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Abstract

Aims Left ventricular ejection fraction (LVEF) ≤ 40% is a well-established risk factor for mortality after acute coronary
syndromes (ACS). However, the long-term prognostic impact of mildly reduced ejection fraction (EF) (LVEF 41–49%) after
ACS remains less clear.
Methods and results This was a retrospective study enrolling patients admitted with ACS included in a single-centre
databank. LVEF was assessed by echocardiography during index hospitalization. Patients were divided in the following catego-
ries according to LVEF: normal (LVEF ≥ 50%), mildly reduced (LVEF 41–49%), and reduced (LVEF ≤ 40%). The endpoint of in-
terest was all-cause death after hospital discharge. A multivariable Cox model was used to adjust for confounders. A total
of 3200 patients were included (1952 with normal EF, 375 with mildly reduced EF, and 873 with reduced EF). The estimated
cumulative incidence rates of mortality at 10 years for patients with normal, mildly reduced, and reduced EF were 24.8%,
33.5%, and 41.3%, respectively. After adjustments, the presence of reduced EF was associated with higher mortality compared
with normal EF [adjusted hazard ratio (HR) 1.64; 95% confidence interval (CI) 1.36–1.96; P < 0.001], as was mildly reduced EF
compared with normal EF (adjusted HR 1.33; 95% CI 1.05–1.68; P = 0.019). The presence of reduced EF was not associated
with a statistically significantly higher mortality compared with mildly reduced EF (adjusted HR 1.23; 95% CI 0.96–1.57;
P = 0.095).
Conclusions In patients with ACS, mildly reduced EF measured in the acute phase was associated with higher long-term
mortality compared with patients with normal EF. These data emphasize the importance of anti-remodelling therapies for
ACS patients who have LVEF in the mildly reduced range.
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Introduction

Among patients admitted with acute coronary syndromes
(ACS), left ventricular ejection fraction (LVEF) remains a
strong predictor of survival after discharge from the
hospital. Pivotal studies have suggested a steep increase in
mortality when LVEF reaches values equal to or below

40%, with death rates as high as 15% at 6 months in this
population.1–3 Therefore, this LVEF cut-off was used to
select patients for some pivotal randomized clinical trials
testing anti-remodelling therapies after myocardial infarc-
tion (MI), such as renin-angiotensin system (RAS) inhibitors,
mineralocorticoid receptor antagonists (MRAs), and beta-
blockers.4–6
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Recently, patients with LVEF below the normal range, but
above 40%, have emerged as a group of interest in heart fail-
ure (HF) and may also be after acute MI. These patients have
been variously described as having ‘mid-range’, ‘mildly re-
duced’, or ‘borderline’ ejection fraction (EF) in current
guidelines,7,8 and recent data suggest that prognosis in this
subgroup is worse than among patients who present with a
normal LVEF, that is, ≥55%, after an acute MI.9,10 Moreover,
therapies tested in patients with HF and ‘preserved’ EF
(HFpEF), defined as LVEF > 40%, appeared to be more effec-
tive in the mildly reduced subgroup than in patients with a
higher LVEF, thus fostering the debate about which is the op-
timum cut-off to identify patients with systolic dysfunction
who might benefit from neurohumoral blockade.11,12

Whereas some guidelines have defined mildly reduced EF as
LVEF between 40% and 50%,7,8 others have chosen different
thresholds.13,14 These cut-offs are often arbitrary,15 and few
reports in the literature have analysed which is the ideal
cut-off that best discriminates survivors from non-survivors
after MI. Additionally, the long-term prognosis of patients
discharged alive after ACS according to EF is poorly under-
stood, because most of the reports in the literature have
comprised shorter than 5 years of follow-up.1–3,10

Therefore, we performed a study analysing the long-term
survival of patients presenting with low, mildly reduced, or
normal EF after ACS. We hypothesized that mildly reduced
EF would be associated with higher mortality compared with
EF in the normal range in patients with ACS. Furthermore, we
aimed to validate the optimum LVEF threshold for risk
stratification.

Methods

Study design and selection of patients

This was a retrospective, single-centre, cohort study enrolling
patients admitted to the Coronary Care Unit (CCU) from the
Heart Institute (InCor) of Sao Paulo University Medical
School. All patients with a definitive diagnosis of ACS were in-
cluded consecutively in a prospective dedicated databank.
This databank is intended mainly for administrative and qual-
ity of care assessment purposes. For the current study, we in-
cluded patients admitted from 1 February 1998 until 1 August
2016. Variables concerning ACS type, that is, ST-elevation
myocardial infarction (STEMI), non-ST-elevation myocardial
infarction (NSTEMI), or unstable angina (UA), as well as base-
line demographic characteristics, risk factors, past coronary
artery disease (CAD) history, or procedures and ongoing med-
ications at the time of admission and discharge were col-
lected. The variables from the databank were collected by
the attending physicians as a standard of care in the CCU.

We defined an ACS case as any patient presenting with
new-onset ischaemic symptoms at rest or worsening exer-
tional ischaemic symptoms requiring urgent hospital admis-
sion within the first 7 days of symptoms onset. MI was de-
fined according to the current ACS Guidelines or Universal
Definition of MI (from 2007 on) at the time of the data collec-
tion. STEMI was defined as persistent ST-elevation of at least
1 mm in two or more contiguous leads (except V2–V3, where
at least 1.5 mm was required in women and men older than
40 years and at least 2 mm in men younger than 40 years) or
new/presumably new left bundle branch block at admission
electrocardiogram (ECG). Cases not fulfilling criteria for MI
were classified as UA.

Left ventricular ejection fraction assessment

As part of standard of care, all patients had LVEF measured
during hospitalization and, whenever possible, within 48 h
from hospital admission. LVEF was measured by
two-dimensional transthoracic echocardiography, with the
Simpson method (preferred), or, if not feasible due to acous-
tic window issues, LVEF was visually estimated. Some pa-
tients also had LVEF assessed by left ventricular (LV) angio-
gram performed during invasive coronary angiography. If
more than one LVEF echocardiographic assessment has been
performed, the information from the first was collected in the
databank.

