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BACKGROUND: A recent study reported that the outcome of patients with plaque erosion treated with stenting is poor when
the underlying plaque is lipid rich. However, the detailed phenotype of patients with plaque erosion, particularly as related to
different age groups, has not been systematically studied.

METHODS AND RESULTS: Patients with acute coronary syndromes caused by plaque erosion were selected from 2 data sets.
Demographic, clinical, angiographic, and optical coherence tomography findings of the culprit lesion were compared between
5 age groups. Among 579 erosion patients, male sex and current smoking were less frequent, and hypertension, diabetes,
and chronic kidney disease were more frequent in older patients. ST-segment—elevation myocardial infarction was more fre-
quent in younger patients. Percentage of diameter stenosis on angiogram was greater in older patients. The prevalence of
lipid-rich plaque (27.3% in age <45 years and 49.4% in age >75 years, P<0.001), cholesterol crystal (3.9% in age <45 years and
21.8% in age >75 years, P=0.027), and calcification (5.5% in age <45 years and 54.0% in age >75 years, P<0.001) increased
with age. After adjusting risk factors, younger patients were associated with the presence of thrombus, and older patients
were associated with greater percentage of diameter stenosis and the presence of lipid-rich plaque and calcification.

CONCLUSIONS: The demographic, clinical, angiographic, and plaque phenotypes of patients with plaque erosion distinctly vary
depending on age. This may affect the clinical outcome in these patients.

REGISTRATION: URL: https://www.clinicaltrials.gov. Unique identifiers: NCT03479723, NCT02041650.
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is well established, the mechanisms leading to

plague erosion remain less well understood.!
Medical therapy has proven effective for the stabi-
lization of lipid-rich atheromatous plagues, which
are prone to rupture. However, targeted treatments
for plague erosion have not been established.?
Pathology studies have suggested that erosion oc-
curs not only over lesions rich in smooth muscle cells
and proteoglycans but also over lesions with lipid

Although the pathophysiology of plaque rupture

components.®* A recent study showed that the out-
come of percutaneous coronary intervention is poor
in patients with erosion when the underlying plaque
phenotype is lipid rich.® Another study suggested that
conservative therapy with antithrombotic therapy may
be an option in selected patients with plaque erosion.
Better understanding of plaque phenotype under-
neath erosion may help elucidate the mechanism of
plague erosion, predict the outcome, and establish
targeted treatments.
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CLINICAL PERSPECTIVE

What Is New?

e This study investigated demographic, clinical,
angiographic, and plaque phenotype of patients
with erosion in different age groups.

¢ In patients with plaque erosion, advanced age is
associated with higher prevalence of coronary
risk factors, greater plague burden, and more
features of vulnerability.

e After adjusting coronary risk factors, stenosis
severity, and the presence of lipid-rich plaque
and calcification are associated with advanced
age.

What Are the Clinical Implications?

e Patients of advanced age with erosion may
benefit from more intense cholesterol lowering
and anti-inflammatory therapy.

Coronary artery disease associates strongly with
age.® The aim of this study was to investigate demo-
graphic, clinical, angiographic, and plaque phenotypes
of patients with erosion in different age groups.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Population

Patients presenting with acute coronary syndrome
(ACS) who underwent optical coherence tomog-
raphy (OCT) imaging of the culprit lesion were se-
lected from the Predictor (Identification of Predictors
for Coronary Plaque Erosion in Patients with Acute
Coronary Syndrome) study (NCT03479723) and
the EROSION (Effective Anti-Thrombotic Therapy
Without Stenting: Intravascular Optical Coherence
Tomography—Based Management In Plaque Erosion)
study (NCT02041650). The Predictor study is an in-
ternational, multicenter registry study that included
patients with ACS undergoing OCT at 11 institu-
tions in 6 countries (Japan, China, ltaly, Belgium,
United States, and Germany)’ from October 2008
to January 2018. The EROSION study is a single-
center, prospective, single-arm study that included
patients with ACS undergoing OCT from August 2014
to April 2016.8 Diagnosis of ACS, which included
ST-segment—elevation myocardial infarction (STEMI)
and non-ST-segment—elevation acute coronary syn-
drome (NSTE-ACS), was made according to the cur-
rent American Heart Association/American College of
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Cardiology guidelines®'® as follows. STEMI was de-
fined as continuous chest pain that lasted >30 min-
utes, arrival at the hospital within 12 hours from the
onset of symptoms, ST-segment elevation >0.1 mV
in >2 contiguous leads or new left bundle-branch
block on the 12-lead electrocardiogram, and elevated
cardiac markers (creatine kinase-MB or troponin I).°
NSTE-ACS included non-ST-segment—elevation my-
ocardial infarction and unstable angina. The former
was defined as ischemic symptoms in the absence of
ST-segment elevation on the electrocardiogram with
elevated cardiac markers. Unstable angina was de-
fined as having newly developed/accelerating chest
symptoms on exertion or rest angina within 2 weeks
without biomarker release.'® Demographic and clini-
cal data were collected at each participating site and
sent to Massachusetts General Hospital (Boston, MA).
Definitions of coronary risk factors are detailed in the
Supplemental Methods (Data S1). The Predictor study
and the EROSION study were approved by the institu-
tional review boards at each participating site. For the
Predictor study, informed consent was waived. For
the EROSION study, written informed consent was
obtained before enroliment.

Among the initial population of 1906 patients who
had pre-percutaneous coronary intervention culprit
lesions imaged and had complete data, cases with
stent-related events (n=61), graft failure (n=3), incom-
plete data (n=54), and suboptimal image quality due
to blood artifact, a short pullback, or massive throm-
bus (n=152) were excluded from this study. Among
1636 patients with ACS suitable for culprit lesion
evaluation, plague erosion was identified in 579 sub-
jects (35.4%), who constituted the final study popula-
tion (Figure S1).

Angiographic Analysis

Coronary angiograms were analyzed with the
Cardiovascular Angiography Analysis System (Pie
Medical Imaging B.V., Maastricht, The Netherlands).
The minimum lumen diameter, reference lumen diam-
eter, lesion length, and percentage of diameter steno-
sis were measured. The distance from the respective
coronary ostium to the culprit lesion was measured in
the least foreshortened view on angiograms as previ-
ously described.!? Initial Thrombolysis in Myocardial
Infarction flow grade was also evaluated for the culprit
vessel.

OCT Image Acquisition

OCT examination was performed using either a
frequency-domain (81.3%) (C7/C8, OCT Intravascular
Imaging System, St. Jude Medical, St. Paul, MN) or
a time-domain (18.7%) (M2/M3 Cardiology Imaging
Systems, LightLab Imaging Inc., Westford, MA) OCT
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system. OCT imaging was performed before any
percutaneous coronary intervention procedures, ex-
cept aspiration thrombectomy for occlusive throm-
bus precluding visualization of underlying plaque. All
OCT images were submitted to the core laboratory at
Massachusetts General Hospital and analyzed by 2 in-
dependent investigators who were blinded to patients’
data, using an offline review workstation (St. Jude
Medical). Any discordance was resolved by consensus
with a third reviewer.

OCT Image Analysis

Plague rupture was defined by the presence of fi-
brous cap discontinuity with a communication be-
tween the lumen and the inner core of plague or with
a cavity formed within the plaque.®'® Plaque erosion
was identified by the presence of attached thrombus
overlying an intact plaque, luminal surface irregular-
ity at the culprit lesion in the absence of thrombus,
or attenuation of the underlying plaque by thrombus
without superficial lipid or calcification immediately
proximal or distal to the site of thrombus.®'3 Nearby
bifurcation was predefined, when plaque erosion was
identified within 5 mm proximal or distal to a side
branch with an orifice diameter >1.0 mm measured by
OCT."?>" Minimal lumen area site was chosen for the
measurement of the distance between plaque ero-
sion and the nearby bifurcation.’'* Representative
OCT images are shown in Figure 1. Definitions of
other OCT findings are detailed in the Supplemental
Methods (Data S1).

Age and Phenotype of Patients With Erosion

Statistical Analysis

Patients were categorized into 5 groups based on
their age (years): <45, 45 to 54, 55 to 64, 65 to 74,
and >75."° Patient characteristics, angiographic find-
ings, and plague morphologies underneath erosion
were compared between the age groups. Continuous
variables with normal distribution were expressed
as mean+SD, and median (interquartile range) was
used to summarize nonnormally distributed variables.
Categorical data were expressed as absolute frequen-
cies and percentages. Global trends by age were as-
sessed using the Jonckheere-Terpstra trend test for
continuous variables and using the Cochran-Armitage
trend test for categorical data. Furthermore, data were
analyzed after adjusting confounding characteristics of
sex, current smoking, hypertension, dyslipidemia, dia-
betes, chronic kidney disease, previous myocardial in-
farction, previous percutaneous coronary intervention,
estimated glomerular filtration rate, total cholesterol,
low-density lipoprotein cholesterol, high-density lipo-
protein cholesterol, triglycerides, and hemoglobin Alc
using multivariate logistic regression. Age was consid-
ered as a continuous variable rather than a categorical
variable in this analysis. Multivariable linear regression
was used to adjust confounding factors in continuous
angiography and OCT variables. Sensitivity analyses
were performed to investigate whether the results
were maintained in patients with STEMI and patients
with acute myocardial infarction including STEMI or
non-ST-segment—elevation MI. Because the defini-
tion of plaque erosion by OCT was not identical to the

Figure 1.

Representative OCT images in patients of different age.

The asterisks indicate a guide wire artifact. A, The culprit lesion of a 37-year-old patient who
presented with STEMI. The white arrow indicates a red thrombus. Lipid-rich plaque, cholesterol
crystal, and calcification were not observed. Because the red thrombus obscured the
underlying area, the underlying plaque morphology could not be assessed in the area. B, The
culprit lesion of a 77-year-old patient who presented with unstable angina. Lipid was observed
from 6 o’clock to 11 o’clock. The green arrows indicate cholesterol crystals. The white arrow
indicates calcification. OCT indicates optical coherence tomography; and STEMI ST-segment-

elevation myocardial infarction.
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definition from pathology study,® the data were also
analyzed after excluding patients in whom thrombus
was not observed or smaller than the diagnostic cri-
teria (250 um).

Intra- and interobserver reliability for OCT diagno-
ses were assessed by kappa statistics. A 2-sided P
value of <0.05 was considered statistically significant.
Statistical analysis was performed using R software

Age and Phenotype of Patients With Erosion

RESULTS

Clinical Characteristics

Among 579 patients with plaque erosion, 298 (51.5%)
presented with STEMI and 281 (48.5%) with non-ST-
segment acute coronary syndrome (NSTE-ACS). Mean
age was 61.3 years with male predominance (80.0%).
Baseline characteristics of patients in each age group

are summarized in Table 1. The proportion of men
(92.7% in age <45 years to 70.1% in age >75 years) and

version 3.6.2 (R Foundation for Statistical Computing,
Vienna, Austria).

Table 1. Patient Characteristics
Age,y
<45 45-54 55-64 65-74 >75
(n=55) (n=119) (n=158) (n=160) (n=87) P value
Male sex 51 (92.7) 104 (87.4) 130 (82.3) 117 (73.1) 61 (70.1) <0.001
Body mass index, kg/m? 25.9+3.7 25.4+3.8 25.2+2.8 24.4+3.8 23.56+3.0 <0.001
Current smoking 35 (63.6) 75 (63.0) 88 (65.7) 60 (37.5) 14 (16.1) <0.001
Hypertension 21 (38.2) 50 (42.0) 76 (48.1) 101 (63.1) 64 (73.6) <0.001
Dyslipidemia 22 (40.0) 74 (62.2) 89 (56.3) 94 (58.8) 54 (62.1) 0.097
Diabetes 9 (16.4) 28 (23.5) 35 (22.2) 42 (26.3) 31 (35.6) 0.011
Chronic kidney disease 4(7.3) 10 (8.4) 13(8.2) 22 (13.8) 19 (21.8) 0.001
Previous myocardial infarction 3(56.5) 6 (5.0) 12 (7.6) 5(3.1) 5(5.7) 0.686
Previous percutaneous coronary intervention 2(3.6) 5(4.2) 16 (10.1) 11 (6.9 7 (8.0) 0.246
Previous coronary artery bypass graft 0(0.0) 0(0.0) 1(0.6) 1(0.6) 0(0.0) 0.706
Clinical presentation <0.001
ST-segment-elevation myocardial infarction 34 (61.8) 66 (55.5) 91 (57.6) 77 (48.1) 30 (34.5)
Non-ST-segment—elevation acute coronary syndrome 21(38.2) 53 (44.5) 67 (42.4) 83 (561.9) 57 (65.5)
Medication
Aspirin 6 (25.0) 12 (14.3) 26 (26.5) 20 (19.6) 10 (16.4) 0.785
P2Y12 inhibitor 3 (12.5) 9 (10.7) 1 (11.2) 11 (10.7) 6(9.8) 0.768
Statin 3 (12.5) 15 (17.9) 27 (27.6) 26 (25.2) 10 (16.7) 0.587
Beta blocker 7(29.2) 10 (11.9) 15 (156.5) 22 (21.4) 5(8.2) 0.404
Angiotensin-converting enzyme inhibitor or 3 (12.5) 18 (21.4) 31 (31.6) 28 (27.2) 24 (39.3) 0.010
angiotensin Il receptor blocker
Calcium channel inhibitor 2 (15.4) 7 (11.5) 22 (26.5) 26 (28.6) 22 (39.3) <0.001
Laboratory data
Estimated glomerular filtration rate, mL/min per 1.73 76.1+24.4 72.7+261 69.9+20.5 68.0+19.8 66.6+24.1 0.005
m2
Total cholesterol, mg/dL 181.1+46.6 193.0+47.9 181.2+43.2 191.2+39.7 184.1+38.4 0.693
Low-density lipoprotein cholesterol, mg/dL 117.3+43.6 123.8+43.7 116.5+42.2 123.5+37.0 115.2+36.0 0.817
High-density lipoprotein cholesterol, mg/dL 45.5+13.6 46.9+12.5 46.1+14.3 48.7+13.8 481+11.0 0.023
Triglycerides, mg/dL 117.0 104.8 115.6 104.0 87.0 0178
(47.0-196.9) (61.2-159.6) (67.0-160.1) (69.2-160.5) (60.5-143.0)
Hemoglobin Atc, % 6.4+2.0 6.3+1.4 6.2+1.4 6.1+1.0 6.2+1.1 0.389
High-sensitivity C-reactive protein, mg/dL 0.33 0.20 0.24 0.10 0.30 0.345
(0.10-0.82) (0.08-0.45) (0.07-0.69) (0.03-0.45) (0.06-0.72)
Hemoglobin, g/dL 15.1+1.4 14.6+1.6 14.4+1.6 14117 13.56+1.9 <0.001
Peak creatine kinase-MB, 1U/L 80.8 93.0 97.8 64.1 70.0 0.358
(17.2-251.1) (22.3-227.0) | (16.3-237.4) (17.3-263.3) | (18.0-170.0)
Left ventricular ejection fraction, % 58.1+7.3 57.4+11.0 56.7+10.3 58.0+10.8 56.0+12.1 0.787

