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Background: Primary percutaneous coronary intervention (PCI) has been the standard reperfusion
strategy for patients with acute myocardial infarction (AMI) in the contemporary era. Meanwhile, the
incidence and prognosis of left ventricular aneurysm (LVA) in AMI patients remain ambiguous. The aim of
the current study is to identify the predictor and long-term prognosis of LVA in patients with acute anterior
myocardial infarction.

Methods: We prospectively enrolled 942 consecutive patients with acute anterior myocardial infarction
who were treated by primary PCIL. The baseline characteristics, procedural features, and one-year clinical
outcomes were compared between the patients with and without LVA. The primary endpoint of major
adverse cardiovascular and cerebrovascular events (MACCEs) was defined as a composite of cardiac death,
target vessel revascularization, and ischemic stroke. Multiple logistic regression was applied to predict LVA
formation and the receiver operating characteristic (ROC) curves were plotted to evaluate the accuracy of
the multivariate analysis model.

Results: The general incidence of LVA was 15.92%. At one-year clinical follow-up, patients in the LVA
group had significantly higher incidence of MACCEs (15.33% vs. 6.44%, P<0.01), mainly driven by an
increased incidence of cardiac death (8.00% wvs. 2.78%, P<0.01), target vessel revascularization (5.33% uvs.
2.27%, P=0.03), and ischemic stroke (4.00% wvs. 1.39%, P=0.03). Multivariate analysis found that longer
symptom-to-balloon time (S2B) [odds ratio (OR): 1.16, 95% confidence interval (CI): 1.11-1.21, P<0.01],
higher initial and residual SYNTAX score (iSS, OR: 1.19, 95% CI: 1.14-1.24, P<0.01; rSS, OR: 1.33, 95%
CI: 1.22-1.45, P<0.01), lower left ventricular ejection fraction (LVEF) (OR: 1.15, 95% CI: 1.11-1.18,
P<0.01), and persistent ST segment elevation (OR: 1.89, 95% CI: 1.06-3.38, P=0.03) were independent
predictors of LVA formation.

Conclusions: LVA is still common in patients with acute anterior myocardial infarction in the
contemporary PCI era, and the prognosis of these patients was significantly worse during the one-year
clinical follow-up. Strategies of prompt reperfusion and complete revascularization may be helpful in

preventing LVA formation and improving clinical outcomes.
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Introduction

Left ventricular aneurysm (LVA) is a disastrous
complication of myocardial infarction, leading to systemic
embolism, ventricular arrhythmia, heart failure, and cardiac
rupture (1). In addition, LVA-related thrombi may require
long-term anticoagulation therapy which increases the
hemorrhagic risk (2). Thus, preventing the development
of LVA is important to reduce morbidity and mortality. It
was reported that rapid reperfusion and drugs preventing
ventricular remodeling have reduced the incidence of LVA
to the range of 5% to 15% in patients with acute myocardial
infarction (AMI) (3). Previous studies in the thrombolytic
era found that patients with total left anterior descending
(LAD) coronary artery occlusion, proximal LAD stenosis
and failure of thrombolysis were at high risk of LVA (4).
Data on the determinants and outcomes of LVA are limited
in patients with acute anterior myocardial infarction,
who are recognized as the most high-risk subset of LVA.
Although previous studies have attempted to identify some
determinant factors for LVA, most studies were performed
during the pre-percutaneous coronary intervention (pre-
PCI) era without focusing on the particular population with
acute anterior myocardial infarction (5,6). In the current
study, we sought to evaluate the predictors and long-term
prognosis of LVA in acute anterior myocardial infarction
patients in the contemporary PCI era. We present the
following article in accordance with the STARD reporting
checklist (available at http://dx.doi.org/10.21037/jtd-20-
3350).