Outcomes ascertainment

The primary outcome of interest was all-cause mortality after
discharge. In-hospital death was not included in the present
analysis to avoid immortal time bias (because patients who
died within the first 48 h were less likely to have LVEF assess-
ment). After discharge, all patients, whether treated in our in-
stitution or not, were followed by yearly telephone contacts
performed by a team of medical students especially trained
and supervised by two authors (RHMF and JCN). Those
interviews had the purpose of determining the vital status
and ascertaining long-term adherence to outpatient visits.
No adjudication of cause of death was performed.

Statistical analysis

We classified the patients into three groups of interest ac-
cording to LVEF: normal EF (EF ≥ 50%), mildly reduced EF
(41–49%), or low EF (≤40%).7,8 As a sensitivity analysis, we
also classified patients according to other cut-offs, based on
the guidelines from the British Society of Echocardiography:
normal EF (≥55%), impaired EF (35–54%), or severely im-
paired EF (<35%).13 An additional sensitivity analysis was
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also performed using LVEF obtained by invasive left
ventriculography.

Categorical variables are described as counts and percent-
ages, and continuous variables as means and standard devi-
ations (SDs), if normally distributed, or median and inter-
quartile ranges (IQRs), if not normally distributed. Baseline
variables were compared among the three groups of interest
by the χ2 test or Fisher’s exact test, for categorical variables,
or by one-way ANOVA or the Kruskal–Wallis test, as appro-
priate, for continuous variables. For the comparison of
continuous variables between survivors and non-survivors
to hospital discharge, independent samples Student’s t-test
or Wilcoxon’s rank-sum tests were used, as appropriate.
The Shapiro–Wilk test was used to assess the normality of
distributions.

Mortality after discharge was analysed as a time-to-event
variable, with patients censored at the date of last available
contact. Cumulative incidence rates were estimated by the
Kaplan–Meier product-limit method, and corresponding
graphs were generated. Event curves were compared among
the groups of interest by the non-stratified log-rank test.

To adjust for potential confounders, multivariable Cox pro-
portional hazards models were fit with time to death as the
dependent variable and LVEF category (low, mildly reduced,
or normal) as the explanatory variable. Three different
models were implemented. In Model 1, the covariates used
in the adjustments were baseline variables with a P-
value < 0.10 different among groups by univariate analyses:
sex, ACS phenotype (STEMI vs. non-ST-elevation ACS), age,
history of diabetes mellitus, dyslipidaemia, prior HF, prior
MI, prior coronary artery bypass graft (CABG), prior stroke,
Killip class II or more (Killip class I: no clinical signs of HF; Killip
class II: basal crackles, an S3, and elevated jugular venous
pressure; Killip class III: acute pulmonary oedema; and Killip
class IV: cardiogenic shock),16 history of kidney disease, use
of angiotensin-converting enzyme inhibitors (ACEIs) or angio-
tensin receptor blockers (ARBs) at discharge, and use of
beta-blockers at discharge. A second model (Model 2) in-
cluded the same covariates from Model 1 plus the presence
of multivessel CAD and GRACE (Global Registry of Acute Cor-
onary Events) score.17 A third model (Model 3) included as
covariates all available baseline variables (including GRACE
score and history of multivessel CAD), and a stepwise selec-
tion procedure was performed. A P-value threshold < 0.05
was used to include and a threshold of 0.10 to exclude from
the model. A fourth model (Model 4) included same variables
from Model 1 but retained only variables that were
considered18 confounders as depicted in a directed acyclic
graph (DAG).17 Accordingly, the variables Killip class II or
more, use of ACEI or ARB, and use of beta-blockers were ex-
cluded from the model because they were mediators, and
history of kidney disease and prior stroke were excluded
because they were competing exposures rather than con-
founders (Supporting Information, Figure S1). Proportional

hazards assumption was checked in all models by the
Schoenfeld residuals.

As a sensitivity analysis, we investigated trends over time
analysing patients according to three periods of time span:
1998 to 2004, 2005 to 2010, and 2011 to 2016, corresponding
to tertiles of years of inclusion in the cohort. Moreover, in an-
other sensitivity analysis, patients with prior history of HF be-
fore index admission were excluded. Finally, a third sensitivity
analysis was done including levels of B-type natriuretic pep-
tide (BNP) obtained during index hospitalization as a
covariate.

The predictive ability of long-term mortality according to
different cut-offs for defining LV dysfunction was analysed
by receiver operating characteristic (ROC) curves. Logistic re-
gression models were fit with death during follow-up as the
dependent variable, and the presence of LV systolic dysfunc-
tion as the explanatory variables, adjusted for baseline covar-
iates as in Model 1 described above. Different cut-offs of
LVEF for defining LV dysfunction were applied: ≤35%, ≤40%,
≤45%, ≤50%, and ≤55%, and ROC curves generated for each
model, with each corresponding areas under the curve
(AUCs).

All analyses are two-tailed and a P-value < 0.05 was con-
sidered as statistically significant. Because the percentage of
missing data for all the baseline characteristics (except
GRACE score and multivessel CAD) were <5%, no imputation
for missing data was performed. Because this study is obser-
vational and exploratory by nature, there was no adjustment
for multiplicity. Statistical software used was Stata™ Version
13.1 (StataCorp, College Station, Texas).

Compliance with ethical standards

This study conformed to the International Council on Harmo-
nization norms on medical research in humans. The study
was approved by the ethics committee from clinics hospital.
Because the data are based on individual information ob-
tained for administrative purposes, informed consent was
waived, according to local regulations.

Results

Descriptive statistics

From a total of 6138 patients collected in our databank, 1625
did not have available LVEF measured within the first 48 h.
Additionally, 320 patients did not survive until hospital dis-
charge and 993 patients did not have complete information
regarding baseline variables, rendering 3200 patients eligible
for the present analyses. Out of those, 1952 (61.0%) had nor-
mal EF (LVEF ≥ 50%), 375 (11.7%) mildly reduced EF (LVEF
41–49%), and 873 (27.3%) low EF (LVEF ≤ 40%) (Figure 1).
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The baseline characteristics of patients who died before dis-
charge and those who survived are depicted in Supporting In-
formation, Table S1.

Patients with mildly reduced and reduced EF were more
likely to be male and have STEMI as the index ACS event,
prior MI, diabetes, prior HF, and kidney disease. There was
a graded increase in the proportion of patients with prior
MI, prior HF, and presenting with Killip class II or higher from
normal until mildly reduced and reduced EF groups, as well as
a graded increase in the GRACE risk score across these cate-
gories (Table 1).

