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Objective: This study aimed to find echocardiographic parameters that can predict short-
and long-term adverse cardiovascular events in patients with AMI.

Methods: A total of 126 patients with AMI admitted to our hospital from July to
December 2012 were enrolled in this study. All patients underwent echocardiographic
examination within 12 hours after admission and received regular follow-ups until
December 2018. The primary endpoint was a composite of the major adverse cardiovascular
events (MACEs).

Results: In the first year of this study, a primary endpoint occurred in 35 patients and the
predictor derived from the echocardiography of 1-year primary endpoint was LVEF<40%
(OR: 9.000, 95% CI 3.242-24.987, p<0.0001) and the area under the curve (AUC) for the
predictor was 0.676 (95% CI 0.561-0.790, p=0.002). For the total 5 years, 57 patients
underwent primary endpoint. The results of the 5-year primary endpoint were: E/E’>15
(OR: 4.094, 95% CI 1.726-9.710, P=0.001), the wall motion score index was (WMSI)>1.5
(OR: 12.791, 95% CI 1.511-108.312, P=0.019), and the AUC was 0.691 (95% CI 0.595—
0.787 P<0.0001).

Conclusion: LVEEF is correlated with a short-term outcome (1-year), and WMSI and E/E’
can predict a long-term outcome (5-year) in patients with acute myocardial infarction.
Keywords: echocardiography, cardiovascular events, predictors, acute myocardial
infarction, wall motion score index

Introduction

Acute myocardial infarction (AMI) is one of the most serious life-threatening
conditions. The most important parameter to determine the outcome of AMI is
the occurrence of a major adverse cardiovascular event (MACE). MACE
includes various cardiovascular events, such as myocardial infarction, unstable
angina, cardiovascular death, revascularization, fatal/nonfatal cerebrovascular
accident, peripheral arteriopathy, aortic event, etc. Various prognostic tools are
developed and implemented in clinics to predict the occurrence of MACE. For
example, biomarkers are one of the most commonly used methods. It includes
troponin, which is very sensitive and specific for AMI and can independently
predict adverse cardiovascular events.” Other biomarkers such as N-terminal
B-type natriuretic peptide and C reactive protein are also valuable in the prog-
nosis of AML? However, biomarkers often vary among individuals and so it is
not always the best practice to use biomarkers to predict MACE.
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Echocardiography plays a fundamental role in risk
stratification and predicting the outcome in patients with
acute myocardial infarction (AMI).? Both American and
European guidelines recommended echocardiography as
the elective cardiac imaging modality for identifying
patients with AMI at high risk for adverse short-term and
long-term cardiovascular events, in particular, reinfarction
and death.* Although echocardiography (the most fre-
quently used cardiovascular diagnostic method besides
electrocardiography in AMI) is used to detect myocardial
walls involved in the ischemic process, damage extent,
functional consequences, and mechanical complications
in patients after AMI and can provide prognostic informa-
tion on short- and long-term outcomes,>* previous studies
have shown inconsistent predictors of echocardiography
and there were no studies focusing on the echocardio-
graphic parameters for predicting the short- and long-
term prognosis of patients with AMI.’

Although a variety of individual echocardiographic
parameters were known to be associated with short-term
outcomes, multiple factors must be taken into account
simultaneously in a multivariable model to quantify their
predictive ability. The purpose of this study is to investi-
gate the predictive value of multiple echocardiographic
parameters for early identifying patients at high risk for
developing short- and long-term adverse events after AMI.

Methods

Study Population

One hundred and twenty-six AMI patients of Beijing
Chao-Yang Hospital were enrolled from July to
December 2012 in this study. All patients underwent emer-
gency coronary angiography within 12 hours after the
onset of their symptoms. Of them 81 patients were treated
with primary PCI. All patients received standard pharma-
cological therapy (Aspirin, Clopidogrel, Angiotensin-
converting enzyme inhibitors (ACEI)/Angiotensin receptor
blockers (ARB), B-blockers and statin, except when these
agents were contraindicated).

The inclusion criteria were as follows: 1.The typical
chest pain continued for over 30 minutes; 2. Hospital
admission was within 12 hours of the onset of symptoms;
3.The electrocardiogram (ECG) were collected; 4. The
patients received elevated serum troponin (cTnl) and crea-
tine phosphokinase myocardial band (CKMB) more than
twice for the upper normal limit; and 5. The patients were
able to complete the study and follow-ups.

