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Multilayer (epi-, mid- and endocardium) left ventricular (LV) global longitudinal strain
(GLS) reflects the extent of myocardial damage after ST-segment myocardial infarction
(STEMI). However, the prognostic implications of multilayer LV GLS remain unclear.
We studied the association between multilayer LV GLS and prognosis in patients with
mildly reduced or preserved LV ejection fraction (EF) after STEMI. Patients with first
STEMI and LVEF>45% were evaluated retrospectively. Baseline multilayer (endocar-
dial, mid-myocardial and epicardial) LV GLS were measured on 2-dimensional speckle
tracking echocardiography. Patients were followed up for of all-cause mortality. A total of
569 patients (77% male, 60 § 11 years) were included. After a median follow-up of 117
(interquartile range 106-132) months, 95 (17%) patients died. We observed no differences
in baseline LVEF and peak troponin levels between survivors and non-survivors. How-
ever, non-survivors showed more impaired GLS at all layers (epicardium: -11.9 § 2.8%
vs. -13.4 § 2.8%; mid-myocardium: -14.2 § 3.2% vs. -15.6 § 3.2%; endocardium: -16.5 §
3.7% vs. -17.7 § 3.6%, p <0.05, for all). On multivariable analysis, increasing age (hazard
ratio 1.095; p<0.001) and impaired LV GLS of the epicardial layer (hazard ratio 1.085;
p = 0.047) were independently associated with higher risk of all-cause mortality. In addi-
tion, LV GLS at the epicardium had incremental prognostic value for all-cause mortality
(x2 = 114, p = 0.044). In conclusion, in contemporary STEMI patients with mildly reduced
or preserved LVEF, ageing and reduced LV GLS of the epicardium (reflecting transmural
scar formation) were independently associated with all-cause mortality after adjusting for
clinical and echocardiographic variables. © 2021 The Authors. Published by Elsevier
Inc. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/) (Am J Cardiol 2021;152:11−18)
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Non-invasive evaluation of left ventricular (LV) systolic
function by two-dimensional (2D) echocardiography
remains one of the most important measures in clinical car-
diology.1 Although LV systolic function is conventionally
measured by means of the LV ejection fraction (EF), it has
become evident that this parameter is subject to a number
of limitations.2 In addition, LVEF can be normal in the
presence of impaired LV systolic function, since it does not
reflect intrinsic myocardial deformation.3 LV global longi-
tudinal strain (GLS) measured by speckle tracking echocar-
diography can overcome these limitations and has shown to
be an important prognostic parameter in the risk stratifica-
tion of patients after acute myocardial infarction.4 Further-
more, speckle tracking echocardiography allows for
comprehensive automated layer-specific analysis (endocar-
dium, mid-myocardial, epicardium; respectively) of the LV
myocardial wall. Especially in ischemic heart disease,
layer-specific analysis is of interest since the myocardial
damage after acute myocardial infarction may not be trans-
mural and the influence on global LV systolic function and
prognosis may vary.5 Layer-specific analysis of LV GLS
has shown to accurately discriminate between transmural
and non-transmural myocardial infarction and has also been
associated with outcome.6,7 Moreover, all-cause mortality
is increased when LVEF<40%, however the prognostic
value of low-normal range LVEF remains questionable.8

Therefore, the aim of this study was to evaluate the prog-
nostic value of multilayer LV GLS in a homogenous patient
population with ST-segment elevation myocardial infarc-
tion (STEMI) and mildly reduced LVEF (40-49%) or pre-
served LVEF (≥50%).
Methods

Patients admitted with acute STEMI at the Leiden Uni-
versity Medical Center (The Netherlands) and treated with
primary percutaneous coronary intervention were evaluated
retrospectively. All patients were treated systematically
according to an institutional guideline-based framework
(MISSION!).9 Patients with incomplete follow-up data,
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Figure 1. Flowchart of study population. LV = left ventricular; STEMI = ST elevation myocardial infarction.
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2D-echocardiographic data not suitable for speckle tracking
analysis and known LVEF <45% prior to the index STEMI
were excluded from this analysis (Figure 1). Demographic
and clinical data were recorded at index admission. For ret-
rospective analysis of clinically acquired data, the Institu-
tional Review Board waived the need of patient written
informed consent.