Considering in-hospital medications within the first 24 h of
admission, the use of oral beta-blockers was more common
among patients with normal EF. Use of ACEIs or ARBs was
similar among the three groups. After discharge, patients
with low/mildly reduced EF were more frequently treated
with beta-blockers, ACEIs/ARBs, and MRAs (Table 2).

Long-term mortality after discharge by left
ventricular ejection fraction categories

After discharge, the median (IQR) follow-up time was 4.3
(2.3–8.6) years, and the maximum follow-up time was
17.6 years. Overall, 705 (22.0%) patients died during the fol-
low-up. The estimated cumulative incidence rates of mortal-
ity at 10 years for patients with normal, mildly reduced, and
reduced EF were 24.8%, 33.5%, and 41.3%, respectively
(P < 0.001 by log-rank test). The unadjusted hazard ratios
(HRs) for death comparing reduced EF and mildly reduced

EF with normal EF were, respectively, 1.93 [95% confidence
interval (CI) 1.64–2.27; P < 0.001] and 1.51 (95% CI 1.20–
1.90; P < 0.001), whereas HR for reduced EF vs. mildly re-
duced EF was 1.28 (95% CI 1.01–1.62; P = 0.043).

After adjustments for baseline characteristics, the pres-
ence of reduced EF was associated with higher mortality
compared with normal EF (adjusted HR 1.64; 95% CI 1.36–
1.96; P < 0.001), as was mildly reduced EF compared with
normal EF (adjusted HR 1.33; 95% CI 1.05–1.68; P = 0.019).
Conversely, there was no statistically significant difference
in mortality comparing reduced to mildly reduced EF
categories (adjusted HR 1.23; 95% CI 0.96–1.58; P = 0.095;
Figure 2).

From the overall population, 2725 (85.2%) patients had
available GRACE score, and 2475 (77.3%) patients had infor-
mation about the presence of multivessel CAD collected in
the databank. The association between mildly reduced EF
(vs. normal EF) and a higher risk of death remained when
other different models were considered, including Model 2,
which included presence of multivessel disease and GRACE
score (adjusted HR 1.47; 95% CI 1.08–1.99; P = 0.014); Model
3, which included all available covariates with a stepwise se-
lection procedure (adjusted HR 1.43; 95% CI 1.06–1.95;
P = 0.021); and Model 4, where covariates were selected
from the DAG (adjusted HR 1.32; 95% CI 1.05–1.67;
P = 0.019). Of note, when multivessel CAD and the GRACE
score were included as covariates (Model 2), there was no
difference in mortality between patients with reduced vs.
mildly reduced EF (adjusted HR 1.02; 95% CI 0.75–1.41;
P = 0.86; Table 3).

Figure 1 Study flow chart. EF, ejection fraction; LVEF, left ventricular ejection fraction.
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Table 1 Baseline characteristics according to left ventricular ejection fraction categories

Characteristics
Normal EF (LVEF ≥ 50%)

(N = 1952)
Mildly reduced EF (LVEF 41–49%)

(N = 375)
Reduced EF (LVEF ≤ 40%)

(N = 873) P-value

Age in years, median (IQR) 63.0 (55–72) 63.0 (55–73) 65.0 (56–73) 0.057
Female sex (%) 668 (34.2%) 94 (25.1%) 222 (25.4%) <0.001
LVEF in %, median (IQR) 60.0 (55–66) 45.0 (45–45) 35.0 (30–40) <0.001
ACS phenotype <0.001

STEMI (%) 648 (33.2%) 188 (50.1%) 421 (48.2%)
NSTEMI (%) 552 (28.3%) 90 (24.0%) 252 (28.9%)
Unstable angina (%) 752 (38.5%) 97 (25.9%) 200 (22.9%)

White race (%) 1653 (84.7%) 317 (84.5%) 739 (84.8%) 0.99
History of hypertension (%) 1457 (74.6%) 275 (73.3%) 652 (74.7%) 0.86
History of diabetes (%) 588 (30.1%) 131 (34.9%) 310 (35.5%) 0.009
History of dyslipidaemia (%) 1151 (59.0%) 220 (58.7%) 472 (54.1%) 0.047
Current smoking (%) 477 (24.4%) 80 (21.3%) 214 (24.5%) 0.41
Kidney failure at admissiona

(%)
532 (28.6%) 120 (32.9%) 328 (39.1%) <0.001

Killip class II or higherb (%) 167 (8.9%) 56 (15.2%) 248 (28.9%) <0.001
Prior MI (%) 549 (28.1%) 137 (36.5%) 359 (41.1%) <0.001
Prior stroke (%) 78 (4.0%) 17 (4.5%) 61 (7.0%) 0.003
Prior HF (%) 72 (3.7%) 43 (11.5%) 194 (22.2%) <0.001
Prior PCI (%) 413 (21.2%) 84 (22.4%) 177 (20.3%) 0.70
Prior CABG (%) 326 (16.7%) 85 (22.7%) 168 (19.3%) 0.013
Multivessel CAD (%)c 1096 (71.3%) 228 (77.8%) 480 (74.2%) 0.048
GRACE score, median (IQR)d 114 (95–135) 123 (102–146) 135 (111–162) <0.001
BNP in pg/mL, median
(IQR)e

121 (56–256) 202 (97–449) 579 (234–1002) <0.001

ACS, acute coronary syndrome; BNP, B-type natriuretic peptide; CABG, coronary artery bypass graft; CAD, coronary artery disease; EF, ejec-
tion fraction; GRACE, Global Registry of Acute Coronary Events; HF, heart failure; IQR, interquartile range; LVEF, left ventricular ejection
fraction; MI, myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction; PCI, percutaneous coronary intervention; STEMI,
ST-elevation myocardial infarction.
aThis variable was not available for 71 patients (56 patients with normal EF, 5 patients with mildly reduced EF, and 10 patients with re-
duced EF).

bThis variable was not available for 85 patients (64 patients with normal EF, 7 patients with mildly reduced EF, and 14 patients with re-
duced EF).

cThis variable was not available for 723 patients (415 patients with normal EF, 82 patients with mildly reduced EF, and 226 patients with
reduced EF).
dThis variable was not available for 475 patients (303 patients with normal EF, 58 patients with mildly reduced EF, and 114 patients with
reduced EF).

eThis variable was available only for 333 patients (193 patients with normal EF, 37 patients with mildly reduced EF, and 103 patients with
reduced EF).

