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Background: Coronary artery ectasia (CAE) is found in about 1% of coronary
angiography and is associated with poor clinical outcomes. The prognostic value of
plasma big Endothelin-1 (ET-1) in CAE remains unknown.

Methods: Patients with angiographically confirmed CAE from 2009 to 2015, who had
big ET-1 data available were included. The primary outcome was 5-year major adverse
cardiovascular events (MACE), defined as a component of cardiovascular death and non-
fatal myocardial infarction (Ml). Patients were divided into high or low big ET-1 groups
using a cut-off value of 0.58 pmol/L, according to the receiver operating characteristic
curve. Kaplan-Meier method, propensity score method, and Cox regression were used
to assess the clinical outcomes in the 2 groups.

Results: A total of 992 patients were included, with 260 in the high big ET-1 group
and 732 in the low big ET-1 group. At 5-year follow-up, 57 MACEs were observed.
Kaplan-Meier analysis and univariable Cox regression showed that patients with high big
ET-1 levels were at increased risk of MACE (9.87 vs. 4.50%; HR 2.23, 95% Cl 1.32-3.78,
P = 0.003), cardiovascular death (4.01 vs. 1.69%; HR 2.37, 95% CI 1.02-5.48,
P = 0.044), and non-fatal Ml (6.09 vs. 2.84%; HR 2.17, 95% CI 1.11-4.24, P = 0.023).
A higher risk of MACE in the high big ET-1 group was consistent in the propensity
score matched cohort and propensity score weighted analysis. In multivariable analysis,
a high plasma big ET-1 level was still an independent predictor of MACE (HR 1.82,
95% ClI 1.02-3.25, P = 0.043). A combination of high plasma big ET-1 concentrate and
diffuse dilation, when used to predict 5-year MACE risk, yielded a C-statistic of 0.67 (95%
Cl 0.59-0.74).

Conclusion: Among patients with CAE, high plasma big ET-1 level was associated with
increased risk of MACE, a finding that could improve risk stratification.
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Prognostic Value of Big ET-1 in CAE
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INTRODUCTION
Coronary artery ectasia (CAE) comprises different

morphological manifestations of abnormal luminal dilation
of the coronary artery (1) and the incidence of CAE ranges
from 0.3 to 5% (2). It is defined as abnormal coronary dilation
of at least 1.5 times the adjacent normal segment (3). This rare
phenomenon is associated with poor clinical outcomes and
increased risk of death, non-fatal myocardial infarction (MI),
and major adverse cardiovascular events have been observed
(4, 5). Previously, our cohort study indicated that diffuse CAE
was associated with worse long-term outcomes, compared with
focal CAE, which is also known as coronary artery aneurysms
(CAA)(6). However, the risk predictors of coronary artery ectasia
are not well studied and current studies are limited because of
their relatively small sample size.

Big endothelin-1 (ET-1) is the precursor protein of ET-1. It has
the same biological importance as ET-1, a higher concentration,
and longer half-life in the peripheral blood (7). Previous studies
have identified high levels of big ET-1 as a risk factor for poor
prognosis in cardiovascular diseases including atrial fibrillation,
acute myocardial infarction, and left ventricular non-compaction
cardiomyopathy (8-10). It has also been reported as a biomarker
for predicting the presence of coronary artery ectasia (11).
Whether high plasma big ET-1 levels are a prognostic predictor
for patients with CAE remains unknown. In the present study,
we aimed to determine the prognostic value of big ET-1 in
patients with CAE and to verify if an elevated plasma big ET-1
level is an independent predictor of adverse outcomes in patients
with CAE.

