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Abstract
Coronary artery ectasia (CAE) patients were more prone to present with acute myocardial infarction (AMI), this case-control research
aimed to explore the underlying factors relating AMI for them.
This study investigated a serial of 119 patients who underwent coronary angiography and were diagnosed as CAE between the

years 2016 and 2017 at the Beijing Friendship Hospital; 32 of the patients developed AMI and 87 did not develop AMI. The possible
factors relating to AMI, including disease history, cardiovascular risk factors, thrombotic condition, inflammation status, and coronary
imaging characteristics, were comprehensively compared between CAE patients with and without AMI.
CAE patients with AMI had a lower antiplatelet rate, a higher blood low-density lipoprotein cholesterol level, increased neutrophil to

lymphocyte (NL) ratio, higher Gensini score, and larger proportions of Markis type II. Logistic regression analysis also indicated that
AMI history, lower antiplatelet rate, higher NL ratio, higher low-density lipoprotein cholesterol level and Gensini score, as well as
Markis type II were associated with AMI in CAE patients.
AMI history, lower antiplatelet treatment rates, poor blood lipid control and higher coronary stenosis extent, higher inflammatory

response, and Markis type II were closely related to the incidence of AMI in CAE patients.

Abbreviations: AMI= acute myocardial infarction, CAE= coronary artery ectasia, CAG= coronary angiography, CHD= coronary
heart disease, hs-CRP = high sensitivity C-reactive protein, LDL-c = low-density lipoprotein cholesterol, LVEF = left ventricular
ejection fraction.
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1. Introduction

Coronary artery ectasia (CAE) is defined as dilatation of the
coronary arteries to a diameter of more than 1.5 times its normal
adjacent segment.[1] Epidemiology data showed the incidence of
CAE is about 1.4% to 12% in autopsies and during coronary
angiography (CAG) or multidetector computed tomography
angiography (MD-CTA),[2–4] and more than 80% of CAE
patients also had atherosclerotic stenosis. CAE can be divided
into four types by the Markis classification method according
ectasia extent.[3] The main clinical manifestations were angina,
acute myocardial infarction (AMI), arrhythmia, and sudden
Editor: Jacek Bil.

The authors have no conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are not
publicly available, but are available from the corresponding author on reasonable
request.

Department of Cardiology, Beijing Friendship Hospital Affiliated to Capital Medical
University, Beijing, China.
∗
Correspondence: Ruifeng Liu, Department of Cardiology, Beijing Friendship

Hospital, Capital Medical University, 95 Yong An Road, Xicheng District, Beijing,
100050, P.R. China (e-mail: fengziliu06@163.com).

Copyright © 2020 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

How to cite this article: Sheng Q, Zhao H, Wu S, Liu R. Underlying factors
relating to acute myocardial infarction for coronary artery ectasia patients.
Medicine 2020;99:36(e21983).

Received: 8 April 2020 / Received in final form: 9 July 2020 / Accepted: 24 July
2020

http://dx.doi.org/10.1097/MD.0000000000021983

1

death, while some patients had no obvious symptoms.[2] CAE
was more likely a thrombotic disease, as Swaye PS reported that
AMI prevalence in CAE populations was 52.9%, which was
higher than in patients with coronary heart disease (CHD) and in
other non-CAE patients.[5] According to our limited clinical
practices, a portion of but not all CAE patients were more prone
to present with AMI[6] and even recurring AMI. The exact
underlyingmechanisms as to why some patients with CAE tended
to develop AMI remain unclear. Thus, it was necessary to
distinguish CAE patients with high AMI risk in the early
screening stage in order to prevent AMI events from interfering
with the controllable factors. This study aimed to explore the
underlying factors relating to AMI in CAE patients by
systematically evaluating the disease histories, cardiovascular
risk factors, thrombotic systems, inflammation conditions, and
coronary imaging characteristics in CAE populations. These
results would be useful for clinical practice and future research in
this field.
2. Patients and method

