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The contemporary benefit of routine beta-blocker therapy following myocardial infraction
in the absence of heart failure or left ventricular systolic dysfunction is unclear. We inves-
tigated the impact of beta-blockers on post myocardial infarction outcome in patients
without heart failure or left ventricular systolic dysfunction among patients enrolled in
the biennial Acute Coronary Syndrome Israeli Surveys. MACE rates at 30 days and over-
all mortality at one year were compared among patients discharged on beta-blockers ver-
sus not, after multivariate analysis to adjust for baseline differences. Between the years
2000 to 2016, data from 15.211consecutive ACS patients were collected. Of 7,392 patients
who met the inclusion criteria, 6007 (79.9%) were discharged on beta-blocker therapy.
Prescription of beta-blockers at discharge increased modestly from 32% to 38% over the
16-year period. The 30-day MACE rates were similar in patients on vs. not on beta-block-
ers at discharge (9.0% and 9.5%, respectively). One year survival did not differ signifi-
cantly between those on vs. not on beta-blockers (HR 0.8, 95% CI 0.58 to 1.11, p = 0.18).
In conclusion, beta-blocker therapy did not affect 30 days MACE or 1-year survival
after myocardial infarction in patients without heart failure or reduced ejection
fraction. © 2020 Elsevier Inc. All rights reserved. (Am J Cardiol 2021;143:1−6)
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Studies performed in the prereperfusion era demon-
strated the benefit of beta-blockers following myocardial
infarction (MI).1-3 However, over the past 3 decades the
introduction of early coronary reperfusion as well as effec-
tive adjunctive therapies have dramatically changed the nat-
ural history of MI. Although the benefit of beta-blockers
among patients with left ventricular systolic dysfunction
(LVSD) has been confirmed in the reperfusion era,4 the
benefit among those with preserved left ventricular (LV)
function is far less obvious. The historic studies of post MI
beta-blockers did not differentiate between those with pre-
served or impaired LV function. Consequently there is very
limited data regarding the efficacy of beta-blockers in con-
temporary acute MI patients who do not have LVSD or HF.
The introduction of routine echocardiography now allows
the separate study of patients who have preserved ventricu-
lar function. We aimed to estimate the clinical benefits of
beta-blocker therapy on 1-year mortality among patients
with acute coronary syndrome (STEMI and NSTEMI) with-
out reduced LVEF and/or clinical signs of HF in the acute
coronary syndrome Israeli Surveys (ACSIS).
Methods

We collected data from the ACSIS survey conducted
between the years 2000-2016. Briefly, the ACSIS Registry,
started in 2000, is a 2-month nationwide survey conducted
biennially which prospectively collects data from all conse-
cutive ACS admissions in all 25 coronary care units in
Israel. Patient management was at the discretion of the
attending physicians. Eligibility for the registry was vali-
dated before discharge from the coronary care units.
Discharge diagnoses were recorded as determined by the
attending physicians based on clinical, electrocar-
diographic, echocardiographic, and biomarker criteria.
Demographic, historical and clinical data, including medi-
cal management, were recorded on pre-specified forms by
dedicated study personnel. The Central Data Coordinating
Center (based at the Sheba Medical Center) was responsible
for the collection of all case report forms and the Israel
Heart Society was responsible for keeping the survey data-
base. Thirty-day outcomes and 1-year mortality were
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ascertained by hospital chart review, telephone contact and
use of the Israeli National Population Registry. For the pur-
pose of this analysis we identified patients who suffered
from STEMI or NSTEMI, had no history of heart failure
and had documentation of an ejection fraction (EF) of
≥40% before hospital discharge (using echocardiography,
contrast LV angiography or radionuclide assessment of left
ventricular function). In this subgroup we compared out-
comes among patients who were discharged with or without
beta-blockers. This register-based analysis of pre-existing
data was conducted according to the principles expressed in
the Declaration of Helsinki. The ACSIS was approved by
the ethics committees of all participating centers. All
patients provided written informed consent for the collec-
tion of data and subsequent analysis. End points were pre-
specified by the ACSIS steering committee. The diagnosis
of acute myocardial infarction was made by the attending
physician using all available data based on the Universal
Definition of Myocardial Infarction5−7. Major adverse car-
diovascular events (MACE) were defined as a composite of
30-day all-cause mortality, recurrent MI, recurrent ische-
mia, stent thrombosis, ischemic stroke and urgent revascu-
larization. Patients were divided into 2 groups: discharged
on beta-blockers versus not: discharged on beta-blockers.
The primary end point was 30-day MACE. A secondary
end point was all-cause mortality at 1 year. Categorical var-
iables were expressed as percentages. Continuous variables
are expressed as mean with standard deviation or as
medians. Differences between the 2 groups were tested
with Chi-square for categorical variables and t-test for con-
tinuous variables.
Figure 1. Study flo
We analyzed and compared the outcomes according to
the registry period (Early: 2000 to 2008 vs Late: 2010 to
2016). Treatment effect was further studied among sub-
groups of left ventricular ejection fraction (>50% and 40%
to 49%), type of MI (STEMI vs NSTEMI), heart rate ≥76
beats/min and <76 beats/min and anterior wall STEMI.
Cox proportional hazards regression models were used to
examine the difference between the 2 groups after adjust-
ment for age, gender, hypertension, survey period and dia-
betes. Results are presented as odds ratio (OR) with the
appropriate 95% confidence interval (CI). All tests were 2-
sided and p value < 0.05 was considered statistically signif-
icant. Statistical analysis was performed using R Core
Team version 3.3 (R Foundation for Statistical Computing,
Vienna, Austria).
Results