MATERIALS AND METHODS
Study Population

Among consecutive patients undergoing coronary angiography
in Fuwai Hospital from January 2009 to December 2015,
patients with CAE were identified by searching for the terms
“coronary artery ectasia’ or “aneurysm” in the procedure
reports. The angiographic criteria of CAE were defined as:
1) abnormal dilation of more than 1.5 fold the diameter of
adjacent normal segments; or 2) if the adjacent normal segment
was not available, CAE was defined according to the normal
reference value of the corresponding segment from data in
age-sex matched patients with normal coronary angiography
as previously reported (5) (Supplementary Table1). The
exclusion criteria were: (1) insignificant dilated vessel and
the max diameter was < 1.5 times the reference diameter;
(2) coronary artery fistula; (3) stent-related coronary artery
aneurysms; (4) known autoimmune disease; (5) missing
imaging files; (6) valvular heart disease; (7) history of CABG;
and 8) plasma big endothelin-1 level not measured. The
baseline information of all study objects including demographic
features, smoking habits, medical history, family history,
medications at discharge, and revascularization strategy
were obtained from the hospital’s electronic medical records
system. This study was approved by the ethics committee of
Fuwai Hospital and was conducted in accordance with the

Declaration of Helsinki. Informed consent was obtained from
all patients.

Coronary Angiography Evaluation

The angiograms were screened by 2 experienced interventional
cardiologists to confirm CAE. CAE was classified as diffuse
if the lesion involved more than 1/3 of the vessel length,
which was consistent with previous studies (12, 13). Focal
CAE or CAA were defined as focal dilation that involved
< 1/3 of the artery length. The maximum diameter of the
dilated vessel of each patient was measured using quantitative
coronary angiography with Qangio XA version 7.3 (Medis,
Leiden, Netherlands). Markis classification was used to evaluate
anatomical characteristics of CAE (14). Diffuse ectasia of 2 or
3 vessels was classified as type I, diffuse disease in 1 vessel and
localized disease in another vessel as type II, diffuse ectasia of
1 vessel only as type III, and localized or segmental ectasia as
type IV. Moreover, the SYNTAX scores (15) were calculated
for each patient to quantify the severity of combined coronary
artery disease.

Laboratory Measurements

The plasma levels of big ET-1 concentrations in peripheral
venous blood were quantified using the Big Endothelin-
1 ELISA Kit (NO. BI-20082H; Biomedica, Wien,
Austria), following the standard protocol. The intra-assay
coefficients of variation values of the Big Endothelin-
1 ELISA Kit were < 5%. The inter-assay coefficients
of variation values of the Big Endothelin-1 ELISA Kit
were < 4%.

Additionally, the results of plasma high sensitivity C-
reactive protein (hsCRP) level, which was reported as a risk
predictor in patients with CAE in a previous study (16),
were also collected from the hospital’s electronic medical
records system.

Outcomes and Follow-Up

Follow-up was conducted annually using standardized
questionnaires by telephone interviewers who were blind
to the clinical information of the study objects since
2014. The primary outcome was 5-year major adverse
cardiovascular events (MACE), which were a component
of cardiovascular death and non-fatal MI. The secondary
outcome included individual components of the primary
outcome, that is, cardiovascular death and non-fatal
MI alone.

Statistical Analysis

Normally distributed continuous data were expressed as mean +
standard deviation and compared using the ¢ test. Continuous
variables with non-normal distribution were summarized as
median (interquartile range, IQR) and compared using the
Mann-Whitney test. Categorical variables were expressed as
counts (composition ratio), and compared using the Chi-
square test or Fisher exact test if appropriate. 1.11% of
the plasma hsCRP levels were missing data and handled by
single imputation with median. Receiver operating characteristic
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Patients undergoing
CAG between 2009.1-
2015.12

l

1398 patients with
reported CAE or CAA

406 patients excluded:
100 with insignificant dilated vessel diameter which
was less than 1.5 times the reference diameter.
7 with coronary artery fistula
4 with known immune disease
43 with stent-related coronary artery aneurysms
53 with missing imaging DICOM files
25 with history of CABG
38 with valvular heart disease
136 without plasma big endothelin-1 data

992 patients included

FIGURE 1 | Flowchart of the study subjects. CAA, coronary artery aneurysm; CAE, coronary artery ectasia; CAG, coronary artery angiography.