Clinical data were collected in the Cardiology Depart-
ment Information System (EPD-Vision; Leiden University
Medical Center, Leiden, The Netherlands). From the inva-
sive coronary angiography performed upon admission, the
culprit lesion was identified and the final Thrombolysis In
Myocardial Infarction flow after primary percutaneous cor-
onary intervention was evaluated and registered. Multi-ves-
sel disease was defined as the presence of more than one
vessel with luminal narrowing ≥70%. Cardiovascular medi-
cations at hospital discharge were recorded and optimized
at the discretion of the treating physician.

Within 24-48 hours of admission, 2D-transthoracic
echocardiography was performed in patients at rest in the
left lateral decubitus position using commercially available
ultrasound systems (Vivid 7 and E9; General Electric
Vingmed, Horten, Norway). Data acquisition was per-
formed with 3.5-MHz or M5S transducers. Standard M-
mode, 2D, color, pulsed and continuous wave Doppler
images were acquired and stored digitally for offline analy-
sis (EchoPac BT13; GE Medical Systems, Horten, Nor-
way). LVEF was calculated according current
recommendations.10 The wall motion score index was
defined as the total sum of the segmental scores divided by
the number of segments scored.10 LV mass was calculated
according the Devereux formula, and indexed for body sur-
face area.10 Valvular function was assessed with 2D, color,
pulsed and continuous wave Doppler echocardiography.11

Finally, LV diastolic function was assessed with transmitral
flow pulsed-wave recordings and the peak early (E) and late
(A) diastolic velocities as well as the E-wave deceleration
time were measured. The measurement of e�was performed
with tissue Doppler imaging at the septal and lateral mitral
annulus in the apical 4-chamber view.12

2D-speckle tracking echocardiography was applied to
perform a layer-specific analysis (endocardial, mid-myocar-
dial and epicardial) of GLS from the apical 2- and 4-cham-
ber views, as well as the long-axis view of the left
ventricle.13 The software allows for analysis of the global
LV longitudinal strain of the 3 different layers: endomyo-
cardial, mid-myocardial and epicardial. As described previ-
ously, layer-specific GLS values were obtained as the
average of longitudinal strain of 17 LV segments at each
individual layer.14 This analysis was performed off line
from clinically stored data. Intra- and inter-observer repro-
ducibility for multi-layer GLS measurements has been pre-
viously reported with intraclass correlation coefficients of
0.816 (95% confidence interval; 0.487 to 0.930) and a inter-
class correlation coefficients of 0.772 (95% confidence
interval; 0.437 to 0.909), respectively.14

Survival data were complete for all study subjects and
collected from the departmental cardiology information
system, which is linked with the municipal civil registries
and contains mortality data up to date. Patients were fol-
lowed for the occurrence of all-cause mortality which is
defined as cardiac and non-cardiac mortality.

All statistical analyses were performed with the Soft-
ware Package for Social Sciences for Windows v23.0
(IBM, Armonk, New York). Categorical data are presented
as frequencies and percentages. Continuous data are pre-
sented as mean § standard deviation or median and inter-
quartile range, as appropriate. To compare categorical data
between groups, x2-tests were performed. Continuous data
were compared using the unpaired Student t-test or Mann-
Whitney U test, as appropriate. Furthermore, Kaplan-Meier
analysis was performed for survival rates. The study

