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Aims Plague erosion is a significant substrate of acute coronary thrombosis. This study sought to determine in vivo pre-
dictors of plaque erosion in patients with ST-segment elevation myocardial infarction (STEMI).

Methods A prospective series of 822 STEMI patients underwent pre-intervention optical coherence tomography. Using es-

and results tablished diagnostic criteria, 209 had plaque erosion (25.4%) and 564 had plaque rupture (68.6%). Plaque erosion
was more frequent in women <50 years when compared with those >50years of age (P=0.009). There was a simi-
lar, but less striking, trend in men (P=0.011). Patients with plaque erosion were more frequently current smokers
but had fewer other coronary risk factors (dyslipidaemia, hypertension, chronic kidney disease, and diabetes melli-
tus) than those with plaque rupture. There was a preponderance of plaque erosion in the left anterior descending
artery (LAD; 61.2%), whereas plaque rupture was more equally distributed in both the LAD (47.0%) and right cor-
onary artery (43.3%). Despite the similar spatial distribution of erosions and ruptures over the lengths of the cor-
onary arteries, plaque erosion occurred more frequently near a bifurcation (P <0.001). In the multivariable analysis,
age <50years, current smoking, absence of other coronary risk factors, lack of multi-vessel disease, reduced lesion
severity, larger vessel size, and nearby bifurcation were significantly associated with plaque erosion. Nearby bifurca-
tion and current smoking were especially notable in men, while age <50 years was most predictive in women.

Conclusions Plaque erosion was a predictable clinical entity distinct from plaque rupture in STEMI patients, and gender-specific
role of risk factors in plaque erosion should be considered.

Keywords Predictors e Plaque erosion e Plaque rupture e Optical coherence tomography e ST-segment elevation myo-
cardial infarction

* Corresponding author. Tel: +-86 451 8660 5180, Fax: +86 451 8660 5180, Email: jingbohou@163.com; Tel: +-86 451 8660 5359, Fax: +86 451 8660 5180,
Email: yubodr@163.com

T The first 3 authors contributed equally to this article.

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author(s) 2018. For permissions, please email: journals.permissions@oup.com.

Downl oaded from https://acadeni c. oup. conl eur heartj/advance-articl e-abstract/doi/10.1093/ eurheartj/ehy101/ 4934156
by University of California, Santa Barbara user
on 15 March 2018


mailto:
mailto:
mailto:
mailto:

J. Dai et al.

Introduction

Rupture of a coronary plaque with a thin fibrous cap has received
much attention as a cause of acute coronary syndrome (ACS).
However, autopsy and intravascular optical coherence tomography
(OCT) studies highlight that a significant portion (~20-40%) of ACS
is caused by plaque erosion.”™ In stark contrast with plaque rupture,
thrombus associated with plaque erosion generally overlies eccentric
intact plaques rich in smooth muscle cells and proteoglycans, with
superficial endothelial denudation."*® Recently, the enticing concept
that we might tailor the management strategy of ACS depending on
the underlying pathology was tested. In the EROSION study,” pa-
tients with ST-segment elevation myocardial infarction (STEMI)
caused by plaque erosion did not receive coronary artery stent de-
ployment, the current standard of care for STEMI® but received in-
tensive antithrombotic treatment. The pilot study demonstrated that
most of the subjects had substantial resolution of the intracoronary
thrombus after 1 month of follow-up.

Research has made considerable inroads into understanding the
pathophysiological basis of plaque rupture. However, the in vivo de-
terminants involved in plaque erosion remain largely unknown,
including gender-based differences. Better understanding of plaque
erosion in clinical setting may inform the development and deploy-
ment of novel therapies to combat the residual atherothrombotic
risk in the current era.”'® Therefore, the present study aims to inves-
tigate the predictors of plaque erosion in a large prospective series of
STEMI patients, overall as well as in men and women.