Table 2 In-hospital therapies within the first 24 h according to left ventricular ejection fraction categories

Characteristics
Normal EF (LVEF ≥ 50%)

(N = 1952)
Mildly reduced EF (LVEF 41–49%)

(N = 375)
Low EF (LVEF ≤ 40%)

(N = 873) P-value

In-hospital therapies
Oral beta-blockera (%) 1364 (70.0%) 243 (65.0%) 563 (64.6%) 0.009
ACEI/ARBa (%) 1250 (64.1%) 240 (64.2%) 591 (67.9%) 0.14
Thrombolyticb (%) 203 (31.3%) 43 (22.9%) 113 (26.8%) 0.049
Primary PCIb (%) 252 (38.9%) 91 (48.4%) 192 (45.6%) 0.020
Non-primary PCI (%) 747 (38.3%) 134 (35.7%) 298 (34.2%) 0.102
CABG for index event

(%)
352 (18.0%) 55 (14.7%) 107 (12.3%) <0.001

Post-discharge therapies
Beta-blockersc (%) 1517 (77.9%) 306 (81.8%) 724 (83.3%) 0.002
ACEI/ARBc (%) 1380 (70.8%) 294 (78.6%) 701 (80.7%) <0.001
MRAd (%) 2 (1.37%) 11 (20.4%) 11 (30.6%) <0.001
Diureticsc (%) 321 (16.5%) 90 (20.1%) 362 (41.7%) <0.001

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft; EF, ejection frac-
tion; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; PCI, percutaneous coronary intervention.
aThis variable was not available for 5 patients (2 patients with normal EF, 1 patient with mildly reduced EF, and 2 patients with low EF).
bAmong patients with ST-elevation myocardial infarction.
cThis variable was not available for 9 patients (4 patients with normal EF, 1 patient with mildly reduced EF, and 4 patients with low EF).
dThis variable was available for only 236 patients (146 patients with normal EF, 54 patients with mildly reduced EF, and 36 patients with
low EF).
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Discriminatory performance of cut-offs of left
ventricular ejection fraction for long-term
mortality

In the logistic regression models, the presence of LV dysfunc-
tion remained associated with higher odds of long-term
death, for all cut-offs chosen, with adjusted odds ratios
(ORs) of 1.58 (95% CI 1.25–1.98; P < 0.001), 1.55 (95% CI
1.27–1.89; P < 0.001), 1.52 (95% CI 1.25–1.84; P < 0.001),
1.57 (95% CI 1.30–1.90; P < 0.001), and 1.34 (95% CI 1.10–
1.63; P < 0.001), respectively, for cut-offs of LVEF of 35%,
40%, 45%, 50%, and 55%. The AUCs for these models were,
respectively, 0.706 (95% CI 0.685–727), 0.707 (95% CI
0.685–0.728), 0.707 (95% CI 0.685–0.728), 0.708 (95% CI

0.686–0.729), and 0.704 (95% CI 0.682–0.725; P = 0.27 for
comparison among AUCs). These results are shown in
Figure 3.

Sensitivity analyses

The results were consistent when patients were categorized
as normal, impaired, and severely impaired EF, according to
the cutpoints of <35%, 35–49%, and >50% LVEF (Supporting
Information, Figure S2). From the overall population in our
study, 407 patients had LVEF also assessed by invasive LV an-
giogram during hospitalization and the results of analyses
using these measurements were also consistent with those

Figure 2 Cumulative incidence rates for mortality after discharge according to LVEF categories. CI, confidence interval; EF, ejection fraction; HR, hazard
ratio; LVEF, left ventricular ejection fraction. Model adjusted for sex, age, ST-elevation myocardial infarction, diabetes, dyslipidaemia, prior heart fail-
ure, prior myocardial infarction, prior coronary artery bypass graft, prior stroke, prior kidney disease, Killip class II or higher, use of beta-blocker at
discharge, and use of angiotensin-converting enzyme inhibitor/angiotensin receptor blocker at discharge.

Table 3 Adjusted Cox models for mortality after discharge according to LVEF categories (normal EF: LVEF ≥ 50%; mildly reduced EF: LVEF
41–49%; and low EF: LVEF ≤ 40%)

Low EF vs. normal EF Mildly reduced EF vs. normal EF Low EF vs. mildly reduced EF

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Unadjusted 1.93 (1.64–2.27) <0.001 1.51 (1.20–1.90) <0.001 1.28 (1.01–1.62) 0.043
Model 1 1.64 (1.36–1.96) <0.001 1.33 (1.05–1.68) 0.019 1.23 (0.96–1.57) 0.095
Model 2 1.51 (1.19–1.93) 0.001 1.47 (1.08–1.99) 0.014 1.03 (0.75–1.41) 0.86
Model 3 1.52 (1.20–1.93) 0.001 1.43 (1.06–1.95) 0.021 1.06 (0.77–1.46) 0.72
Model 4 1.70 (1.43–2.02) <0.001 1.32 (1.05–1.67) 0.019 1.29 (1.01–1.63) 0.040

CI, confidence interval; EF, ejection fraction; HR, hazard ratio; LVEF, left ventricular ejection fraction.
Model 1 was adjusted for sex, age, ST-elevation myocardial infarction (STEMI), diabetes, dyslipidaemia, prior heart failure (HF), prior myo-
cardial infarction (MI), prior coronary artery bypass graft (CABG), prior stroke, prior kidney disease, Killip class II or higher, use of
beta-blocker at discharge, and use of angiotensin-converting enzyme inhibitor/angiotensin receptor blocker (ACEI/ARB) at discharge;
Model 2 was adjusted for the same variables in Model 1 plus Global Registry of Acute Coronary Events (GRACE) score and presence of
multivessel coronary artery disease (CAD); Model 3 was adjusted for age, kidney disease, GRACE score, STEMI, use of ACEI/ARB at dis-
charge, hypertension, diabetes, multivessel CAD, oral beta-blockers in the first 24 h of hospitalization, prior stroke, prior HF, prior percu-
taneous coronary intervention, and prior CABG; and Model 4 was adjusted for covariates from the Model 1 that were considered
confounders by the directed acyclic graph: sex, age, STEMI, diabetes, dyslipidaemia, prior HF, prior MI, and prior CABG.
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observed with echocardiographic assessment (Supporting
Information, Figure S3). Supporting Information, Tables S2
and S3 show the baseline characteristics for each LVEF cate-
gory used in these alternative classifications.