P values are for the Jonckheere-Terpstra trend test for continuous variables or the Cochran-Armitage trend test for categorical data. Medication data were
analyzed only in available cases.
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current smokers (63.6% in age <45 years to 16.1% in
age =75 years), and body mass index (25.9+3.7 kg/m?
in age <45 years to 23.5+3.0 kg/m? in age >75 years)
significantly decreased with advanced age. The
prevalence of hypertension (38.2% in age <45 years
to 73.6% in age >75 years), diabetes (16.4% in age
<45 years to 35.6% in age >75 years), and chronic kid-
ney disease (7.3% in age <45 years to 21.8% in age
>75 years) significantly increased with age. STEMI was
the predominant type of presentation in younger pa-
tients, whereas NSTE-ACS became more frequent in
older patients (STEMI: 61.8% in age <45 years and
34.5% in age >75 years). Older patients were more
frequently taking antihypertensive medications on ad-
mission (angiotensin-converting enzyme inhibitor or
angiotensin Il receptor blocker: 12.5% in age <45 years
and 39.3% in age >75 years; calcium channel inhibitor:
15.4% in age <45 years and 39.3% in age >75 years).
Estimated glomerular filtration rate (76.1+24.4 mL/min
per 1.73 m? in age <45 years and 66.6+24.1 mL/min
per 1.73 m? in age =75 years) and hemoglobin levels
(151+1.4 g/dL in age <45 years and 13.5+1.9 g/dL in
age >75 years) were lower, and high-density lipoprotein
cholesterol levels (45.5+13.6 mg/dL in age <45 years

Table 2. Angiographic Findings

Age and Phenotype of Patients With Erosion

to 48.1+11.0 mg/dL in age >75 years) were higher in
advanced age groups.

Angiographic Findings

The angiographic features of culprit lesions are sum-
marized in Table 2. The distribution of culprit vessels
(right coronary artery, left anterior descending ar-
tery, or left circumflex) was comparable among the
age groups. Plaque erosions were clustered in the
proximal coronary artery, particularly in the left ante-
rior descending artery. The mean distance from the
coronary ostium to plaque erosion was similar among
the age groups (31.4, 32.6, 29.8, 32.4, and 33.7 mm
in the age groups of <45, 45-54, 55-64, 65-74 and
>75, respectively). Initial Thrombolysis in Myocardial
Infarction flow grade <1 was more frequent in younger
patients (36.4% in age <45 years and 19.8% in age
>75 years). Minimum lumen diameter (1.35+0.82 mm
in age <45 years and 0.59+0.52 mm in age >75 years)
and reference lumen diameter (3.48+0.73 mm in age
<45 years and 2.70+0.68 mm in age >75 years) were
significantly smaller, and percentage of diameter ste-
nosis (61.5+20.2% in age <45 years and 77.9+18.9%

Age,y
<45 45-54 55-64 65-74 >75
(n=55) (n=119) (n=158) (n=160) (n=87) P value
Infarct-related artery 0.450*
RCA 13 (23.6) 30(25.2) 42 (26.6) 57 (35.6) 24 (27.6)
LAD 37 (67.3) 71 (69.7) 95 (60.1) 80 (50.0) 51 (58.6)
LCx 5(9.1) 18 (15.1) 21 (13.3) 23 (14.4) 12 (13.8)
Culprit lesion site 0.891*
Proximal segment 22 (40.0) 45 (39.1) 69 (44.2) 68 (43.3) 38 (44.2)
Mid segment 20 (36.4) 46 (40.0) 51 (32.7) 60 (38.2) 27 (31.4)
Distal segment 13 (23.6) 24 (20.9) 36 (23.1) 29 (18.5) 21 (24.4)
Multivessel disease 16 (29.1) 32 (27.9) 52 (34.4) 55 (35.5) 30 (35.7) 0.164
Initial Thrombolysis in Myocardial 20 (36.4) 46 (40.0) 59 (37.8 51 (32.5) 17 (19.8) 0.007
Infarction flow <1
Distance from the ostium, mm 31.4+£21.8 32.6+18.1 29.8+19.2 32.4+21.0 33.7+24.5 0.920
RCA 48.8+24.2 39.4+19.8 39.4+24.6 43.8+26.3 56.8+30.2 0.206
LAD 24.7+18.8 29.3+16.6 24.4+14.5 24.9+13.3 22.7+12.8 0.372
LCx 34.0+4.6 34.9+18.9 34.7£17.0 29.7£14.8 30.4+14.1 0.255
Quantitative coronary angiography data
Minimum lumen diameter, mm 1.35+0.82 0.73+0.61 0.79+0.63 0.68+0.64 0.59+0.52 <0.001
Reference vessel diameter, mm 3.48+0.73 2.85+0.66 2.99+0.70 2.84+0.55 2.70+0.68 <0.001
Lesion length, mm 14.2+5.5 15.1+6.9 14.6+6.2 14.6+6.3 15.6+6.9 0.442
Diameter stenosis, % 61.5+20.2 75.1+20.4 74.0£19.4 76.9+18.9 77.9+18.9 <0.001
Diameter stenosis >70% 18 (32.7) 68 (57.1) 81 (51.3) 102 (66.2) 54 (62.1) <0.001

P values are for the Jonckheere-Terpstra trend test for continuous variables or the Cochran-Armitage trend test for categorical data. Angiographic data
except infarct-related artery were missing in 10 (1.7%) cases. LAD indicates left anterior descending artery; LCx, left circumflex artery; and RCA, right coronary

artery.
*P value for ? test.
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in age >75 years) was significantly greater in older pa-
tients. Percentage of diameter stenosis was more than
70% in 32.7% of patients aged <45 years and in 62.1%
of patients aged >75 years.

OCT Findings

The prevalence of lipid-rich plaque increased with age
from 27.3% in age <45 years to 49.4% in age >75 years
(P<0.001). The prevalence of cholesterol crystal and
calcification also significantly increased with age (from
3.9% to 21.8% and from 5.5% to 54.0%, respectively).
The prevalence of thrombus decreased with increasing
age, appearing in 89.1% in age <45 years to 62.1% in
age >75 years (P<0.001) (Table 3), consistent with more
frequent NSTE-ACS in older age groups. There was
no statistically significant age-related difference in the
prevalence of proximity to bifurcation. Minimum lumen
area (1.92 [1.20-3.74] mm? in age <45 years and 0.99
[0.73-1.30] mm? in age >75 years) and reference lumen
area (8.67 [6.49-10.46] mm? in age <45 years and 5.74
[4.23-716] mm? in age >75 years) were significantly

Table 3. OCT Findings in Different Age Groups

Age and Phenotype of Patients With Erosion

smaller (Table 3), and percentage of area stenosis (75.2
[61.3-82.7]% in age <45 years and 81.4 [71.6-88.0]% in
age >75 years) was significantly greater in older patients.
Mean lipid arc (median: 184.7° in age <45 years and
251.5° in age >75 years), lipid length (median: 7.3 mm in
age <45 years and 9.7 mm in age >75 years) (Table 3),
and lipid index (median: 1248.9°mm in age <45 years
and 2410.0°mm in age >75 years) were significantly
greater in older patients. Minimum fibrous cap thickness
was comparable among the groups (P=0.36). The in-
traobserver kappa coefficients for diagnoses of lipid-rich
plaque, cholesterol crystal, and calcification were 0.91,
0.87, and 0.82, respectively. The interobserver kappa
coefficients for diagnoses of lipid-rich plaque, choles-
terol crystal, and calcification were 0.82, 0.87, and 0.91,
respectively (Figure 2 and Table 3).

Risk-Adjusted Analyses
After adjusting risk factors, older patients were still as-

sociated with the absence of thrombus (odds ratio [OR],
0.95; 95% ClI, 0.92-0.97; P<0.001), greater diameter

Age,y

<45 45-54 55-64 65-74 275

(n=55) (n=119) (n=158) (n=160) (n=87) P value
Qualitative

Lipid-rich plaque 15 (27.9) 40 (33.6) 67 (42.4) 74 (46.9) 43 (49.4) <0.001

Thin-cap fibroatheroma 1(1.8) 8 (6.7) 11 (7.0) 11 (6.9 9 (10.3) 0.144

Cholesterol crystal 2(3.9) 17 (14.9) 26 (16.5) 24 (15.0) 19 (21.8) 0.036

Calcification 3(5.5) 34 (28.6) 38 (24.1) 53 (33.1) 47 (54.0) <0.001

Thrombus 49 (89.1) 105 (88.2) 119 (75.3) 114 (71.3) 54 (62.1) <0.001
White 38 (77.6) 76 (72.4) 100 (84.0) 94 (82.5) 38 (70.4) 0.764
Red 1 (22.4) 29 (27.6) 19 (16.0) 20 (17.5) 16 (29.6)

Nearby bifurcation 19 (34.5) 39 (32.8) 56 (35.4) 43 (26.9) 22 (25.3) 0.091
Right coronary artery 0/13 (0.0) 4/30 (18.9) 6/42 (14.3) 8/57 (14.0) 4/24 (16.7) 0.274
Left anterior descending artery 18/37 (48.6) 30/71 (42.3) 42/95 (44.2) 29/80 (36.2) 16/51 (31.4) 0.069
Left circumflex artery 1/5 (20.0) 5/18 (27.8) 8/21(38.1) 6/23 (26.1) 2/12 (16.7) 0.617

Quantitative

Minimum lumen area, mm? 1.92 1.18 (0.80-1.84) 1.15(0.80-1.72) 0.92 (0.77-1.55) | 0.99 (0.73-1.30) <0.001
(1.20-3.74)

Reference lumen area, mm? 8.67 6.29 (4.65-8.02) 6.50 (5.10-8.03) 5.88 (4.50-7.68) | 5.74 (4.23-7.16) <0.001
(6.49-10.46)

Area stenosis, % 75.2 80.8 (70.8-86.3) | 80.7 (72.0-86.5) | 81.6 (74.5-87.5) | 81.4(71.6-88.0) 0.005
(61.3-82.7)

Minimum fibrous cap thickness, pm 130.0 97.0 100.0 108.0 107.0 0.360
(80.0-156.5) (70.0-130.0) (78.5-135.0) (80.0-134.0) (80.0-141.5)

Mean lipid arc 184.7 191.7 212.6 200.1 251.5 <0.001
(1567.9-236.3) (145.3-244.2) (182.8-257.8) (156.3-261.5) (208.4-276.8)

Lipid length, mm 7.3 (6.2-9.2) 6.6 (3.5-8.9) 7.9 (6.4-9.9) 8.4 (5.8-10.4) 9.7 (7.9-12.2) <0.001

Lipid index, mm 1248.9 1109.8 1538.8 15531 2410.0 <0.001
(1079.1-1745.2) | (677.9-1730.9) (10883.3-2460.1) (1063.1-2458.0) | (1825.2-3097.3)

P values are for the Jonckheere-Terpstra trend test for continuous variables or the Cochran-Armitage trend test for categorical data. OCT indicates optical

coherence tomography.
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Figure 2. Comparison of plaque phenotype between different age groups.