www.ajconline.org


Coronary Artery Disease/Prognostic Value of Multilayer Left Ventricular Global Longitudinal Strain in Patients 13
population was divided into two groups according to the
median of each individual layer. Survival rates were com-
pared with log-rank tests. The association of clinical and
echocardiographic variables with all-cause mortality were
tested using the Cox proportional hazards analysis. The haz-
ard ratio (HR) and 95% confidence interval (CI) were calcu-
lated. Statistically significant predictors in univariable Cox
regression analysis (p <0.05) were included in multivari-
able models. To avoid multicollinearity, a correlation coef-
ficient of >0.7 was set. Finally, to evaluate the incremental
value of layer-specific LV GLS over clinical and conven-
tional echocardiographic parameters, layer-specific LV
GLS was introduced to a baseline Cox regression model in
a stepwise manner. Global x2 values were calculated for all
individual models. A 2-tailed p-value <0.05 was considered
statistically significant.
Results

A total of 569 patients (mean age 60 § 11 years,
77% male) were included and divided according to sur-
vival status at follow-up (Table 1). After a median fol-
low up of 117 (IQR 106-132) months, 95 patients (17%)
died. When comparing survivors versus non-survivors,
patients who died were significantly older, and more
Table 1

Baseline characteristics for study population

Variable Total population(n

Age (years) 60 § 11

Body mass index (kg/m2) 26 § 3.8

Male gender 437 (77%)

QRS duration, ms 90 (85-100)

Systolic blood pressure (mmHg) 137 § 24

Diastolic blood pressure (mmHg) 81 § 15

Heart rate discharge, bpm 69 § 14

Hypertension 179 (32%)

Hypercholesterolemia 110 (19%)

Family history of coronary artery disease 249 (44%)

Diabetes mellitus 48 (8%)

Current smoker 281 (50%)

Peak creatine phosphokinase (U/L) 1266 (622-241

Peak cardiac troponin T (mg/L) 3.2 (1.4-6.4)

eGFR (ml/min/1.73m2) 96 § 31

Killip class ≥2 19 (3%)

Culprit vessel left anterior descending coronary artery 353 (62%)

TIMI flow ≥2 562 (99%)

Multi-vessel disease 241 (42%)

Medications at discharge

Aspirin 547 (96%)

Thienopyridines 564 (99%)

Angiotensin converting enzyme inhibitors/

Angiotensin receptor blockers

550 (97%)

b-blockers 537 (94%)

Statins 561 (99%)

Data are presented as mean § standard deviation, number (percentage) or as m

filtration rate estimated with the Cockcroft-Gault formula; TIMI = thrombolysis i

≥140/90 mmHg or previous pharmacological treatment. Hypercholesterolemia w

ment. Diabetes mellitus was defined as fasting blood glucose ≥7.0 mmol/L, 2-h o

cal treatment. p-values are presented for the comparisons between different group
frequently male (, had a higher body mass index and
higher heart rates at discharge. There were no differen-
ces in frequency of cardiovascular risk factors, infarct
size based on peak troponin and peak creatine kinase
levels. However, non-survivors showed worse renal
function and more often presented with multi-vessel dis-
ease and Killip class ≥2. There were no differences in
medication use between survivors and non-survivors.

Echocardiographic characteristics for the overall study
population, survivors and non-survivors are reported in
Table 2. The median LVEF was 57% (IQR 47-57) and the
mean wall motion score index was 1.4 § 0.3. Mean LV
GLS was -15.1 § 3.2% whereas the mean values for LV
GLS at epi-, mid- and endocardium were -13.2 § 2.9%,
-15.2 § 3.2% and -17.5 § 3.6%, respectively. We observed
no difference in baseline LVEF and wall motion score
index between survivors and non-survivors. Non-survivors
showed significantly smaller LV volumes and more
advanced diastolic dysfunction when compared to survivors
(Table 2).