The exclusion criteria included the presence of any one
of the following conditions: 1. Mechanical difficulties after
AMI including a free wall rupture, ventricular septal perfora-
tion, and papillary muscle break; 2. Cardiogenic shock; 3.
Cardiomyopathy and valvular heart disease; 4. Severe hepa-
tic and renal dysfunction; and 5. Terminal disease with
a predicted survival time of <1 year (eg terminal cancer).

The study adhered to the Declaration of Helsinki and
Ethics
Prescription and Therapeutic Committee of Beijing Chao-

was approved by the Committee and the
Yang Hospital, Capital Medical University. All the patients

gave informed consent before the study started.

Clinical Data

The patients’ clinical data, including age, gender, height,
weight, body mass index (BMI), body surface area (BSA),
systolic blood pressure (SBP), diastolic blood pressure
(DBP), heart rate (HR), type of AMI, cardiac function
after AMI, the results of invasive coronary angiography,
and treatment were recorded upon the enrollment in this
study.

Echocardiographic Data

All patients underwent a routine echocardiographic exam-
ination within 12 hours after admission in our hospital.
Standard transthoracic echocardiography was performed
according to the guidelines of the American Society of
Echocardiography recommendations.” All analyses were
performed by experienced sonographers and interpreted
by a single experienced physician.

The Follow-Up and Endpoint Events

We followed-up on patients using outpatient visits or tele-
phone contact about heart failure symptoms, re-
hospitalization, lab examination and echocardiography.
Each patient was assigned to one designated study inves-
tigator from whom the patient received the follow-up
examination at least once per month for 12 months after
the start of our study, and then every 3—6 months until the
primary endpoint. We followed-up on patients using out-
patient visits or telephone contact from January 2013 to
December 2018. The primary endpoint events were
a composite of the major adverse cardiovascular events
(MACES) including re-hospitalization for unstable angina,
reinfarction, heart failure, and all-cause mortality. Heart
failure was diagnosed based on symptoms (eg, dyspnea,
fatigue, or decreased exercise capacity), signs (eg, edema

or rales) and B-type natriuretic peptide (BNP)>35 pg/mL
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or N-terminal pro—B-type natriuretic peptide (NT-proBNP)
>125 pg/mL. Heart failure with reduced ejection fraction
(HFrEF) and preserved ejection fraction (HFpEF) were
predefined as left ventricular ejection fraction (LVEF)
<40% and >40%. The members of an independent end-
point committee that were blind to the study group assign-
ments and used pre-specified criteria adjudicated all the
endpoint events.

Statistical Analysis

Continuous variables were presented as mean + standard
deviation (SD). Categorical variables were displayed as
frequency and percentages. The comparisons between the
groups were completed by a #-test for continuous variables
and a chi-square test for categorical variables. All-cause
mortality was evaluated using the Cox proportional
hazards model. Logistic regression analysis was used to
assess predictors of endpoint events. Receiver-operator
(ROC) for predictors were generated from
Logistic regression. The covariates included LVEF,
LVESD, LVESV, LVESVI, E’, E/E’, E/A, and WMSL
P<0.05 was considered statistically significant. SPSS

curves

22.0 software was used for the statistical analyses.

Results
The Baseline Characteristics and Adverse

Events

The characteristics and echocardiographic data of the study
population are summarized in Table 1. The mean LEVF was
53+14% and the means LVESD, LVESV, LVESVL, E’, E/E’,
and WMSI were 32+7mm, 38420 mL, 21+11 mL/m?, 6.3
+1.8 cm/s, 1345, and 1.2+0.2, respectively.

During a mean follow-up of 51£15.4 months, all
patients were contacted in the first year and 5 (3.9%) of
the patients were absent in the fifth year of the study.

In the first year, the primary endpoint occurred in 35
patients, including 6 deaths, 8 cases of reinfarction, 14
cases of heart failure, and 7 cases of re-hospitalization
for additional reasons. However, in the fifth year, 57
patients underwent primary endpoint events, including 23
deaths, 12 cases of reinfarction, 11 cases of heart failure,
and 11 cases of re-hospitalization for additional reasons.