Results remained similar regardless of the period of inclu-
sion in the cohort, as well as when patients with prior history
of HF before hospitalization were excluded (Supporting
Information, Figures S4 and S5). From the overall population,
333 (10.4%) patients had BNP measured at baseline. When
the models were adjusted for BNP as the only covariate, re-
sults remained consistent with the main findings (adjusted
HR 2.20; 95% CI 0.86–5.70 and adjusted HR 2.19; 95% CI
1.09–4.42, for mildly reduced vs. normal EF, and reduced EF
vs. normal EF, respectively).

Discussion

We analysed a retrospective cohort of 3200 after ACS enrolled
in an academic tertiary centre and followed up for more than
15 years. We made three important observations. First, pa-
tients with mildly reduced EF (i.e. LVEF 41–49%) experienced
higher long-termmortality when compared with patients with
normal EF. This association persisted despite comprehensive
adjustment for differences in baseline characteristics and
other prognostic variables. Second, although the long-term
survival of patients with mildly reduced EF was higher than
that of patients with reduced EF, the numerical difference in
mortality risk between the two groups appeared to be atten-
uated when adjusted models accounted for the GRACE score,
a well-established risk score for mortality after ACS,17 and ex-
tent of obstructive CAD. Third, the LVEF cut-off of <50% for
discriminating survivors from non-survivors in the long-term
after ACS appears to perform as good as the traditional one
of LVEF < 40%, according to the ROC curve analysis.

Previous studies have analysed the long-term prognosis of
patients after ACS according to baseline LVEF. In pivotal stud-
ies from the pre-fibrinolytic era, LVEF equal to or below 40%
was associated with mortality rates as high as 15% at
6 months, leading to this threshold being commonly used
to define LV systolic dysfunction after MI.1,19,20 In a second-
ary analysis of the GISSI-2 trial, among patients with STEMI
treated with lytics, investigators observed that the early and
late recovery LVEF < 40% was also associated with a worse
prognosis.3 Since then, new therapies aimed at improving
survival after MI with LV systolic dysfunction have enrolled
mainly patients with LVEF ≤ 40%.

Since 2013, guidelines for HF management have been up-
dated to define a new threshold of LVEF between 41% and
49%, now described as HF with mid-range EF or mildly re-
duced EF.7,8,15 This distinct category was justified based on
studies in chronic HF suggesting a worse prognosis in these
patients than in HF patients with an LVEF above 50%,

Figure 3 ROC curves for different LVEF cut-offs defining LV dysfunction
for estimating mortality at long term. CI, confidence interval; LV, left ven-
tricular; LVEF, left ventricular ejection fraction; ROC, receiver operating
characteristic. Models estimated by logistic regression adjusted for the
following covariates: sex, age, acute coronary syndrome phenotype, dia-
betes, dyslipidaemia, prior heart failure, prior myocardial infarction, prior
coronary artery bypass graft, prior stroke, use of beta-blocker at dis-
charge, and use of angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker at discharge. (A) LV dysfunction defined as
LVEF ≤ 35%. (B) LV dysfunction defined as LVEF ≤ 40%. (C) LV dysfunction
defined as LVEF ≤ 50%.
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although still better than reduced EF (≤40%).21 However, this
new categorization has not been widely evaluated after
ACS.22–24 In a single-centre study from Israel, investigators
have observed higher mortality among patients with STEMI
(n = 2086) undergoing primary percutaneous coronary inter-
vention (PCI) who had mildly reduced EF, as compared with
normal EF.9 Similarly, in another single-centre retrospective
cohort study from Northern Ireland (n = 533), mildly
reduced EF after STEMI was associated with higher
composite outcome of death, hospitalization for HF, or
ventricular arrhythmias, compared with patients with
normal EF.10 In both studies, patients with reduced EF had
a worse prognosis than patients with mildly reduced EF.
Subsequent studies in cohorts from other countries have
observed similar findings.25–27 In our study, we did not
observe a statistically significantly higher mortality in
patients with reduced EF compared with patients with
mildly reduced EF after adjustment for baseline covariates.
This finding might be explained by the different regions of
the world where the studies were performed, or to the
more complete adjustment in covariates and the longer
follow-up in our study compared with the previous ones. Of
note, a longer follow-up may render patients with mildly
reduced EF more exposed to non-cardiovascular (CV)
deaths.28 Our findings underscore the need to keep close
surveillance on patients with mildly reduced EF, who may
be at a higher risk of death compared with patients with
normal EF. Despite that, patients with mildly reduced EF are
less commonly treated with RAS inhibition or other
therapies aimed at reducing adverse LV remodelling in
routine clinical practice than patients with reduced EF.29

However, whether these therapies might also improve
long-term mortality specifically in patients with mildly
reduced EF remains to be determined.

Based on the ROC curve analyses from our study, the cut-off
of LVEF< 40% performed, as well as cut-off of LVEF< 50%, to
discriminate survivors from non-survivors in the long-term.
This finding builds up on prior observations suggesting that
the definition of LV dysfunction after MI might rest upon dif-
ferent cut-offs other than the traditional of <40%. In fact, in
a prior study from our group, use of oral beta-blockers was as-
sociated with lower long-term mortality among patients with
NSTEMI and LVEF < 55%, but not among those with an
LVEF ≥ 55%.30 Among patients with chronic HF, there appears
to be a benefit in reducing CV death or hospitalization for HF
with different anti-remodelling therapies (such as ARBs,
MRAs, and, more recently, angiotensin receptor-neprilysin in-
hibitors) across the full spectrum of LVEF up to 50%.11,12,31 Fu-
ture studies in patients with ACS at risk of LV dysfunction may
help to further understand which is the best cut-off to discrim-
inate long-term prognosis among these patients.