Between 2000 and 2016 15.211ACS patients were
included in ACSIS (Figure 1). There were 7,392 post MI
patients without heart failure or LVSD, including 4580
patients with an EF above 50% and 2812 with an EF
between 40-49%. The proportion of NSTEMI/UA patients
was slightly higher compared with STEMI, 52.8% and
47.2% respectively. The vast majority of patients under-
went PCI during the index admission. Small proportions of
patients were referred for CABG or treated medically
(4.6% and 8.1%, respectively). Baseline characteristics are
presented in Table 1. Of the 7,392 study patients, 6007
(81.2%) were discharged from hospital on a beta-blocker.
Patients discharged with beta-blocker therapy had a higher
w diagram.
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Table 1

Baseline characteristics of patients on and not on beta-blocker at discharge

Variable Beta-blocker at discharge

Yes

(n=6007)

No

(n= 1385)

p Value

Age, (years) 60.8 § 12.1 62.2 § 13.0 <0.001
Men (79.2%) (78.3%) 0.460

Cardiovascular history

Anterior wall myocardial infarction (25.2%) (19.1%) <0.001
Previous myocardial infarction (23.9%) (17.2%) <0.001
Previous coronary artery bypass

grafting

(7.3%) (5.5%) 0.021

Percutaneous coronary intervention (24.2%) (17.4%) <0.001
Cerebrovascular disease (6%) (5.9%) 0.944

Peripheral vascular disease (5%) (4.8%) 0.712

Cardiovascular risk factors

Hypertension (55.8%) (49.8%) <0.001
Chronic renal failure (6.1%) (5.7%) 0.592

Diabetes mellitus (30.8%) (26.5%) 0.002

Dyslipidemia (65.6%) (60.8%) 0.001

Chronic obstructive pulmonary disease (3.6%) (9.4%) <0.001
Current smoker (41.4%) (41.7%) 0.876

Continuous data are presented as mean § standard deviation. Categori-

cal variables are presented as number (percentage).
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prevalence of anterior wall MI, were younger and had a
higher prevalence of hypertension, dyslipidemia, diabetes
and previous MI. The 30-days MACE rates were similar in
patients on and not on beta-blockers at discharge: 9.0% and
9.5%, respectively (p = 0.54). Cumulative event rates are
presented in Table 2. On univariate analysis, all-cause mor-
tality at 1-year was significantly higher in those on beta-
blockers than in those not on beta-blockers. However, this
was no longer significant after multivariable adjustment
(HR 0.8, 95% CI 0.58 to 1.11, p = 0.18). During the early
period (2000-2008), 1 year mortality for the whole popula-
tion was numerically, but not significantly lower for those
on beta-blockers compared for those not on beta-blockers at
discharge (Table 3).
Table 3

Outcomes by beta-blocker treatment at discharge and survey period

Variable Early period 2000-2008 p-

Yes (n=3819) No (n=839)

30-day MACE 406 (10.6%) 89 (10.6%) 1

30-day mortality 20 (0.5%) 8 (1.0%) 0

1-year mortality 100 (2.6%) 32 (3.8%) 0

Table 2

Outcomes by beta-blocker treatment at discharge

Variable Total (n=7392)