2.1. Patient population

This research was a case-control study. A total of 5012 subjects
who underwent CAG at the cardiac catheterization center of
Beijing Friendship Hospital between January 2016 and Decem-
ber 2017 were screened for participation in the study; among
them, 119 (2.37%) were eligible according to inclusion and
exclusion criteria as following and identified as having CAE.
These 119 patients were then divided into 2 groups: 1 group of 32
CAE patients with AMI (CAE+AMI group) and another group of
87 patients without AMI (CAE group).
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The baseline data, key laboratory tests, and imaging character
were compared and analyzed comprehensively between the
above 2 groups. Then the effect of ectasia extent on AMI
prevalence was investigated by comparing the different Markis
types. Furthermore, logistic analysis was applied by setting AMI
as the dependent factor and other items as independent
parameters.
This study was approved by the ethics committee of Beijing

Friendship Hospital Affiliated to Capital Medical University and
was in accord with the Declaration of Helsinki. Informed consent
was obtained from all study participants.
2.2. Inclusion criteria

A diameter of the ectatic segment that was 1.5 times greater than
that of the adjacent normal segment was defined as CAE.[4]

According to current consensus,[7] AMI was defined by an
elevated cardiac biomarker and at least 1 of the following:
(1)
 symptoms relating to ischemia,

(2)
 changes on an electrocardiogram, such as ST segment

changes, new left bundle branch block, or Q waves,

(3)
 changes in the motion of the heart wall on imaging, and/or

(4)
 discovery of a thrombus on angiogram or at autopsy.
2.3. Exclusion criteria

Exclusion criteria were cardiomyopathy, myocarditis, valvular
heart disease, chronic heart failure, aneurysm in other vessels,
collagen tissue diseases, vasculitis, syphilis, explicit diagnosis of
pulmonary embolism and aortic dissection, severe liver and
kidney dysfunction, hemagglutination disorders, pregnancy,
active bleeding, malignant neoplasm, infectious diseases, previ-
ous history of infection (<3 months), other inflammatory
diseases, and poor compliance.
2.4. Basic clinical characteristics

The medical records and angiography databases were intact and
detailed. Most of the data were obtained from the medical record
system and the radiography database, including demographics
(such as age and sex), history of past diseases (such as
hypertension, diabetes, coronary heart disease, etc), family
history, personal history (such as smoking and drinking), and
history of past drug use. Body mass index was calculated by
dividing weight in kilograms by height in meters squared (kg/m2).
The left ventricular ejection fraction (LVEF) and the peak flow
rate ratio (E/A) in early and late diastolic phase were evaluated by
transthoracic echocardiography (Philips EPIQ 7C with a S5-1
probe). The LVEF for all subjects was first measured by M-mode
ultrasound method. Then if the patient was with enlarged heart,
or segmental abnormal wall motion, or ventricular aneurysms,
the biplane Simpsonmethod would be applied to introduce a new
LVEF value as the final measurement.
2.5. Biochemical indicators

For all subjects, blood samples were analyzed by the Clinical
Laboratory of Beijing Friendship Hospital. For most laboratory
measurements, the vein blood sample was extracted in the
morning after the patient was admitted to the hospital. The main
items included were total cholesterol; triglycerides; high density
2

lipoprotein cholesterol; low density lipoprotein cholesterol (LDL-
c); leukocyte count; neutrophils; lymphocytes; monocytes;
neutrophil to lymphocyte (NL) ratio; total bilirubin and direct
bilirubin, which functioned as anti-oxidant factors to some
degree;[8] high sensitivity C-reactive protein (hs-CRP); and
erythrocyte sedimentation rate. The thrombelastography was
analyzed after the patient was admitted to the hospital to ensure
systematic evaluation of the thrombotic condition.

2.6. Coronary artery imaging features

Coronary angiograms were performed via a radical artery or
femoral artery approach, without the use of adenosine or calcium
channel blockers. According to the Markis classification method,
the CAE could be classified into 4 groups based on the extent of
coronary involvement: type I, diffuse ectasia of 2 or 3 vessels; type
II, diffuse disease in 1 vessel and localized disease in another
vessel; type III, diffuse ectasia of 1 vessel only; and type IV,
localized or segmental ectasia.[3] The thrombolysis in myocardial
infarction (TIMI) frame count (TFC)[9] of left anterior descending
coronary artery, left circumflex coronary artery, and right
coronary artery were intuitively determined by 2 experienced
cardiac interventionist experts according to strict anatomical
signs and imaging characteristics. The Gensini scores[10] were
calculated to evaluate the coronary stenosis extent at the same
time.