The Univariate and Multivariate
Predictors of |-Year MACEs

In the first year, univariate variables by Logistic regression
were significantly correlated with primary endpoint events

including LVEF, LVESD, LVESV, LVESVI, E’, and
WMSI. All significant univariate variables were recorded
in the multivariable Logistic regression model and only
LVEF was identified as an independent predictor of 1-year
primary endpoint events, as shown in Table 2.

The area under the curve (AUC) of the ROC curve for
LVEF<40% was 0.676 (95% CI 0.561-0.790, P=0.002),
which meant that LVEF<40% had a good predictive value
for 1-year primary endpoint events, as shown in Figure 1A.

The Univariate and Multivariate
Predictors of 5-Year MACEs

For the fifth year, 5 patients did not continue the follow-
ups and 121 patients were systematically examined. Using
the univariate Logistic regression analyses, the following
variables were potential contributors: LVEF<40%,
LVESD, LVESV, LVESVI, E’, E/E’>15, E/A>2, and
WMSI>1.5. After adjusting for the covariates, E/E’>15
and WMSI>1.5 were recognized as predictors of 5-year
primary endpoint events in AMI, as shown in Table 2.
The AUC of ROC for E/E’>15 was 0.642 (95% CI
0.542-0.742, P=0.007) and WMSI>1.5 was 0.580 (95% CI
0.477-0.683, P<0.0001). The AUC of ROC for these two
predictors was 0.691 (95% CI 0.595-0.787 P<0.0001),
showing a good predicting capacity of 5-year primary
endpoint events in AMI, as shown in Figure 1B-D.

Discussion

To the best of our knowledge, this is the first study to report
the multiple echocardiographic parameters predicting short-
and long-term outcomes in the same population. The sig-
nificant findings of our study revealed that LVEF<40% was
related to 1-year primary endpoint events, however, when it
came to the 5-year primary endpoint events, the indepen-
dent risk predictors were E/E’>15 and WMSI>1.5.

The left ventricular ejection fraction (LVEF) was the
most commonly used parameter to assess the left ventri-
cular (LV) function and provides important prognostic
information after the onset of AMI® Reduced LVEF was
also a predictor of sudden cardiac death (SCD) in myo-
cardial infarction. Lower LVEF might be the result of
reduced contractile function due to extensive myocardial
damage or continuing ischemia. Moller et al’ demon-
strated that echocardiographically determined LVEF at
1 day after admission for AMI was a powerful predictor
of all-cause mortality during a median follow-up period of
19 months. The mortality curve after the onset of AMI
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Table | Baseline Demographic and Echocardiographic Data of the Study Population

Variable Overall (n=121) MACE (n=57) NO MACE (n=64) P

Demographic data

Male, n (%) 85 (70.2%) 39 (68.3%) 46 (71.9%) 0.678
Age 63.8x13.1 674125 60.6x13.0 0.004
BMI, kg/m? 25.7+2.7 26.0+2.6 25.4+2.8 0.264
BSA, m? 1.8+0.2 1.8+0.2 1.8+0.2 0.668
Heart rate, beat/min 76%15 7916 74%13 0.067
SBP, mmHg 129+23 13125 127+22 0.345
DBP, mmHg 79+12 80+13 78%12 0.453
Type of AMI, n (%) 0.373
STEMI 73 (60.3%) 32 (56.1%) 41 (64.1%)
NSTEMI 48 (39.7%) 25 (43.9%) 23 (35.9%)
Coronary stenosis, n (%) 0.374
0 Vessel stenosis 15 (12.4%) 9 (15.8%) 6 (9.4%)
| Vessel stenosis 21 (17.4%) 7 (12.3%) 14 (21.9%)
2 Vessel stenosis 24 (19.8%) 13 (22.8%) 11 (17.2%)
3 Vessel stenosis 61 (50.4%) 28 (49.1%) 33 (51.6%)
Revascularization, n (%)
PCI 81 (66.9%) 37 (64.9%) 44 (68.8%) 0.654
CABG 8 (6.6%) 4 (7.0%) 4 (6.3%) 0.865
Cardiac function, n (%) 0.001
Normal 28 (23.1%) 6 (10.5%) 22 (34.4%)
HFrEF 22 (18.2%) 18 (31.6%) 4 (6.3%)
HFpEF 71 (58.7%) 33 (57.9%) 38 (59.4%)