Yes (n=6

30-day MACE 671 (9.1%) 539 (9.0

30-day mortality 49 (0.6%) 33 (0.6

1-year mortality 198 (2.7%) 150 (2.5

Major cardiovascular events (MACE) included a composite of 30-day mortali

urgent revascularization.
Subgroup analysis

Subgroup analyses according to left ventricular ejection
fraction (>50% and 40-49%), type of myocardial infarction
and heart rate ≥76 beats/min and <76 beats/min showed no
significant interaction between beta-blockers at discharge
and 1 year survival after adjustment for co-morbidities and
survey period (Table 4).
Discussion

Our current study shows that in a real life, nationwide
prospective cohort of consecutive patients admitted with an
ACS without heart failure or LVSD, beta-blocker therapy
at discharge was not associated with better 30-day MACE
or 1-year mortality. Moreover, no benefit of beta-blockers
was found in various subgroups, including EF (>50% and
40% to 49%), type of MI or heart rate. The benefit of beta
blockers following MI was established during the 1970s
and 1980s. With contemporary reperfusion therapy, early
revascularization and pharmacological therapy, the addi-
tional benefit conferred by beta-blockers in the absence of
HF or LVSD post-MI is uncertain. Indeed, Korhonen et al8

found a limited additional benefit for beta-blockers on sur-
vival among older post AMI patients who were adherent to
statins and ACE inhibitors/ARBs.

International guidelines differ in their recommendations
regarding this population. Current ESC guidelines give a
class I A recommendation for beta-blockers in STEMI and
NSTE-ACS patients with heart failure and/or LVSD and a
Class IIA B recommendation for all STEMI patients with-
out contraindication. No recommendation is given for beta
blockers in NSTE ACS patients in the absence of heart fail-
ure, LVSD or prior MI.9,10 In contrast, the ACC and/or
AHA guidelines provide a class I A recommendation for
oral beta-blockers for all patients with acute MI who do not
have a contraindication.11,12

The COMMIT trial3, randomized 45,852 patients with
suspected acute MI to early metoprolol or placebo within
value Late period 2010-2016 p-value

Yes (n=2188) No (n=546)

.00 133 (6.1%) 43 (7.9%) 0.152

.224 13 (0.6%) 6 (1.1%) 0.325

.078 50 (2.3%) 16 (3.0%) 0.467

Beta-blocker at discharge Adjusted p value

007) No (n=1385)

%) 132 (9.5%) 0.54

%) 14 (1.0%) 0.07

%) 48 (3.5%) 0.18

ty, recurrent MI, recurrent ischemia, stent thrombosis, ischemic stroke and



Table 4

HR of 1-year mortality with 95% CI by beta-blocker treatment at discharge in predefined population subgroups

Subgroup Patients Beta-blocker at discharge Adjusted* HR for beta-blockers vs. no beta-blockers (95% CI)

Yes No

EF ≥50% 4580 3600 980 0.71 (0.45-1.11)

EF 40-49% 2812 2407 405 0.83 (0.51-1.35)

Anterior wall MI 1776 1512 264 0.58 (0.31-1.08)

STEMI 3485 2865 620 0.79 (0.46-1.35)

NSTEMI & UAP 3904 3139 765 0.80 (0.53-1.20)

* Further adjusted for co-morbidities and survey period. Consistent results were obtained when interaction term analysis was employed (all p-values for

interaction >0.05).
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24 hours of symptom onset and regardless of LVEF showed
no mortality reduction with beta-blockers at 28 days and an
increased risk of cardiogenic shock, especially during the
first day after admission. Notably, this study included Killip
class II and III patients (24%), who had been excluded from
many previous trials. In the REACH registry13, which
included patients with an MI within 1-year, beta-blocker
use was associated with lower rates of the secondary out-
come (OR 0.77; 95% CI, 0.64 to 0.92), suggesting short-
term benefit of beta-blockers post-MI driven by a reduction
in hospitalizations or revascularization procedures. In a
post-hoc analysis from the CHARISMA trial14, beta-block-
ers were associated with lower rates of the primary compos-
ite outcome of nonfatal MI, stroke, and cardiovascular
mortality at 28 months of follow-up in a propensity-score-
matched cohort of 1,962 patients with prior MI without
HF but there was no significant difference in mortality
(p = 0.20) and results were driven primarily by lower rates
of recurrent MI.