2.7. Statistical analysis

The Statistical Package for Social Sciences software (SPSS 25.0,
IBM SPSS Statistics, Armonk, New York) was used for the
analyses. All data were initially analyzed using the Kolmogorov-
Smirnov test to assess for normality. Continuous data are
presented as mean±SD when normally distributed and median
with interquartile range (IQR) when non-Gaussian in distribu-
tion. Unpaired t-tests and Mann-Whitney-U rank sum tests were
used for bivariate analyses of normally and non-normally
distributed continuous data, respectively. Then, the logistic
analysis was applied by setting with forward method and
threshold of 0.05; P value <.05 was considered significant.
3. Results

3.1. Baseline characteristics for enrolled subjects

According the medical database from January 2016 to December
2017 in our hospital, CAE prevalence was 2.37% (119/5012) in
the subjects who underwent CAG evaluation. There were 105
CAE patients with CHD (105/119=88.24%) and 29 CAE+AMI
patients with CHD (29/32=90.63%), while the CHD prevalence
was 92.03% (4503/4893) in non-CAE patients. The AMI
prevalence rate in CAE patients was 26.89% (32/119), which
was higher than in non-CAE population who underwent
coronary angiograms 19.15% (937/4893).
The baseline characteristics of the 2 groups are shown in

Table 1. The 2 groups were balanced with regard to age, sex,
CHD history, hypertension, blood pressure, diabetes, smoking,
alcohol, and body mass index. CAE+AMI patients had higher
AMI history rates (28.13% versus 8.05%, P= .012). The LVEF
were 61.61%±6.45% for CAE+AMI patients and 66.07%±
6.98% for CAE group (P= .003).
There was no significant difference between the CAE+AMI

group and CAE group regarding total cholesterol and triglycer-



Table 1

Baseline characteristics for enrolled subjects.

CAE+AMI (n=32) CAE (n=87) P value

Age, yr 65.56±14.39 64.77±9.58 .774
Sex, male (%) 25 (78.13%) 59 (67.82%) .365
CHD history, n (%) 9 (28.13%) 39 (44.83%) .140
AMI history, n (%) 9 (28.13%) 7 (8.05%) .012
Hypertension, n (%) 18 (56.25%) 59 (67.82%) .054
SBP, mm Hg 126.61±20.59 124.92±14.55 .675
DBP, mm Hg 74.94±10.05 74.84±9.87 .963
Diabetes, n (%) 9 (28.13%) 37 (42.53%) .206
Smoking, n (%) 17 (53.13%) 46 (52.87%) 1.000
Alcohol, n (%) 9 (28.13%) 21 (24.14%) .642
BMI, kg/m2 26.14±4.02 26.71±3.93 .505
TC, mmol/L 4.41±1.18 4.15±1.1 .284
TG, mmol/L 1.46±0.59 1.65±1.03 .338
HDL-c, mmol/L 0.95±0.17 1.06±0.31 .019
LDL-c, mmol/L 2.65±0.88 2.27±0.71 .020
LVEF, % 61.61±6.45 66.07±6.98 .003
E/A ratio 1.19 (0.79–1.85) 0.77 (0.72–0.92) .108
Antiplatelet, n (%) 7 (21.88%) 39 (44.83%) .033
Antianginal n (%) 3 (9.38%) 18 (20.69%) .184
Statin, n (%) 9 (28.12%) 44 (50.57%) .038
b-blocker, n (%) 7 (21.88%) 34 (39.08%) .087
CCB, n (%) 15 (46.87%) 39 (44.83%) 1.000
ACEI/ARB, n (%) 14 (43.75%) 31 (35.63%) .274
Diuretic, n (%) 3 (9.37%) 3 (3.45%) .341

P values for comparisons between the 2 groups. Significance level was .05. CAE= coronary artery
ectasia, CHD= coronary heart disease, AMI= acute myocardial infarction, SBP= systolic blood
pressure, DBP=diastolic blood pressure, BMI=body mass index, TC= total cholesterol, TG=
triglyceride, HDL-c=high-density lipoprotein cholesterol, LDL-c= low-density lipoprotein cholesterol,
LVEF= left ventricular ejection fraction. CCB= calcium-channel blockers, ACEI=Angiotensin-
Converting Enzyme Inhibitors, ARB= angiotensin receptor blocker.

Table 2

The thrombelastogram analysis and inflammation indicators.

