-eluting scaffolds
using optical coherence tomography. JACC Cardiovasc Interv. 2011;4(12):1271-80.

283.  Moreno PR. Vulnerable plaque: definition, diagnosis, and treatment. Cardiol Clin. 2010;28(1):1-
30.

284, Bourantas CV, Zanchin T, Torii R, Serruys PW, Karagiannis A, Ramasamy A, et al. Shear Stress
Estimated by Quantitative Coronary Angiography Predicts Plaques Prone to Progress and Cause Events.
JACC Cardiovasc Imaging. 2020;13(10):2206-19.

285. Komukai K, Kubo T, Kitabata H, Matsuo Y, Ozaki Y, Takarada S, et al. Effect of atorvastatin
therapy on fibrous cap thickness in coronary atherosclerotic plaque as assessed by optical coherence
tomography: the EASY-FIT study. J Am Coll Cardiol. 2014;64(21):2207-17.

286. Simsek C, Karanasos A, Magro M, Garcia-Garcia HM, Onuma Y, Regar E, et al. Long-term invasive
follow-up of the everolimus-eluting bioresorbable vascular scaffold: five-year results of multiple invasive
imaging modalities. Eurolntervention. 2016;11(9):996-1003.

287.  Stone PH, Maehara A, Coskun AU, Maynard CC, Zaromytidou M, Siasos G, et al. Role of Low
Endothelial Shear Stress and Plaque Characteristics in the Prediction of Nonculprit Major Adverse
Cardiac Events: The PROSPECT Study. JACC Cardiovasc Imaging. 2018;11(3):462-71.

288.  Sorajja P, Gersh BJ, Cox DA, McLaughlin MG, Zimetbaum P, Costantini C, et al. Impact of
multivessel disease on reperfusion success and clinical outcomes in patients undergoing primary
percutaneous coronary intervention for acute myocardial infarction. Eur Heart J. 2007;28(14):1709-16.

290



o Evaluation of non-culprit lesions in STEMI patients with OCT

289. Cavender MA, Milford-Beland S, Roe MT, Peterson ED, Weintraub WS, Rao SV. Prevalence,
predictors, and in-hospital outcomes of non-infarct artery intervention during primary percutaneous
coronary intervention for ST-segment elevation myocardial infarction (from the National Cardiovascular
Data Registry). Am J Cardiol. 2009;104(4):507-13.

290. Corpus RA, House JA, Marso SP, Grantham JA, Huber KC, Jr., Laster SB, et al. Multivessel
percutaneous coronary intervention in patients with multivessel disease and acute myocardial
infarction. Am Heart J. 2004;148(3):493-500.

291. Dziewierz A, Siudak Z, Rakowski T, Zasada W, Dubiel JS, Dudek D. Impact of multivessel coronary
artery disease and noninfarct-related artery revascularization on outcome of patients with ST-elevation
myocardial infarction transferred for primary percutaneous coronary intervention (from the
EUROTRANSFER Registry). Am J Cardiol. 2010;106(3):342-7.

292. Toma M, Buller CE, Westerhout CM, Fu Y, O'Neill WW, Holmes DR, Jr., et al. Non-culprit
coronary artery percutaneous coronary intervention during acute ST-segment elevation myocardial
infarction: insights from the APEX-AMI trial. Eur Heart J. 2010;31(14):1701-7.

291



	Tesis Natalia Pinilla Echeverri
	PORTADA
	TABLE OF CONTENTS
	1. SUMMARY
	2. RESUMEN
	3. ABBREVIATIONS
	4. PART I. ATHEROSCLEROSIS AND CORONARY ARTERY DISEASE
	5.  PART II. STATE OF KNOWLEDGE REGARDING TREATMENT OF NON-CULPRIT LESIONS IN PATIENTS PRESENTING WITH STEMI
	6 PART III. THESIS: COMPLETE-OCT EVALUATION OF NON-CULPRIT LESIONS IN PATIENTS WITH STEMI WITH OCT
	7. PART IV. COMPLETE-OCT ATLAS
	8 PART V. PUBLICATIONS LIST
	9 PART VI. FINAL REMARKS AND FUTURE DIRECTIONS
	10 PART VII. PRESENTATIONS AND ACADEMIC COLLABORATIONS