Our study should be interpreted considering inherent limi-
tations. First, this was a retrospective, observational study, so
that its design cannot infer causality. Despite adjusting for sev-

eral important baseline characteristics, residual confounding
is possible. However, our results were consistent in several
sensitivity analyses using different statistical models, different
definitions for mildly reduced EF, and different imaging mo-
dalities to assess LVEF. Second, a considerable proportion of
patients did not have LVEF available and were then excluded
from the current analysis. Third, our databank did not collect
some important information, such as the timing of LVEF as-
sessment. Fourth, other CV outcomes such as hospitalization
for HF, recurrent MI, or death causes were not captured in
our database. However, our endpoint of interest, all-cause
mortality, is objective, easy to ascertain, and clinically mean-
ingful. Fifth, we did not have information regarding serial LVEF
assessment along the time, so that some patients with initially
low EF may have improved due to reverse remodelling. Of
note, patients with low EF were more commonly prescribed
therapies known to improve LV remodelling, such as ACEIs
and beta-blockers. Although our adjusted models accounted
for these differences, it remains uncertain whether a higher
mortality among patients with reduced EF may have been re-
duced by more use of these treatments, thus artificially mak-
ing mortality of patients with mildly reduced EF resembling
that one for reduced EF. Moreover, in a statistical model that
considered only confounders as covariates based on a DAG
(excluding mediators and competing exposures), long-term
mortality was higher in patients with low compared with
mildly reduced EF. Sixth, our data come from a single centre,
so that our findings may not apply to other countries or
healthcare systems. However, our population is well represen-
tative of other contemporary registries in ACS.32 Finally, the
period of our databank comprised a long-time span, during
which the standard of care for patients with ACS and even def-
initions of ACS phenotypes (especially NSTEMI) have changed
substantially. Despite that, our results remained consistent
across different time periods of inclusion in the databank.

Conclusions

Among patients with ACS discharged alive from hospital,
mildly reduced EF measured in the acute phase was associ-
ated with higher long-term mortality compared with patients
with normal EF. These data reinforce the need to consider
mortality-proven therapies also for ACS patients who have
LVEF in the mildly reduced range.
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Table S1. Baseline characteristics of patients who survived
until hospital discharge versus patients who did not.
Table S2. Baseline characteristics according to left ventricle
ejection fraction categories (according to the British Society
of Echocardiography).
Table S3. Baseline characteristics according to left ventricular
ejection fraction categories assessed by left ventricle angio-
gram.
Figure S1. Directed acyclic graph (DAG) representing the var-
iables according to their associations with the main exposure

(left ventricle ejection fraction; LVEF) and outcome (mortal-
ity) of interest. ACEI = angiotensin converting enzyme inhibi-
tor; ARB = angiotensin receptor blocker; ACS = acute coronary
syndrome; CABG = coronary artery bypass graft;
DM = diabetes mellitus; HF = heart failure; MI = myocardial
infarction.
Figure S2. Cumulative incidence rates for mortality after dis-
charge according to LVEF categories following the British So-
ciety of Echocardiography classifications. CI = confidence in-
terval; HR = hazard ratio; LVEF = left ventricle ejection
fraction. Model adjusted for: sex, age, STEMI, diabetes, dys-
lipidemia, prior HF, prior MI, prior CABG, prior stroke, prior
kidney disease, Killip class 2 or higher, use of beta-blocker
at discharge and use of ACEI/ARB at discharge.
Figure S3. Cumulative incidence rates for mortality after dis-
charge according to LVEF assessed by left ventricle angio-
gram. CI = confidence interval; HR = hazard ratio;
LVEF = left ventricle ejection fraction. Model adjusted for:
sex, age, STEMI, diabetes, dyslipidemia, prior HF, prior MI,
prior CABG, prior stroke, prior kidney disease, Killip class 2
or higher, use of beta-blocker at discharge and use of ACEI/
ARB at discharge.
Figure S4. Cumulative incidence rates for mortality after dis-
charge according to LVEF assessed by echocardiogram for ev-
ery period of inclusion of the study. A. 1998 to 2004. B. 2005
to 2010. C. 2011 to 2016. P-interactions in the Cox models for
mortality comparing reduced versus normal EF and mildly re-
duced versus normal of 0.77 and 0.52, respectively.
CI = confidence interval; HR = hazard ratio; LVEF = left ventri-
cle ejection fraction. Model adjusted for: sex, age, STEMI, di-
abetes, dyslipidemia, prior HF, prior MI, prior CABG, prior
stroke, prior kidney disease, Killip class 2 or higher, use of
beta-blocker at discharge and use of ACEI/ARB at discharge.
Figure S5. Cumulative incidence rates for mortality after dis-
charge according to LVEF assessed by echocardiogram after
exclusion of patients with prior history of heart failure (HF).
CI = confidence interval; HR = hazard ratio; LVEF = left ventri-
cle ejection fraction. Model adjusted for: sex, age, STEMI, di-
abetes, dyslipidemia, prior MI, prior CABG, prior stroke, prior
kidney disease, Killip class 2 or higher, use of beta-blocker at
discharge and use of ACEI/ARB at discharge.

References

1. Multicenter Postinfarction Research
Group. Risk stratification and survival
after myocardial infarction. N Engl J
Med. 1983; 309: 331–336.

2. Sheehan FH, Doerr R, Schmidt WG,
Bolson EL, Uebis R, von Essen R, Effert
S, Dodge HT. Early recovery of left ven-
tricular function after thrombolytic ther-

apy for acute myocardial infarction: an
important determinant of survival. J
Am Coll Cardiol. 1988; 12: 289–300.

3. Volpi A, De Vita C, Franzosi MG, Geraci
E, Maggioni AP, Mauri F, Negri E,
Santoro E, Tavazzi L, Tognoni G. Deter-
minants of 6-month mortality in survi-
vors of myocardial infarction after

thrombolysis. Results of the GISSI-2
data base. The Ad hoc Working Group
of the Gruppo Italiano per lo Studio
della Sopravvivenza nell’Infarto
Miocardico (GISSI)-2 Data Base. Circu-
lation. 1993; 88: 416–429.

4. Pfeffer MA, Braunwald E, Moyé LA,
Basta L, Brown EJ Jr, Cuddy TE, Davis

450 R.H.M. Furtado et al.

ESC Heart Failure 2023; 10: 442–452
DOI: 10.1002/ehf2.14201



BR, Geltman EM, Goldman S, Flaker GC,
Klein M. Effect of captopril on mortality
and morbidity in patients with left ven-
tricular dysfunction after myocardial in-
farction. Results of the survival and ven-
tricular enlargement trial. The SAVE
Investigators. N Engl J Med. 1992; 327:
669–677.