Item CAE+AMI (n=32) CAE (n=87) P value

R (min) 7.00 (5.98–8.45) 6.8 (5.80–7.70) .351
K (min) 1.70 (1.35–2.30) 1.70 (1.40–2.00) .552
Angle (deg) 64.89±8.04 66.23±7.50 .445
MA (mm) 64.38±7.21 63.78±5.61 .663
EPL (%) 0.00 (0.00–0.00) 0.00 (0.00–0.00) .280
LY30 (%) 0.00 (0.00–0.00) 0.00 (0.00–0.00) .302
G (kd/sc) 9.45 (6.65–11.55) 8.50 (7.50–10.07) .535
A 64.87±7.14 63.46±6.62 .363
A30 63.96±7.17 63.18±6.51 .610
CLT 5.95 (4.65–7.95) 5.40 (4.00–6.50) .131
TPL 52.70 (37.10–72.20) 55.85 (36.88–92.63) .686
TMA 27.30 (23.05–28.58) 26.80 (22.90–28.60) .646
SP 6.40 (4.68–7.50) 5.80 (5.20–6.80) .420
WBC, 109/L 7.64±2.54 6.14±1.42 .003
NEUT, 109/L 5.43±2.25 4.01±1.41 .002
MONO, 109/L 0.39±0.19 0.32±0.19 .054
LY, 109/L 1.66±0.73 1.68±0.53 .884
NL ratio 2.89 (2.39–4.39) 2.47 (1.81–3.02) .009
hs-CRP, mg/L 5.58 (1.81–12.24) 1.13 (0.54–2.45) .000
ESR, mm/h 11.50 (6.25–29.50) 8.00 (5.75–14.5) .214
Tbil, mmol/L 12.51 (9.23–15.97) 11.51 (9.65–14.96) .771
Dbil, mmol/L 2.32 (1.52–3.35) 2.46 (1.87–2.91) .988

P values for comparisons between the 2 groups. Significance level was .05. CAE= coronary artery
ectasia, AMI= acute myocardial infarction, R= reaction time, K= kinetics, Angle= slope of line between
R and K, MA=maximum amplitude, A30 or LY30= amplitude at 30 minutes, CLT= clot lysis time (s),
TMA= time to maximum amplitude(s), WBC=white blood cells, NEUT=neutrophils, MONO=
monocytes, LY= lymphocytes, NL ratio=neutrophil lymphocyte ratio, hs-CRP=high sensitivity C-
reactive protein, ESR=Erythrocyte sedimentation rate, Tbil= total bilirubin, Dbil=direct bilirubin.

Table 3

Coronary imaging characteristics for enrolled subjects.

CAE+AMI (n=32) CAE (n=87) P value

LAD TFC 41.67±11.93 40.41±11.25 .606
LCX TFC 37.06±9.90 38.09±12.24 .670
RCA TFC 29.13±10.15 31.05±10.98 .406
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ide. High-density lipoprotein cholesterol was lower and LDL-c
was higher, with significant statistical differences (0.95±0.17 vs
1.06±0.31, P= .019, 2.65±0.88 vs 2.27±0.71, P= .020) in
CAE+AMI group compared to the CAE group (Table 1).
At the same time, the antiplatelet treatment rate, and the statin

treatment rate before admission was lower in CAE+AMI group
(21.88% vs. 44.83%, P= .033; 28.12% vs 50.57%, P= .038)
while most of medications before admission were balanced
between the 2 groups (Table 1).
LM ectasia, n (%) 1 (3.13%) 10 (11.49%) .287
LAD ectasia, n (%) 10 (31.25%) 32 (36.78%) 1.000
LCX ectasia, n (%) 10 (31.25%) 34 (39.08%) .824
RCA ectasia, n (%) 20 (62.5%) 59 (67.82%) 1.000
Markis I, n (%) 5 (15.63%) 14 (16.09%) 1.000
Markis II, n (%) 11 (34.38%) 13 (14.94%) .037
Markis III, n (%) 13 (40.63%) 33 (37.93%) .834
Markis IV, n (%) 3 (9.38%) 27 (31.03%) .017
Infarction within ectasia part, n (%) 19 (59.38%) - -
LM stenosis, n (%) 4 (12.50%) 5 (5.75%) .224
LAD stenosis, n (%) 29 (90.63%) 72 (82.76%) .021
LCX stenosis, n (%) 27 (84.38%) 60 (68.97%) .012
RCA stenosis, n (%) 28 (87.50%) 71 (81.61%) .067
1 vessel stenosis, n (%) 0 (0.00%) 6 (6.90%) .334
2 vessels stenosis, n (%) 3 (9.38%) 13 (14.94%) .758
3.2. Thrombotic system evaluation and inflammation
indicators