(ROC) curve analysis was performed and the plasma big ET-
1 value with maximum Youden index was selected as the cut-
point for 5-year MACE risk stratification. The study population
was divided into high and low big ET-1 level groups using
this cut-point value. Survival analysis was performed using
the Kaplan-Meier method and comparisons between the 2
groups were applied by the log-rank test. Cox proportional
hazard regression was conducted to access hazard ratio and
multivariable Cox regression was applied to control potential
confounding. Moreover, Propensity score (PS) matching, PS
weighting, and subgroup analysis served as sensitivity analysis.
We used a multivariable logistic regression model to estimate
propensity scores, with the big ET-1 level group as the
dependent variable and the following variables as covariates:
age, gender, body mass index (BMI), hypertension, diabetes,
dyslipidemia, peripheral arterial disease, smoking status, acute
MI, previous MI, previous PCI, family history of CAD, LVEE,
eGFR, combined CAD, location of dilated vessels, diffuse
dilation, maximum diameter, the SYNTAX score, medication,
and concomitant revascularization. These variables were chosen
either because of the statistically significant difference in
baseline characteristics between groups or clinical relevance with
adverse events. PS Matching was performed using the optimal
pair matching with a 1:2 ratio. Propensity score weighting
was performed using standardized mortality ratio weighting
(SMRW). A standardized difference of < 0.1 indicated a
good balance after the PS method. A two-tailed P value <
0.05 was regarded as statistical significance. All analyses were
performed by R 4.1.0 (R Foundation for Statistical Computing,
Vienna, Austria) and SPSS Statistics Version 25 (IBM Corp.,
Armonk, NY).

RESULTS

Baseline and Angiographical

Characteristics

A total of 922 consecutive patients with CAE were included
in this cohort study, indicated by the flowchart shown in
Figure1l. From 2009 to 2015, the reported incidence of
CAE ranged from 0.83 to 1.36% per year in Fuwai hospital
(Supplementary Figure 1). ROC curve analysis indicated 0.58
pmol/L as the cut-point of plasma big ET concentration for
5-year MACE risk stratification (Supplementary Figure 2A).
Patients with plasma big ET-1 concentration > 0.58 pmol/L
were classified as the high big ET-1 level group and those
with a big ET-1 concentration < 0.58 pmol/L entered the
low big ET-1 level group. Patients in the high big ET-1 level
group tended to have a higher age, less PAD, less current
smoking, higher hsCRP, and less statin use at discharge (Table 1).
For angiographic characteristics, RCA was the most common
dilated vessel, followed by LAD, LCX, and LM in both groups
(Table 2). There was no significant difference in angiographic
characteristics between the two groups. The maximum diameter
of dilated vessels seemed slightly shorter in the high big ET-1
group but did not reach statistical significance (5.38 vs. 5.47 mm,
P =0.071).

Clinical Outcomes

Follow-up data were available for 95.56% (948 of 992) of the
eligible patients at 5-years after index angiography. A total of 57
MACE were observed, including 22 cardiovascular death and 35
non-fatal MI. Patients with high big ET-1 levels were associated
with significantly higher incidences of MACE (9.87 vs. 4.50%,
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TABLE 1 | Baseline characteristics of the study population.