A recent meta-analysis of randomized trials15 did not find
a mortality effect associated with beta-blockers in studies
from the reperfusion era, as opposed to a significant reduc-
tion in mortality for studies published in the pre-reperfusion
era. In the era before reperfusion, beta-blockers use in
patients with MI was associated with reduced all-cause mor-
tality at 30 days (RR 0.87; 95% CI, 0.79 to 0.96) and at 1
year (RR 0.91; 95% CI, 0.66 to 0.98). In the reperfusion era,
beta-blockers did reduce MI and angina at 30 days, but bene-
fit seemed to be limited to the short term (30 days) and came
at the expense of an increase in HF and cardiogenic shock.

In a meta-analysis of 10 observational beta-blocker stud-
ies in AMI, Huang et al16 found that beta-blockers reduced
the risk of all-cause death restricted to those with reduced
ejection fraction, as well as those with lower use of other
secondary preventive drugs or with non-ST-segment eleva-
tion myocardial infarction. The FAST-MI 2005 registry17

found that persistence with beta-blockers therapy during
the first year was not associated with lower 5-year mortality
(adjusted HR, 1.19; 95% CI, 0.65 to 2.18) but early beta-
blocker use was associated with reduced 30 day mortality.
The United Kingdom MINAP registry18, revealed that the
use of beta-blockers in AMI patients without HF or reduced
LVEF was not associated with lower 1-year mortality, and
similar findings were observed in patients with both sub-
types of MI (STEMI and NSTEMI).

In addition, a large cohort study found that discontinua-
tion of beta-blockers beyond 1 year post AMI was not
associated with higher all-cause mortality.19 In contrast, a
recent large meta-analysis comprising 189,385 post MI
patients with a median LVEF of 53.7% found that the use
of oral beta-blockers was associated with a reduction in all-
cause mortality at a median follow-up of 2.7 years.20 These
studies included both patients with LVSD and preserved
LV function. Data on LV function were only available in
10 out of the 16 included studies.

Finally, a nationwide registry including 28,970 patients
who underwent coronary revascularization for AMI reported
that patients receiving beta blocker for ≥1 year had a signifi-
cantly lower risk of all-cause death than those receiving
beta-blockers for <1 year [HR 0.5 (95% CI 0.46 to 0.55,
p <0.001].21 However, these findings must be interpreted
with caution because patients with a history of heart failure
were excluded and information on ejection fraction was not
available. There are no randomized studies specifically eval-
uating the efficacy of beta-blockers on mortality in post-MI
patients without heart failure or LVSD. Ongoing randomized
clinical trials, the REBOOT [NCT03596385], DANBLOCK
[NCT03278509] and AbYSS [NCT03498066] may clarify
this gap.

The reason for the lack of benefit of beta-blockers in
contemporary post MI patients with preserved systolic
function may be attributed to a number of factors. The ben-
efit of beta-blockers is mostly derived from their ability to
mitigate left ventricular remodeling and to lower the risk of
sudden death. Both these risks are extremely small among
patients with preserved systolic function. Moreover, the
routine use of echocardiography now allows the identifica-
tion of patients with preserved LV function, while many
historical studies did not have this ability and post MI
patients were analyzed regardless of LV function. Further-
more, modern reperfusion, revascularization and pharmaco-
therapy have dramatically improved outcome post MI. In
our study, 1 year mortality among post MI patients with
preserved LV systolic function was about 2.5%. This very
low mortality is very difficult to improve upon.

The present study has several limitations that should be
acknowledged. It is observational and as such uncontrolled
confounding cannot be ruled out. Nevertheless, data collec-
tion was prospective, included all consecutive patients and
based on a standard case report form using standardized
definitions. Another limitation is that we do not have data
on the use of beta-blockers during follow-up.

In Conclusion, in a nationwide survey of all AMI
patients, beta-blocker therapy did not alter 30-day MACE
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or 1-year mortality post MI in patients without heart failure
or reduced ejection fraction. The issue of the efficacy of
beta-blockers in patients in the absence of HF or reduced
LVEF is 1 of the major gaps in evidence in post MI man-
agement. Contemporary dedicated large randomized clini-
cal trials are needed to further guide adequate management.
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