The thrombotic system, including platelet functions, coagulation
system, and fibrinolytic system could be evaluated by thrombe-
lastogram in Table 2. There was no significant difference in
thrombelastogram between the 2 groups (P> .05).
The white blood cell count (7.64±2.54 vs 6.14±1.42,

P= .003), neutrophil count (5.43±2.25 vs 4.01±1.41, P= .002),
NL ratio (2.89 [2.39–4.39] vs 2.47 [1.81–3.02], P= .009) and hs-
CRP (5.58 [1.81–12.24 vs. 1.13 [0.54–2.45], P= .000) in the
CAE+AMI groupwere significantly higher than those in the CAE
group (Table 2).
3 vessels stenosis, n (%) 26 (81.25%) 57 (65.52%) .016
Gensini score 58.00 (32.00–86.00)26.00 (8.00–57.00) .000

P values for comparisons between the 2 groups. Significance level was .05. CAE, coronary artery
ectasia; AMI = acute myocardial infarction; LM = left main coronary artery; LAD = left anterior
descending coronary artery; LCX= left circumflex coronary artery; RCA= right coronary artery; TFC=
thrombolysis in myocardial infarction (TIMI) frame count.
3.3. Coronary imaging characteristics

This study showed inTable 3 that in generalMarkis type IIIwas the
most common type inCAEpatients.Markis type IIwashigherwith
AMI (34.38% vs 14.94%, P= .037) in the CAE+AMI group than
3

in the CAE group, while Markis type IV was lower with AMI
(9.38%vs31.03%,P= .017). The ectasia sitesweremore common
in right coronary arterywith an incidenceof66.39%(79/119).The
incidence of infarction within ectasia part was 59.38%.
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Table 4

The comparisons among CAE subgroups classified by Markis method.

Markis I (n=19) Markis II (n=24) Markis III (n=46) Markis IV (n=30) P

Age, yr 64.05±9.20 64.63±14.74 64.91±10.79 65.97±9.27 .942
Sex, male (%) 13 (68.42%) 19 (79.17%) 30 (65.22%) 22 (73.33%) .650
CHD history, n (%) 6 (31.58%) 11 (45.83%) 16 (34.78%) 15 (50.00%) .447
AMI history, n (%) 0 (0.00%)a 5 (20.83%) 5 (10.87%) 6 (20.00%) .142
Anti-platelet, n (%) 4 (21.05%) 8 (33.33%) 18 (39.13%) 16 (53.33%) .139
AMI, n (%) 5 (26.32%)a 11 (45.83%) 13 (28.26%)b 3 (10.00%)c .032
Hypertension, n (%) 16 (84.21%) 15 (62.50%) 28 (62.50%) 15 (60.87%) .119
Diabetes, n (%) 10 (52.63%) 9 (37.50%) 19 (41.30%) 8 (41.30%) .305
Smoking, n (%) 11 (57.89%) 16 (66.67%) 19 (41.30%) 17 (41.30%) .198
Alcohol, n (%) 4 (21.05%) 10 (41.67%) 9 (19.57%) 7 (23.33%) .216
LVEF, % 66.13±4.06 62.52±5.91 66.41±7.48 63.61±8.23 .115
LAD TFC 46.11±13.82 40.91±11.82 38.96±10.84 39.93±9.61 .138
LCX TFC 47.32±16.49 37.71±9.32 36.22±10.47 34.21±7.96 .001
RCA CTFC 35.83±14.06 32.18±9.35 30.42±10.67 25.85±7.52 .017
Gensini score 39.00 (7.00–76.00) 46.50 (21.00–63.50) 28.50 (11.75–53.25) 38.50 (8.00–70.25) .432

P values for comparisons among the four groups. Significance level was .05. CHD=Coronary heart disease; AMI= acute myocardial infarction; LVEF= left ventricular ejection fraction; LAD= left anterior
descending coronary artery; LCX= left circumflex coronary artery; RCA= right coronary artery; CTFC=corrected thrombolysis in myocardial infarction (TIMI) frame count; Subgroup analysis for AMI prevalence:
Markis II vs Markis I aP<.05; Markis II vs Markis III bP<.05; Markis II vs Markis IV cP<.05.