5. Dargie HJ. Effect of carvedilol on out-
come after myocardial infarction in pa-
tients with left-ventricular dysfunction:
the CAPRICORN randomised trial. Lan-
cet. 2001; 357: 1385–1390.

6. Pitt B, Remme W, Zannad F, Neaton J,
Martinez F, Roniker B, Bittman R,
Hurley S, Kleiman J, Gatlin M, Eplere-
none Post-Acute Myocardial Infarction
Heart Failure Efficacy and Survival
Study Investigators. Eplerenone, a selec-
tive aldosterone blocker, in patients with
left ventricular dysfunction after myo-
cardial infarction. N Engl J Med. 2003;
348: 1309–1321.

7. Yancy CW, Jessup M, Bozkurt B, Butler J,
Casey DE Jr, Drazner MH, Fonarow GC,
Geraci SA, Horwich T, Januzzi JL,
Johnson MR, Kasper EK, Levy WC,
Masoudi FA, McBride PE, McMurray JJ,
Mitchell JE, Peterson PN, Riegel B, Sam
F, Stevenson LW, Tang WH, Tsai EJ,
Wilkoff BL, American College of Cardiol-
ogy Foundation, American Heart Associ-
ation Task Force on Practice Guidelines.
2013 ACCF/AHA guideline for the man-
agement of heart failure: a report of the
American College of Cardiology Founda-
tion/American Heart Association Task
Force on Practice Guidelines. J Am Coll
Cardiol. 2013; 62: e147–e239.

8. McDonagh TA, Metra M, Adamo M,
Gardner RS, Baumbach A, Böhm M,
Burri H, Butler J, Čelutkienė J, Chioncel
O, Cleland JGF, Coats AJS, Crespo-Leiro
MG, Farmakis D, Gilard M, Heymans S,
Hoes AW, Jaarsma T, Jankowska EA,
Lainscak M, Lam CSP, Lyon AR,
McMurray JJV, Mebazaa A, Mindham
R, Muneretto C, Francesco Piepoli M,
Price S, Rosano GMC, Ruschitzka F,
Kathrine Skibelund A, ESC Scientific
Document Group. 2021 ESC Guidelines
for the diagnosis and treatment of acute
and chronic heart failure. Eur Heart J.
2021; 42: 3599–3726.

9. Margolis G, Khoury S, Ben-Shoshan J,
Letourneau-Shesaf S, Flint N, Keren G,
Shacham Y. Prognostic implications of
mildly reduced left ventricular ejection
fraction on patients presenting with
ST-segment elevation myocardial infarc-
tion. Am J Cardiol. 2017; 120: 186–190.

10. Alkhalil M, Kearney A, MacElhatton D,
Fergie R, Dixon L. The prognostic role
of mildly reduced ejection fraction in
ST-segment elevation myocardial infarc-
tion. Int J Cardiol. 2020; 321: 12–17.

11. Solomon SD, Claggett B, Lewis EF, Desai
A, Anand I, Sweitzer NK, O’Meara E,
Shah SJ, McKinlay S, Fleg JL, Sopko G,
Pitt B, Pfeffer MA, Investigators
TOPCAT. Influence of ejection fraction
on outcomes and efficacy of

spironolactone in patients with heart
failure with preserved ejection fraction.
Eur Heart J. 2016; 37: 455–462.

12. Solomon SD, Vaduganathan M, Claggett
BL, Packer M, Zile M, Swedberg K,
Rouleau J, Pfeffer MA, Desai A, Lund
LH, Kober L, Anand I, Sweitzer N,
Linssen G, Merkely B, Luis Arango J,
Vinereanu D, Chen CH, Senni M, Sibulo
A, Boytsov S, Shi V, Rizkala A, Lefkowitz
M, McMurray JJV. Sacubitril/valsartan
across the spectrum of ejection fraction
in heart failure. Circulation. 2020; 141:
352–361.

13. Harkness A, Ring L, Augustine DX,
Oxborough D, Robinson S, Sharma V.
Normal reference intervals for cardiac
dimensions and function for use in echo-
cardiographic practice: a guideline from
the British Society of Echocardiography.
Echo Res Pract. 2020; 7: G1–G18.

14. Lang R, Badano L, Mor-Avi V, Afilalo J,
Armstrong A, Ernande L, Flachskampf
FA, Foster E, Goldstein SA, Kuznetsova
T, Lancellotti P. Recommendations for
cardiac chamber quantification by echo-
cardiography in adults: an update from
the American Society of Echocardiogra-
phy and the European Association of
Cardiovascular Imaging. JASE. 2015;
28: 1–39.

15. Lam CSP, Voors AA, Piotr P, McMurray
JJV, Solomon SD. Time to rename the
middle child of heart failure: heart fail-
ure with mildly reduced ejection frac-
tion. Eur Heart J. 2020; 41: 2353–2355.

16. Killip T III, Kimball JT. Treatment of
myocardial infarction in a coronary care
unit. A two year experience with 250 pa-
tients. Am J Cardiol. 1967; 20: 457–464.

17. Fox KA, Dabbous OH, Goldberg RJ,
Pieper KS, Eagle KA, Van de Werf F,
Avezum A, Goodman SG, Flather MD,
Anderson FA Jr, Granger CB. Prediction
of risk of death and myocardial infarc-
tion in the six months after presentation
with acute coronary syndrome: prospec-
tive multinational observational study
(GRACE). BMJ. 2006; 333: 1091.

18. Tennant PWG, Murray EJ, Arnold KF,
Berrie L, Fox MP, Gadd SC, Harrison
WJ, Keeble C, Ranker LR, Textor J,
Tomova GD, Gilthorpe MS, Ellison
GTH. Use of directed acyclic graphs
(DAGs) to identify confounders in ap-
plied health research: review and rec-
ommendations. Int J Epidemiol. 2021;
50: 620–632.

19. Sanz G, Castaner A, Betriu A, Magrina J,
Roi GE, Coll S, Pare JC, Navarro-Lopez F.
Determinants of prognosis in survivors
of myocardial infarction. N Engl J Med.
1982; 306: 1065–1070.