The prevalence of (A) lipid-rich plaque, (B) cholesterol crystal, and (C) calcification were significantly more frequently observed in
older age groups. Beeswarm plots, and box and whisker plots show quantitative OCT findings in different age groups (D and E).
(D) Percentage of area stenosis and (E) lipid index were significantly greater in older age groups. P values are for trend tests. OCT
indicates optical coherence tomography.

stenosis (OR, 1.04; 95% ClI, 1.02-1.06; P<0.001) and Cl, 1.01-1.06; P=0.001) (Figure 3). Impacts of age on an-
the presence of lipid-rich plague (OR, 1.03; 95% ClI, giographic initial Thrombolysis in Myocardial Infarction
1.01-1.05; P=0.008) and calcification (OR, 1.04; 95% flow <1 and the presence of cholesterol crystal were
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OR (95% CI) p value
STEMI (NSTE-ACS as reference) —_—— 0.98 (0.96-1.00) p =0.051
Initial TIMI flow <1 —_— 0.99 (0.97-1.01) p=0.174
Diameter stenosis >70% —_—————— 1.04 (1.02-1.06) p < 0.001
Lipid-rich plaque — 1.03 (1.01-1.05) p =0.008
Cholesterol crystal —_——— 1.02 (0.99-1.05) p =0.182
Calcification —_— - 1.04 (1.01-1.06) p = 0.001
Thrombus — - 0.95 (0.92-0.97) p < 0.001
09 095 1 105 11
Favors younger Favors older
Odds ratio

Figure 3. The impact of age on clinical presentation, stenosis severity, and lesion phenotype,
adjusted for patient characteristics.

After adjusting patient characteristics (sex, current smoking, hypertension, dyslipidemia, diabetes, chronic
kidney disease, previous myocardial infarction, previous percutaneous coronary intervention, estimated
glomerular filtration rate, total cholesterol, low-density lipoprotein-cholesterol, high-density lipoprotein-
cholesterol, triglycerides, and hemoglobin Alc), younger patients were associated with the presence of
thrombus, and older patients were associated with greater diameter stenosis and the presence of lipid-
rich plague and calcification. The detail of each multivariate logistic regression is shown in Table S1.
NSTE-ACS indicates non-ST-segment elevation acute coronary syndrome; OR, odds ratio; STEMI, ST-

segment elevation myocardial infarction; and TIMI, Thrombolysis in Myocardial Infarction.

not statistically significant in the risk-adjusted analy-
ses. The detail of each multivariate logistic regression
is shown in Table S1. After adjusting risk factors, mini-
mum lumen diameter, reference lumen diameter, diam-
eter stenosis, minimum lumen area, mean lipid arc, lipid
length, and lipid index were still associated with age
(Table S2).

Sensitivity Analysis

Consistent age-related differences in the distribution
of sex, coronary risk factors and angiographic steno-
sis severity, the prevalence of lipid-rich plague, cho-
lesterol crystal, calcification, and lipid burden were
observed in patients with STEMI (Table S3) and in
patients with acute myocardial infarction (combined
STEMI and non-ST-segment—elevation myocardial
infarction) (Table S4). After excluding 138 (23.8%) pa-
tients in whom thrombus was not observed or smaller
than the diagnostic criteria (250 pm), most results
remained unchanged (Table S5). In this subset, the
prevalence of thin-cap fibroatheroma significantly
increased with age, which was not significant in the
main analysis. Because the prevalence of thrombus
may have been affected by aspiration thrombectomy
before OCT imaging, the prevalence of thrombus was
also analyzed after excluding those who underwent
aspiration thrombectomy (Table S6). The results re-
mained unchanged.

J Am Heart Assoc. 2021;10:e020691. DOI: 10.1161/JAHA.120.020691

DISCUSSION

The collection of a large number of plaque erosion
cases provided an opportunity to study detailed phe-
notypes of plaque erosion in subgroups of patients in
different age categories. The main results of the cur-
rent study show that with increasing age (1) the pro-
portion of men decreases and coronary risk factors
increase; (2) the relative incidence of NSTE-ACS, com-
pared with STEMI, increases; (3) stenosis severity on
angiogram increases; and (4) features of plaque vulner-
ability including lipid-rich plaque, cholesterol crystal,
and calcification increase but fibrous cap thickness did
not increase. After adjusting for coronary risk factors,
stenosis severity and the presence of lipid-rich plaque
and calcification were associated with age.

Age and Demographic Phenotype of
Erosion

The development of coronary artery disease is strongly
associated with age.® Mehta et al'® investigated a large
number of patients with acute myocardial infarction
and reported a higher prevalence of hypertension, dia-
betes, and renal insufficiency and a lower proportion of
men and current smokers in older patients. The results
of the current study with a specific subgroup of pa-
tients with plaque erosion are consistent with Mehta’s
study in that the proportion of men decreased and the
prevalence of coronary risk factors increased with age.
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Although pathology studies with a small sample size
have shown that plaque erosion was frequent in young
women with sudden cardiac death, recent in vivo stud-
ies consistently have shown that the majority of patients
with plaque erosion were male.'?'3 Notably, the current
result showed that the proportion of women increased
with age. Estrogen is known to have protective effects
against atherosclerosis and thrombosis,'” mediated by
endothelial estrogen receptor-a.'® Estrogen withdrawal
at menopause results in alterations in endothelial dys-
function, vascular inflammation, sympathetic tone, and
a higher insulin resistance.!®

Age and Clinical and Angiographic
Phenotype of Erosion

A previous STEMI study reported that age <50 years
was associated with higher prevalence of plaque ero-
sion. The present study included patients with ACS
and plague erosion only and divided them into 5 age
groups to assess the impact of age on the phenotype
of patients with plaque erosion including the age-
related difference in plague morphology. The higher
relative incidence of NSTE-ACS in older patients has
been reported in previous studies.'®®2° In the present
study, this finding was confirmed in patients with ero-
sion as well. This result may be explained by evidence
that repetitive ischemic insult by greater plaque bur-
den induces ischemic preconditioning.?! In the present
study, the prevalence of diameter stenosis >70% dou-
bled in the oldest group, compared with the youngest
group. The concept of individualizing the management
of patients with ACS depending on the underlying pa-
thology was tested in the EROSION study.® The study
showed that patients with plaque erosion were suc-
cessfully managed with antithrombotic therapy with-
out stenting. However, it should be acknowledged that
patients with residual diameter stenosis >70% on an-
giogram after coronary thrombectomy were excluded
from the study. Considering the results of the present
study, younger patients with erosion may be a better
target for conservative management.

Age and Plaque Phenotype of Erosion

A previous pathology study suggested that coro-
nary plague burden gradually increases with age.??
In an intravascular ultrasound study, plaque burden,
necrotic core, and calcium content were shown to
increase with age.?® Recently, an OCT study as-
sessed culprit lesion morphology in young patients
with ACS and showed that patients aged <50 years
less frequently had vulnerable plaque features.?® In
the present study, we investigated only patients with
erosion and found that vulnerable plaque phenotype
increases with age in this subset. These differences
may be explained by the increased prevalence of
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coronary risk factors in older patients. Recent re-
search showed that age-dependent endothelial dys-
function favors atherogenesis and thrombosis and
predisposes to coronary events.?* Aged endothelial
cells downregulate JunD and SIRT1 expression, lead-
ing to pro-oxidant and proinflammatory gene expres-
sion. As a consequence, increased reactive oxygen
species and inflammatory cytokines reduce nitric
oxide availability. In parallel, age-related up-regulation
of angiotensin Il and cyclooxygenase-derived eicosa-
noids results in augmented endothelin-1, thrombox-
ane A,, and prostaglandin F,a. These mechanisms
together could impair endothelial function and pro-
mote thrombosis in elderly people.

Although typical plaque erosion occurs over le-
sions rich in proteoglycans and smooth muscle cells
with a local absence of intimal endothelial cells,?® it
is also known that plaque erosion can occur over le-
sions with lipid components.34 A recent in vivo case
series also reported these 2 distinct phenotypes
with multimodality imaging.?® In an OCT study that
assessed the clinical significance of lipid-rich plaque
underneath erosion,® the incidence of major adverse
cardiac events, including cardiac death, myocardial
infarction, and clinically driven revascularizations,
was higher in patients with erosion and underlying
lipid-rich plaque who underwent percutaneous cor-
onary intervention.

Several intravascular studies showed that statin
therapy can stabilize lipid-rich plaques.?”?® The most
recent guideline recommends intensive lipid man-
agement for secondary prevention of ACS.?° Yet, the
significance of intensive lipid management for plaque
erosion, especially in older patients, is unknown. Our
results showed greater plaque vulnerability in older
patients and suggest that intensive lipid management
may be beneficial in this group.

Mechanisms of Plaque Erosion in Elderly
Patients

It has been discussed that the mechanism of plaque
erosion is considerably different from that of plaque
rupture.? Disruption of fibrous cap overlying necrotic
core triggers thrombosis in plaque rupture, whereas
endothelial cell denudation triggers thrombosis in
plague erosion. Young women without coronary risk
factors but with smoking habits were assumed to have
a higher risk of plaque erosion. Plaque erosion showed
less severe stenosis and lower lipid burden compared
with plague rupture. In the present study, the pheno-
type of older patients with plaque erosion was different
from the historically assumed phenotype of patients
with plaque erosion. They were nonsmokers and more
frequently had hypertension, diabetes, chronic kidney
disease, severe stenosis, lipid-rich plaque, cholesterol
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crystal, calcification, thrombus, and large lipid burden
than younger patients.

We hypothesized that older patients may have
a distinct phenotype of plaque erosion. Pathology
studies have suggested that 2 distinct phenotypes
of plaque erosion may exist: lesions rich in smooth
muscle cells and proteoglycans and lesions rich in
lipid components.® This was also confirmed in a re-
cent case series that assessed plagque phenotype
underlying plaque erosion using OCT, near-infrared
spectroscopy—intravascular ultrasound, and coronary
angioscopy and reported the presence of 2 distinct
phenotypes of plaque erosion different in the extent
of near-infrared spectroscopy-derived lipid core bur-
den and coronary angioscopy-derived luminal surface
color.®

Stenosis severity of the culprit lesion was greater in
older patients. It is known that tight stenosis causes
higher shear stress.3° Therefore, it is possible that
tight stenosis with high local shear stress triggered the
process of plague erosion®' in older patients. In the
present study, cholesterol crystal was more frequently
observed in older erosion patients. In addition, the
proportion of women increased with age. Abela et al*
reported that cholesterol crystals may perforate the
endothelial layer and cause plaque erosion if the lipid
pool is relatively small. A pathology study reported
that the prevalence of plague erosion was higher
in women than men.®3 It was also reported that the
volume of lipid pool in the carotid artery was smaller
in women than men.®* It is possible that cholesterol
crystal was involved in the mechanism of plaque ero-
sion particularly in elderly women with relatively small
lipid pools.

Several previous studies reported that plaque ero-
sion is associated with smoking.®"? Smoking pro-
motes activation of both platelets and clotting factors.3®
In addition, smoking causes endothelial damage®® as
well as activation of rho-kinase, which leads to va-
soconstriction or vasospasm. These mechanisms may
be particularly important in younger patients. Although
it requires further corroboration in the future, plaque
erosion may not be a unique entity but may have 2
distinct phenotypes depending on age.

Limitations

Several limitations should be acknowledged in this
study. First, although patients were prospectively en-
rolled in the registry at each institution, the present
analysis was done retrospectively. Therefore, selec-
tion bias cannot be excluded. However, most patients
were enrolled in institutions where OCT is routinely
used. Therefore, unless there was a contraindication,
the majority of consecutive patients were included in
the study. Second, this study used 2 different OCT
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systems (time-domain and frequency-domain OCT),
though time-domain OCT use was in the minority of
cases (18.7%). Both systems used light sources with
the same center wavelength (1300 nm) and bandwidth,
resulting in similar axial resolution (15 um). Third, the
hallmark of plaque erosion in pathology is the absence
of endothelial monolayer. The axial resolution of OCT
is not sufficient to detect the absence of endothelial
cells. In addition, unlike pathology studies, patients
have been treated with antithrombotic therapies be-
fore OCT imaging. This is why the specific algorithm
for the diagnosis of plaque erosion by OCT was devel-
oped.'”® This algorithm has been widely used in OCT
studies since its first publication. Fourth, because of
the shallow penetration depth of OCT, plaque burden
or vessel remodeling could not be assessed. Fifth, it
is possible that aspiration thrombectomy for occlu-
sive thrombus affected lesion morphologies. Extreme
care was exercised not to damage underlying plaque.
Sixth, 23.8% of patients were diagnosed with plaque
erosion based on an irregularity of the luminal surface.
There is also a possibility that type 2 myocardial in-
farction caused by coronary spasm or embolism might
have been included in the present study.®® However,
the conclusions remained unchanged after exclud-
ing such patients without apparent thrombus. Finally,
overlying massive thrombus can indeed hinder the
accurate analysis of the underlying plaque structure.
The predominant type of thrombus in plaque erosion
is platelet-rich. Light penetrates platelet-rich thrombus
and can visualize the underlying structure. That is why
a diagnosis of plaque erosion can be made by OCT
in the presence of residual thrombus in the majority
of cases. In the present study, only 95 (16.4%) cases
had red thrombus. Nonetheless, 152 patients were ex-
cluded because of suboptimal OCT image quality.

CONCLUSIONS

The demographic, clinical, angiographic, and plaque
phenotype of patients with plague erosion is distinctly
different depending on age. These phenotypes, which
may be attributed to the difference in the pathophysiol-
ogy, may affect the clinical outcome in erosion patients.

ARTICLE INFORMATION
Received December 24, 2020; accepted July 30, 2021.