Echocardiography

LVEF, % 5314 48+15 57%11 0.001
LVEDD, mm 49+6 50+7 48+5 0.190
LVESD, mm 3247 3317 3016 0.015
LVEDV, mL 78+26 8130 75%23 0.253
LVESV, mL 38+20 4323 34116 0.011
LVEDVI, mL/m? 4314 44x16 4212 0.284
LVESVI, mL/m? 21£11 24%13 199 0.010
LAVI, mL/m? 2949 3110 28+8 0.142
LVMI, g/m? 128+33 132438 123+28 0.144
PWT, mm 10.2£1.2 10.3+1.4 10.1£1.1 0.487
E, cm/s 77£21 8019 7522 0.196
A, cm/s 75+28 74131 7526 0.806
E/A 1.2+0.7 1.3+0.8 1.1£0.4 0.015
E' cm/s 6.3+1.8 5.9+1.6 6.8x1.9 0.006
E/E 135 155 12+4 0.001
IVRT, ms 90+26 88+30 92423 0.368
DT, ms 182+62 17659 188+65 0.296
WMSI 1.2+0.2 1.3+0.2 1.2+0.2 0.001
(Continued)
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Table | (Continued).

Variable Overall (n=121) MACE (n=57) NO MACE (n=64) P

Medicines in hospital, n (%)
Aspirin 116 (95.9%) 52 (91.2%) 64 (100%) 0.016
Clopidogrel 109 (90.1%) 53 (93.0%) 56 (87.5%) 0.314
ACEI/ARB 65 (53.7%) 29 (50.9%) 36 (56.2%) 0.554
Metoprolol 83 (68.6%) 35 (61.4%) 48 (76.2%) 0.108
Statin 104 (86.0%) 48 (84.2%) 57 (88.1%) 0.603
Nitrate 78 (64.5%) 34 (59.6%) 44 (68.3%) 0.296
CcB 20 (16.5%) I (19.3%) 9 (14.3%) 0.439
Diuretic 19 (15.7%) 15 (26.3%) 4 (6.3%) 0.002
MRA 15 (12.4%) 12 (21.1%) 3 (4.7%) 0.006
Digoxin 4 (3.3%) 3 (5.3%) I (1.6%) 0.256

Abbreviations: BMI, body mass index; BSA, body surface area; SBP, systolic blood pressure; DBP, diastolic blood pressure; STEMI, ST-segment elevation infarction; NSTEMI,
non-ST-segment elevation infarction; PCl, percutaneous coronary intervention; CABG, coronary artery bypass grafting; HFrEFheart failure with reduced ejection fraction;
HFpEF, heart failure with preserved ejection fraction; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end diastolic diameter; LVESD, left ventricular end
systolic diameter; LVEDV, left ventricular end diastolic volume; LVESYV, left ventricular end systolic volume; LVEDVI, left ventricular end diastolic volume index; LVESVI, left
ventricular end systolic volume index; LVMI, left ventricular mass index; PWT, posterior wall thickness; E, early diastolic transmitral inflow velocity; A, late diastolic
transmitral inflow velocity; E’, early diastolic transmitral annulus velocity; LAV, left atrial volume index; IVRT, Isovolumic relaxation time; WMSI, wall motion score index.

Table 2 Univariate and Multivariate Predictors of |-Year and 5-Year MACE Events

Univariate Multivariate
OR 95% ClI P OR 9 5% CI P

I-year MACE

LVEF<40% 9.000 3.242-24.987 <0.0001 9.000 3.242-24.987 <0.0001

LVESD 1.091 1.025-1.163 0.007

LVESV 1.032 1.011-1.054 0.003

LVESVI 1.060 1.020-1.100 0.003

E 0718 0.553-0.932 0.013

WMSI>1.5 15.404 3.131-75.783 0.001
5-year MACE

LVEF<40% 6.923 2.179-21.996 0.001

LVESD 1.074 1.012—1.139 0.018

LVESV 1.026 1.005-1.047 0.016

LVESVI 1.048 1.009-1.088 0014

E 0.741 0.592-0.926 0.008

E/E>15 4.041 1.757-9.292 0.001 4.094 1.726-9.710 0.001

E/A>2 9.187 1.093-77.209 0.041

WMSI>1.5 13.404 1.658-108.378 0.015 12.791 1.511-108.312 0.019

exhibited a typical increase with an upturn in mortality
occurring at LVEF <40%.>'® Schwammenthal et al''
showed that, in patients with AMI, LVEF<40% was an
independent predictor of the combined endpoint of death,
congestive heart failure, and recurrent AMI at 30 days
after the treatment of AMI. Similar to previous studies,
our results also indicated that LVEF<40% was a powerful
determination of 1-year primary endpoint in patients with
AMLI. The reason for these similar results of LVEF may be