Methods

Study design and patients

Patients (aged >18 years) presenting with ACS and undergoing emergency
procedures were prospectively screened for OCT examination at the 2nd
Affiliated Hospital of Harbin Medical University. The main exclusion criteria
were cardiogenic shock, end-stage renal disease, serious liver dysfunction,
allergy to contrast media, and contraindication to aspirin or ticagrelor.
Patients with left main disease, chronic total occlusion, or extremely tortu-
ous or heavily calcified vessels were not included because of the potential
difficulty in performing OCT in such situations. Between August 2014 and
December 2016, a series of 1008 eligible patients with ACS underwent
OCT examination of the culprit lesion; 60 patients with subcritical
obstructive plaque erosion from the first 458 patients have already been re-
ported in the EROSION study.” Because only 75 patients with non-ST-
segment elevation (NSTE)-ACS presented for emergency procedures in
our centre, only STEMI patients (n=933) were included in the present
study. The study flow chart is shown in Figure 1. The definition of STEMI
and identification of the culprit lesion were described previously.”

The study was approved by the Ethics Committee of the 2nd Affiliated
Hospital of Harbin Medical University (Harbin, China), and all patients
provided written informed consent.

For coronary risk factors and laboratory parameters, see
Supplementary material online.

For coronary angiography and analysis, see Supplementary material online.

Optical coherence tomography image

acquisition and analysis
A commercially available C7-XR OCT intravascular imaging system
(OCT C7 Dragonfly, St. Jude Medical, St Paul, MN, USA) was used in this

Eligible patients with ACS underwent OCT
(n=1008)

STEMI patients with OCT
{n=933)

Pre-dilation (n=15)
— In-stent thrombosis or neoatherosclerosis (n=43)
Suboptimal image quality or massive thrombus (1 =53)

STEMI patients suitable for culprit lesion evaluation
(n=822)

Others:
Dissection (n=1%)
Tight stenosis (n=11)
Coronary spasm or culprit lesion not identified (n=14)
Calcified nodule (n=5)

Plague erosion Plaque rupture
(n=209) (n=564)

Figure | Study flow chart. ACS, acute coronary syndrome;
NSTEACS, non-ST-segment elevation acute coronary syndrome;
OCT, optical coherence tomography; STEMI, ST-segment elevation
myocardial infarction.

study. Based on established OCT diagnostic criteria,” plaque erosion was
identified by the presence of the attached thrombus overlying an intact
and visualized plaque, luminal surface irregularity 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 (Supplementary material online, Figure
S1A-D). Plaque rupture was identified by the presence of fibrous cap dis-
continuity with a cavity formed inside the plaque (Supplementary material
online, Figure S1a—d).

The inter-observer kappa coefficients for plaque erosion and plaque
rupture were 0.865 and 0.871, respectively. The intra-observer kappa co-
efficients for plaque erosion and plaque rupture were 0.893 and 0.915,
respectively.

Quantitative and qualitative analyses of underlying plaques were per-
formed as described in the Supplementary material online. Nearby bifur-
cation was pre-defined as erosion or rupture located within 5mm
proximal or distal to a side branch with an orifice diameter >1.0 mm
measured by OCT. For plaque erosion, minimal lumen area (MLA) site
was chosen for the measurement of the distance between erosion and
the nearby bifurcation.""" The site with maximal ruptured cavity was
chosen for distance between the plaque rupture and the nearby
bifurcation.

Statistical analysis

Statistical analysis was performed with SPSS version 20.0 (SPSS Inc.,
Chicago, IL, USA) and the R. Data distribution was assessed according to
the Kolmogorov-Smirnov test. Continuous variables were shown as
mean = standard deviation for normally distributed data or as median
(25th—75th percentiles) for non-normally distributed data. Between-
group differences were tested using an independent sample t-test or the
Mann-Whitney U test. Categorical data were presented as counts (pro-
portions) and were compared using the % test or Fisher’s exact test. Age
<50years was considered a categorical variable as an indicator for pre-
menopausal status and has been the cut-off used in previous studies.'>"®
The association between plaque erosion and clinical, angiographical, and
anatomical characteristics was assessed using a multivariable logistic
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Predictors of plaque erosion in STEMI patients