Affiliations

Cardiology Division (M.A., O.K., AN., .M., I.-K.J.) and Biostatistics Center
(H.L.), Massachusetts General Hospital, Harvard Medical School, Boston, MA;
Department of Interventional Cardiology, Tokyo Medical and Dental University,
Tokyo, Japan (T.Y.); Department of Cardiovascular Medicine, Nara Medical
University, Kashihara, Nara, Japan (T.S.); Department of Cardiovascular
Medicine, Kitasato University School of Medicine, Sagamihara, Kanagawa,
Japan (Y.M.); Division of Cardiology, Department of Internal Medicine, St.
Marianna University School of Medicine, Kanagawa, Japan (T.H.); Division

10



Araki et al

of Cardiology, Kameda Medical Center, Chiba, Japan (S.K.); Cardiovascular
Center Nippon Medical School, Chiba Hokusoh Hospital, Inzai, Chiba, Japan
(M.T.); Department of Medicine and Therapeutics, Faculty of Medicine,
The Chinese University of Hong Kong, Hong Kong (B.P.); Department of
Cardiovascular Medicine, University Hospitals Leuven, Leuven, Belgium
(T.A.); Department of Cardiology, University of Giessen, Giessen, Germany
(N.F.B., H.M.N.); Division of Cardiology, Kyung Hee University Hospital,
Seoul, South Korea (C.J.K., 1.-K.J.); Fondazione Policlinico Universitario A
Gemelli IRCCS, Roma, Italy (F.C.); and Department of Cardiology, Tsuchiura
Kyodo General Hospital, Tsuchiura, Ibaraki, Japan (T.K.).

Sources of Funding

Ik-Kyung Jang’s research was supported by the Allan and Gill Gray Founation
in Cardiology and by Mr and Mrs Michael and Kathryn Park.

Disclosures

lk-Kyung Jang has received educational grants from Abbott Vascular and a
consulting fee from Svelte. They had no role in the design or conduct of this
research. The remaining authors have no disclosures to report.

Supplementary Material
Data S1

Tables S1-S6

Figure S1

References 3,39-45

REFERENCES

1. Libby P. Mechanisms of acute coronary syndromes and their implica-
tions for therapy. N Engl J Med. 2013;368:2004-2013. DOI: 10.1056/
NEJMra1216063.

2. Partida RA, Libby P, Crea F, Jang IK. Plaque erosion: a new in vivo
diagnosis and a potential major shift in the management of patients
with acute coronary syndromes. Eur Heart J. 2018;39:2070-2076. DOI:
10.1093/eurheartj/ehx786.

3. Virmani R, Kolodgie FD, Burke AP, Farb A, Schwartz SM. Lessons from
sudden coronary death: a comprehensive morphological classifica-
tion scheme for atherosclerotic lesions. Arterioscler Thromb Vasc Biol.
2000;20:1262-1275. DOI: 10.1161/01.ATV.20.5.1262.

4. Jinnouchi H, Virmani R, Finn AV. Are characteristics of plaque erosion
defined by optical coherence tomography similar to true erosion in
pathology? Eur Heart J. 2018;39:2086-2089. DOI: 10.1093/eurheartj/
ehy113.

5. HoshinoM, Yonetsu T, Usui E, Kanaji'Y, Ohya H, Sumino Y, Yamaguchi M,
Hada M, Hamaya R, Kanno 'Y, et al. Clinical significance of the presence
or absence of lipid-rich plaque underneath intact fibrous cap plaque in
acute coronary syndrome. J Am Heart Assoc. 2019;8:e011820. DOI:
10.1161/JAHA.118.011820.

6. Camici GG, Savarese G, Akhmedov A, Luscher TF. Molecular mech-
anism of endothelial and vascular aging: implications for cardiovascu-
lar disease. Eur Heart J. 2015;36:3392-3403. DOI: 10.1093/eurheartj/
ehvbs87.

7. Yamamoto E, Yonetsu T, Kakuta T, Soeda T, Saito Y, Yan BP, Kurihara O,
Takano M, Niccoli G, Higuma T, et al. Clinical and laboratory predictors
for plague erosion in patients with acute coronary syndromes. J Am
Heart Assoc. 2019;8:e012322. DOI: 10.1161/JAHA.119.012322.

8. Jia H, Dai J, Hou J, Xing L, Ma L, Liu H, Xu M, Yao Y, Hu S, Yamamoto
E, et al. Effective anti-thrombotic therapy without stenting: intravascular
optical coherence tomography-based management in plaque erosion
(the erosion study). Eur Heart J. 2017;38:792-800.

9. O’'Gara PT, Kushner FG, Ascheim DD, Casey DE Jr, Chung MK, de
Lemos JA, Ettinger SM, Fang JC, Fesmire FM, Franklin BA, et al. 2013
ACCF/AHA guideline for the management of ST-elevation myocardial
infarction: a report of the American College of Cardiology Foundation/
American Heart Association task force on practice guidelines.
Circulation. 2013;127:e362-425.

10. Amsterdam EA, Wenger NK, Brindis RG, Casey DE Jr, Ganiats TG,
Holmes DR Jr, Jaffe AS, Jneid H, Kelly RF, Kontos MC, et al. 2014 AHA/
ACC guideline for the management of patients with non-ST-elevation
acute coronary syndromes: a report of the American College of
Cardiology/American Heart Association task force on practice guide-
lines. Circulation. 2014;130:e344-e426.

J Am Heart Assoc. 2021;10:e020691. DOI: 10.1161/JAHA.120.020691

20.

21.

22.

23.

24,

25.

26.

27.

28.

Age and Phenotype of Patients With Erosion

Wang JC, Normand SL, Mauri L, Kuntz RE. Coronary artery spa-
tial distribution of acute myocardial infarction occlusions. Circulation.
2004;110:278-284. DOI: 10.1161/01.CIR.0000135468.67850.F4.

Dai J, Xing L, Jia H, Zhu Y, Zhang S, Hu S, Lin L, Ma L, Liu H, Xu M, et
al. In vivo predictors of plaque erosion in patients with ST-segment ele-
vation myocardial infarction: a clinical, angiographical, and intravascular
optical coherence tomography study. Eur Heart J. 2018;39:2077-2085.
DOI: 10.1093/eurheartj/ehy101.

Jia H, Abtahian F, Aguirre AD, Lee S, Chia S, Lowe H, Kato K, Yonetsu
T, Vergallo R, Hu S, et al. In vivo diagnosis of plaque erosion and calci-
fied nodule in patients with acute coronary syndrome by intravascular
optical coherence tomography. J Am Coll Cardiol. 2013;62:1748-1758.
Hu S, Yonetsu T, Jia H, Karanasos A, Aguirre AD, Tian J, Abtahian F,
Vergallo R, Soeda T, Lee H, et al. Residual thrombus pattern in patients
with ST-segment elevation myocardial infarction caused by plaque ero-
sion versus plaque rupture after successful fibrinolysis: an optical co-
herence tomography study. J Am Coll Cardiol. 2014,63:1336-1338.
Canto JG, Rogers WJ, Goldberg RJ, Peterson ED, Wenger NK,
Vaccarino V, Kiefe Cl, Frederick PD, Sopko G, Zheng Z-J, et al.
Association of age and sex with myocardial infarction symptom pre-
sentation and in-hospital mortality. JAMA. 2012;307:813-822. DOI:
10.1001/jama.2012.199.

Mehta RH, Rathore SS, Radford MJ, Wang Y, Wang Y, Krumholz HM.
Acute myocardial infarction in the elderly: differences by age. J Am Coll
Cardiol. 2001;38:736-741. DOI: 10.1016/S0735-1097(01)01432-2.

Miller VM, Duckles SP. Vascular actions of estrogens: functional impli-
cations. Pharmacol Rev. 2008;60:210-241. DOI: 10.1124/pr.107.08002.
Billon-Gales A, Fontaine C, Douin-Echinard V, Delpy L, Berges H,
Calippe B, Lenfant F, Laurell H, Guery JC, Gourdy P, et al. Endothelial
estrogen receptor-alpha plays a crucial role in the atheroprotective
action of 17beta-estradiol in low-density lipoprotein receptor-deficient
mice. Circulation. 2009;120:2567-2576.

Haider A, Bengs S, Luu J, Osto E, Siller-Matula JM, Muka T, Gebhard
C. Sex and gender in cardiovascular medicine: presentation and out-
comes of acute coronary syndrome. Eur Heart J. 2020;41:1328-1336.
DOI: 10.1093/eurheartj/ehz898.

Ruiz-Garcia J, Lerman A, Weisz G, Maehara A, Mintz GS, Fahy M, Xu
KE, Lansky AJ, Cristea E, Farah TG, et al. Age- and gender-related
changes in plague composition in patients with acute coronary syn-
drome: the prospect study. Eurolntervention. 2012;8:929-938. DOI:
10.4244/EIJV8I8A142.

Shen YT, Depre C, Yan L, Park JY, Tian B, Jain K, Chen LI, Zhang
Y, Kudej RK, Zhao X, et al. Repetitive ischemia by coronary steno-
sis induces a novel window of ischemic preconditioning. Circulation.
2008;118:1961-1969. DOI: 10.1161/CIRCULATIONAHA.108.788240.
Burke AP, Farb A, Pestaner J, Malcom GT, Zieske A, Kutys R, Smialek
J, Virmani R. Traditional risk factors and the incidence of sudden coro-
nary death with and without coronary thrombosis in blacks. Circulation.
2002;105:419-424. DOI: 10.1161/hc0402.102952.

Fang C, Dai J, Zhang S, Wang Y, Wang J, Li L, Wang Y, Yu H, Wei G,
Zhang X, et al. Culprit lesion morphology in young patients with ST-
segment elevated myocardial infarction: a clinical, angiographic and op-
tical coherence tomography study. Atherosclerosis. 2019;289:94-100.
DOI: 10.1016/j.atherosclerosis.2019.08.011.

Paneni F, Diaz Canestro C, Libby P, Luscher TF, Camici GG. The aging
cardiovascular system: understanding it at the cellular and clinical levels.
J Am Coll Cardiol. 2017;69:1952-1967. DOI: 10.1016/}.jacc.2017.01.064.
Farb A, Burke AP, Tang AL, Liang TY, Mannan P, Smialek J, Virmani R.
Coronary plague erosion without rupture into a lipid core. A frequent
cause of coronary thrombosis in sudden coronary death. Circulation.
1996;93:1354-1363. DOI: 10.1161/01.CIR.93.7.1354.

Yamaguchi M, Sugiyama T, Hoshino M, Kanaji Y, Hada M, Usui E,
Yonetsu T, Kakuta T. Two distinct phenotypes of plaque erosion as-
sessed by multimodality intracoronary imaging: a case series. Eur Heart
J Case Rep. 2020;4:1-5. DOI: 10.1093/ehjcr/ytz241.

Komukai K, Kubo T, Kitabata H, Matsuo Y, Ozaki Y, Takarada S,
Okumoto Y, Shiono Y, Orii M, Shimamura K, 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;64:2207-2217.

Park SJ, Kang SJ, Ahn JM, Chang M, Yun SC, Roh JH, Lee PH, Park
HW, Yoon SH, Park DW, et al. Effect of statin treatment on modify-
ing plague composition: a double-blind, randomized study. J Am Coll
Cardiol. 2016;67:1772-17883.

11


https://doi.org/10.1056/NEJMra1216063
https://doi.org/10.1056/NEJMra1216063
https://doi.org/10.1093/eurheartj/ehx786
https://doi.org/10.1161/01.ATV.20.5.1262
https://doi.org/10.1093/eurheartj/ehy113
https://doi.org/10.1093/eurheartj/ehy113
https://doi.org/10.1161/JAHA.118.011820
https://doi.org/10.1093/eurheartj/ehv587
https://doi.org/10.1093/eurheartj/ehv587
https://doi.org/10.1161/JAHA.119.012322
https://doi.org/10.1161/01.CIR.0000135468.67850.F4
https://doi.org/10.1093/eurheartj/ehy101
https://doi.org/10.1001/jama.2012.199
https://doi.org/10.1016/S0735-1097(01)01432-2
https://doi.org/10.1124/pr.107.08002
https://doi.org/10.1093/eurheartj/ehz898
https://doi.org/10.4244/EIJV8I8A142
https://doi.org/10.1161/CIRCULATIONAHA.108.788240
https://doi.org/10.1161/hc0402.102952
https://doi.org/10.1016/j.atherosclerosis.2019.08.011
https://doi.org/10.1016/j.jacc.2017.01.064
https://doi.org/10.1161/01.CIR.93.7.1354
https://doi.org/10.1093/ehjcr/ytz241

Araki et al

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

J Am Heart Assoc. 2021;10:e020691. DOI: 10.1161/JAHA.120.020691

Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L,
Chapman MJ, De Backer GG, Delgado V, Ference BA, et al. 2019 ESC/
EAS guidelines for the management of dyslipidaemias: lipid modifica-
tion to reduce cardiovascular risk. Eur Heart J. 2020;41:111-188. DOI:
10.1093/eurheartj/ehz455.

Sadeghi MR, Shirani E, Tafazzoli-Shadpour M, Samaee M. The effects
of stenosis severity on the hemodynamic parameters-assessment of
the correlation between stress phase angle and wall shear stress. J
Biomech. 2011;44:2614-2626. DOI: 10.1016/j.jpiomech.2011.08.017.
Yamamoto E, Thondapu V, Poon E, Sugiyama T, Fracassi F, Dijkstra
J, Lee H, Ooi A, Barlis P, Jang IK. Endothelial shear stress and plaque
erosion: a computational fluid dynamics and optical coherence tomog-
raphy study. JACC Cardiovasc Imaging. 2019;12:374-375.

Abela GS. Cholesterol crystals piercing the arterial plaque and intima
trigger local and systemic inflammation. J Clin Lipidol. 2010;4:156-164.
DOI: 10.1016/j.jacl.2010.03.003.

