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Abstract

Background Several clinical studies have produced diverse results regarding the efficacy and safety of early intravenous
beta-blockers in patients with acute ST-segment elevation myocardial infarction (STEMI). A study-level meta-analysis of
randomized clinical trials (RCTs) comparing early intravenous beta-blockers versus placebo or routine care in STEMI patients
undergoing primary percutaneous coronary intervention (PCI) was performed.

Methods A database search was conducted using PubMed, EMBASE, the Cochrane Library, and Clinicaltrials.gov for ran-
domized clinical trials (RCTs) that compared intravenous beta-blockers versus placebo or routine care in STEMI patients
who underwent primary PCI. The efficacy outcomes were infarct size (IS, % of LV) and the myocardial salvage index (MSI)
based on magnetic resonance imaging, electrocardiographic findings, heart rate, ST-segment reduction percent (STR%),
and complete STR. Safety outcomes included arrhythmias in the first 24 h (ventricular tachycardia and fibrillation [VT/VF],
atrial fibrillation [AF], bradycardia, and advanced atrioventricular [AV] block), cardiogenic shock and hypotension during
hospitalization, left ventricular ejection fraction (LVEF), and major adverse cardiovascular events (cardiac death, stroke,
reinfarction, and heart failure readmission) at follow-up.

Results Seven RCTs with 1428 patients were included in this study, with 709 patients in the intravenous beta-blockers and
719 in the control group. Intravenous beta-blockers improved MSI compared to the control group (weighted mean differ-
ence [WMD] 8.46, 95% confidence interval [CI] 3.12-13.80, P = 0.002, I> = 0%), but no differences were observed in IS
(% of LV) between groups. Compared to the control group, the intravenous beta-blockers group had a lower risk of VI/VF
(relative risk [RR] 0.65, 95% CI 0.45-0.94, P = 0.02, = 35%) without an increase of AF, bradycardia, and AV-block and
significantly decreased HR, hypotension. LVEF at 1 week + 7 days (WMD 2.06, 95% CI 0.25-3.88, P = 0.03, I* = 12%)
and 6 months + 7 days (WMD 3.24, 95% CI 1.54-4.95, P = 0.0002, = 0%) was improved in the intravenous beta-blockers
group compared to the control group. Subgroup analysis showed that intravenous beta-blockers before PCI decreased the risk
of VI/VF and improved LVEF compared to the control group. Furthermore, sensitivity analysis showed that patients with
a left anterior descending (LAD) artery lesion had a smaller IS (% of LV) in the intravenous beta-blockers group compared
to the control group.

Conclusion Intravenous beta-blockers improved the MSI, decreased the risk of VI/VF in the first 24 h, and were associated
with increased LVEF at 1 week and 6 months following PCI. In particular, intravenous beta-blockers started before PCI is
beneficial for patients with LAD lesions.
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Introduction

Acute ST-segment elevation myocardial infarction
(STEMI) is the most common cause of death in patients
with cardiovascular disease [1]. Primary percutaneous
coronary intervention (PCI) has emerged as the main-
stay treatment for STEMI [2]. Although instantaneous
ischemia-reperfusion may cause myocardial cell death,
coronary microvascular obstruction, and malignant
arrhythmia [3], timely reperfusion can reduce the extent
of myocardial infarction (MI) [4].