Methods
Study design

We prospectively enrolled 942 consecutive acute anterior
myocardial infarction patients who underwent primary
PCI from 2012 to 2020 in Shanghai East Hospital. LVA
was diagnosed in accordance with the Coronary Artery
Surgery Study (CASS) protocol (7): (I) bulge of the left
ventricular wall during both diastole and systole, displaying
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either akinesia or dyskinesia; (II) lack of trabeculation in
the involved segment; and (III) distinct demarcation of
the infarcted segment. Two-dimensional transthoracic
echocardiography (T'TE) was performed within 3 days
after admission, 1 month and 1 year during follow-up. The
general incidence of LVA was 15.92% (n=150) according
to TTE. The TTE measurements were performed using
a Philips system (Philips CX50, Philips Healthcare,
MA, USA) in accordance with the American Society of
Echocardiography guidelines. Left ventricular ejection
fraction (LVEF) was attained by a biplane modified
Simpson’s method. The 18-lead electrocardiograms (EKGs)
were recorded for all patients on admission and before
discharge. Permanent ST-segment elevation was confirmed
as the ST-segment persistent elevated >50% of the peak
ST-segment level until discharge. All data were evaluated by
at least two experienced investigators who were unaware of
the clinical, angiographic and outcome data. The exclusion
criteria were as follows: (I) non-ischemic cardiomyopathy;
(II) severe valve disease; (III) congenital heart disease; (IV)
myocarditis; (V) atrial fibrillation; (VI) aortoarteritis; (VII)
angiodysplasia; (VIII) previous coronary artery bypass
grafting or aneurysm resection surgery; (IX) malignant
tumor or expected life expectancy less than 1 year; and (X)
not surviving within 3 days after admission or lost follow-up
(Figure I).

Specially trained research staffs communicated with the
patients at least once a month to confirm good compliance
and obtained follow-up data at 1, 3, 6, 9 and 12 months
after PCI. One-year clinical endpoints were compared
between the two groups.

This study was approved by the Institutional Review
Board of Shanghai East Hospital (No. 2020-096) and
conducted following the principles of the Declaration of
Helsinki (as revised in 2013). The written informed consent
was obtained from all the patients.

PCI procedure and definition

Acute anterior myocardial infarction is defined in
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Consecutive patients with acute anterior
myocardial infarction underwent primary PCI
(n=1,050)

Excluded:
(1) non-ischemic cardiomyopathy;
(2) severe valve disease;

(3) congenital heart disease;

Y

Enrolled cohort (n=942)
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myocarditis;
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(6) aortoarteritis;

)
)
(4)
) atrial fibrillation;
)
(7) angiodysplasia;
(8) previous coronary artery bypass
grafting or aneurysm resection surgery;

non-LVA LVA
(n=792) (n=150)

(9) malignant tumor or expected life
expectancy less than 1 year;

(10) death within 3 days after admission

or lost follow-up (n=108)

1-year clinical follow-up

Figure 1 Study flowchart. PCI, percutaneous coronary intervention; non-LVA, patients without left ventricular aneurysm; LVA, patients

with left ventricular aneurysm.

accordance with the definition of the ESC/ACCF/AHA/
WHEF guidelines (8): (I) symptoms of myocardial ischemia;
(IT) cardiac troponin values (¢Tn) level above the 99th
percentile upper reference limit (URL); and (III) dynamic
change with ST-segment elevation or depression in the
EKG compatible with acute anterior myocardial infarction.
The location of myocardial infarction was reconfirmed by
echocardiography and angiography.

Primary PCI was performed according to the current
guideline recommendations (9-11). All patients were treated
in the emergency department with DAPT consisting of
aspirin (300 mg loading dose followed by 100 mg daily),
clopidogrel (of 600 mg loading dose followed by 75 mg
daily) or ticagrelor (180 mg loading dose followed by 90 mg
twice daily). DAPT was continued for at least 12 months
after PCI. Procedural anticoagulation of 70-100 U/kg
unfractionated heparin was administrated at preliminary
stage and supplemented on demand to maintain an activated
clotting time of (ACT) >250 s. For patients with ventricular
thrombus, low molecular weight heparin (LMWH)
and DAPT were administered during hospitalization,
and followed by triple antithrombotic therapy (aspirin
100 mg daily, clopidogrel 75 mg daily and warfarin) after
discharge to achieve a target international normalized
ratio (INR) of 1.5 to 2.0 for at least 3 months. Only the
culprit lesion was intervened during primary PCI. For
patients with multivessel lesions, staged PCI was planned
during hospitalization or within 1 month after discharge.
At discharge, medical therapy was prescribed according
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to the patient’s status and guideline recommendations for
secondary prevention.