Sheng et al. Medicine (2020) 99:36 Medicine
TheGensini score was significantly higher in patients with AMI
compared to patients without AMI (58.00 [32.00–86.00] vs
26.00 [8.00–57.00], P= .000). The CAE+AMI group had higher
rates of left anterior descending coronary artery stenosis and
left circumflex coronary artery stenosis (90.63% vs 82.76%,
P= .021; 84.38% vs 68.97%, P= .012) and 3-vessels stenosis
(81.25% vs 65.52%, P= .016) than the CAE group (Table 3).
3.4. Subgroup analysis for CAE patients

According to theMarkis classificationmethod,[3] the 119 patients
were divided into four groups. The results showed the AMI
prevalence for Markis II CAE patients was 45.83%, which was
higher than that of the other 3 groups. And another result is the
corrected thrombolysis in myocardial infarction (TIMI) frame
count of Markis I patients was higher than other 3 groups.
(Table 4).
3.5. Logistic regression analysis for AMI in CAE patients

Logistic regression analysis was applied in Table 5 to explore the
factors relating to AMI for CAE patients. In this setting, AMI was
the dependent variable, and other factors that may relate to AMI
were arranged as independent variables. This study used the
forward method and set the corresponding p value at less than
Table 5

Logistic regression for possible items relating to AMI for CAE patien

Beta Standard error Wald

AMI history 2.770 0.913 9.215
Antiplatelet �1.725 0.708 5.937
NL ratio 0.364 0.156 5.450
LDL-c 1.095 0.389 7.933
Markis II

∗
1.156 0.623 3.446

Log(Gensini)† 1.433 0.596 5.784
constant �7.156 1.656 18.675

Significance level was 0.05. AMI= acute myocardial infarction, NL ratio=neutrophil lymphocyte ratio, L
∗
the CAE patients here were grouped into Marks type II and non-Markis type II subgroups, CI= confid

† The Gensini score was replaced with Log (Gensini score) in logistic regression part.

4

0.05. The logistic regression analysis revealed that AMI history,
lower antiplatelet rate before admission, higher NL ratio, higher
blood LDL-c level (means poor lipid control), Gensini score
(higher Gensini score means more extent in stenosis), as well as
Markis type II were associated with AMI in CAE patients.
4. Discussion

As known more than 80% of CAE were combined with CHD
stenosis,[2–4] and in CAE patients including those with CHD and
without CHD, AMI and sudden death rate were higher than that
of pure CHD patients,[10–13] thromboembolism might be the
main reason.[14,15] The expansion site was often the site of
thrombus formation (culprit vessels).[12,16] If CAE patients have
coronary artery thrombotic events, the reperfusion treatment
success rate is lower than in non-CAE patients, the large
thrombus also increased the no reflow phenomenon and distal
embolization and other incidence of adverse events during
percutaneous coronary intervention,[2,14] and after percutaneous
coronary intervention it was also prone to have stent thrombo-
sis.[17] Thus CAE is a kind of thrombotic disease in some degree
and it is necessary to find out the underlying reasons especially the
controllable factors relating to AMI in CAE patients. In this
research, by comparisons between the AMI+CAE group and
CAE group, by comparison among the 4 Markis subgroups, and
ts.

P value Exp(B) 95.0% CI for Exp(B)

.002 15.965 2.669 95.503

.015 0.178 0.044 0.714

.020 1.439 1.060 1.952

.005 2.989 1.395 6.405

.063 3.177 0.938 10.762

.016 4.190 1.304 13.469

.000 0.001

DL-c= low-density lipoprotein cholesterol.
ence interval, Exp(B)= exponentiation of the B coefficient.
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by logistic regression analysis in which AMI was dependent
variable, it was founded possible factors relating to AMI in CAE
patients were:
(1)
 AMI history, lower antiplatelet rate,

(2)
 higher NL ratio and other inflammation indicators,

(3)
 higher Gensini score, and higher LDL-c level,

(4)
 as well as Markis type II CAE. Those risk factors relating to

AMI for CAE founded in this research were very similar to
those for CHD.