The mean LV GLS was more preserved in survivors
when compared to non-survivors. In addition, layer-specific
LV GLS analysis showed more preserved values for survi-
vors when compared to non-survivors at the endocardium,
mid-myocardium and the epicardium.
Survivor

= 569) Yes(n = 474) No(n = 95) p-value

58 § 10 70 § 11 <0.001
26 § 3.7 26 § 4.0 0.037

372 (79%) 65 (68%) 0.045

90 (86-100) 92 (80-96) 0.262

136 § 23 140 § 28 0.163

82 § 15 80 § 15 0.257

68 § 12 71 § 14 0.014

144 (30%) 35 (37%) 0.227

96 (20%) 14 (15%) 0.255

214 (45%) 35 (37%) 0.142

37 (8%) 11 (12%) 0.227

242 (51%) 39 (41%) 0.091

8) 1285 (646-2481) 1312 (608-2194) 0.520

3.2 (1.4-6.3) 3.5 (1.6-7.2) 0.278

99 § 30 81 § 29 <0.001
9 (2%) 10 (11%) <0.001

293 (62%) 60 (63%) 0.908

469 (99%) 93 (98%) 0.264

191 (41%) 50 (53%) 0.030

460 (97%) 87 (92%) 0.096

471 (99%) 93 (98%) 1.000

461 (97%) 89 (94%) 0.287

450 (95%) 87 (92%) 0.437

472 (100%) 93 (98%) 0.514

edian (25th-75th percentile). bpm = beats per minute; (e)GFR = glomerular

n myocardial infarction. Hypertension was defined as office blood pressure

as defined as total cholesterol 190 mg/dl or previous pharmacological treat-

ral glucose tolerance test glucose ≥11.1 mmol/L or previous pharmacologi-

s.



Table 2

Baseline echocardiographic findings for study population

Survivor

Variable Total population(n = 569) Yes(n = 474) No(n = 95) p-value

Body surface area, m2 2.0 § 0.2 2.0 § 0.2 1.9 § 0.2 <0.001
Left ventricular mass, indexed (g/m2) 107 § 28 107 § 28 109 § 28 0.534

Left ventricular end-diastolic volume (ml) 98 (77-121) 100 (79-121) 89 (69-112) 0.002

Left ventricular end-systolic volume (ml) 47 (37-57) 48 (37-57) 42 (33-54) 0.033

Left ventricular ejection fraction (%) 52 (47-57) 52 (48-57) 51 (47-56) 0.257

Left ventricular end-diastolic diameter (mm) 47 § 6 47 § 5 46 § 6 0.120

Left ventricular end-systolic diameter (mm) 31 § 6 31 § 6 30 § 7 0.458

Wall motion score index 1.4 § 0.3 1.4 § 0.3 1.6 § 0.3 0.697

Mitral regurgitation ≥2 31 (6%) 22 (5%) 9 (10%) 0.077

E-prime (cm/s) 5.8 (4.7-6.9) 5.9 (4.7-7.1) 5.2 (4.3-6.4) 0.002

E/e’ ratio 12 (9-14) 12 (9-14) 13 (10-17) 0.012

E/A ratio 0.9 (0.8-1.1) 0.9 (0.8-1.1) 0.9 (0.7-1.0) 0.002

Deceleration time (ms) 218 (171-271) 208 (170-271) 211 (179-264) 0.165

Left ventricular global longitudinal strain (%) -15.1 § 3.2 -15.3 § 3.2 -13.9 § 3.2 <0.001
Left ventricular global longitudinal strain at endocardium (%) -17.5 § 3.6 -17.7 § 3.6 -16.5 § 3.7 0.005

Left ventricular global longitudinal strain at mid-myocardium (%) -15.3 § 3.2 -15.6 § 3.2 -14.2 § 3.2 <0.001
Left ventricular global longitudinal strain at epicardium (%) -13.2 § 2.9 -13.4 § 2.8 -11.9 § 2.8 <0.001