Symptom-to-balloon time (S2B) was identified as the
time interval between the chest pain onset and the first
balloon inflation. The initial SYN'TAX score (iSS) was
analyzed according to the pre-procedural angiograms,
whereas the residual SYNTAX score (rSS) was based
on the post-procedural angiograms. Two experienced
interventional cardiologists calculated the iSS and rSS
using the online SYNTAX score I algorithm (http://www.
syntaxscore.com/calculator/syntaxscore/frameset.htm).
In case of disagreement, the opinion of a third analyst
was obtained, and the final decision was achieved by
consensus. All analysts were blinded to the baseline clinical
characteristics and clinical outcomes.

Endpoints

The primary endpoint of major adverse cardiovascular
and cerebrovascular events (MACCESs) was defined as a
composite of cardiac death, target vessel revascularization,
and ischemic stroke. The secondary endpoints included
cardiogenic shock, cardiac rupture, ventricular thrombus,
and major bleeding.

Cardiac death included any death without a definite
noncardiac cause. Cardiogenic shock implicated a series
of cardiac disorder that resulted in both clinical and
biochemical evidence of tissue hypoperfusion (12,13). Target
vessel revascularization was recognized as ischemia referable
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to the target vessel requiring repeated PCI or bypass
surgery. Ischemic stroke was considered as ischemic injury
of central nervous system verified by neuropathological
examination (NIHSS) and neuroimaging (computed
tomography or magnetic resonance imaging) (14).
Major bleeding was identified as Bleeding Academic
Research Consortium (BARC) type >3 bleeding (15).

Statistical analysis

GraphPad Prism 7.0 (GraphPad Software, CA, USA) and
SPSS 25.0 (SPSS Inc., IL, USA) were used for data analyses.
Demographic and clinical characteristics, medication at
discharge, and PCI features were identified using univariate
analysis. Continuous variables were presented as the
mean with SD, while frequency counts and percentages
were presented for categorical variables. The #-test or the
Chi-square test was used to compare the continuous or
nonparametric variables, respectively. Multiple logistic
regression analysis was used to identify independent
predictors of LVA. All factors with P<0.1 in univariate
analysis were included in multiple logistic regression
analysis. Receiver operating characteristic (ROC) curves
were plotted to evaluate the accuracy of the multivariate
analysis model. Kaplan-Meier curves and the log-rank test
were utilized to assess the prognosis of LVA. The odds ratio
(OR) and the 95% confidence interval (CI) were calculated.
The sample size was determined by PASS 15.

Results
Baseline characteristics of the study population

"Total 942 patients were selected as the LVA group (15.92%).
The demographic features were similar between the
non-LVA and LVA groups (all P>0.05). Impaired LVEF
indicated that the LVA group was characterized with
cardiac dysfunction (P<0.01). More patients in the LVA
group manifested QS waves and persistent ST segment
elevation in the electrocardiographic leads corresponding
to the anterior wall (P<0.05). Given that the incidence of
ventricular thrombus was significantly increased in the LVA
group, triple anti-thrombotic therapy (DAPT + warfarin)
was more administered to the LVA group than the non-
LVA group (P<0.01). Other medications were comparable
between the two groups (P>0.05). Longer S2B was spent in
the LVA group compared with the non-LVA group (P<0.01).
According to the angiography, the LVA group presented
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with significantly higher iSS and rSS (P<0.01) (Table I).

Clinical endpoints

The composite primary endpoint of MACCEs significantly
increased in the LVA group during the 1-year follow-
up (15.33% wvs. 6.44%, P<0.01), mainly driven by an
increased incidence of cardiac death, target vessel
revascularization, and ischemic stroke (P<0.05). Among the
secondary endpoints, the occurrence of cardiogenic shock,
cardiac rupture, and ventricular thrombus also increased
considerably in the LVA group (P<0.01). More frequent
application of triple anti-thrombotic therapy (DAPT and
warfarin) increased the risk of major bleeding in the LVA
group (P<0.01) (Table 2, Figure 2).

Predictors of LVA

Results of the multivariate logistical regression analysis
indicated that for patients with acute anterior myocardial
infarction who were treated by primary PCI, the
independent predictors of LVA formation were longer S2B,
increased iSS and rSS, impaired LVEE, and persistent ST
segment elevation (Figure 3).

Based on the ROC curve analysis, the cutoff value and
the area under the curve (AUC) demonstrated impaired
LVEF (<40.50%), longer S2B (>3.25 h), increased iSS
(>18.75) and rSS (>3.75) were independently correlated with
the occurrence of LVA. Combining the Syntax score and
S2B together could more accurately predict LVA formation
(iSS + S2B: AUC =0.85, 95% CI, 0.82-0.88, P<0.01; rSS
+ S2B: AUC =0.84, 95% CI, 0.81-0.87, P<0.01) (Figure 4,
Table 3).