In fact, most of CAE patients did have obvious atherosclerosis
manifestations in coronary and other vessels: the coronary
calcification score,[18,19] the carotid artery intima-media thick-
ness[20–23] and pulse wave velocity[24] were all significantly
increased in CAE patients. As to pathological characteristics in
coronary:
(1)
 there was significant atherosclerotic change in intimal and
media of coronary artery;
(2)
 inflammatory cells (neutrophils, lymphocytes, plasma cells,
eosinophils and mononuclear cell) were infiltrated in the
vessel wall.[3,25]

The pathological features of CAE in general were similar to
CHD except the damage of smooth muscle and elastic fiber layer
on the middle coronary wall which might be due to proteoly-
sis.[25–27] And also similar to CHD, CAE patients were in a
systemic inflammatory state with higher level of hsCRP and NL
ratio.[28–31] It was suggested CAE and CHD might have a
common pathological process with a viewpoint that CAE was a
variation from CHD.[32] Theoretically some novel candidate
indicators for atherosclerosis, inflammation and prognosis in
CHD and AMI patients such as pentraxin 3[33] and osteopro-
tegerin[34] might be also important for CAE patients. Those AMI
relating factors for CAE patients founded in this studymight have
important clinical significance.
First, CAE patients with high AMI risk could be distinguished

if they presented with 1 or more following characters: AMI
history, lower antiplatelet treatment rates, poor blood lipid
control and higher coronary stenosis extent, higher inflammatory
response, and Markis type II. There might be unknown intrinsic
factors relating to thrombotic event for CAE patients, thus the
patients with AMI history and lower rate of antiplatelet were
more likely to undertake AMI, a special CAE case in our hospital
had experienced AMI four times within 1 year with dual
antiplatelet treatment. The severer inflammation status and
atherosclerosis changes in coronary artery might contribute to
this kind of higher AMI risk in some degree. The inflammation
status and poorer-controlled blood lipid were promotive factors
for atherosclerotic plaques formation indicated by higher Gensini
scores. As to why Markis type II patients was with highest AMI
prevalence, TA Zografos also observed AMI was more frequent
in patients with diffuse ectasia,[35] but the relationship between
AMI risk and Markis type had not been clearly addressed until
present.
Secondly, this research indicated the possible solutions for

preventing AMI in CAE patients might include antiplatelet
treatment, anti-atherosclerosis treatment including lipid-lower-
ing treatment, and so on. Correspondingly in practices, most
proposals for CAE were based the treatment of CHD currently,
and anti-thrombotic agent and statin were the main treatments.
For antiplatelet treatment, there is no consensus whether to select
a single antiplatelet agent, dual antiplatelet therapy or the
5

combinationof antiplatelet agent and anticoagulant therapy. Some
research notes the larger coronary aneurysms require aggressive
treatment through a combination of antiplatelet and anticoagulant
therapy.[36] For the anti-atherosclerosis treatment, in theory the
application of statin was essential for CAE patients not only by
lipid-lowering effect but also by anti-inflammation as for CHD
patients, but the lipid-lowering goal, the anti-thrombosis effect of
statin were unknown as so far. More clinical trails were needed to
evaluate the efficacy of anti-thrombotic agent and statin for CAE
patients and to observe the long-term prognosis.
5. Conclusion

The possible factors relating to AMI for CAE patients were higher
AMI history, lower antiplatelet treatment rate, poor blood lipid
control and higher coronary stenosis extent, higher inflammatory
status, andMarkis type II. More attention should be paid to these
factors in order to decrease the AMI rate for CAE patients.
5.1. Limitations

This research has some deficiencies and limitations that need to be
further improved:
(1)
 it was a small sample size and single centre study because it
was not easy to enroll enough subjects due to the low
prevalence of CAE and it was usually diagnosed by special
methods such as CAG and coronary MD-CTA but not by
other easier and more popularized methods;
(2)
 this study did not conduct a follow-up observation, and the
short and long-term effects of those underlying factors
especially the treatments of anti-platelet agent and statin
needed to be further evaluated.
(3)
 It was a clinical research by analysis of the data from routine
medical practices, other molecules and biological mechanisms
which might be also related with AMI for CAE patients were
not considered and evaluated by this research.
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