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ABSTRACT ) Mostofthe evidences for beneficial effects of beta-blockers in patients with acute myocardial infarction (AMI) were from

the clinical studies published in the pre-reperfusion era when anti-platelet drugs, statins or inhibitors of renin-
angiotensin-aldosterone system which are known to reduce cardiovascular mortality of patients with AMI were not introduced. In the reperfusion
era, beta-blockers' benefit has not been clearly shown except in patients with reduced ejection fraction (EF; <40%). In the era of the early
reperfusion therapy for AMI, a number of patients with mildly reduced EF (>40%, <50%) or preserved EF (=50%) become increasing. However,
because no randomized clinical trials are available until now, the benefit and the optimal duration of oral treatment with beta-blockers in patients
with mildly reduced or preserved EF are questionable. Registry data have not showed the association of oral beta-blocker therapy with decreased
mortality in survivors without heart failure or left ventricular systolic dysfunction after AMI. In the Korea Acute Myocardial Infarction Registry-
National Institute of Health of in-hospital survivors after AMI, the benefit of beta-blocker therapy at discharge was shown in patients with
reduced or mildly reduced EF, but not in those with preserved EF, which provides new information about beta-blocker therapy in patients without
reduced EF. However, clinical practice can be changed when the results of appropriate randomized clinical trials are available. Ongoing clinical
trials may help to answer the unresolved issues of beta-blocker therapy in patients with AMI.
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INTRODUCTION

Early coronary reperfusion therapy and evidence-based medications
are recommended in patients with acute myocardial infarction (AMI)
to reduce cardiac events. In hospitalized patients with ST-elevation
myocardial infarction (STEMI) and non-ST-elevation myocardial
infarction (NSTEMI), beta-blocker therapy prescribed at discharge is
one of the measure sets in the clinical performance and quality
measures [ 1], and it was used as one of the items of quality measures of
AMI in the Korean National Health Insurance value incentive program
to provide financial incentives [2]. However, most of the evidences for
beneficial effects of beta-blockers were from the clinical studies
reported in the early 1980s when anti-platelet drugs, statins or
inhibitors of renin-angiotensin-aldosterone system which are known
to reduce cardiovascular mortality in patients with AMI were not
introduced. These early clinical studies of beta-blockers rarely
required the estimation of left ventricular (LV) function by imaging
modalities in their inclusion criteria. Although a meta-analysis of
clinical trials before the reperfusion era showed the benefit of beta-
blockers on cardiac mortality after AMI [3], in the reperfusion era, the
effect of beta-blockers on the clinical outcomes has not been definitely
shown [4,5] except in patients with left ventricular ejection fraction
(LVEF) <40% [6]. In this review paper, the evidence gap of beta-
blocker therapy in patients with AMI and future perspectives are
discussed.

Mechanisms Of Actions Of Betablockers In Ami

After AMI, a medical therapy to decrease the oxygen demand and
increase the oxygen supply is an essential component in the initial and
long-term treatment. In patients with AMI, sympathetic nervous
system is usually activated in response to chest pain, anxiety, and
impaired cardiac function. Activation of cardiac beta-1 adrenergic
receptors increases the heart rate of the sinoatrial node, and the
contractility of the myocardium, resulting in increased cardiac output
and blood pressure. However, prolonged adrenergic activation
exacerbates myocardial ischemia by increasing myocardial oxygen
demand, and provokes ventricular arrhythmias. In this situation of
adrenergic activation, beta-blockers decrease myocardial contractility,
heart rate, and elevated blood pressure, which reduce myocardial
oxygen demand. They also increase myocardial oxygen supply by
improving coronary diastolic perfusion (Figure 1). Fatal and non-fatal
ventricular arrhythmias are not an uncommon complication after AMI.
As a class II anti-arrhythmic agent, beta-blockers reduce the cardiac
automaticity in infarction-related, scarred myocardium and the risk of
critical ventricular arrhythmias after AMI[7]

Beta-Blocker Therapy In The Guidelines For The Management Of
Ami

Because clinical trials of beta-blockers in AMI patients without LV
systolic dysfunction or HF have not been available yet, the guidelines
for AMI provide inconsistent recommendations. In STEMI, the 2013

American guideline recommends oral beta-blockers to be initiated
within the first day unless they have HF, low cardiac output, high risk
for cardiogenic shock, or other contraindications (e.g. 2nd- or 3rd-
degree heart block, PR interval >0.24 seconds, active asthma, or
reactive airways disease), and to be continued during and after
hospitalization for all patients as a class I recommendation [15]. The
2017 European guidelines also recommend that oral beta-blocker
therapy is indicated in patients with HF and/or LVEF <40% unless
contraindicated as a class I indication, but in other patients without HF
or with LVEF >40%, oral beta-blocker therapy is recommended as a
class ITaindication [16] (Table 1).