Discussion
Incidence and predictors of LVA

LVA is defined as regional akinesia or dyskinesia of the
infarcted myocardium that bulges outward during both
systole and diastole (7). It is a serious sequela of left
ventricular remodeling caused by AMI and is related to
deteriorative clinical outcomes (1). Previous studies showed
that the incidences of LAD artery stenosis in LVA and non-
LVA were 89.6% and 69.6%, respectively (16). Given that
the LAD artery provides the major blood supply for the
anterior wall while not easily forming collateral circulation,
it is prone to LVA formation after acute anterior myocardial
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Table 1 Baseline characteristics and treatment of the two groups
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Parameters Non-LVA (n=792) LVA (n=150) P value
Baseline clinical characteristics
Male sex, n (%) 600 (75.76) 108 (72.00) 0.33
Age (y) 65.09+12.45 66.16+7.53 0.16
BMI (kg/m?) 24.30+3.50 24.60+3.46 0.33
Smoking, n (%) 329 (41.54) 69 (46.00) 0.31
Hypertension, n (%) 571 (72.10) 107 (71.33) 0.85
Diabetes mellitus, n (%) 251 (31.69) 55 (36.67) 0.23
Dyslipidemia, n (%) 24 (3.03) 8 (4.44) 0.15
ALT (U/L) 50.63+35.53 51.58+33.74 0.76
Creatinine (uM/L) 82.34+43.12 81.45+24.66 0.81
Peak CK-MB (ng/mL) 116.36+103.24 101.47+119.90 0.12
Peak TNT (ng/mL) 4.84+3.30 4.63+4.13 0.50
QS waves, n (%) 558 (70.45) 120 (80.00) 0.02
Persistent ST segment elevation, n (%) 234 (29.55) 72 (48.00) <0.01
Sustained T wave inversion, n (%) 126 (15.91) 18 (12.00) 0.22
LVEF within 3 days (%) 48.32+7.74 39.08+8.77 <0.01
Medication at discharge
Triple anti-thrombotic therapy, n (%) 11 (1.39) 18 (12.00) <0.01
TTR of warfarin (%) 71.82+5.38 74.61+6.70 0.25
Statin, n (%) 786 (99.24) 148 (98.67) 0.48
ACEI/ARB, n (%) 708 (89.39) 132 (88.00) 0.61
Beta-blocker, n (%) 687 (86.74) 122 (81.33) 0.08
CCB, n (%) 42 (5.30) 8 (5.33) 0.19
Diuretics, n (%) 512 (64.65) 106 (70.67) 0.16
PPI, n (%) 781 (98.61) 149 (99.33) 0.47
PCI features
S2B (h) 5.50+4.52 10.02+9.24 <0.01
iSS 15.49+6.66 25.24+11.52 <0.01
rSS 2.83+2.32 5.83+3.02 <0.01

BMI, body mass index; ALT, alanine transaminase; CK-MB, creatinine kinase MB; TNT, troponin T; LVEF, left ventricular ejection fraction;
TTR, time in therapeutic range; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel
blocker; PPI, proton pump inhibitor; S2B, symptom-to-balloon time; iSS, initial SYNTAX Score; rSS, residual SYNTAX Score.