Data are presented as mean § standard deviation, number (percentage) or as median (25th-75th percentile). p-values are presented for the comparisons

between different groups.
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A total of 95 patients (17%) died during a median fol-
low-up of 117 (IQR 106-132) months. The Kaplan-Meier
curves for all-cause mortality according to each layer-spe-
cific LV GLS are shown in Figure 2. The population was
divided into two groups according the median LV GLS of
each individual layer. The cumulative survival rates were
significantly higher for patients with preserved LV GLS
(more negative) at the mid-myocardium (≤-15.3%;
x2 = 4.2, log-rank p = 0.041) and the epicardium (≤-13.0%;
x2= 8.8, log-rank p = 0.003). On univariable Cox regression
analysis, associates of all-cause mortality were age, male
sex, body mass index, heart rate at discharge, eGFR, Killip
class ≥2, multi-vessel disease, end-diastolic volume and
end-systolic volume. Subsequently, on multivariable analy-
sis only age remained independently associated with all-
cause mortality (Table 3). To investigate the independent
association of multi-layer global longitudinal strain, 3 dif-
ferent models were developed, each of them including one
of the LV layers. The correlation coefficient between each
LV layer-specific GLS was >0.7 (endocardial vs. mid-myo-
cardium; r = 0.991, p<0.001), (endocardial vs. epicardium;
r = 0.954, p <0.001) and (mid-myocardium vs. epicardium;
r = 0.985, p <0.001). Therefore, to avoid multicollinearity
Figure 2. Kaplan-Meier curves for all-cause mortality according multilayer left v

patients according to median left ventricular GLS at the endocardium. Panel B:

GLS at the mid-myocardium. Panel C: demonstrates the survival for pa

Endo = endocardium; Epi = epicardium; GLS = global longitudinal strain; LV = le
these variables were not forced into the same multivariate
model and were introduced in 3 separate multivariate mod-
els with similar baseline variables. On multivariable analy-
sis, increasing age and epicardial LV GLS (HR = 1.085;
[95%CI; 1.001 to 1.175], p = 0.047) were independently
associated with all-cause mortality (Table 4). To determine
the incremental value of layer-specific LV GLS over clini-
cal and conventional echocardiographic parameters, global
x2 values were calculated using cox regression models
(Table 4). The addition of layer-specific LV GLS to the
baseline model resulted in a significant increase in x2 val-
ues only for LV GLS measured at the epicardium (Figure 3).
Discussion

The main findings of the present study can be summa-
rized as follows: in a homogenous contemporary STEMI
population with mildly reduced or preserved LVEF,
patients who died during follow-up had more impaired LV
GLS at all layers (endomyocardial, mid-myocardial and
epicardial, reflecting more extensive scar tissue) at baseline
echocardiography when compared to their counterparts. In
entricular global longitudinal strain. Panel A: demonstrates the survival for

demonstrates the survival for patients according to median left ventricular

tients according to median left ventricular GLS at the epicardium.

ft ventricular; mid = mid-myocardium.
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Table 3

Univariable and multivariable Cox proportional hazard models for all-cause mortality

Variable Univariable analysis Model 1 (baseline model)

HR 95% CI p value HR 95% CI p value

Age (years) 1.106 1.083-1.129 <0.001 1.098 1.071-1.125 <0.001
Gender (male) 1.550 1.006-2.390 0.047 0.723 0.428-1.222 0.226

Body mass, indexed (kg/m2) 0.933 0.878-0.991 0.024 0.961 0.898-1.028 0.247

Heart rate, at discharge 1.019 1.003-1.036 0.017 1.010 0.992-1.028 0.290

iabetes mellitus 1.548 0.852-3.902 0.174 — — —
Angiotensin converting enzyme inhibitors/

Angiotensin receptor blockers, at discharge

0.659 0.241-1.797 0.415 — —- —

b-blockers, at discharge 0.775 0.339-1.773 0.546 — — —
Peak cardiac troponin T (mg/L), at baseline 1.006 0.967-1.045 0.778 — — —
eGFR (ml/min/1.73m2), at baseline 0.981 0.973-0.988 <0.001 0.994 0.987-1.002 0.126