In case of NSTEMI, the 2014 American guideline recommends oral
treatment with beta-blockers to be initiated within the first day unless
patients with NSTEMI have the same contraindications as those with
STEMI. It also recommends a long-term oral therapy with beta-
blockers in patients with HF or reduced LV systolic functionasa class I
indication, but as a class Ila indication in patient with normal systolic
function [17]. The 2020 European guidelines for patients with
NSTEMI recommend beta-blocker treatment to be initiated early in
patients with ongoing ischemic symptoms and to be continued
chronically as a class I indication unless the patient is in over HF or
Killip class >II1. Although the benefit of a long-term oral therapy with
beta-blockers over 1 year was questionable in observational studies or
meta-analyses, the 2020 European guidelines recommend beta-
blockers to be considered in all patients with prior MI as a class Ila
indication to decrease allcause mortality and cardiovascular morbidity
[18](Table1).

Published Data And Unsolved Issues

Although short-term and long-term benefits of oral treatment with
beta-blockers in AMI patients with reduced LV systolic function (EF
<40%) or clinical HF have been well documented in clinical trials
[6,19], its effects in those with EF >40% or without HF have not been
definitely shown because of the lack of randomized clinical trials so
far. In a recent guideline, HF has been classified as distinct phenotypes
based on LVEF: HF with reduced EF (HFrEF; <40%), HF with mildly
reduced EF (HFmrEF; >40%, <50%), and HF with preserved EF
(HFpEF; >50%) [20]. In patients with HFpEF, the benefit of beta-
blocker therapy was not demonstrated, and in patients with HFmrEF,
only one meta-analysis of clinical trials showed reduced all-cause
mortality of 41% in patients with overall median EF 40% (interquartile
range, 40%-43%) [21].

In the era of the prompt primary PCI or thrombolytic therapy for
STEMI or an early invasive strategy for NSTEMI, a number of patients
with LVEF >40% after AMI becomes increasing. In the Korea Acute
Myocardial Infarction Registry-National Institute of Health (KAMIR-
HIH), 86% of patients had LVEF >40% and 62% had LVEF >50%
[22]. However, because of the lack of randomized clinical trials, only
registry data with inherent limitations are available until now.
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Therefore, the impact of beta-blocker therapy in patients with mildly
reduced or preserved EF after AMI is controversial, especially when
they undergo successful coronary reperfusion.

In one registry data of patients with STEMI and undergoing successful
primary PCI, beta-blocker therapy was associated with reduced all-
cause mortality [23]. However, other registry data have not showed the
association of oral beta-blocker therapy with decreased mortality in
survivors without HF or LV systolic dysfunction after AMI. In the
nationwide French registry of patients with AMI, taking early beta-
blockers was associated with 54% lower 30-day mortality in patients
without LVEF <40% or HF, but 1-year mortality was not different
between patients with and without beta-blockers [24]. The national
English and Welsh registry data of patients with AMI also showed no
significant difference of 1-year mortality in patients without LVEF
<30% or HF whether oral beta-blockers were taken or not [25]. The
KAMIR-NIH data of in-hospital survivors after AMI showed that
patients with beta-blockers at hospital discharge had 16% lower 1-year
composite cardiac events compared with those without beta-blockers.
This impact was also observed in patients with successful early coro-
nary reperfusion. However, this association had a significant
interaction with LVEF. The benefit of beta-blocker therapy at
discharge was demonstrated in patients with reduced or mildly reduced
EF, but not in those with preserved EF (Figure 2) [22].

There are feasible explications why beta-blockers' benefit was not
proved in patients with AMI and preserved EF. Beta-blockers
effectively reduce myocardial ischemia, recurrent MI or critical
arrhythmia after AMI when a patient has large amount of infarction-
related, scarred or non-viable myocardium. Lesser amount of
infarction-related myocardium is expected in patients with preserved
EF and clinical benefits of beta-blockers will consequently be
diminished [5,22,25]. Another beneficial mechanism is heart rate
slowing by beta-blockers and consequent reduction of myocardial
oxygen consumption and improved diastolic coronary perfusion (Fig-
ure 1). The clinical benefit of heart rate slowing was demonstrated in
patients with HFrEF using ivabradine [26]. However, in stable
coronary artery disease, ivabradine did not improve clinical outcomes
despite heart rate slowing [27], which suggested that in patients with
preserved EF after AMI, heart rate reduction itself may not act as an
effective mechanism in reducing cardiac events [28].