low big ET-1 level group (Big ET-1 < 5.8 pmol/L) high big ET-1 level group (Big ET-1 > 5.8 pmol/L) P-value
Patient No. 732 260
Male 611 (83.47) 227 (87.31) 0.171
Age 56.56 + 10.89 58.75 + 11.29 0.006
BMI 26.54 [24.27, 29.06] 26.53 [24.22, 29.26] 0.904
Clinical presentation 0.349
Asymptomatic 5(2.05) 5(1.92)
Stable angina 250 (34.15) 79 (30.38)
Unstable angina 331 (45.22) 119 (45.77)
NSTEMI 39 (5.39) 12 (4.62)
STEMI 83 (11.34) 2 (16.15)
Dyspnea 6(0.82) 0 (0.00)
Palpitation 8(1.09) 3(1.15)
Acute M 122 (16.67) 54 (20.77) 0.164
Previous Ml 210 (28.69) 6 (25.38) 0.347
Previous PCI 178 (24.32) 9 (22.69) 0.658
Diabetes 161 (21.99) 3 (24.23) 0.513
Hypertension 476 (65.03) 176 (67.69) 0.483
Dyslipidemia 471 (64.34) 168 (64.62) 0.998
Peripheral arterial disease 57 (7.79) 8 (3.08) 0.018
Family history of CAD 134 (18.31) 39 (15.00) 0.266
Current smoker 279 (38.11) 58 (22.31) <0.001
LVEF 62.60 [58.00, 67.00] 60.00 [57.00, 65.00] 0.008
LVID 50.00 [47.00, 53.00] 50.00 [46.00, 54.00] 0.446
Big ET-1 concentration 0.25[0.18, 0.37] 0.77 [0.65, 0.91] <0.001
hsCRP 1.75[0.92, 3.41] 2.32[1.30, 6.16] <0.001
EGFR 116.06 + 24.56 110.24 £+ 28.91 0.002
Aspirin 713 (97.40) 253 (97.31) 1.000
Clopidogrel 507 (69.26) 167 (64.23) 0.157
Ticagrelor 8 (2.46) 1(0.38) 0.067
Statins 676 (92.35) 223 (85.77) 0.003
ACEI/ARB 389 (53.14) 155 (59.62) 0.084
B-blocker 628 (85.79) 221 (85.00) 0.834
CCB_DHP 176 (24.04) 69 (26.54) 0.473
CCB_non-DHP 142 (19.40) 52 (20.00) 0.905
Nitrates 612 (83.61) 228 (87.69) 0.141
Concomitant PCI 317 (43.31) 117 (45.00) 0.689
Concomitant CABG 109 (14.89) 38 (14.62) 0.995

Values are mean + SD, n (%), or median [interquartile range] unless otherwise stated. ACEI, angiotensin-converting enzyme inhibitors; ARB, Angiotensin Receptor Blockers; BMI, body
mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; DHF, dihydropyridine; EGFR, estimated glomerular filtration rate; ET, endothelin; LVEF, left ventricular
ejection fraction; hsCRR, high sensitivity C-reactive protein; LVID, left ventricular internal dimension; MI, myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction;

PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.

log rank P = 0.002), cardiovascular death (4.01 vs. 1.69%, log
rank P = 0.038), and non-fatal MI (6.09 vs. 2.84%, log rank
P = 0.020). Kaplan-Meier curves were used to estimate the
event rate of the primary and secondary outcomes, as shown
in Figure 2. After adjusting for variables including age, gender,
BMI, hypertension, diabetes, dyslipidemia, peripheral arterial
disease, current smoker, acute MI, previous PCI, previous MI,
family history of CAD, LVEE, eGFR, SYNTAX score, combined
CAD, LM ectasia, LAD ectasia, LCX ectasia, RCA ectasia,
diffuse dilation, maximum diameter, medications, concomitant

revascularization and hsCRP, patients in the high big ET-1 group
were still at higher risk of MACE (HR 1.82, 95% CI 1.02-3.25,
P = 0.043) in multivariable Cox regression. When plasma big
ET-1 levels were regarded as a continuous variable, it was still
an independent predictor of MACE (HR 2.47, 95% CI 1.10-
5.57, P = 0.029). The summary of primary outcomes is shown
in Table 3, with secondary outcomes in Table 4. Additionally,
diffuse dilation, which we found to be a prognostic factor
previously (6), was also associated with a higher risk of MACE
in both univariable (HR 2.13, 95% CI 1.21-3.75, P = 0.009)
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TABLE 2 | Angiographic characteristics of the study population.

low big ET-1 level group high big ET-1 level group p-value
Patient No. 732 260
Combined CAD 0.624
None 83 (11.34) 22 (8.46)
Single vessel 145 (19.81) 52 (20.00)
Double vessels 194 (26.50) 72 (27.69)
Three vessels 251 (34.29) 85 (32.69)
LM only 2(0.27) 0(0.00)
LM + single vessel 4 (0.55) 3(1.15)
LM + double vessels 8(1.09) 4 (1.54)
LM + three vessels 45 (6.15) 22 (8.46)
LM or 3 vessels disease 310 (42.35) 114 (43.85) 0.729
SYNTAX score 14.00 [7.00, 21.00] 14.00 [7.75, 21.50] 0.425
SYNTAX score level 0.653
low (<22) 573 (78.28) 197 (75.77)
mid (>22 and <32) 125 (17.08) 51 (19.62)
high (>32) 34 (4.64) 12 (4.62)
LM ectasia 97 (13.25) 24 (9.23) 0.112
LAD ectasia 311 (42.49) 109 (41.92) 0.932
LCX ectasia 289 (39.48) 93 (35.77) 0.326
RCA ectasia 438 (59.84) 164 (63.08) 0.398
Markis classification 0.469
Type | 51 (6.97) 12 (4.62)
Type Il 158 (21.58) 60 (23.08)
Type lll 175 (23.91) 69 (26.54)
Type IV 348 (47.54) 119 (45.77)
Diffuse dilation 384 (52.46) 142 (54.62) 0.599
Maximum Diameter 5.47 [4.63, 6.30] 5.38 [4.56, 6.12] 0.071