Table I Baseline characteristics

Variables Overall
(n=1773)
Age (years) 57.7+£107
Age <50years 175 (22.6)
Men 558 (72.2)
Coronary risk factors
Cigarette smoking
Current smoker 427 (55.2)
Former smoker 82 (10.6)
Non-smoker 264 (34.2)
Diabetes mellitus 156 (20.2)
Hypertension 351 (45.4)
Dyslipidaemia 502 (64.9)
CKD 73 (9.4)
Previous history
Previous Ml 18 (2.3)
Previous PCI 15(1.9)
Laboratory data
TC (mg/dL) 185.9+434
Triglyceride (mg/dL) 135.1 (96.6-170.8)
LDL-C (mg/dL) 123.8+£389
HDL-C (mg/dL) 49.5£127
TC/HDL-C ratio 39+12
hs-CRP (mg/L) 6.2 (2.3-12.6)
Procedural characteristics
Pre-hospital fibrinolysis 41(5.3)
DAPT to procedure (min) 39.0 (31.0-52.0)
Total ischaemic time (h) 4.7 (3.0-8.6)

Plaque erosion Plaque rupture P-value
(n=209) (n=564)
54.6£10.6 588+ 104 <0.001
69 (33.0) 106 (18.8) <0.001
165 (78.9) 393 (69.7) 0.011
0.017
133 (63.6) 294 (52.1)
18 (8.6) 64 (11.3)
58 (27.8) 206 (36.5)
24 (11.5) 132 (23.4) <0.001
65 (31.1) 286 (50.7) <0.001
104 (49.8) 398 (70.6) <0.001
10 (4.8) 63 (11.2) 0.007
4(1.9) 14 (2.5) 0.792
3(14) 12 (2.1) 0.770
1799 +46.7 188.1+42.0 0.021
127.6 (85.5-157.7) 140.8 (100.9-178.9) <0.001
118.6+44.4 125.7+£36.5 0.024
50.6+11.8 49.0+129 0.134
37+£14 40+12 0.007
5.4 (1.9-12.6) 6.3 (2.5-12.6) 0.392
11 (5.3) 30(5.3) 0.975
39.0 (30.3-53.0) 40.0 (31.0-51.3) 0.933
5.0 (3.4-8.7) 4.7 (2.8-8.5) 0.181

Values are presented as n (%), mean + SD, or median (25th—75th percentiles).

CKD, chronic kidney disease; DAPT, dual anti-platelet therapy; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitive C-reactive protein; LDL-C, low-density lipo-
protein cholesterol; MI, myocardial infarction; PCI, percutaneous coronary intervention; SD, standard deviation; TC, total cholesterol.

regression model (with a stepwise selection) based on the results pre-
sented in Tables 1 to 3. The variables exhibiting a P-value <0.1 in the uni-
variate analysis were tested in the multivariable model. The predictive
performance of the established model was assessed via Harrell’s c-index,
which was corrected for ‘optimism’ through bootstrap estimation with
200 replications. Inter- and intra-observer reliability was assessed by
kappa statistics. A two-tailed P-value <0.05 was considered statistically
significant.

Results

Prevalence of plaque erosion

Of the 933 STEMI patients with OCT images, 111 patients were
excluded for the following reasons: pre-dilation (n=15), in-stent
thrombosis or neoatherosclerosis (n=43), and suboptimal image
quality or massive thrombus (n=53). The remaining 822 STEMI
patients were suitable for evaluating the culprit lesion. Among
them, plaque erosion was identified in 209 (25.4%) patients and
plaque rupture in 564 (68.6%) patients. The baseline characteris-
tics of the entire STEMI cohort are presented in Supplementary
material, Table S1.

Age and gender differences

The baseline characteristics of patients with plaque erosion and pla-
que rupture are presented in Table 1. Patients with plaque erosion
were significantly younger than those with plaque rupture
(P<0.001). Specifically, patients <50years of age were more fre-
quent in the erosion group vs. the rupture group (P <0.001). After
stratification for age and gender (Figure 2), the prevalence of plaque
erosion was highest in women <50 years of age and decreased signifi-
cantly in women >50vyears of age (47.1% vs. 17.4%, P=0.009).
A similar, but less marked, difference was also observed in men
(35.3% vs. 24.5%, P=0.011).

Coronary risk factors and laboratory
data

Coronary risk factors and laboratory data are presented in Table 1.
Patients with plaque erosion were more frequently current smokers
than those with plaque rupture (63.6% vs. 52.1%, P=0.017). Other
coronary risk factors, including diabetes mellitus, hypertension, dysli-
pidaemia, and chronic kidney disease (CKD) were less common in
erosion vs. rupture. Similarly, laboratory data showed that patients
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with plaque erosion had lower total cholesterol (TC), triglyceride,
low-density lipoprotein cholesterol (LDL-C) levels, and a lower ratio
of TC to high-density lipoprotein cholesterol (HDL-C). Serum high-
sensitive C-reactive protein (hs-CRP) level, white blood cell and neu-
trophil counts were comparable between the erosion and rupture
groups (Table 1 and Supplementary material online, Table 52).