Most of clinical trials of MI or HF defined reduced LVEF as
<35%—40%. Patients with HFmrEF (>40%, <50%) have been reported
to show unique clinical feature compared with those with HFrEF
(<40%) or HFpEF (>50%) [20]. The impact of beta-blockers in
patients with mildly reduced EF after AMI has been only investigated
in the registry data. The Portuguese Registry of Acute Coronary
Syndromes showed a positive impact of in-hospital beta-blocker
therapy on in-hospital mortality in patients with mildly reduced EF
[29]. In the KAMIR-NIH, 24% of patients had mildly reduced EF, and
in these patients, beta-blocker therapy.

showed about 30% reduction of 1-year and 2-year composite cardiac
events. This benefit of beta-blockers was mainly caused by lower
recurrent MI [22,30]. All of these findings suggest the benefit of oral
treatment with beta-blockers in AMI patients with mildly reduced EF
withoutracial difference.

The optimal duration of beta-blocker therapy after AMI is another
unresolved issue. The American guideline recommend oral beta-
blockers with evidence to reduce mortality (e.g., carvedilol,
metoprolol succinate, or bisoprolol) to be used in all patients with prior
MI and LVEF <40% as a class I indication, and had recommended
beta-blocker therapy to be continued at least for 3 years in all patients
even they had normal LV function [13]. Recently this guideline has
been revised that it may be reasonable to reassess the necessity for a
long-term (>1 year) beta-blocker therapy in order to reduce cardiac
events in patients with prior MI and without LVEF <50% (Table 2)
[31]. The European guidelines recommend a long-term (>1 year)
treatment with beta-blockers in patients with prior MI and without HF
or LV systolic dysfunction as a class Ila indication even though prior
studies have questioned the benefit of this regimen [32]. In a 1-year
landmark analysis of Korean nationwide medical insurance data, beta-
blocker therapy over 1 year after the initial attack of AMI was
associated with 19% reduction of all-cause death in patients without
HEF, but this association was lost beyond 3 years [33]. However, 1-year
landmark analysis of the Danish registry data of AMI patients without

HF showed no association of long-term beta-blocker therapy with
cardiovascular mortality or recurrent MI following the patients from 3
months to 3 years after index admission [34]. One-year landmark
analysis of the KAMIR-NIH data of stable patients without major
cardiac events until 1 year after AMI also showed no association of
beta-blocker therapy with cardiac mortality irrespective of initial EF
[35].

There is also a controversy about optimal dose of beta-blockers after
AML. In “real-world” registries, the lower than maximal tolerable
doses of beta-blockers that are recommended in the guidelines are a
usual prescription pattern. In one registry of the United States and
Canada, 60% of patients were prescribed in less than 25% of target
dose at discharge, and the lowest 2-year mortality was observed in
patients with >12.5%-25% of target dose [36]. One-year landmark
analysis of the same registry also showed that AMI patients treated
with >12.5%-25% of the maximum tolerable dose had reduced all-
cause death compared with no beta-blocker or other doses [37]. In the
KAMIR-NIH less than 25% of target dose of beta-blockers was
prescribed at discharge, but this dose was associated with better
clinical outcomes [22]. In the Swedish national registries,
cardiovascular outcomes after AMI were not different between
patients with <50% and with >50% of the target dose of beta-blockers
[38]. Only a randomized clinical trial may answer the optimal dose of
beta-blockers after AMI although such a clinical trial would not be
easy to performed.

Future Perspective

Unresolved beta-blocker therapy issues in patients with AMI are the
effect of beta-blocker therapy in patients with mildly reduced or
preserved EF, the optimal duration of beta-blocker therapy, and the
optimal dose of beta-blockers.

There are six on-going, randomized clinical trials enrolled in
ClinicalTrial.gov to investigate the effect of oral treatment with beta-
blockers in patients with AMI and without reduced EF or HF (Table 3).
Four clinical trials are investigating the non-inferiority of immediate
discontinuation (1-8 days after initial attack) of beta-blockers in
patients with EF >40% (EF >50% in one trial). Other two clinical trials
are evaluating the non-inferiority of discontinuation after at least 6
month to 1 year use of oral beta-blockers in patients with EF >40%. In
the study designs of these clinical trials, only one (DANBLOCK: Dan-
ish trial of beta blocker treatment after myocardial infarction without
reduced ejection fraction) recommends to use the highest dose of beta-
blockers deemed tolerable for the patient at the time of randomization,
but other trials permit dose at the discretion of attending investigators.
Except for the optimal dose question, the results of these on-going
clinical trials may answer the unresolved questions of beta-blocker
therapy in patients with AMI.