Arbustini E, Dal Bello B, Morbini P, Burke AP, Bocciarelli M, Specchia G,
Virmani R. Plaque erosion is a major substrate for coronary thrombosis
in acute myocardial infarction. Heart. 1999;82:269-272. DOI: 10.1136/
hrt.82.3.269.

Ota H, Reeves MJ, Zhu DC, Majid A, Collar A, Yuan C, DeMarco
JK. Sex differences of high-risk carotid atherosclerotic plaque with
less than 50% stenosis in asymptomatic patients: an in vivo 3T MRI
study. AUNR Am J Neuroradiol. 2013;34:1049-1055. DOI: 10.3174/ajnr.
A3399.

Nowak J, Murray JJ, Oates JA, FitzGerald GA. Biochemical evidence of
a chronic abnormality in platelet and vascular function in healthy individu-
als who smoke cigarettes. Circulation. 1987;76:6-14. DOI: 10.1161/01.
CIR.76.1.6.

Morrow JD, Frei B, Longmire AW, Gaziano JM, Lynch SM, Shyr Y,
Strauss WE, Oates JA, Roberts LJ Il. Increase in circulating products of
lipid peroxidation (f2-isoprostanes) in smokers. Smoking as a cause of
oxidative damage. N Engl J Med. 1995;332:1198-1203.

Hidaka T, Hata T, Soga J, Fuji Y, Idei N, Fujimura N, Kihara Y, Noma
K, Liao JK, Higashi Y. Increased leukocyte rho kinase (rock) activ-
ity and endothelial dysfunction in cigarette smokers. Hypertens Res.
2010;33:354-359. DOI: 10.1038/hr.2010.3.

Sandoval Y, Jaffe AS. Type 2 myocardial infarction: JACC review topic
of the week. J Am Coll Cardiol. 2019;73:1846-1860. DOI: 10.1016/j.
jacc.2019.02.018.

39.

40.

41.

42.

43.

44,

45.

Age and Phenotype of Patients With Erosion

Inker LA, Astor BC, Fox CH, Isakova T, Lash JP, Peralta CA, Kurella
Tamura M, Feldman HI. KDOQI US commentary on the 2012 KDIGO
clinical practice guideline for the evaluation and management of
CKD. Am J Kidney Dis. 2014;63:713-735. DOI: 10.1053/j.ajkd.2014.
01.416.

Kato K, Yonetsu T, Kim SJ, Xing L, Lee H, McNulty I, Yeh RW, Sakhuja
R, Zhang S, Uemura S, 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 coher-
ence tomography study. Circ Cardiovasc Imaging. 2012;5:433-440.
DOI: 10.1161/CIRCIMAGING.112.973701.

Tearney GJ, Regar E, Akasaka T, Adriaenssens T, Barlis P, Bezerra
HG, Bouma B, Bruining N, Cho JM, Chowdhary S, et al. Consensus
standards for acquisition, measurement, and reporting of intravascular
optical coherence tomography studies: a report from the international
working group for intravascular optical coherence tomography stan-
dardization and validation. J Am Coll Cardiol. 2012;59:1058-1072. DOI:
10.1016/j.jacc.2011.09.079.

Vergallo R, Uemura S, Soeda T, Minami Y, Cho JM, Ong DS, Aguirre AD,
Gao L, Biasucci LM, Crea F, et al. Prevalence and predictors of multiple
coronary plague ruptures: in vivo 3-vessel optical coherence tomogra-
phy imaging study. Arterioscler Thromb Vasc Biol. 2016;36:2229-2238.
DOI: 10.1161/ATVBAHA.116.307891.

Jang IK, Tearney GJ, MacNeill B, Takano M, Moselewski F, Iftima N,
Shishkov M, Houser S, Aretz HT, Halpern EF, et al. In vivo character-
ization of coronary atherosclerotic plaque by use of optical coher-
ence tomography. Circulation. 2005;111:1551-1555. DOI: 10.1161/01.
CIR.0000159354.43778.69.

Kume T, Akasaka T, Kawamoto T, Ogasawara Y, Watanabe N, Toyota
E, Neishi Y, Sukmawan R, Sadahira Y, Yoshida K. Assessment
of coronary arterial thrombus by optical coherence tomography.
Am J Cardiol. 2006;97:1713-1717. DOI: 10.1016/j.amjcard.2006.01.
031.

Prati F, Regar E, Mintz GS, Arbustini E, Di Mario C, Jang I-K, Akasaka
T, Costa M, Guagliumi G, Grube E, et al. Expert review document on
methodology, terminology, and clinical applications of optical coher-
ence tomography: physical principles, methodology of image acquisi-
tion, and clinical application for assessment of coronary arteries and
atherosclerosis. Eur Heart J. 2010;31:401-415. DOI: 10.1093/eurheartj/
ehp433.

12


https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1016/j.jbiomech.2011.08.017
https://doi.org/10.1016/j.jacl.2010.03.003
https://doi.org/10.1136/hrt.82.3.269
https://doi.org/10.1136/hrt.82.3.269
https://doi.org/10.3174/ajnr.A3399
https://doi.org/10.3174/ajnr.A3399
https://doi.org/10.1161/01.CIR.76.1.6
https://doi.org/10.1161/01.CIR.76.1.6
https://doi.org/10.1038/hr.2010.3
https://doi.org/10.1016/j.jacc.2019.02.018
https://doi.org/10.1016/j.jacc.2019.02.018
https://doi.org/10.1053/j.ajkd.2014.01.416
https://doi.org/10.1053/j.ajkd.2014.01.416
https://doi.org/10.1161/CIRCIMAGING.112.973701
https://doi.org/10.1016/j.jacc.2011.09.079
https://doi.org/10.1161/ATVBAHA.116.307891
https://doi.org/10.1161/01.CIR.0000159354.43778.69
https://doi.org/10.1161/01.CIR.0000159354.43778.69
https://doi.org/10.1016/j.amjcard.2006.01.031
https://doi.org/10.1016/j.amjcard.2006.01.031
https://doi.org/10.1093/eurheartj/ehp433
https://doi.org/10.1093/eurheartj/ehp433

SUPPLEMENTARY MATERIALS



Data S1. Supplemental Methods

Definitions of Coronary Risk Factors

Hypertension was defined as systolic blood pressure >140 mmHg or diastolic blood pressure >90
mmHg or current use of anti-hypertensive treatment. Diabetes mellitus was diagnosed if a patient
met 1 of the following criteria: documented history of diabetes mellitus, use of hypoglycemic
agents, fasting glucose >126 mg/dL, 2-h plasma glucose level >200mg/dL in the oral glucose
tolerance test, classic symptom with casual plasma glucose level >200 mg/dL, or hemoglobin
Alc (HbAlc) >6.5%. Dyslipidemia was defined as total cholesterol (TC) level >220 mg/dL,
triglycerides >150 mg/dL, low-density lipoprotein cholesterol (LDL-C) >140 mg/dL, high-
density lipoprotein cholesterol (HDL-C) <40 mg/dL or taking medication for dyslipidemia. The
glomerular filtration rate (eGFR) was calculated by using Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation,3 and chronic kidney disease was defined as eGFR <60
mL/min/1.73m?.

OCT Image Analysis

Lipid arc was measured at 1-mm intervals and lipid-rich plaque was defined as a plaque that had
maximum lipid arc of >1 quadrant.*®*! Lipid length was measured on the longitudinal
reconstructed view. Lipid index was calculated as the product of mean lipid arc and lipid
length.*? Fibrous cap thickness (FCT) was measured 3 times at the thinnest point, and the
average value was calculated. Thin-cap fibroatheroma (TCFA) was defined as a lipid-rich plaque
with thinnest FCT <65 pm. 4% Cholesterol crystals were identified as thin and linear regions of
high signal intensity with high backscattering within a plaque.*!? Calcification was defined as a
signal-poor or heterogeneous region with a sharply delineated border.** Thrombus was defined
as an irregular mass with minimum diameter of at least 250 um adherent to the vessel wall or
floating within the lumen. 3>** Thrombus was classified into red thrombus (identified by high
backscattering with high signal attenuation) or white thrombus (identified by homogeneous
backscattering with low signal attenuation).***® The reference lumen area was defined as the
mean of the most normal appearing segments 5 mm proximal and distal to the lesion shoulders
by OCT. Percent area stenosis was calculated using the formula: (reference lumen area -
minimum lumen area) / reference lumen area x 100.%



Table S1. Determinants of Clinical Presentation, Angiographic Findings, and OCT
Findings (Multivariate Logistic Regression Analysis)

STEMI (NSTE-ACS as reference)

OR 95% ClI p Value
Age, years 0.98 0.96-1.00 0.051
Male 0.97 0.51-1.84 0.929
Current smoking 1.37 0.81-2.33 0.227
Hypertension 0.56 0.34-0.93 0.021
Dyslipidemia 0.81 0.48-1.35 0.406
Diabetes mellitus 0.68 0.33-1.41 0.292
Chronic kidney disease 1.45 0.61-3.47 0.394
Previous Ml 0.83 0.19-3.71 0.803
Previous PCI 0.26 0.07-1.05 0.054
eGFR, ml/min/1.73 m? 0.99 0.97-1.00 0.031
Total cholesterol, mg/dl 0.95 0.93-0.96 <0.001
LDL-C, mg/dl 1.06 1.04-1.07 <0.001
HDL-C, mg/dl 1.05 1.02-1.08 <0.001
Triglycerides, mg/di 1.00 1.00-1.01 0.002
HbAlc, % 1.03 0.80-1.32 0.838
Initial TIMI flow <1

OR 95% ClI p Value
Age, years 0.99 0.97-1.01 0.174
Male 0.61 0.32-1.15 0.122
Current smoking 1.49 0.89-2.49 0.122
Hypertension 0.82 0.50-1.33 0.403
Dyslipidemia 0.82 0.49-1.37 0.438
Diabetes mellitus 0.84 0.40-1.76 0.641
Chronic kidney disease 1.28 0.56-2.90 0.551
Previous Ml 0.76 0.17-3.41 0.715
Previous PCI 0.30 0.07-1.27 0.096
eGFR, ml/min/1.73 m? 0.99 0.98-1.00 0.196
Total cholesterol, mg/dl 0.96 0.95-0.98 <0.001
LDL-C, mg/dl 1.04 1.03-1.06 <0.001
HDL-C, mg/dl 1.05 1.02-1.07 <0.001
Triglycerides, mg/di 1.00 1.00-1.01 0.017
HbAlc, % 1.14 0.89-1.47 0.286
Diameter stenosis >70%

OR 95% ClI p Value
Age, years 1.04 1.01-1.06 <0.001
Male 0.79 0.40-1.55 0.486
Current smoking 0.61 0.37-1.03 0.059

Hypertension 0.92 0.56-1.51 0.739



Dyslipidemia 2.03 1.22-3.36 0.005
Diabetes mellitus 1.31 0.62-2.77 0.447
Chronic kidney disease 1.95 0.81-4.70 0.129
Previous Ml 1.81 0.44-7.50 0.403
Previous PCI 0.48 0.14-1.65 0.235
eGFR, ml/min/1.73 m? 1.01 1.00-1.03 0.027
Total cholesterol, mg/dl 0.99 0.98-1.01 0.418
LDL-C, mg/dl 1.01 1.00-1.03 0.042
HDL-C, mg/dl 0.98 0.96-1.01 0.144
Triglycerides, mg/dl 1.00 1.00-1.00 0.531
HbAlc, % 0.90 0.70-1.16 0.421
Lipid-rich plaque
OR 95% ClI p Value
Age, years 1.03 1.01-1.05 0.008
Male 0.65 0.36-1.16 0.138
Current smoking 1.26 0.79-2.03 0.318
Hypertension 0.85 0.54-1.33 0.470
Dyslipidemia 0.76 0.48-1.22 0.246
Diabetes mellitus 1.46 0.75-2.86 0.259
Chronic kidney disease 1.08 0.51-2.29 0.840
Previous Ml 1.10 0.31-3.83 0.881
Previous PCI 1.40 0.45-4.40 0.555
eGFR, ml/min/1.73 m? 1.01 0.99-1.02 0.308
Total cholesterol, mg/di 1.00 0.99-1.01 0.993
LDL-C, mg/dl 1.00 0.99-1.01 0.505
HDL-C, mg/dl 0.99 0.96-1.01 0.172
Triglycerides, mg/di 1.00 1.00-1.00 0.536
HbAlc, % 0.93 0.73-1.17 0.518
Cholesterol crystal
OR 95% ClI p Value

Age, years 1.02 0.99-1.05 0.182
Male 1.08 0.47-2.50 0.851
Current smoking 0.77 0.39-1.53 0.449
Hypertension 1.20 0.63-2.31 0.569
Dyslipidemia 1.39 0.67-2.87 0.365
Diabetes mellitus 0.83 0.33-2.13 0.696
Chronic kidney disease 1.01 0.34-2.98 0.982
Previous Ml 1.16 0.26-5.20 0.848
Previous PCI 2.70 0.68-10.67 0.148
eGFR, ml/min/1.73 m? 1.00 0.98-1.02 0.933
Total cholesterol, mg/dl 1.00 0.99-1.02 0.585
LDL-C, mg/dl 1.01 0.99-1.02 0.585
HDL-C, mg/dl 0.96 0.93-0.99 0.015