Left anterior descending coronary artery as culprit vessel 1.137 0.748-1.728 0.548 — — —
Killip class ≥2, at baseline 3.696 1.915-7.134 <0.001 1.569 0.722-3.408 0.255

Multi-vessel disease, at baseline 1.590 1.060-2.385 0.025 1.017 0.657-1.575 0.940

Left ventricular ejection fraction (%), at baseline 0.992 0.959-1.027 0.666 — — —
Left ventricular end-diastolic diameter (mm), at baseline 0.989 0.982-0.996 0.001 0.995 0.983-1.008 0.462

Left ventricular end-systolic diameter (mm), at baseline 0.985 0.972-0.997 0.019 1.009 0.986-1.033 0.447

Wall motion score index, at baseline 1.041 0.472-2.296 0.921 — — —
Mitral regurgitation ≥2, at baseline 1.154 0.827-1.611 0.398 — — —
Left ventricular mass (indexed), at baseline 1.003 0.996-1.010 0.443 — — —

CI = confidence interval; HR = hazard ratio

Table 4

Multivariable analysis to investigate the incremental value of layer-specific LV GLS for all-cause mortality

Baseline values Model 2(Model 1 + LV GLS

endocardium)

Model 3(Model 1 + LV GLS

mid-myocardium)

Model 4(Model 1 + LV

GLS epicardium)

HR 95% CI p value HR 95% CI p value HR 95% CI p value

Age (years) 1.097 1.070-1.125 <0.001 1.098 1.070-1.126 <0.001 1.095 1.068-1.123 <0.001
Man 0.711 0.420-1.204 0.204 0.713 0.420-1.209 0.209 0.723 0.427-1.224 0.227

Body mass, indexed (kg/m2) 0.963 0.900-1.031 0.278 0.969 0.906-1.038 0.371 0.966 0.902-1.035 0.325

Heart rate, at discharge (bpm) 1.008 0.990-1.026 0.399 1.007 0.989-1.025 0.466 1.005 0.987-1.024 0.561

eGFR (ml/min/1.73m2) 0.994 0.987-1.002 0.123 0.994 0.987-1.002 0.146 0.994 0.987-1.002 0.142

Killip class ≥2 1.585 0.728-3.450 0.246 1.578 0.725-3.435 0.250 1.553 0.714-3.382 0.267

Multi-vessel coronary disease 1.008 0.650-1.563 0.972 0.969 0.622-1.508 0.888 1.000 0.644-1.553 1.000

Left ventricular end-diastolic diameter (mm) 0.996 0.982-1.009 0.509 0.995 0.982-1.008 0.419 0.997 0.983-1.010 0.619

Left ventricular end-systolic diameter (mm) 1.007 0.983-1.032 0.549 1.009 0.985-1.033 0.480 1.005 0.981-1.030 0.676

Left ventricular global longitudinal strain at

endocardium (%)

1.030 0.969-1.095 0.345 — — — — — —

Left ventricular global longitudinal strain at

mid-myocardium (%)

— — — 1.057 0.985-1.134 0.126 — — —

Left ventricular global longitudinal strain

at epicardium (%)

— — — — — — 1.085 1.001-1.175 0.047

CI= confidence interval; HR= hazard ratio
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contrast, we observed no differences in enzymatic infarct
size nor LVEF between survivors and non-survivors. Fur-
thermore, multivariable analysis demonstrated that aging
and reduced LV GLS of the epicardial layer (reflecting
transmural infarction) were independently associated with
higher risk of all-cause mortality. Finally, reduced LV GLS
at the epicardium shows significant incremental value for
prediction of all-cause mortality after adjusting for clinical,
biological and echocardiographic variables.