Angiographical findings
The angiographical findings are presented in Table 2. Plaque erosion
was most frequently located in the left anterior descending artery

P=0.011 P=0.009
100 M Plaque erosion
B Plagque rupture
80 Others
£ 60
E
Ew
20
0
Men Men Women Women

<50years =250years <50years 250years

Figure 2 Prevalence of plaque erosion stratified by age and gen-
der. Plaque erosion was more frequent in women <50years when
compared with those >50years of age. A similar, but less striking
difference was also observed in men.

Table 2 Angiographical findings

(LAD) (61.2%), followed by the right coronary artery (RCA; 30.6%),
whereas plaque rupture was equally distributed in both the LAD and
the RCA (47.0% and 43.3%, respectively). The majority of the culprit
lesions were located in proximal and mid coronary segments with no
significant difference in spatial distribution of erosion vs. rupture in
three major epicardial arteries (Figure 3A). In the LAD, most erosions
(89.1%) and ruptures (89.1%) tended to cluster within the first 40 mm
from the coronary ostium, while only half of the erosions (51.6%) and
ruptures (52.5%) were located within the first 40 mm and were more
evenly distributed throughout the entire length of the RCA (Figure 3B).
Multi-vessel disease was observed in 44.8% of STEMI patients, with a
significant lower prevalence in patients with plaque erosion (29.7% vs.
50.4%, P<0.001). Lesions with plaque erosion presented less fre-
quently with initial thrombolysis in myocardial infarction (TIMI) flow
grade <1 (P=0.001) and required less frequent use of manual thromb-
ectomy (P=0.006). Quantitative coronary angiography data showed
erosions were in larger vessels (P<0.001) with a smaller post-
thrombectomy diameter stenosis (P < 0.001) than ruptures.

Optical coherence tomography findings

The OCT findings are listed in Table 3. When compared with plaque
rupture, plaque erosion had a lower prevalence of lipid-rich plaque
and thin-cap fibroatheroma (TCFA); furthermore, among lipid-rich
plaque, plaque erosion had less lipid content than plaque rupture.
Other underlying plaque characteristics, including macrophages accu-
mulation, microchannel, and calcification, were less frequently
observed in erosion vs. rupture. MLA was significantly larger in plaque
erosion than plaque rupture (P=0.001). In 209 patients with plaque
erosion, 181 (86.6%) of MLA were located at the site with maximal
thrombus burden; 20 (9.6%) and 8 (3.8%) of MLA were located

Variables Overall
(n=1773)

Infarct-related artery

LAD 393 (50.8)
RCA 308 (39.8)
LCX 72(9.3)
Culprit lesion site
Proximal segment 267 (34.5)
Mid segment 357 (46.2)
Distal segment 149 (19.3)
Distance to the ostium (mm) 32.8+21.3
Multi-vessel disease 346 (44.8)
Initial TIMI flow <1 585 (75.7)
Manual thrombectomy 687 (88.9)
QCA data
RVD (mm) 290+ 0.55
MLD (mm) 0.94+043
Diameter stenosis (%) 674+138
Lesion length (mm) 162+73

Plaque erosion Plaque rupture P-value
(n=209) (n=564)
0.002
128 (61.2) 265 (47.0)
64 (30.6) 244 (433)
17 (8.1) 55(9.8)
0.475
79 (37.8) 188 (33.3)
90 (43.1) 267 (47.3)
40 (19.1) 109 (19.3)
31.3+221 334211 0.234
62(29.7) 284 (50.4) <0.001
141 (67.5) 444 (78.7) 0.001
175 (83.7) 512 (90.8) 0.006
3.02+0.53 2.85+0.55 <0.001
1.09 £0.47 0.88+£0.40 <0.001
644+133 68.6+13.8 <0.001
16.4+7.0 161+74 0.620

Values are presented as n (%) or mean + SD.