Triglycerides, mg/di 0.99 0.99-1.00 0.009

HbAlc, % 1.21 0.90-1.64 0.199
Calcification

OR 95% ClI p Value
Age, years 1.04 1.01-1.06 0.001
Male 1.11 0.60-2.04 0.737
Current smoking 0.72 0.43-1.19 0.184
Hypertension 131 0.81-2.13 0.262
Dyslipidemia 1.06 0.64-1.77 0.806
Diabetes mellitus 1.03 0.50-2.09 0.943
Chronic kidney disease 1.21 0.54-2.69 0.641
Previous Ml 0.30 0.07-1.34 0.108
Previous PCI 1.35 0.39-4.63 0.625
eGFR, ml/min/1.73 m? 1.00 0.99-1.02 0.504
Total cholesterol, mg/dl 1.00 0.99-1.01 0.879
LDL-C, mg/dl 1.00 0.99-1.02 0.540
HDL-C, mg/dl 1.00 0.97-1.02 0.783
Triglycerides, mg/dl 1.00 0.99-1.00 0.104
HbAlc, % 1.03 0.80-1.33 0.803
Thrombus

OR 95% ClI p Value
Age, years 0.95 0.92-0.97 <0.001
Male 0.63 0.30-1.31 0.205
Current smoking 1.20 0.64-2.24 0.560
Hypertension 0.51 0.28-0.93 0.026
Dyslipidemia 0.73 0.40-1.34 0.302
Diabetes mellitus 0.79 0.33-1.88 0.583
Chronic kidney disease 1.18 0.42-3.33 0.746
Previous Ml 0.40 0.07-2.15 0.273
Previous PCI 1.51 0.29-7.80 0.615
eGFR, ml/min/1.73 m? 0.97 0.95-0.98 <0.001
Total cholesterol, mg/dl 0.96 0.95-0.98 <0.001
LDL-C, mg/dl 1.04 1.02-1.06 <0.001
HDL-C, mg/dl 1.04 1.01-1.08 0.004
Triglycerides, mg/dl 1.00 1.00-1.00 0.468
HbAlc, % 1.20 0.85-1.71 0.291

CI1 = confidence interval; eGFR = estimated glomerular filtration; LDL-C = low-density
lipoprotein-cholesterol; HbAlc = hemoglobin Alc; HDL-C = high-density lipoprotein-
cholesterol; M1 = myocardial infarction; NSTE-ACS = non-ST-segment elevation acute coronary
syndrome; OR = odds ratio; PCI = percutaneous coronary intervention; STEMI = ST-segment
elevation myocardial infarction



Table S2. Determinants of Angiographic and OCT Findings (Multivariate Linear

Regression Analysis)

Minimum lumen diameter, mm

Beta (95% CI) p Value
Age, years -0.01 (-0.02, -0.01) <0.001
Male 0.02 (-0.15, 0.19) 0.817
Current smoking 0.10 (-0.03, 0.24) 0.129
Hypertension -0.04 (-0.17, 0.09) 0.564
Dyslipidemia -0.21 (-0.35, -0.08) 0.002
Diabetes mellitus -0.10 (-0.29, 0.09) 0.312
Chronic kidney disease -0.15 (-0.37, 0.06) 0.163
Previous Ml -0.28 (-0.64, 0.08) 0.130
Previous PCI 0.55 (0.22, 0.88) 0.001
eGFR, ml/min/1.73 m? 0.00 (-0.01, 0.00) 0.267
Total cholesterol, mg/dl 0.00 (0.00, 0.01) 0.080
LDL-C, mg/dl 0.00 (-0.01, 0.00) 0.003
HDL-C, mg/dl 0.00 (0.00, 0.01) 0.301
Triglycerides, mg/di 0.00 (0.00, 0.00) 0.628
HbAlc, % 0.05 (-0.02, 0.12) 0.130
Reference lumen diameter, mm

Beta (95% CI) p Value
Age, years -0.01 (-0.01, 0.00) 0.002
Male 0.08 (-0.10, 0.26) 0.373
Current smoking 0.05 (-0.10, 0.19) 0.510
Hypertension -0.07 (-0.20, 0.07) 0.343
Dyslipidemia -0.12 (-0.26, 0.03) 0.106
Diabetes mellitus -0.13 (-0.34, 0.07) 0.211
Chronic kidney disease -0.07 (-0.30, 0.16) 0.547
Previous Ml -0.38 (-0.76, 0.01) 0.054
Previous PCI 0.50 (0.15, 0.85) 0.006
eGFR, ml/min/1.73 m? 0.00 (0.00, 0.00) 0.920
Total cholesterol, mg/di 0.00 (-0.01, 0.00) 0.275
LDL-C, mg/dl 0.00 (0.00, 0.00) 0.567
HDL-C, mg/dl 0.00 (0.00-0.01) 0.393
Triglycerides, mg/dl 0.00 (0.00, 0.00) 0.133
HbAlc, % 0.02 (-0.05-0.09) 0.544
Diameter stenosis, %

Beta (95% CI) p Value
Age, years 0.32 (0.16, 0.48) <0.001
Male -0.59 (-5.49, 4.32) 0.814
Current smoking -2.74 (-6.68, 1.19) 0.172
Hypertension 0.73 (-3.04, 4.49) 0.705



Dyslipidemia 5.87 (1.94, 9.80) 0.004
Diabetes mellitus 1.82 (-3.81, 7.44) 0.526
Chronic kidney disease 4.39 (-1.96, 10.75) 0.175
Previous Ml 4.65 (-5.96, 15.27) 0.389
Previous PCI -12.94 (-22.67, -3.22) 0.009
eGFR, ml/min/1.73 m? 0.06 (-0.04, 0.16) 0.210
Total cholesterol, mg/di -0.10 (-0.19, 0.00) 0.047
LDL-C, mg/dl 0.16 (0.07, 0.26) <0.001
HDL-C, mg/dl -0.11 (-0.28, 0.07) 0.238
Triglycerides, mg/dl 0.01 (-0.01, 0.03) 0.594
HbAlc, % -0.74 (-2.70, 1.22) 0.459
Minimum lumen area, mm?

Beta (95% CI) p Value
Age, years -0.02 (-0.03, -0.01) <0.001
Male 0.18 (-0.14, 0.50) 0.268
Current smoking -0.10 (-0.36, 0.15) 0.434
Hypertension 0.06 (-0.19, 0.30) 0.653
Dyslipidemia -0.16 (-0.42, 0.09) 0.206
Diabetes mellitus -0.30 (-0.66, 0.07) 0.109
Chronic kidney disease -0.10 (-0.52, 0.31) 0.619
Previous Ml -0.29 (-0.99, 0.41) 0.420
Previous PCI 0.36 (-0.30, 1.02) 0.279
eGFR, ml/min/1.73 m? 0.00 (-0.01, 0.00) 0.190
Total cholesterol, mg/dl -0.01 (-0.01, 0.00) 0.015
LDL-C, mg/dl 0.00 (0.00, 0.01) 0.117
HDL-C, mg/dl 0.02 (0.01, 0.03) 0.002
Triglycerides, mg/dl 0.00 (0.00, 0.00) 0.016
HbAlc, % 0.13 (0.00, 0.26) 0.045
Mean lipid arc, °

Beta (95% CI) p Value
Age, years 1.41 (0.53, 2.29) 0.002
Male -4.33 (-28.81, 20.14) 0.727
Current smoking -5.39 (-25.46, 14.67) 0.596
Hypertension 0.29 (-19.52, 20.09) 0.977
Dyslipidemia -5.72 (-26.23, 14.79) 0.582
Diabetes mellitus -14.72 (-42.9, 13.46) 0.306
Chronic kidney disease -16.58 (-46.87, 13.70) 0.281
Previous Ml -1.97 (-56.78, 52.85) 0.944
Previous PCI 30.10 (-20.92, 81.12) 0.245
eGFR, ml/min/1.73 m? 0.24 (-0.28, 0.75) 0.363
Total cholesterol, mg/di 0.52 (-0.05, 1.10) 0.073
LDL-C, mg/dl -0.47 (-0.99, 0.06) 0.084
HDL-C, mg/dl -0.42 (-1.44, 0.61) 0.425



Triglycerides, mg/dl 0.01 (-0.11,0.13) 0.846
HbAlc, % 8.54 (-1.98, 19.06) 0.111
Lipid length, mm

Beta (95% CI) p Value
Age, years 0.12 (0.07,0.17) <0.001
Male 0.31(-1.13,1.74) 0.672
Current smoking 0.53 (-0.65, 1.71) 0.373
Hypertension 0.49 (-0.67, 1.65) 0.405
Dyslipidemia 0.81 (-0.39, 2.01) 0.186
Diabetes mellitus 1.29 (-0.36, 2.95) 0.124
Chronic kidney disease 0.34 (-1.44, 2.11) 0.707
Previous Ml 1.93 (-1.28, 5.15) 0.237
Previous PCI -0.94 (-3.93, 2.06) 0.537
eGFR, ml/min/1.73 m? -0.03 (-0.06, 0.00) 0.088
Total cholesterol, mg/di 0.04 (0.01, 0.07) 0.020
LDL-C, mg/dl -0.03 (-0.06, 0.00) 0.099
HDL-C, mg/dl -0.05 (-0.11, 0.01) 0.091
Triglycerides, mg/dl 0.00 (-0.01, 0.01) 0.842
HbAlc, % -0.40 (-1.02, 0.21) 0.199
Lipid index, °mm

Beta (95% CI) p Value
Age, years 38.95 (23.14, 54.75) <0.001
Male -18.98 (-458.91, 420.96) 0.932
Current smoking 173.51 (-187.14, 534.17) 0.343
Hypertension 75.49 (-280.47, 431.46) 0.676
Dyslipidemia 151.36 (-217.24, 519.97) 0.418
Diabetes mellitus 162.25 (-344.22, 668.71) 0.528
Chronic kidney disease -39.52 (-583.90, 504.86) 0.886
Previous Ml 425.30 (-560.01, 1410.60) 0.395
Previous PCI 75.36 (-841.69, 992.41) 0.872
eGFR, ml/min/1.73 m? -5.10 (-14.39, 4.18) 0.279
Total cholesterol, mg/dl 13.17 (2.83-23.5) 0.013
LDL-C, mg/dl -9.24 (-18.75, 0.27) 0.057
HDL-C, mg/dl -15.56 (-34.03-2.90) 0.098
Triglycerides, mg/di -0.13 (-2.30-2.04) 0.905
HbAlc, % -2.70 (-191.79, 186.38) 0.977

CI = confidence interval; eGFR = estimated glomerular filtration; LDL-C = low-density
lipoprotein-cholesterol; HbAlc = hemoglobin Alc; HDL-C = high-density lipoprotein-
cholesterol; MI = myocardial infarction; PCI = percutaneous coronary intervention



Table S3. Clinical, Angiographic, and OCT Findings in Patients With STEMI

Age (years)
<45 45-54 55-64 65-74 >75 |

(n = 34) (n = 66) (n=91) (n=77) (n = 30) p value
Male 32 (94.1) 56 (84.8) 77 (84.6) 60 (77.9) 20 (66.7) 0.003
BMI, kg/m? 25.8+4.0 25.1+3.7 25.0+2.8 240+ 39 23.3+29 <0.001
Current smoking 23 (67.6) 44 (66.7) 58 (63.7) 33 (42.9) 3(10.0) <0.001
Hypertension 13 (38.2) 19 (28.8) 40 (44.0) 43 (55.8) 18 (60.0) 0.001
Dyslipidemia 9 (26.5) 32 (48.5) 42 (46.2) 44 (57.1) 18 (60.0) 0.004
Diabetes mellitus 5(14.7) 13 (19.7) 21 (23.1) 14 (18.2) 8 (26.7) 0.428
Chronic kidney disease 3(8.8) 8(12.1) 7(7.7) 12 (15.6) 6 (20.0) 0.139
Previous Ml 0 (0.0) 1(1.5) 4 (4.4) 3(3.9) 1(3.3) 0.253
Previous PCI 0 (0.0) 0 (0.0) 6 (6.6) 2 (2.6) 2(6.7) 0.101
Previous CABG 0 (0.0) 0 (0.0) 0 (0.0 0 (0.0 0 (0.0 >0.999
Medication
Aspirin 2 (20.0) 1(2.4) 11 (21.2) 5(9.4) 2 (8.0) 0.856
P2Y12 inhibitor 0(0.0) 1(2.4) 4(7.7) 2(3.8) 2 (8.0) 0.371
Statin 0 (0.0) 1(2.4) 7 (13.5) 9 (17.0) 3(12.0) 0.046
Beta blocker 1(10.0) 2(4.9) 6 (11.5) 7(13.2) 1(4.0) 0.809
ACE-Il or ARB 1(10.0) 5(12.2) 18 (34.6) 10 (18.9) 7 (28.0) 0.232
CCl 2 (40.0) 3(8.3) 15 (31.9) 13 (26.0) 11 (50.0) 0.013
Laboratory data
eGFR, ml/min/1.73 m? 74.6 +25.2 69.7 + 20.0 69.6 + 16.5 69.0 + 19.5 64.8 +18.2 0.270
Total cholesterol, mg/dl 171.8+41.9 186.8 + 38.1 179.9 £ 43.6 192.5+ 38.9 178.1+£31.9 0.269
LDL-C, mg/dl 110.9+41.2 121.9 £ 35.8 120.6 £41.7 131.0+£ 374 121.9+£37.5 0.100
HDL-C, mg/dl 459+ 11.4 478 +12.0 45.0+11.8 485+ 12.4 48.2+£11.0 0.268
Triglycerides, mg/di 117.0 111.0 115.2 113.5 69.1 0.049