20. Martin CA, Thompson PL, Armstrong
BK, Hobbs MST, de Klerk N. Long-term
prognosis after recovery from myocar-
dial infarction: a nine-year follow-up of
the Perth Coronary Register. Circulation.
1983; 68: 961–969.

21. Bhambhani V, Kizer JR, Lima JAC, van
der Harst P, Bahrami H, Nayor M, de
Filippi CR, Enserro D, Blaha MJ,

Cushman M, Wang TJ, Gansevoort RT,
Fox CS, Gaggin HK, Kop WJ, Liu K,
Vasan RS, Psaty BM, Lee DS, Brouwers
FP, Hillege HL, Bartz TM, Benjamin EJ,
Chan C, Allison M, Gardin JM, Januzzi
JL Jr, Levy D, Herrington DM, van Gilst
WH, Bertoni AG, Larson MG, de Boer
RA, Gottdiener JS, Shah SJ, Ho JE. Pre-
dictors and outcomes of heart failure
with mildly reduced ejection fraction.
Eur J Heart Fail. 2018; 20: 651–659.

22. Abou R, Goedemans L, Montero-
Cabezas JM, Prihadi EA, El Mahdiui M,
Schalij MJ, Ajmone Marsan N, Bax JJ,
Delgado V. Prognostic value of multi-
layer left ventricular global longitudinal
strain in patients with ST-segment ele-
vation myocardial infarction with mildly
reduced left ventricular ejection frac-
tions. Am J Cardiol. 2021; 152: 11–18.

23. Gavara J, Marcos-Garces V, Lopez-Lereu
MP, Monmeneu JV, Rios-Navarro C, de
Dios E, Perez N, Merenciano H,
Gabaldon A, Cànoves J, Racugno P,
Bonanad C, Minana G, Nunez J, Nunez
E, Moratal D, Chorro FJ, Valente F,
Lorenzatti D, Rodríguez-Palomares JF,
Ortiz-Pérez JT, Bodi V. Magnetic reso-
nance assessment of left ventricular
ejection fraction at any time
post-infarction for prediction of subse-
quent events in a large multicenter
STEMI registry. J Magn Reson Imaging.
2021 Epub ahead of print.

24. Yahud E, Tzuman O, Fink N, Goldenberg
I, Goldkorn R, Peled Y, Lev E, Asher E.
Trends in long-term prognosis according
to left ventricular ejection fraction after
acute coronary syndrome. J Cardiol.
2020; 76: 303–308.

25. Montenegro Sá F, Carvalho R, Ruivo C,
Santos LG, Antunes A, Soares F, Belo A,
Morais J, Portuguese Registry of Acute
Coronary Syndrome Investigators. Beta-
blockers for post-acute coronary syn-
drome mid-range ejection fraction: a na-
tionwide retrospective study. Eur Heart J
Acute Cardiovasc Care. 2019; 8: 599–605.

26. Song PS, Kim M, Seong SW, Park JH,
Choi SW, Hahn JY, Gwon HC, Hur SH,
Rha SW, Yoon CH, Jeong MH, Seong
IW, Jeong JO. Heart failure with
mid-range ejection fraction and the ef-
fect of β-blockers after acute myocardial
infarction. Heart Vessels. 2021; 36:
1848–1855.

27. Chan D, Doughty RN, Lund M, Lee M,
Poppe K, Kerr AJ. Prognostic significance
of mid-range ejection fraction following
acute coronary syndrome (ANZACS-QI
23). N Z Med J. 2021; 134: 57–78.

28. Curtis JP, Sokol SI, Wang Y, Rathore SS,
Ko DT, Jadbabaie F, Portnay EL,
Marshalko SJ, Radford MJ, Krumholz
HM. The association of left ventricular
ejection fraction, mortality, and cause
of death in stable outpatients with heart
failure. J Am Coll Cardiol. 2003; 42:
736–742.

29. Koh AS, Tay WT, Teng THK, Vedin O,
Benson L, Dahlstrom U, Savarese G,
Lam CSP, Lund LH. A comprehensive

Mid-range EF after ACS 451

ESC Heart Failure 2023; 10: 442–452
DOI: 10.1002/ehf2.14201



population-based characterization of
heart failure with mildly reduced ejec-
tion fraction. Eur J Heart Fail. 2017;
19: 1624–1634.

30. Nicolau JC, Furtado RHM, Baracioli LM,
Lara LM, Dalçóquio TF, Scanavini
Junior MA, Pereira CAC, Lima VM,
Gonçalves TM, Colodetti R, Ferrari AG,
Lopes RD, Giugliano RP. The use of oral
beta-blockers and clinical outcomes in

patients with non-ST-segment elevation
acute coronary syndromes: a long-term
follow-up study. Cardiovasc Drugs Ther.
2018; 32: 435–442.

31. Lund LH, Claggett B, Liu J, Lam CS,
Jhund PS, Rosano GM, Swedberg K,
Yusuf S, Granger CB, Pfeffer MA,
McMurray JJV, Solomon SD. Heart fail-
ure with mildly reduced ejection fraction
in CHARM: characteristics, outcomes

and effect of candesartan across the en-
tire ejection fraction spectrum. Eur J
Heart Fail. 2018; 20: 1230–1239.

32. Hao Y, Liu J, Liu J, Yang N, Smith SC Jr,
Huo Y, Fonarow GC, Ge J, Taubert KA,
Morgan L, Zhou M, Xing Y, Ma CS, Han
Y, Zhao D. Sex differences in in-hospital
management and outcomes of patients
with acute coronary syndrome. Circula-
tion. 2019; 139: 1776–1785.

452 R.H.M. Furtado et al.

ESC Heart Failure 2023; 10: 442–452
DOI: 10.1002/ehf2.14201


	Long&hyphen;term mortality after acute coronary syndromes among patients with normal, mildly reduced, or reduced ejection fraction
	Introduction
	Methods
	Study design and selection of patients
	Left ventricular ejection fraction assessment
	Outcomes ascertainment
	Statistical analysis
	Compliance with ethical standards

	Results
	Descriptive statistics
	Long&hyphen;term mortality after discharge by left ventricular ejection fraction categories
	Discriminatory performance of �cut�&hyphen;�offs of left ventricular ejection fraction for �long�&hyphen;�term mortality
	Sensitivity analyses

	Discussion
	Conclusions
	Acknowledgement
	Conflicts of interest
	Funding
	References