LAD, left anterior descending artery; LCX, left circumflex artery; MLD, minimal lumen diameter; QCA, quantitative coronary angiography; RCA, right coronary artery; RVD, ref-
erence vessel diameter; SD, standard deviation; TIMI, thrombolysis in myocardial infarction.
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Figure 3 The spatial distribution of plaque erosion and plaque rupture in the coronary arteries. Bar graph (A): The spatial distribution of plaque
erosion in three major epicardial arteries was similar to plaque rupture. Boxplots graph (B): In the LAD, most erosions (114/128, 89.1%) and ruptures
(236/265, 89.1%) clustered within the first 40 mm from the coronary ostium. In the RCA, only half of erosions (33/64, 51.6%) and ruptures (128/244,
52.5%) were located within the first 40 mm and were more evenly distributed throughout the entire length of the coronary artery. LAD, left anterior

descending artery; LCX, left circumflex artery; RCA, right coronary artery.

proximal and distal, but adjacent to the maximal thrombus burden,
respectively.

Plaque erosion was more frequently located near a bifurcation
when compared with plaque rupture (59.3% vs. 34.6%, P<0.001),
particularly in the LAD (70.3% vs. 46.8%, P <0.001). Notably, unlike
ruptures, erosions tended to cluster immediately proximal or distal
to a bifurcation (Figure 4A). Among them, 66.7% of erosions and
47.1% of ruptures were located within 3mm near a bifurcation
(Figure 4B). The distance to the nearby bifurcation was significantly
shorter in plaque erosion than plaque rupture [2.3 mm (1.2-3.3 mm)
vs. 3.1 mm (1.7-3.8 mm), P=0.003].

Predictors of plaque erosion
In the overall cohort of 773 STEMI patients, the following variables
with a P-value <0.1 in the univariate analysis (Supplementary material

online, Table S3) were tested: age <50 years, men, current smoker,
diabetes mellitus, hypertension, dyslipidaemia, CKD, TC, triglycer-
ide, LDL-C, TC/HDL-C ratio, LAD, multi-vessel disease, initial
TIMI flow <1, manual thrombectomy, reference vessel diameter
(RVD), diameter stenosis, MLA, and nearby bifurcation. In the mul-
tivariable analysis, age <50 years, current smoker, absence of other
coronary risk factors (hypertension, dyslipidaemia and CKD), lack
of multi-vessel disease, smaller diameter stenosis, larger RVD, and
nearby bifurcation were significantly associated with plaque ero-
sion (Figure 5).

Variables with a P-value <0.1 in the univariate analysis in men
(Supplementary  material online, Table S4) and women
(Supplementary material online, Table S5) separately were also tested
in the multivariable model. The predictors of plaque erosion in men
and women are shown in Figure 5. In both men and women, age
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Table 3 Optical coherence tomography analysis
Variables Overall Plaque erosion Plaque rupture P-value
(n=1773) (n=209) (n=564)
Plaque characteristics
Lipid-rich plaque 649 (84.0) 98 (46.9) 551 (97.7) <0.001
FCT (um) 52.3+£26.2 89.0£36.0 454+ 16.6 <0.001
Mean lipid arc (°) 237.1+472 219.7+483 240.2£46.4 <0.001
Lipid core length (mm) 12359 9.8+5.1 127459 <0.001
TCFA 540 (69.9) 30 (14.4) 510 (90.4) <0.001
Macrophages 618 (79.9) 107 (51.2) 511 (90.6) <0.001
Microchannel 306 (39.6) 68 (32.5) 238 (42.2) 0.015
Calcification 331 (42.8) 54 (25.8) 277 (49.1) <0.001
MLA (mm?) 1.7 (1.3-2.3) 1.8 (1.4-2.8) 1.6 (1.3-2.2) 0.001
Nearby bifurcation 319 (41.3) 124 (59.3) 195 (34.6) <0.001
LAD 214/393 (54.5) 90/128 (70.3) 124/265 (46.8) <0.001
RCA 71/308 (23.1) 23/64 (35.9) 48/244 (19.7) 0.006
LCX 34/72 (47.2) 11/17 (64.7) 23/55 (41.8) 0.099

Values are presented as n (%), mean + SD, or median (25th—75th percentile).