Values are mean + SD, n (%), or median [interquartile range] unless otherwise stated. CAD, coronary artery disease; LAD, left anterior descending artery; LCX, Left circumflex artery;
LM, left main; RCA, right coronary artery; SYNTAX, Synergy Between PCI With Taxus and Cardiac Surgery.

and multivariable Cox regression (HR 4.12, 95% CI 1.96-8.63,
P < 0.001) in the current study. The C-statistic estimation of
diffuse dilation for predicting 5-year MACE was 0.59 (95% CI
0.53 to 0.66, p = 0.009) (Supplementary Figure 2B). Adding
plasma big ET-1 to predict 5-year MACE risk yielded a C-statistic
of 0.67 (95% CI 0.59-0.74) (Supplementary Figure 2C). Besides,
hsCRP, which was found to be a predictor of an adverse event in
CAE and other cardiovascular diseases, was also associated with
increased MACE in the current study (HR 1.09, 95%CI 1.01-1.16,
P =0.014).

PS Matching, PS Weighting, and Subgroup

Analysis

Consistently, increased risk of MACE in the high big ET-1
group was observed using the propensity score method. The
covariates were well balanced, especially after SMRW where
the standardized differences of all the covariates were < 0.1
(Figure 3). As shown in Table 3, matched and weighted data
still showed significant higher risks of MACE (HR 2.02, 95% CI
1.16-3.52, P = 0.013; HR 1.98, 95% CI 1.11-3.53, P = 0.021,
respectively) in the high big ET-1 group. The detailed results of
the secondary outcomes are shown in Table 4. Subgroup analyses

defined by age, sex, diabetes, coronary artery disease, LVEE, type
of CAE, and concomitant revascularization between the high big
ET-1 group and low big ET-1 group were performed (Figure 4).
The trend toward increased risk of MACE in the high big ET-1
group was consistently obtained among all subgroups and no
significant interaction effect was found.

DISCUSSION

This cohort study demonstrated that a high plasma big ET-1 level
was associated with an increased risk of MACE in patients with
CAE. To the best of our knowledge, this is the first study to
evaluate the prognostic value of plasma big ET-1 level in a large
cohort of patients with CAE.

CAE was reported to be detected in only 0.3 to 5% of coronary
angiography, the number of contemporary studies in this disease
was limited and most had a small sample size (4, 5). At the
national center for cardiovascular diseases in China, the number
of patients undergoing coronary angiography in Fuwai hospital
increased from 1,1543 to more than 25,000 per year from 2009
to 2015, which allowed us to study this rare phenomenon in
a larger sample compared with previous studies. The incidence
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FIGURE 2 | Kaplan-Meier curves showed cumulative event risk of MACE (A), cardiovascular death (B), and nonfatal Ml (C). MACE, major adverse cardiovascular
event; MI, myocardial infarction; ET, endothelin.

TABLE 3 | Summary of primary end-point events and hazard ratio of the high big-ET-1 level group.