’ (60.7-176.3) (67.8-159.7) (81.1-152.0) (64.5-165.0) (56.0-103.0)

HbAlc, % 6.0+£1.0 6.2+1.4 6.3+1.4 6.0+0.7 6.1+1.1 0.972
Hs-CRP, mg/dl 0.64 (0.15-1.19) 0.20 (0.05-0.56) 0.29 (0.09-0.80) 0.12 (0.03-0.42) 0.20 (0.05-0.50) 0.007
Hemoglobin, g/dI 155+1.8 145+15 147+1.7 142+1.8 13520 0.008



163.4

157.1

179.4

249.0

150.9

Peak CK-MB, 1U/] (62.0-274.0) (78.0-284.3) (948-3228)  (139.3-4365)  (11432780) 49
LVEF, % 57.2+75 54.9+10.8 54.6 +10.2 56.0 + 11.2 558+11.2  0.994
Angiographic findings
Infarct-related artery 0.435"
RCA 9 (26.5) 18 (27.3) 28 (30.8) 32 (41.6) 9 (30.0)
LAD 24 (70.6) 40 (60.6) 54 (59.3) 36 (46.8) 18 (60.0)
LCx 1(2.9) 8 (12.1) 9(9.9) 9 (11.7) 3 (10.0)
Culprit lesion site 0.798"
Proximal segment 15 (44.1) 26 (39.4) 41 (46.1) 34 (45.3) 13 (43.3)
Mid segment 10 (29.4) 29 (43.9) 28 (31.5) 27 (36.0) 9 (30.0)
Distal segment 9 (26.5) 11 (16.7) 20 (22.5) 14 (18.7) 8 (26.7)
Multivessel disease 12 (35.3) 22 (33.3) 31 (34.8) 31 (41.3) 10 (33.3) 0.628
Initial TIMI flow <1 18 (52.9) 37 (56.1) 52 (58.4) 42 (56.0) 14 (46.7) 0.720
MLD, mm 1.48 + 0.80 0.70 0.68 0.71+0.61 0.48  0.57 0.38+055  <0.001
RVD, mm 3.64 + 0.66 2.94+0.61 3.06 £ 0.66 2.85+ 051 279+075  <0.001
Lesion length, mm 147 57 151+ 6.7 14.9 6.5 14.9 £ 6.7 16.0 £ 5.1 0.506
Diameter stenosis, % 50.3 +19.4 77.3+21.0 77.1+19.0 84.0+17.7 883139  <0.001
Diameter stenosis >70% 5(15.2) 37 (56.9) 53 (60.2) 55 (73.3) 26 (86.7) <0.001
OCT findings
Lipid-rich plaque 7 (20.6) 23 (34.8) 43 (47.3) 41 (53.2) 18 (60.0) <0.001
TCFA 0 (0.0) 4 (6.1) 8 (8.8) 6 (7.8) 2 (6.7) 0.326
Cholesterol crystal 1(2.9) 7 (10.6) 14 (15.4) 12 (15.6) 9 (30.0) 0.007
Calcification 0 (0.0) 21 (31.8) 19 (20.9) 29 (37.7) 17 (56.7) <0.001
Thrombus 33 (97.1) 63 (95.5) 81 (89.0) 71 (92.2) 26 (86.7) 0.107
White 29 (87.9) 46 (73.0) 69 (85.2) 57 (80.3) 20 (76.9) 0776
Red 4 (12.1) 17 (27.0) 12 (14.8) 14 (19.7) 6 (23.1) '
m‘:z'm“m lumenarea, 5 o9 (152.371) 1.27(0.92-1.79) 1.20(0.92-1.73) 1.00 (0.80-1.50) 0.90 (0.75-1.18) <0.001
Reference lumen area, 8.73(6.73- 640 (4.69-8.02) 6.75(5.21-8.38) 6.11 (4.83-7.59) 5.70 (450-7.57) <0.001

mm?2

10.36)



Area stenosis, % 71.1 (61.3-80.0) 80.3 (70.7-84.8) 80.8 (71.3-85.0) 81.4(75.3-85.2) 82.8(68.8-87.5) 0.001

Minimum fibrous cap 130.0 86.7 100.0 100.0 90.0 0.928
thickness, um (91.7-135.0) (66.0-122.5) (77.0-120.0) (80.0-120.8) (80.0-115.3) '
Mean lipid arc, ° 173.1 191.8 204.0 199.4 264.4 0.010
’ (156.7-193.0) (155.8-250.6) (182.8-251.6) (154.1-256.3) (235.0-295.8)
Lipid length, mm 8.1 (7.0-8.8) 5.2 (3.4-7.5) 7.4 (5.2-9.5) 8.7 (6.4-10.1)  10.0(8.1-14.1) <0.001
1248.9 1007.8 1466.6 1552.4 2564.7

Lipid index, mm (1172.0-1534.7) (566.3-1720.9) (1083.3-2134.4) (1202.0-2431.1) (2208.6-3595.5) ~0-00%
Values shown are n (%), mean (standard deviation, or median (25"—75" percentile). p values are for the Jonckheere-Terpstra trend test
for continuous variables or the Cochran-Armitage trend test for categorical data. “p value for Chi-square test. Medication data were
analyzed only in available cases. Angiographic data except infarct-related artery were missing in 4 (1.4%) cases.

Abbreviations: ACE-I = angiotensin-converting enzyme inhibitor; ARB = angiotensin Il receptor blocker; BMI = body mass index;
CABG = coronary artery bypass graft; CCI = calcium channel inhibitor; CK = creatine kinase; eGFR = estimated glomerular filtration
rate; HbAlc = hemoglobin Alc; HDL = high-density lipoprotein; Hs-CRP = high-sensitivity C-reactive protein; LAD = left anterior
descending artery; LCx = left circumflex artery; LDL = low-density lipoprotein; LVEF = left ventricular ejection fraction; M| =
myocardial infarction; MLD = minimum lumen diameter; OCT = optical coherence tomography; PCI = percutaneous coronary
intervention; RCA = right coronary artery; RVD = reference vessel diameter; TCFA = thin cap fibroatheroma; TIMI = Thrombolysis
in Myocardial Infarction.

Sl conversion factor: To convert cholesterol levels to millimoles per liter, multiply by 0.0259; C-reactive protein to nanomoles per

liter, multiply by 9.524; Hemoglobin to millimoles per liter, multiply by 0.6206; triglycerides to millimoles per liter, multiply by
0.0113.




Table S4. Clinical, Angiographic, and OCT Findings in Patients With AMI

Age (years)

<45

45 54

55-64

65-74

=75

(n = 46) (n = 96) (n=132) (n=131) (n=73) p value
Male 43 (93.5) 84 (87.5) 108 (81.8) 100 (76.3) 50 (68.5) <0.001
BMI, kg/m? 25.9+39 25.3+3.7 25227 24.1+3.8 23.8+3.1 <0.001
Current smoking 33 (71.7) 61 (63.5) 78 (59.1) 52 (39.7) 12 (16.4) <0.001
Hypertension 17 (37.0) 35 (36.5) 65 (49.2) 78 (59.5) 52 (71.2) <0.001
Dyslipidemia 16 (34.8) 57 (59.4) 70 (53.0) 75 (57.3) 46 (63.0) 0.027
Diabetes mellitus 7 (15.2) 20 (20.8) 31 (23.5) 30 (22.9) 25 (34.2) 0.025
Chronic kidney disease 3 (6.5) 10 (10.4) 10 (7.6) 20 (15.3) 15 (20.5) 0.007
Previous Ml 1(2.2) 3(3.1) 6 (4.5) 4(3.1) 5(6.8) 0.286
Previous PCI 0 (0.0) 2(2.1) 11 (8.3) 4 (3.1) 5(6.8) 0.150
Previous CABG 0 (0.0) 0 (0.0 1(0.8) 1(0.8) 0 (0.0) 0.711
Clinical presentation <0.001

STEMI 34 (73.9) 66 (68.8) 91 (68.9) 77 (58.8) 40 (41.1)
NSTEMI 12 (26.1) 30 (31.2) 41 (31.1) 54 (41.2) 43 (58.9)
Medication
Aspirin 3(18.8) 6 (9.2) 18 (22.8) 13 (14.9) 7(13.2) 0.996
P2Y12 inhibitor 1(6.2) 4 (6.2) 8 (10.1) 7(8.0) 3(5.7) 0.946
Statin 1(6.2) 9 (13.8) 17 (21.5) 18 (20.7) 8 (15.4) 0.403
Beta blocker 3(18.8) 6 (9.2) 13 (16.7) 15 (17.2) 4 (7.5) 0.752
ACE-l or ARB 2 (12.5) 15 (23.1) 28 (35.4) 22 (25.3) 21 (39.6) 0.063
CCl 2 (25.0) 7 (12.5) 20 (28.6) 21 (25.9) 21 (42.0) 0.004
Laboratory data
eGFR, ml/min/1.73 m? 76.6 £24.1 72.7+27.9 70.2 £20.2 69.2 £ 20.5 67.1+£24.9 0.024
Total cholesterol, mg/dl 181.2+45.4 194.3 £ 47.0 183.5+43.9 193.6 + 40.8 184.0 + 39.8 0.747
LDL-C, mg/dl 117.7+41.6 127.0+£42.2 1209+ 42.4 127.3+£37.9 116.5+ 37.3 0.835
HDL-C, mg/dl 46.3 +13.6 48.0+12.6 46.3+15.0 48.7 +14.0 489+ 11.1 0.085
Triglycerides, mg/d| 118.7 116.0 119.0 104.0 87.0 0019
' (52.7-189.7) (67.8-167.3) (79.7-159.5) (64.7-165.0) (60.0-133.5)



HbAlc, % 6.3+1.9 6.2+1.4 6.2+1.3 6.0+0.8 6.2+1.1 0.359
Hs-CRP, mg/dI 0.36 (0.10-1.07) 0.20 (0.07-0.54) 0.24 (0.08-0.70) 0.13 (0.03-0.49) 0.30(0.06-0.75) 0.236
Hemoglobin, g/dI 152+16 14615 144+16 142+1.7 13420 <0.001
104.7 127.0 129.0 128.5 84.0
Peak CK-MB, IU/] (22.0-256.9)  (44.0-2575)  (283-2595)  (24.0-3000)  (255-188.0) 0478
LVEF, % 579+7.3 56.3 £ 10.7 555+ 10.1 570+11.1 55.7+12.2 0.812
Angiographic findings
Infarct-related artery 0.273"
RCA 10 (21.7) 26 (27.1) 35 (26.5) 49 (37.4) 20 (27.4)
LAD 31 (67.4) 55 (57.3) 80 (60.6) 60 (45.8) 41 (56.2)
LCx 5 (10.9) 15 (15.6) 17 (12.9) 22 (16.8) 12 (16.4)
Culprit lesion site 0.913"
Proximal segment 18 (39.1) 36 (39.1) 61 (46.9) 57 (44.5) 31 (43.1)
Mid segment 16 (34.8) 37 (40.2) 39 (30.0) 46 (35.9) 22 (30.6)
Distal segment 12 (26.1) 19 (20.7) 30 (23.1) 25 (19.5) 19 (26.4)
Multivessel disease 13 (28.3) 25 (27.2) 44 (34.1) 48 (37.8) 26 (36.1) 0.105
Initial TIMI flow <1 19 (41.3) 43 (46.7) 58 (44.6) 50 (39.1) 17 (23.6) 0.012
MLD, mm 1.41+0.80 0.68 + 0.62 0.75+0.65 0.59 +0.55 0.56 £ 0.53 <0.001
RVD, mm 3.59+0.72 2.83+£0.60 3.03 £0.67 2.83+0.54 2.68 £ 0.68 <0.001
Lesion length, mm 147 +5.6 149+ 7.3 15.0+6.5 146 +6.2 15.8+6.3 0.296
Diameter stenosis, % 60.7 £ 19.3 76.7£19.9 75.8+194 80.0+17.2 79.2+19.3 <0.001
Diameter stenosis >70% 12 (26.7) 55 (60.4) 75 (59.5) 90 (72.0) 48 (66.7) <0.001
OCT findings
Lipid-rich plaque 12 (26.1) 32(33.3) 61 (46.2) 60 (45.8) 40 (54.8) <0.001
TCFA 1(2.2) 6 (6.3) 11 (8.3) 7 (5.3) 9 (12.3) 0.157
Cholesterol crystal 1(2.2) 10 (10.4) 21 (15.9) 22 (16.8) 18 (24.7) 0.001
Calcification 2 (4.3) 29 (30.2) 30 (22.7) 47 (35.9) 42 (57.5) <0.001
Thrombus 43 (93.5) 88 (91.7) 110 (83.3) 99 (75.6) 50 (68.5) <0.001
White 33 (76.7) 68 (77.3) 93 (84.5) 84 (84.8) 36 (72.0) 0.841
Red 10 (23.3) 20 (22.7) 17 (15.5) 15 (15.2) 14 (28.0) '



Minimum lumen area, 2.91(1.44-381) 1.20(0.84-1.88) 1.15(0.80-1.70) 0.91(0.80-1.50) 0.90 (0.70-1.26) <0.001

mm?
Ef;%rence lumen area, 9'1141(847)3‘ 6.38 (4.70-8.04) 6.58 (5.15-8.13) 5.90 (4.65-7.76) 5.75(3.77-7.36) <0.001
Area stenosis, % 743 (60.7-81.6) 805 (70.9-85.6) 812 (72.5-87.1) 812 (747-87.1) 82.0(71.3-88.5) 0.001
Minimum fibrous cap 130.0 90.0 97.0 102.0 101.5 0.898
thickness, um (832-156.5)  (70.0-133.2)  (77.0-130.0)  (80.0-128.3)  (80.0-126.0)
Vean linid arc. 196.1 192.8 213.2 202.6 259.7 0,010
pid arc, (173.1-2453)  (160.9-249.0)  (1842-262.2)  (1635-2669)  (2126-2767)
Lipid length, mm 74(67-9.1)  66(37-83)  7.6(5197)  87(6.0-10.3) 10.0 (7.7-12.5) <0.001
Limid index, emrm 1294.3 1185.4 1538.8 1553.8 24230 0,001

(1176.6-1889.5) (714.0-1730.9) (1105.6-2441.1) (1204.8-2438.8) (1849.5-3129.1)
Values shown are n (%), mean (standard deviation, or median (25"—75" percentile). p values are for the Jonckheere-Terpstra trend test
for continuous variables or the Cochran-Armitage trend test for categorical data. “p value for Chi-square test. Medication data were
analyzed only in available cases. Angiographic data except infarct-related artery were missing in 10 (2.1%) cases.