that patients with LVEF<40% may have more serious
myocardial damage or may experience continuing ische-
mia; thus, they have a higher risk of sudden cardiac death.
Consequently, LVEF<40% can predict short-term out-
comes, specifically within 1 year and patients with
a result lower than LVEF<40% should be followed up
closely for 1-year MACE. The intensive medical manage-
ment of patients with reduced LVEF should also be com-
pleted to prevent the development of MACEs.
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Figure | (A) The ROC curve for the predictor of |-year MACEs. (B-D) The ROC of predictors in the 5-year follow-up. (B) The ROC curve for predictors of E/E>1.5. (C)
The ROC curve for the predictor of WMSI>1.5. (D) The ROC curve for predictors of the 5-year MACEs.

The wall motion score index (WMSI), a score index
that evaluates the segmental function of the left ventricu-
lar, was supposed to be superior to LVEF in identifying
patients who had a mild left ventricular dysfunction.'?
After the onset of AMI, extensive regional wall motion
abnormalities may be present but may be compensated by
the regional hyperkinesis of normal segments, so LVEF
could be normal. Baron et al'? showed that both LVEF and
WMSI were powerful predictors of adverse cardiovascular
events, however, in the multivariate model, WMSI>1.8
was proved to be the most powerful predictor. There is
a good correlation between the wall motion score index
and contractile functional impairment: a wall motion score
index of 1.1-1.9 can predict small infarct size and an index
equal to or greater than 2.0 can predict the occurrence of
al"? showed that
WMSI>1.5 was the most powerful predictors that included
LVEF and LVESV for adverse cardiac events. Our data
also supported the results that WMSI>1.5 was associated

complications. Carluccio et also

with the 5-year primary endpoint events. In patients with
AMI, WMSI could reflect the magnitude of myocardial
damage more correctly.'*

The ratio of early transmitral flow velocity to spectral
pulse wave Tissue Doppler imaging (TDI) showed that
early diastolic velocity of mitral annulus (E/E’) was cor-
related accurately with the LV filling pressures degree and
is a good predictor of the prognosis after the onset of
AML."® Our results indicated that E/E’>15 was related to
S-year MACEs. The E/E’ ratio should be used to estimate
LV filling pressure in AMI patients with impaired or
normal LVEF when the transmitral pattern was nonrestric-
tive and increased LV filling pressure cannot be diagnosed
by the simple transmitral flow assessment. It was also
American

strongly promoted by the Society of

Echocardiography and the European Association of

Cardiovascular Imaging recommendations on the diastolic
function in relation to its high feasibility.'®"”

Based on our results and previous studies, the reason why
WMSI and E/E’ are superior to LEVF for the long-term
prognosis of AMI may be explained as the following: After
the onset of AMI, extensive regional wall motion abnormal-
ities may be present but may be compensated by the regional
hyperkinesis of normal segments, so LVEF could be normal.
WMSI was supposed to be superior to LVEF in identifying
patients who had mild left ventricular dysfunction. WMSI was
associated with mild systolic function and E/E’ assessed dia-
stolic function. Patients with these two abnormal parameters
might have a relatively lower risk for adverse cardiovascular
events in the short-term but were negatively related to long-
term outcomes, which could be used to predict long-term
outcomes.

The limitations of this study are as follows: Firstly, our
study only enrolled 126 patients with AMI, so the number
of events may be relatively small in excluding the moderate
associations of some variables that were tested to assess the
outcomes. Secondly, LVEF, E/E’, and WMSI could signifi-
cantly change after complete revascularization and would
be less predictive when they are measured before complete
revascularization. Thirdly, we could not collect complete
medical information during the follow-ups since many
patients could not provide their accurate medicine use.

Conclusion

LVEF<40% was associated with short-term outcomes and
WMSI>1.5 and E/E’>1.5 were associated with long-term
prognoses. These indicators may be potential predictors
for estimating the prognosis of patients with AMI. The
practical advantage of these findings is that these simple
echocardiographic parameters can be easily obtained with-
out the use of complex analysis methods.
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