Sample size

MACE

Type of analysis high big ET-1 level group low big ET-1 level group Event No. HR* (95% CI) P-value
Unadjusted 260 732 25 vs. 32 2.23 (1.32-3.78) 0.003
Matched 260 520 25 vs. 25 2.02 (1.16-3.52) 0.013
Weighted 260 739.50 25 vs. 36.36 1.98 (1.11-3.53) 0.021
Multivariable Model 1+ 260 732 25vs. 32 2.15(1.23-3.76) 0.007
Multivariable Model 2+ 260 732 25vs. 32 1.82 (1.02-3.25) 0.043

*Hazard ratio derived from Cox regression model. *Multivariable COX regression Model 1

used variables including age, gender, BMI, hypertension, diabetes, dyslipidemia, peripheral

arterial disease, current smoker, acute M, previous PCl, previous M, family history of CAD, LVEF, eGFR, SYNTAX score, combined CAD, LM ectasia, LAD ectasia, LCX ectasia, RCA
ectasia, diffuse dilation, maximum diameter, medications, concomitant revascularization. *+Model2 adjusted for variables in model 1 and hsCRP.

TABLE 4 | Summary of secondary outcomes.

Type of analysis cardiovascular death non-fatal MI

Event No. HR* (95%CI) P-value Event No. HR* (95%Cl) P-value
Unadjusted 10vs.12 2.37 (1.02-5.48) 0.044 15 vs.20 217 (1.11-4.24) 0.023
Matched 10vs. 11 1.83(0.78-4.30) 0.168 15vs.14 2.19 (1.06-4.54) 0.035
Weighted 10 vs.13.97 2.05 (0.84-4.98) 0.113 15vs.22.39 1.95(0.91-4.18) 0.084
Multivariable Model 1+ 10vs.12 1.76 (0.67-4.62) 0.250 15vs.20 2.11 (1.04-4.27) 0.038
Multivariable Model 2+ 10vs.12 1.45 (0.52-4.00) 0.478 15vs.20 1.86 (0.91-3.84) 0.091

*hazard ratio for high big ET-1 group derived from COX regression model. *Multivariable COX regression Model 1 used variables including age, gender, BMI, hypertension, diabetes,
dyslipidemia, peripheral arterial disease, current smoker, acute Ml, previous PCI, previous M, family history of CAD, LVEF, eGFR, SYNTAX score, combined CAD, LM ectasia, LAD
ectasia, LCX ectasia, RCA ectasia, diffuse dilation, maximum diameter, medications, concomitant revascularization. *+Model2 adjusted for variables in model 1 and hsCRP,

of CAE in the angiography report ranged from 0.83 to 1.36%
per year in Fuwai hospital. Generally, the characteristics of the
current study population were consistent with previous studies.
For example, most patients with CAE were male and combined
with atherosclerosis. RCA was the most common dilated vessel
followed by LAD and LCX (17).

Previously, we found that diffuse dilation predicted poor long-
term outcomes in 595 patients with CAE (6). The present study
reconfirmed the association between diffuse dilation and adverse
cardiovascular events in this larger population. Consistent with
another previous study (16), hsCRP was also found to be

associated with an increased risk of adverse cardiovascular events
in this article. More importantly, we found another predictor,
plasma big ET-1 level, was associated with poor clinical outcomes
and improved risk stratification in these patients. A big ET-1 level
of >0.58 pmol/L was significantly related to an increased risk of
major adverse cardiovascular events, suggesting that a high level
of plasma big ET-1 could be a potential indicator of a patient’s
prognosis. Furthermore, increased risk of MACE for the high big
ET-1 group was consistently observed in the PS matched cohort,
PS weighted data, and subgroup analysis in this study. The higher
incidences of non-fatal MI and cardiovascular death were also

Frontiers in Cardiovascular Medicine | www.frontiersin.org

November 2021 | Volume 8 | Article 768431


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Prognostic Value of Big ET-1 in CAE