CONCLUSIONS

In patients with AMI, oral treatment with beta-blockers is rec-
ommended when they have reduced EF or HF unless contraindicated,
but in patients without reduced EF or HF, the benefit and the optimal
duration of beta-blocker therapy is questionable.

Ongoing Highlights

» In patients with acute myocardial infarction, oral treatment with
beta-blockers is recommended when they have reduced ejection
fraction (<40%) or heart failure unless contraindicated.

» In patients without reduced ejection fraction or heart failure, the
benefit and the optimal duration of beta-blocker therapy is
questionable. clinical trials may help to answer the unresolved
issues of beta-blocker therapy in patients with AMI.
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Table 1. Oral beta-blocker therapy in the uidelines for the management of patients with acute myocardial infarction

Guidelines Class L0E

Guidelines for the management of patients with STEMI
1.2013 ACC/AHA quideline [15]

Recommendations

Oral beta-blackers should be intiated in the first 24 hours in patients with STEMI who do not have any of the | B
following: signs of HF, evidence of a low output state, increased risk for cardiogenic shock, or other contraindications

touse of ora beta bockers (PR interval more than 0.24 seconds, second- or third-degree heart bock, active astha,

o reactive airways disease).

Beta-blockers should be continued during and after hospitalization for al patients with STEMI and with no | B
contraindications to their use.
22017 ESC quidelnes [16]
Recommendations
- Orel treatment with beta-blockers isindicated i patients with HF andfor LVEF <40% unless contraindicated. | A
 Routine oral treatment with beta-blockers should be considered during hospital stay and continued thereafter in il [la B
patients without contraindications.
Guidelines for the management of patients with NSTEMI
1. 2014 AHAJACC quideline [17]
Recommendations
- Oral beta-blocker therapy should be initiated within the first 24 hours in patients who do not have any of the | A
following: (1) signs of HF, (2] evidence of low-output state, (3) increased risk for cardiogenic shack, or (4] other
contraingications to beta-blockade e.g, PR interval >0.24 second, second- or third-gegree heart block without a
cardiac pacemaker, active asthma, or reactive airway disease).
«In patients with concomitant NSTE-ACS, stabilized HF, and reduced systolic function, it recommended to-continue | C
beta-blocker therapy with 1 of the 3 drugs proven to reduce mortality in patients with HF: sustained-relcase
metoprolol succinate, carvediol, or bisoprolol
- Itis reasorable to continue beta-blocker therapy in patients with normal LV function with NSTE-ACS. lla c
2. 2020 ESC guidelines [18]
Recommendations
- Early initiation of beta-blocker treatment is pati ongaing [ i | [
contraindications to the respective drug class. t is recommended to continue chronic beta-blocker therapy unless.
the patient is in Killip class Ill or higher.
- Long-term beta-blockers are recommended in patients with systolic LV dysfunction or HF with reduced LVEF (<40%). 1 A
In patients with prior MI, long-term oral treatment with 2 beta-blocker should be considered in order to reduce all- lla B

cause 3nd cardiovascular mortality and cardiovascular morbidity

LOE: level of evidence; STEMI: ST-tlevation myocardial infarction; ACC: American College of Cardiology; AHA: American Heart Association; HF: heart falure; ESC:
European Society of Cardiology; LVEF: left ventricular ejection fraction; NSTEMI; non-ST-elevation myocardial infarction; NSTE-ACS: non-ST-¢levation-acute
corenary syndrome; LV: left ventricular; MI: myocardial infarction.

Figure 2. Unadjusted Kaplan-Meier curves and adjusted hazard ratios
(HR) for 1-year major adverse cardiac events in the entire cohort with
vs. without beta-blockers (BB) according to left ventricular ejection
fraction (LVEF). (A) LVFE <40% (n=1,670 patients). (B) 40%<LVEF
<50% (n=2,904 patients). (C) LVEF >50% (n=7,626 patients). CI:
confidence interval. Adapted from Joo et al. Eur Heart J Cardiovasc
Pharmacother 2021;7:475-82 [22].
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