infarction. However, most of the previous reports were
based on the entire myocardial infarction population
(16-19). To avoid biases, this study focused on LVA
formation due to acute anterior myocardial infarction, the
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data of which are limited in the contemporary PCI era.
The incidence of LVA in patients with AMI was reported in
the range of 5% to 15% (3). We found that 15.92% acute
anterior myocardial infarction patients suffered from LVA
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Table 2 One-year clinical follow-up results
Variables Non-LVA, n (%) LVA, n (%) P value
MACCEs 51 (6.44) 23 (15.33) <0.01
Cardiac death 22 (2.78) 12 (8.00) <0.01
TVR 18 (2.27) 8 (5.33) 0.03
Ischemic stroke 11 (1.39) 6 (4.00) 0.03
Cardiogenic shock 24 (3.03) 24 (16.00) <0.01
Cardiac rupture 6 (0.76) 12 (8.00) <0.01
Ventricular thrombus 11 (1.39) 14 (9.33) <0.01
Major bleeding 19 (2.40) 10 (6.67) <0.01
MACCEs, major adverse cardio-cerebral events; TVR, target vessel revascularization; LVA, left ventricular aneurysm.
— LVA 100 - 100+
non-LVA HR 2.51 (95% Cl: 1.33-4.74), P<0.01 HR 2.95 (95% Cl: 1.17-7.44), P<0.01
< 90l S o5l
S o0t £ 10T
o 8
g 15.33% 8 8.00%
< O
= 101 5 5
6.44% 3 r/ims%
0 T T T 1 0 T T T 1
0 3 6 9 12 0 3 6 9 12
. Months Months
Number at risk Number at risk
non-lvA 792 763 758 747 741 non-lVA 792 782 776 771 770
LVA 150 133 132 129 127 LVA 150 143 140 140 138
100+ 100.0
HR 2.39 (95% Cl: 0.83-6.88), P=0.03 . ] HR 2.92 (95% CI: 0.79-10.75), P=0.03
X
951 % 975
< 107 '§ 5.0
E 3 4.00%
F 51 5.33% § 25
S
2.27% @2 1.39%
0 T T T 1 0.0~ T T T ]
0 3 6 9 12 0 3 6 9 12
Months Months
Number at risk Number at risk
non-LVA 792 788 785 780 774 non-LVA 792 785 783 783 781
LVA 150 147 146 144 142 LVA 150 146 145 145 144

Figure 2 Adverse events of MACCEs. MACCEs, major adverse cardio-cerebral events; TVR, target vessel revascularization; LVA, left
ventricular aneurysm.

after primary PCI. The incidence was slightly higher than
that in previous reports because we focused on patients with
acute anterior myocardial infarction, which is the high-risk
subset for LVA. Due to more available and less invasive,
echocardiography was adopted as the primary diagnosis

© Journal of Thoracic Disease. All rights reserved.

of LVA in the current study, which may also elicit a higher
incidence of LVA. Multivariate analysis indicated that longer
S2B, increased iSS and rSS, impaired LVEEF, and persistent
ST segment elevation were independently associated with

the occurrence of LVA. The novel findings of iSS and rSS

7 Thorac Dis 2021;13(3):1706-1716 | http://dx.doi.org/10.21037/jtd-20-3350



1712

OR (95% Cl)
S2B 1.16 (1.11-1.21)
iSS 1.19(1.14-1.24)
rsS 1.33(1.22-1.45)
impaired LVEF 1.15(1.11-1.18)
QS waves 1.74 (0.85, 3.57)

Persistent ST segment elevation 1.89 (1.06-3.38)

0
Favors non-LVA
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*

T *
L 3

2 3 4
Favors LVA

Figure 3 Forest plot for the multivariate logistical regression analysis. S2B, symptom-to-balloon time; LVEF, left ventricular ejection

fraction; iSS, initial SYNTAX score; 1SS, residual SYN'TAX score.

as predictors of LVA may promote earlier identification of
LVA. The Syntax score is easy to obtain during primary
PCI, which helps clinicians evaluate the risk of LVA at
an early stage. Complex coronary artery disease was an
independent determinant of LVA formation. Predictors
for LVA such as total occlusion of the coronary artery,
worse collateral supply and incomplete revascularization
demonstrated in previous studies (6,20), could all be
included in the Syntax score. Our results first indicated
that iSS and rSS independently predicted the occurrence
of LVA with optimal cutoff values of 18.75 (AUC =0.80,
95% CI, 0.77-0.84, P<0.01) and 3.75 (AUC =0.82, 95% CI,
0.79-0.85, P<0.01), respectively. We further demonstrated
that combining the Syntax score and S2B together could
more accurately predict the occurrence of LVA (iSS + S2B:
AUC =0.85, 95% (I, 0.82-0.88, P<0.01; rSS + S2B: AUC
=0.84, 95% CI, 0.81-0.87, P<0.01). For patients with acute
anterior myocardial infarction, these predictors may help
the clinicians evaluate the probability of LVA formation
and identify high-risk patients, so as to prevent LVA. It was
inferred that complete and timely revascularization might
help against LVA formation after acute anterior myocardial
infarction.

Previous studies considered EKG as a screening tool to
detect LVA. For example, persistent ST segment elevation,
sustained T wave inversion or QS waves were found to

© Journal of Thoracic Disease. All rights reserved.

represent the presence of LVA (17,21). However, we found
that in the high-risk subset of acute anterior myocardial
infarction, it was difficult to identify LVA by EKG except
for persistent ST segment elevation.