Cai et al.
A B
current smoker 1 e ° current smoker L] 1 L]
eGFR o ° eGFR ° 1 °
statins ! L] L] statins L] ! L]
PAD ° : ° PAD ° : °
age o o age ° 1 °
maximum diameter L] 1 o maximum diameter L] 1 L]
ticagrel { ~ ® ! ° ticagrel ° 1 °
cAD o! o CcAD ol o
LVEF ° : ° LVEF ° : °
ACEIARB ° Ve ACEVARB e o
LM ectasia e le Mectasia{ ® Ie
nitrates o lo nitrates { @ le
sex L] I. sex ° l.
clopidogrel 'f clopidogrel o :-
M o p M . P
family history of CAD ool Method family history of CAD{ ~ ® ol Method
LCX ectasia oo ! @ Unmatched LCX ectasia o ol ® Unweighted
previous MI oo : ® Matched previous MI L] : © Weighted
RCA ectasia o o 1 RCA ectasia L 1
CCBDHP{ ® @ | CCBOHP{ © o |
hypertension1 @ ® | hypertension { ~ ® ® 1
SYNTAXscoe{ o o ! SYNTAXscore{ o o !
diabetes e o : diabetes o o :
diffuse dilation o diffuse dilation oo
previousPCI{ @@ | previous PCI o |
PCI o | PCI 00 |
BMI o ! BMI oo !
p-blocker . : pblocker| @@ :
CCBnonDHP{ ~ © ® | CCB_nonDHP | @ '
LADectasia @@ | LADectasia{ eo |
cABG, o o | CABG{ ® 1
aspirin ® ! aspirin ™y 1
dyslipidemia @ : dysiipidemia{ @ :
0.00 025 050 075 100 0.00 025 0550 075 1.00
Standardized difference Standardized difference

FIGURE 3 | Covariates balance in the study cohort. (A) Standardized difference before and after propensity score matching. (B) Standardized difference before and
after propensity score weighting. ACEI, angiotensin-converting enzyme inhibitors; ARB, Angiotensin Receptor Blockers; BMI, body mass index; CABG = coronary
artery bypass grafting; CAD, coronary artery disease; DHP, dihydropyridine; EGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; MI,
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Subgroup No. of patients High big ET-1 Group Low big ET-1 group Hazard Ratio(95% Cl) P Value P Value
No. of MACE/No. of patients  No. of MACE/No. of patients for interaction

Overall 922 25/260 32/732 —_— 2.23(1.32t03.78)  0.003
Age 0.995
<65 733 13/170 21/593 —_— 2.07 (1.04 to 4.14)  0.039

>= 65 259 12/90 11/169 I — 2.07 (0.91104.70)  0.082

Sex 0.814
Male 838 23/227 28/611 —_— 2.25(1.30t03.91)  0.004

Female 154 2/33 47121 — 8 1.82(0.33109.92) 0.49

Diabetes 0.779
Yes 224 6/63 6/161 ——8—— 259(0.83t08.02) 0.1

No 768 19/197 26/571 —_— 2.11(0.25to 17.54)  0.007

Coronary artery disease 0.995
Yes 887 24/238 32/649 —— 2.08 (1.23t03.53)  0.007

No 105 1/22 0/83 ——————» 2.75x10°0.00 to infinite) 0.999

Ejection Fraction 0.662
<50% 86 3/20 4/66 —————®— 3.14(0.70t0 14.10)  0.135

>=50% 906 221240 28/666 —_— 218 (1.25t03.81)  0.006

Type of CAE 0.940
Diffuse 526 18/142 22/384 — 2.22(1.19t04.13)  0.012

Focal 466 7/118 10/348 —®—— 211(0.80t0555)  0.129

Concomitant Revascularization 0.581
None 412 13/105 15/307 ——8————  260(1.24t05.46)  0.012

PCI 434 11/117 15/317 —_— 2.00(0.92t04.34)  0.072

CABG 146 1/38 2/108 —®——  145(0.13t016.13)  0.760

0 051 152 253 354 455
Decreased MACE risk Increased MACE risk
FIGURE 4 | Hazard ratio of MACE among subgroups. ET, endothelin.
observed in univariable Cox regression but not in multivariable A previous study suggested that plasma big ET-1 level was

regression. This might be the result of the limited sample size  significantly higher in patients with isolated CAE (11). However,

for this rare disease and the relatively small numbers of each  the pathophysiological mechanisms of big ET-1 in CAE were

secondary endpoint. still unknown. Several mechanisms might explain the association
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among elevated big ET-1 levels, coronary artery ectasia, and
unfavorable prognosis.