FCT, fibrous-cap thickness; LAD, left anterior descending artery; LCX, left circumflex artery; MLA, minimal lumen area; RCA, right coronary artery; SD, standard deviation;

TCFA, thin-cap fibroatheroma.
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Figure 4 The distribution of plaque erosion and plaque rupture near a bifurcation. Bar graph (A): Different from ruptures, erosions tended to clus-
ter immediately proximal or distal to a bifurcation. Boxplots graph (B): Among them, 66.7% of erosions and 47.1% of ruptures were located within

3 mm near a bifurcation. BF, bifurcation.

<50years, nearby bifurcation, and absence of dyslipidaemia were
predictive of plaque erosion. Current smoking was a risk factor of
plaque erosion in men but not in women. Lesions with plaque ero-
sion were less severe in men (absence of initial TIMI flow grade <1,
smaller diameter stenosis, and larger MLA) but not in women. In

women, absence of multi-vessel disease was significantly associated
with plaque erosion; this was not seen in men.

Harrell's c-index corrected for ‘optimism’ via bootstrapping
showed the discrimination of plaque erosion in the overall cohort,
men, and women were 0.751, 0.750, and 0.723, respectively.
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Overall OR [95% CI] P-value

Age <50 é —e— 1.96 [1.30, 2.94] P=0.001

Current smoker: I—H 1.56[1.08, 2.27] P=0.018
Hypertension e 0.53[0.36, 0.77] P<0.001
Dyslipidaemia —.— 0.39[0.27, 0.57) P<0.001

CKD l—!—‘ 0.46 [0.22, 0.97] P=0.041

Multi-vessel disease —— 0.58 [0.40, 0.84] F=0.004
Diameter stenosis -t 0.89 [0.83, 0.96] P=0.001
RVD! —.— 1.63[1.17, 2.26] P=0.004

Mearby bifurcation : b——i 2.80 [1.96, 4.00] P<0.001

0.1

1 10

Favors erosion

Men OR [95%CI] P-value

Age <50 fa— 1.85[1.19, 2.89] P=0.007

Current smoker l—.—! 1.87 [1.08, 2.58] P=0.021
Hypertension: —e—i 0.49[0.32, 0.75] P=0.001
Dyslipidaemia —— 0.37 [0.24, 0.57] P<0.001
Initial TIMI flow <1 ’—.—l 0.63 [0.40, 0.98] P=0.041
Diameter stenosis i 0.92[0.85, 0.99] P=0.033
MLA m 1.23 [1.05, 1.44] P=0.009

Nearby bifurcation . —e— 3.12 [2.07, 4.70] P<0.001

0.1

1 10
Favors erosion

Women OR [95%CI] P-value

Age <50 —e— 4.08[1.33, 12.54]P=0.018
Dyslipidaemia H—f 0.43[0.21,0.91] P=0.026
Multi-vessel disease{ —e— 0.28 [0.13, 0.60] £=0.001
Nearby bifurcation: r—-—| 2.09[1.01, 4.37] P=0.049

041 1 10 100
Favors erosion
QOdds ratio

Figure 5 Predictors of plaque erosion. OR for diameter stenosis
was calculated for each 5.0% increase, OR for RVD was calculated
for each 1.0 mm increase, and OR for MLA was calculated for each
1.0mm? increase. Cl, confidence interval; CKD, chronic kidney dis-
ease; MLA, minimal lumen area; OR, odds ratio; RVD, reference
vessel diameter; TIMI, thrombolysis in myocardial infarction.

Discussion

The present study extended previous pathological observations and
provided new clinical understanding of plaque erosion in a large pro-
spective series of STEMI patients. The main findings were as follows.
(i) Plaque erosion tended to occur in younger patients, especially in
pre-menopausal women. Age <50years was a predictor of plaque
erosion. (i) Current smoking was the predominant coronary risk fac-
tor of plaque erosion rather than dyslipidaemia, hypertension, CKD,
or diabetes mellitus. (i) Plaque erosion was most frequently located
in the LAD with a limited, focal distribution similar to plaque rupture,
as well as proximity to a bifurcation. Nearby bifurcation was the
strongest anatomical predictor of plaque erosion. (iv) Similarities and
differences in predictors of plaque erosion were found between men
and women.