Abbreviations: ACE-I = angiotensin-converting enzyme inhibitor; AMI = acute myocardial infarction; ARB = angiotensin Il receptor
blocker; BMI = body mass index; CABG = coronary artery bypass graft; CCI = calcium channel inhibitor; CK = creatine kinase;
eGFR = estimated glomerular filtration rate; HbAlc = hemoglobin Alc; HDL = high-density lipoprotein; Hs-CRP = high-sensitivity
C-reactive protein; LAD = left anterior descending artery; LCx = left circumflex artery; LDL = low-density lipoprotein; LVEF = left
ventricular ejection fraction; MI = myocardial infarction; MLD = minimum lumen diameter; NSTEMI = non-ST-segment elevation
myocardial infarction; OCT = optical coherence tomography; PCI = percutaneous coronary intervention; RCA = right coronary artery;
RVD = reference vessel diameter; STEMI = ST-segment elevation myocardial infarction; TCFA = thin cap fibroatheroma; TIMI =
Thrombolysis in Myocardial Infarction.

Sl conversion factor: To convert cholesterol levels to millimoles per liter, multiply by 0.0259; C-reactive protein to nanomoles per
liter, multiply by 9.524; Hemoglobin to millimoles per liter, multiply by 0.6206; triglycerides to millimoles per liter, multiply by
0.0113.




Table S5. Clinical, Angiographic, and OCT Findings in Patients with Coronary Thrombus

Age (years)
<45 45-54 55-64 65-74 >75 p

(n =49) (n=105) (n=119) (n=114) (n=54) Value
Male 45 (91.8) 91 (86.7) 99 (83.2) 80 (70.2) 35 (64.8) <0.001
BMI, kg/m? 25.8+3.8 25.3+3.7 252+28 246+39 23.2+3.1 <0.001
Hypertension 18 (36.7) 42 (40.0) 52 (43.7) 66 (57.9) 36 (66.7) <0.001
Dyslipidemia 17 (34.7) 65 (61.9) 59 (49.6) 67 (58.8) 34 (63.0) 0.041
Diabetes mellitus 7 (14.3) 24 (22.9) 29 (24.4) 29 (25.4) 19 (35.2) 0.024
Current smoking 31 (63.3) 65 (61.9) 68 (57.1) 48 (42.1) 8 (14.8) <0.001
Chronic kidney disease 4 (8.2) 10 (9.5) 12 (10.1) 16 (14.0) 12 (22.2) 0.017
Previous Ml 2(4.1) 5(4.8) 8 (6.7) 3(2.6) 3(5.6) 0.866
Previous PCI 1(2.0) 5 (4.8) 12 (10.1) 8 (7.0) 4 (7.4) 0.223
Previous CABG 0(0.0) 0(0.0) 1(0.8) 0 (0.0) 0 (0.0) 0.971
Clinical presentation 0.134

STEMI 33 (67.3) 63 (60.0) 81 (68.1) 71 (62.3) 26 (48.1)
NSTE-ACS 16 (32.7) 42 (40.0) 38 (31.9) 43 (37.7) 28 (51.9)

Medication
Aspirin 5(22.7) 11 (14.7) 15 (21.7) 14 (17.7) 6 (14.6) 0.745
P2Y12 inhibitor 2(9.1) 8 (10.7) 7 (10.1) 8 (10.1) 3(7.3) 0.722
Statin 2(9.1) 13 (17.3) 14 (20.3) 18 (22.8) 7(17.1) 0.366
Beta blocker 5 (22.7) 9 (12.0) 9(13.2) 15 (19.0) 2(4.9) 0.396
ACE-I or ARB 2 (9.1) 16 (21.3) 20 (29.0) 19 (24.1) 14 (34.1) 0.055
CClI 2 (18.2) 6 (10.9) 16 (28.6) 16 (23.9) 15 (41.7) 0.005
Laboratory data
eGFR, ml/min/1.73 m? 74.1+23.8 71.9 +26.3 67.5+20.0 66.9 + 18.9 66.6 + 24.8 0.014
Total cholesterol, mg/dl 176.5+43.8 192.2 + 48.8 178.1+41.4 191.9+£40.9 187.3£40.0 0.197
LDL-C, mg/dl 115.1+41.7 1241 +44.2 116.7 +42.1 126.3 + 39.0 120.9 + 37.2 0.376
HDL-C, mg/dl 452 £ 13.7 475+ 12.6 46.1 £15.0 48.6 £14.0 495+ 117 0.016



Triglycerides, mg/dl 117.0 (44.5- 105.0 (61.8- 108.1 (62.0— 102.0 (62.5— 86.5 (59.3- 0.154
193.8) 160.0) 152.5) 163.0) 128.3)
HbAlc, % 6.3+£1.9 6.2+1.3 6.3+15 6.1+1.0 6.2+1.0 0.276
Hs-CRP, mg/dl 0.39 (0.11-1.07) 0.20 (0.09-0.50) 0.29 (0.08-0.86) 0.10 (0.03-0.44) 0.20 (0.05-0.52) 0.037
Hemoglobin, g/dI 151+1.4 146+1.6 145+1.6 142+1.6 13.8+1.9 0.006
Peak CK-MB, 1U/I 104.7 114.0 151.0 149.0 96.0 0.757
(18.8-253.0) (34.0-257.0) (28.7-270.2) (24.0-387.0) (23.5-187.0)
LVEF, % 584+7.1 574+11.3 55.7 £ 10.2 574110 56.8 + 11.6 0.576
Angiographic findings
Infarct-related artery 0.079
RCA 11 (22.4) 28 (26.7) 34 (28.6) 45 (39.5) 15 (27.8)
LAD 34 (69.4) 60 (57.1) 75 (63.0) 52 (45.6) 30 (55.6)
LCx 4 (8.2) 17 (16.2) 10 (8.4) 17 (14.9) 9 (16.7)
Culprit lesion site 0.958
Proximal segment 21 (42.9) 38 (37.6) 54 (45.4) 49 (43.4) 25 (46.3)
Mid segment 17 (34.7) 41 (40.6) 41 (34.5) 40 (35.4) 16 (29.6)
Distal segment 11 (22.4) 22 (21.8) 24 (20.2) 24 (21.2) 13 (24.1)
Multivessel disease 15 (30.6) 30 (29.7) 40 (33.9) 38 (33.6) 19 (35.8) 0.419
Initial TIMI flow <1 20 (40.8) 46 (45.5) 56 (47.1) 47 (41.6) 16 (29.6) 0.186
QCA data
MLD, mm 1.42 £0.82 0.71+0.64 0.76 £ 0.65 0.62 + 0.67 0.54 +0.56 <0.001
RVD, mm 3.53+0.74 2.88 £ 0.63 3.04 £0.63 2.81+0.53 2.69+0.71 <0.001
Lesion length, mm 145+5.6 15.1+7.0 15.1+6.5 146 +6.7 16.1+6.7 0.593
Diameter stenosis, % 59.8 + 20.2 76.3 £ 20.7 75.8+19.2 78.9 £ 205 80.3+ 195 <0.001
Diameter stenosis >70% 13 (26.5) 63 (62.4) 66 (57.4) 75 (67.6) 38 (70.4) <0.001
OCT findings
Quantitative
Lipid rich plaque 14 (28.6) 38 (36.2) 58 (48.7) 56 (49.1) 34 (63.0) <0.001
TCFA 0(0.0) 7(6.7) 10 (8.4) 9(7.9) 8 (14.8) 0.020
Cholesterol crystal 2(4.1) 16 (15.2) 23 (19.3) 17 (14.9) 11 (20.4) 0.124
Calcification 2(41) 32 (30.5) 31 (26.1) 39 (34.2) 27 (50.0) <0.001



Thrombus
White
Red

Quantitative

Minimum lumen area,

mm?

Reference lumen area,

mm?
Area stenosis, %

Minimum fibrous cap
thickness, pum
Mean lipid arc, °

Lipid length, mm
Lipid index, °mm

49 (100.0)
38 (77.6)
11 (22.4)

2.86 (1.24-3.83)

8.80 (6.65—
11.00)

74.1 (60.5-80.6)
130.0
(82.3-153.3)
1835
(156.3-237.5)
7.2 (4.7-8.8)
1203.6
(1051.6-1614.8)

105 (100.0) 119 (100.0) 114 (100.0) 54 (100.0) -
76 (72.4) 100 (84.0) 94 (82.5) 38 (70.4) 0.764
29 (27.6) 19 (16.0) 20 (17.5) 16 (29.6)

1.18 (0.82-1.73) 1.13(0.80-1.57) 0.90 (0.78-1.50) 0.90 (0.80-1.20) <0.001

6.40 (4.64-8.09) 6.42 (5.10-7.97) 5.84 (4.58-7.57) 5.72(3.84-7.66) <0.001

81.6 (72.0-86.4) 815 (74.7-86.7) 81.6(74.5-87.2) 82.1(74.2-87.6) 0.002
97.0 100.0 100.0 100.0 0.637
(70.0-133.2) (77.0-133.0) (80.0-130.0) (72.3-131.0)
191.8 212.9 197.1 259.7 0.006
(1455-247.4)  (182.9-264.4)  (150.5-263.2)  (204.3-274.6)
6.6 (3.7-9.3) 7.7 (5.4-9.5) 8.1(6.0-95)  10.6(8.1-14.1) <0.001
1128.0 1504.5 1552.4 2451.0 <0.001

(727.4-1806.9)  (1094.5-2478.5) (1057.9-2297.7) (1922.1-3595.5)

Values shown are n (%), mean (standard deviation, or median (25"—75" percentile). p values are for the Jonckheere-Terpstra trend test
for continuous variables or the Cochran-Armitage trend test for categorical data. “p value for Chi-square test. Medication data were
analyzed only in available cases. Angiographic data except infarct-related artery were missing in 5 (1.1%) cases.

Abbreviations: ACE-I = angiotensin-converting enzyme inhibitor; AMI = acute myocardial infarction; ARB = angiotensin Il receptor
blocker; BMI = body mass index; CABG = coronary artery bypass graft; CCI = calcium channel inhibitor; CK = creatine kinase;
eGFR = estimated glomerular filtration rate; HbAlc = hemoglobin Alc; HDL = high-density lipoprotein; Hs-CRP = high-sensitivity
C-reactive protein; LAD = left anterior descending artery; LCx = left circumflex artery; LDL = low-density lipoprotein; LVEF = left
ventricular ejection fraction; Ml = myocardial infarction; MLD = minimum lumen diameter; NSTE-ACS = non-ST-segment
elevation-acute coronary syndrome; OCT = optical coherence tomography; PCI = percutaneous coronary intervention; RCA = right
coronary artery; RVD = reference vessel diameter; STEMI = ST-segment elevation myocardial infarction; TCFA = thin cap
fibroatheroma; TIMI = Thrombolysis in Myocardial Infarction.

Sl conversion factor: To convert cholesterol levels to millimoles per liter, multiply by 0.0259; C-reactive protein to nanomoles per
liter, multiply by 9.524; Hemoglobin to millimoles per liter, multiply by 0.6206; triglycerides to millimoles per liter, multiply by

0.0113.



Table S6. Prevalence of Thrombus After Excluding Patients Who Underwent

Thrombectomy

Age (years)

<45 45-54 55-64 65-74 >75 p value
(n=47) (n=90) (n=119) (n=109) (n=63)

Thrombus 42 (89.4)  76(84.4)  82(695)  67(620)  32(50.8) <0.001
White 35(83.3)  55(72.4)  69(84.1)  56(83.6)  22(68.8)
Red 7 (16.7) 21(27.6)  13(159)  11(16.4)  10(31.2)

0.151

p values are for the Cochran-Armitage trend test. Values shown are n (%).



Figure S1. Study Flow Diagram
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ACS = acute coronary syndromes; EROSION = Effective Anti-Thrombotic Therapy Without
Stenting: Intravascular Optical Coherence Tomography—Based Management in Plaque Erosion;

OCT = optical coherence tomography; PCI = percutaneous coronary intervention; SCAD =
spontaneous coronary artery dissection.