Big ET-1 is a 39-amino acid precursor of ET-1 and is
mainly produced by vascular endothelial cells, vascular smooth
muscle cells, and fibroblasts (Supplementary Figure 3). Big ET-
1 is converted by the membrane-bound enzyme ET converting
enzyme-1 into the functional, mature 21-amino acid form, ET-1.
ET-1 binds to two cell surface receptors, ET receptor subtype A
(ETAR) and subtype B (ETgR). ET receptors are only located
on vascular smooth muscle cells and mediate constriction, while
ETp receptors are located on both vascular smooth cells, where
they mediate vasoconstriction, and vascular endothelial cells,
where they contrarily mediate dilation through nitric oxide (NO)
release (18). ET-1 is considered to be an important mediator
in vessel remodeling, ultimately leading to major changes in
cellular and tissue architecture (19). In smooth muscle cells and
fibroblasts, it modulates the expression of extracellular matrix
and matrix metalloproteinases (MMPs), which may lead to the
promotion of tissue remodeling and fibrosis (20). Notably, MMPs
are important in the development of coronary aneurysms (21)
and aortic aneurysms (22), and transgenic expression of MMP-2
induces coronary artery ectasia in mice models (23). Therefore,
it is a reasonable hypothesis that big ET-1 participates in the
pathophysiology of CAE. Aneurysmal diseases in other arteries,
such as abdominal aortic aneurysms, were closely related to the
occurrence of CAE. Endothelin-1 overexpression induced aortic
aneurysms in mice by increasing oxidative stress, inflammatory
cell infiltration, and matrix metalloproteinase-2 in perivascular
fat, vascular wall, and atherosclerotic lesions (24). ET-1 also
independently predicts the growth of stable abdominal aortic
aneurysms (25). This demonstrated the important role of ET-1
in aneurysmal diseases and suggested the potential mechanistic
role of ET-1 in CAE.

Except for the potential etiological role of big ET-1
in CAE, this biomarker has been found to be a poor
prognosis factor in many cardiovascular diseases including atrial
fibrillation, acute myocardial infarction, and left ventricular
non-compaction cardiomyopathy (8-10). Moreover, ET-1 is a
key player in endothelial dysfunction and is associated with
systemic inflammation (26). Assessment of microcirculation
disturbance in patients with coronary ectasia indicated micro
thrombotic embolism and microcirculation disturbance (27).
ET-1 plays a cardinal role in vascular tone regulation and
coronary microvascular dysfunction through two major G-
protein-coupled receptors ETAR and ETgR (18), which might
also contribute to the progression of CAE and increased risk of an
adverse cardiovascular event. However, the detailed pathogenesis
of ET-1 in CAE remains unclear and needs to be explored in
the future.

To date, the optimal medical therapy of CAE remains
unknown, and high-risk patients might benefit from
anticoagulation rather than antiplatelet therapy (2). Case
reports also suggested the potential benefits of anticoagulation in
some high-risk patients but it is still unclear which patients are
at high risk and in need of anticoagulation (28, 29). Symptoms
of the patients varied from asymptomatic to acute coronary
syndrome and the prognosis varied in different patients. Hence

the risk stratification of patients with CAE is warranted and
might be useful to guide treatment strategies. In the future,
intensive treatment of such high-risk patients might be valuable,
including anticoagulation and strict risk factor control, but
further comparative study must be performed to assess the effect
of intensive therapeutic strategies.

Although the association of elevated big ET-1 with increased
MACE risk is demonstrated in our present study, several
limitations should be acknowledged. First, the limitation of a
single-center observational cohort study must be recognized and
the result should be verified in other cohorts in the future.
Second, the sample size and event number were relatively
small. In multivariable analysis, the association between big
ET-1 and cardiovascular death might not be detected due
to weakened statistical efficiency. Third, many patients were
combined with coronary artery disease, hypertension, or other
diseases, which might affect the outcomes. Finally, genetic data
was not available in the current study, thus the relation between
genetic information, big ET-1 levels, and clinical outcomes in
patients with CAE remain unknown.

CONCLUSION

Our study demonstrated that the level of big ET-1 was an
independent predictor of MACE in patients with CAE. It might
be useful to help risk prediction and develop risk stratification
protocol for patients with CAE.
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