Age, gender, and prevalence of plaque
erosion

The prevalence of plaque erosion depended on age and gender. In a
registry of 442 sudden coronary death (SCD) victims, women
<50years of age had a higher prevalence of plaque erosion when
compared with women >50years of age (84% vs. 32%); this was also
demonstrated in men, but to a lesser degree (29% vs. 18%)."* In pre-
vious OCT studies, patients with plaque erosion were younger than
those with plaque rupture.”* However, gender differences between
the two substrates (i.e. erosion vs. rupture) were not confirmed
in vivo, and the prevalence of plaque erosion in specific age groups of
men and women remains largely unknown. The current study of pa-
tients presenting to a busy STEMI treatment facility demonstrated
that plaque erosion occurred primarily in patients under the age of
50years and represented approximately 50% of STEMI in pre-
menopausal women. In women >50 years of age, approximately 80%
of STEMI were caused by plaque rupture.

Coronary risk factors of plaque erosion

vs. plaque rupture

Pathological data are few and inconsistent regarding coronary risk fac-
tors associated with erosion vs. rupture. Cigarette smoking seems to
promote thrombosis rather than atherosclerosis in younger patients
but may be a factor contributing to plaque rupture in more elderly pa-
tients. Burke et al">™ reported a positive correlation between smok-
ing and thrombosis in victims of SCD and more so in pre-menopausal
women with plaque erosion when compared with plaque rupture.

Kojima et al.”®

suggested that smoking was related with plaque rupture
in elderly (average age ~70years). In an intravascular ultrasound study,
Kang et al"® demonstrated that current smoking was associated with
echolucent plaques and plaque rupture in patients >65 years but not in
patients <65 years. In the present study, current smoking was the pre-
dominant coronary risk factor of plaque erosion in the overall cohort
of STEMI patients with an average age of 57.7 years. Smoking cessation
appears to be the major risk factor modification indicated for plaque
erosion, particularly in younger patients.

Post-mortem studies revealed that subjects with plaque erosion had
a lower TC level and a lower TC/HDL-C ratio than plaque rupture,
similar to our results.">" By multivariable analysis, absence of dyslipi-
daemia was strongly associated with plaque erosion. Therefore, plaque
erosion may contribute importantly to the residual atherothrombotic
risk in the current era of intensive lipid lowering. Patients with hyper-
tension and CKD had more typical vulnerable plaques and ruptures,
also consistent with our observations.”'*"” Burke et al."*'* found no
association between diabetes mellitus and the type of thrombosis in
SCD victims, while one OCT study observed that diabetes mellitus
was associated with both TCFA and plaque erosion.' In the present
study, diabetes mellitus was not a predictor of underlying substrates
(.. erosion vs rupture). Regarding inflammatory biomarker, pathologi-
cal study suggested that hs-CRP level was similar for patients with ero-
sion vs. rupture,19 again confirmed in the present study.

Plaque distribution, nearby bifurcation,
and plaque erosion

Despite the fact that the entire arterial tree was exposed to systemic
coronary risk factors, previous studies have shown that acute
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Take home figure Plague erosion is a predictable clinical entity, including vulnerable patient, vulnerable anatomy, and vulnerable plaque in pa-
tients with ST-segment elevation myocardial infarction. Plaque erosion tends to occur in younger patients, especially in pre-menopausal women. Age
<50years is a predictor of plaque erosion. Cigarette smoking is the predominant coronary risk factor of plaque erosion rather than dyslipidaemia,
hypertension, CKD, or diabetes mellitus. Plaque erosion is most frequently located in the LAD within the proximal segment as well as proximity to a
bifurcation. Nearby bifurcation is the strongest anatomical predictor of plaque erosion. Thrombus associated with plaque erosion generally overlies
fibrous or lipid-poor plaques with few TCFA and macrophages but have larger lumen area. Nearby bifurcation and smoking are especially notable in
men while age <50years is most predictive in women. CKD, chronic kidney disease; LAD, left anterior descending artery; TCFA, thin-cap

fibroatheroma.