Prognosis of LVA in the contemporary PCI era

It has been demonstrated that LVA correlates with life-
threatening complications such as systemic embolism,
ventricular arrhythmia, mechanical complications, cardiac
arrest, pump failure, cardiogenic shock, ventricular
thrombus, and stroke (1,19). Vallabhajosyula er al. (19)
verified that LVA was associated with more frequent
complications, longer length of hospital stays, higher
hospitalization costs, and fewer discharges to home, but
without any differences in in-hospital mortality compared
with the non-LVA group. The reason for comparable in-
hospital mortality in the LVA and non-LVA cohort in
this retrospective study was at least partly due to the low
incidence of primary PCI (LVA vs. non-LVA =35.1% uvs.
28.0%) (19). So far, data on the long-term prognosis of
LVA in acute anterior myocardial infarction patients treated
with primary PCI remains in paucity. In the current study,
the rate of MACCEs was significantly increased in the
LVA group during the 1-year follow-up, which was mainly
attributable to the higher occurrence of cardiac death, TVR

7 Thorac Dis 2021;13(3):1706-1716 | http://dx.doi.org/10.21037/jtd-20-3350
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Figure 4 Receiver operating characteristic (ROC) curves. S2B, symptom-to-balloon time; iSS, initial SYNTAX score; rSS, residual
SYNTAX score; LVEF, left ventricular ejection function.

and ischemic stroke. The incidence of cardiogenic shock,
cardiac rupture, ventricular thrombus, and major bleeding
also increased in the LVA group. These data indicated that
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LVA remains a serious sequela of acute anterior myocardial
infarction related to morbidity and mortality in the
contemporary PCI era.
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Table 3 Predictive values of LVEF, S2B, iSS and rSS

You et al. Predictors and prognosis of LVA

Parameters Cutoff value Sensitivity, % Specificity, % PPV, % NPV, % LR+ LR-
LVEF (%) 40.50 68.00 87.12 50.00 93.50 5.28 0.37
S2B (h) 3.25 96.00 41.67 23.76 98.21 1.65 0.10
iSS 18.75 76.00 75.00 36.54 94.29 3.04 0.32
rSS 3.75 80.00 72.10 35.19 95.01 2.87 0.28

PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR—, negative likelihood ratio; LVEF, left
ventricular ejection function; S2B, symptom-to-balloon time; iSS, initial SYNTAX Score; rSS, residual SYNTAX Score.

In the current study, we found that the incidence of
ventricular thrombus in the LVA group was 9.33%. The
result was consistent with our previous study (22). LVA-
related thrombi may require long-term anticoagulation
therapy which increases the hemorrhagic risk, especially
in combination with DAPT after PCI (2). The proper
prevention and treatment for ventricular thrombus in
such populations remain ambiguous. Current guidelines
recommend triple anti-thrombotic therapy (DAPT and
warfarin) for up to 6 months (23). However, the INR
remains controversial. Despite lower INR target of 1.5-2.0
recommended for triple anti-thrombotic therapy by
previous studies (24), the risk of hemorrhagic complication
was still higher in the LVA group in the current study (6.67%
vs. 2.40%, P<0.01). Further randomized controlled trials
about antithrombotic therapy strategy including novel oral
anticoagulants are required to balance the risk of embolism
and bleeding.

In conclusion, LVA is related to deteriorative clinical
outcomes. For patients with acute anterior myocardial
infarction undergoing primary PCI, impaired LVEF
(<40.50%), longer S2B (>3.25 h), increased iSS (>18.75)
and rSS (>3.75), and persistent ST segment elevation were
independently correlated with the occurrence of LVA.
These findings may help identify the LVA-prone subgroup
and prevent LVA at an early stage.

Limitations

The current study had some limitations. First, the primary
diagnosis of LVA was based on the ultrasonographic
examination, which is not the “gold standard” for LVA
detection. However, this method is widely used in clinical
practice because it is more available and noninvasive. It
is hypothesized that cardiac magnetic resonance imaging
or nuclear imaging should be used for LVA evaluation in
future studies. Second, this was a single-center analysis.

© Journal of Thoracic Disease. All rights reserved.

Multicenter randomized controlled trials are expected in
future work.
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