In current clinical practise, echocardiography plays a
central role in the evaluation of regional and global LV
systolic function after acute myocardial infarction.1 LV
systolic function (before hospital discharge) remains an
important predictor of survival in patients after acute
myocardial infarction.1 Currently, contemporary guide-
lines recommend LVEF assessment, and not LV GLS, as
the main measurement of LV systolic function in patients
after acute myocardial infarction.10 However, LV GLS
has been shown to be superior over LVEF in terms of
reproducibility and prediction of hard events such as all-
cause and cardiovascular mortality.4 In addition, LV
GLS is a more sensitive measure of LV systolic dysfunc-
tion and may be impaired while LVEF is still within the
normal range.15,16 It has been hypothesized that an
increase in radial and circumferential strain may compen-
sate for reduced longitudinal strain (as longitudinal strain



Figure 3. The incremental value of multilayer left ventricular global longitudinal strain over baseline clinical and echocardiographic variables associated

with all-cause mortality.
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is more prone to myocardial injury) and therefore LVEF
remains preserved.17,18 Therefore, LV GLS is considered
a more sensitive marker of LV systolic dysfunction when
compared to traditional echocardiographic parameters
such as LVEF.

Layer-specific LV GLS allows for a more comprehen-
sive understanding of LV systolic function.19-21 Several
studies have shown the clinical value of layer-specific LV
GLS in patients with coronary artery disease.22-24 Similar,
conflicting results are reported on which layer yields the
best prognostic value. Hamada et al25 showed in a study
including 390 patients with chronic ischemic cardiomyopa-
thy that LV GLS and particularly global circumferential
strain at the endocardium was associated with adverse car-
diac events (readmission, worsening of heart failure, ven-
tricular arrhythmias or all-cause mortality) independent of
LVEF and transmural scar assessed on cardiac magnetic
resonance. However a recent study by Skaarup et al,7

including 465 patients after acute coronary syndrome
(STEMI, non-STEMI and unstable angina) demonstrated
that LV GLS measured at all layers was associated with
adverse events (heart failure and cardiovascular death). In
addition, only LV GLS and LV GLS at the epicardium dis-
played stronger prognostic power for adverse events after
adjusting for clinical and echocardiographic parameters.
Furthermore, only LV GLS at the epicardium remained
independently associated with cardiac death.
Similar to our study, both Hamada et al25 and Skaarup
et al7 report a gradient over the LV myocardial wall with a
decrease from the endocardium to the epicardium. How-
ever, our study provides additional evidence in a relatively
large homogenous STEMI population treated according
current guidelines.26,27 Similar to the study by Skaarup
et al,7 we report that both LV GLS measured at midmyocar-
dium and at the epicardium are associated with mortality.
However, on multivariable analysis, only LV GLS at the
epicardium remained associated with all-cause mortality
(suggestion more transmural scar formation). Interestingly,
it has been suggested that a layer-specific analysis may aid
to discriminate between transmural vs subendocardial
infarction. As the endocardium plays an important role in
discriminating non-infarcted areas from non-transmural
areas, the epicardium discriminates better between the non-
transmural areas and transmural areas.28 Whereas the LV
endocardial orientated fibers are primarily affected in ische-
mic heart disease and largely responsible for the longitudi-
nal function,5 the mid-myocardium and the epicardial layer
mostly contribute to thickening and to radial and circumfer-
ential LV systolic function. Therefore, more preserved mid-
myocardium and epicardial layers appear to prevent further
LV deterioration, as they reflect the extent of affected LV
myocardial tissue.29,30

Several limitations should be acknowledged. The current
study was retrospective in nature and all data were
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generated from a single centre. Furthermore, we have not
examined any alteration in medical management during fol-
low up. Finally, the measurements of layer-specific LV
GLS may not be generalizable for all vendors and the cut-
off value of layer-specific LV GLS provided in this study
may not be applicable in other study populations.
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