coronary occlusions, TCFAs, and ruptures clustered predominantly
in the proximal segment of the LAD but was more evenly distributed
throughout the RCA?%?" However, to our knowledge, the spatial
distribution of plaque erosion has not been systematically investi-
gated. We extended previous studies by demonstrating that plaque
erosion was most frequently located in the LAD with a limited, focal
distribution similar to plaque rupture. In line with us, Kramer et al.*>
examined 111 SCD victims and reported that greater frequencies of
erosions were found in the LAD (66%), with fewer lesions in the
RCA (22%), whereas ruptures were more equally distributed in both
the LAD and RCA (40% and 35%, respectively). Intriguingly, we found
that approximately 60% of erosions clustered near a bifurcation, par-
ticularly in the LAD (70.3%). Nearby bifurcation emerged as the
strongest anatomical predictor of plaque erosion. Although the cur-
rent study did not allow dissecting underlying pathophysiological
mechanisms, these observations suggested that local haemodynamic
factors may play a critical role in plaque erosion without the help of
systemic coronary risk factors (i.e. dyslipidaemia, hypertension, CKD,
and diabetes mellitus). The side branch affects shear stress in the
nearby (within 3mm) associated main branch.”> Recently, Franck
et al** found that disturbed blood flow may lead to chronic endothe-
lial activation, propensity to slough, and localized neutrophils cooper-
ate to drive endothelial denudation and arterial thrombosis in a
murine model of superficial erosion. The absence of branches in the
RCA may be the explanation for the differences between the RCA
and the LAD.

Predictors in men vs. women

The present study demonstrated both similarities and differences be-
tween men and women in the predictors of plaque erosion. Age
<50years, nearby bifurcation, and absence of dyslipidaemia were
predictive of plaque erosion, regardless of gender. The association
between current smoking and plaque erosion was not observed in
women but in men, which is contrary to pathological observa-
tions.">" This discrepancy could be due to the age of onset of STEMI
(62.7 years vs. 55.7 years) and a lower prevalence of current smoking
(36.7% vs. 62.4%) in women when compared with men. It is note-
worthy that subjects evaluated in post-mortem studies were rela-
tively young with no significant difference in the average age of SCD
between women and men (50 years vs. 48 years).">"* Culprit lesions
with plaque erosion were less severe than plaque rupture in men.
However, the role of menopause is unique for women. Oestrogen
has been suggested to retard plaque development, stabilize existing
plaques, and prevent plaque rupture in pan-coronary artery, but in-
crease the risk of thrombosis.">"> Accordingly, age <50years was
the strongest predictor of plaque erosion in women, and absence of
multi-vessel disease was significantly associated with plaque erosion.

Study limitations

There are several limitations that should be acknowledged. First, the
data were acquired in predominantly young patients with a high
prevalence of smoking, reflecting the current epidemiological
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characteristics of Chinese STEMI patients. Therefore, the results may
not be generalizable to other countries or to NSTE-ACS patients.
Second, highly unstable patients or those with complex coronary
anatomy were not included in this study. Third, the current OCT sys-
tem cannot visualize individual endothelial cells. Therefore, the OCT
definition of plaque erosion is in some ways an exclusive diagnosis.
Fourth, thrombectomy may affect lesion morphology and cause pla-
que rupture iatrogenically. However, thrombectomy was not inde-
pendently associated with the underlying plaque morphology (i.e.
erosion vs. rupture) in the multivariable analysis. In the 86 patients
without thrombectomy before OCT imaging, age <50 years, absence
of dyslipidaemia, lack of multi-vessel disease, smaller diameter sten-
osis, and nearby bifurcation were still predictors of plaque erosion.
Fifth, OCT has limited penetration, especially in the setting of lipid or
a necrotic core, precluding assessment of vessel size, plaque burden,
remodelling, and lesion eccentricity. Sixth, a large residual thrombus
might obscure the lumen border and underlying plaque, making it dif-
ficult to assess the underlying plaque characteristics and distinguish
plaque rupture from plaque erosion. We, therefore, excluded pa-
tients with massive residual thrombus from analysis. Finally, while not
currently available, long-term follow-up of this large prospective ser-
ies of STEMI patients is in progress.

Conclusions

Plaque erosion was a predictable clinical entity distinct from plaque
rupture in one-quarter of STEMI patients. Specific role of risk factors
in plaque erosion should be considered in men and women. These
findings may herald a paradigm shift in targeting coronary risk factors
modification, comprehensive atherothrombotic risk evaluation (i.e.
age, gender, systemic coronary risk factors, local anatomical and
hemodynamic factors, and plaque characteristics) and tailored man-
agement in patients with plaque erosion (Take home figure).

Supplementary material

Supplementary material is available at European Heart Journal online.
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