In a previous study, it was shown that intravenous beta-
blockers for acute MI did not improve outcomes when
combined with thrombolytic therapy [5]. For hemody-
namically stable patients undergoing primary PCI, guide-
lines recommend using intravenous beta-blockers (class
ITa) [6]. However, multiple randomized controlled tri-
als (RCTs) have shown conflicting results regarding the
efficacy and safety of intravenous beta-blockers before
primary PCI for STEMI [7-13]. The extent of the size
of the myocardial infarct after STEMI is a well-known
predictor of adverse outcomes, including mortality [14].
The METOCARD-CNIC (Effect of Metoprolol in Cardio-
protection During an Acute Myocardial Infarction) trial
demonstrated that intravenous metoprolol before PCI
reduced the infarct size based on cardiac magnetic reso-
nance imaging (MRI) [9]. However, the EARLY-BAMI
(Early Beta-blocker Administration before reperfusion
primary PCI in patients with ST-elevation Myocardial
Infarction) trial did not show any effect of intravenous
metoprolol before primary PCI on infarct size based on
MRI [11]. Miyamoto et al. showed that intravenous lan-
diolol increased the myocardial salvage index (MSI) on
cardiac MRI but infarct size was not significantly reduced
[13]. In other studies, peak creatine kinase (CK), CK iso-
enzyme-MB (CK-MB), and cardiac troponin I/T (cTnl/T)
were used to assess myocardial infarct size as the primary
outcome [7, 10, 12]. Additionally, using beta-blockers in
the hyperacute phase of STEMI may predispose to brady-
cardia, heart block, cardiogenic shock, or heart failure
due to the negative inotropic and chronotropic effects of
beta-blockers.

The meta-analysis that was published in 2013 included
studies before 2011 using intravenous beta-blockers that
have shown positive clinical efficacy [15]. This included
patients suffering from acute coronary syndrome (ACS) or
STEMI with or without heart failure, while in our study,
only patients were included who suffered from STEMI with
Killip I or II. The purpose of this study was to investigate
the efficacy and safety profile of intravenous beta-blockers
in patients with acute STEMI undergoing PCI in the current
era of primary PCIL.
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Methods

This systematic review and meta-analysis were per-
formed according to the PRISMA 2020 statement guide-
line [16].

Inclusion and Exclusion Criteria

Inclusion criteria: Patients included presented with
STEMI within 12 h of symptom onset to reperfusion and
a Killip class I or II. All included trials were randomized
controlled trials (RCTs), with or without blind trials. The
criteria for diagnosis of STEMI included in the study
were in line with the guidelines issued by the Ameri-
can College of Cardiology/American Heart Association
(ACC/AHA) and European Society of Cardiology (ESC)
[4, 6]. Exclusion criteria were as follows: Patients with
a low systolic blood pressure <90 mmHg or mean arte-
rial pressure <65 mmHg, heart rate (HR) <60 beats/min,
and AV block type II or III. Animal experiments, case
reports, reviews, meta-analyses, conference proceedings
without a full manuscript and non-RCTs were excluded.

Intervention Measures and Outcomes

Intravenous beta-blockers group: intravenous adminis-
tration of beta-blockers; control group: placebo or rou-
tine care. The efficacy outcomes were IS (% of LV) and
MSI1% based on magnetic resonance imaging (MRI) and
electrocardiographic (ECG) results (heart rate (HR), per-
centage of ST segment reduction (STR%), and complete
STR). The safety outcomes were arrhythmias in the first
24 h (ventricular tachycardia and ventricular fibrillation
(VT/VF), atrial fibrillation (AF), bradycardia, advanced
atrioventricular block (AV-block)), cardiogenic shock
and hypotension during hospitalization, left ventricular
ejection fraction (LVEF), and major adverse cardiovas-
cular events (MACEs (cardiac death, stroke, reinfarction,
and heart failure) at follow-up.

Search Strategy

Databases including PubMed, Web of science, Embase,
the Cochrane Library, and Chinese biomedical litera-
ture database (CBM) were systematically searched from
inception to December 1, 2022, for RCTs examining the
use of intravenous beta-blockers in the acute phase of
STEMI. A combination of Medical Subject Heading and
EMTREE terms were used, including “beta-blockers,”
“adrenergic beta-antagonists”, “STEMI,” “metoprolol,”
“esmolol,” “landiolol,” and relevant articles included in
references were traced.
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Study Selection and Data Collection

Two investigators independently screened the titles and
abstracts of articles identified in the electronic search. The full
text of potentially eligible articles was retrieved and reviewed
to determine if the pre-specified inclusion criteria were met.
Moreover, a third investigator was consulted when needed.
Articles were published in English or Chinese, and contained
data from an RCT comparing intravenous beta-blockers ver-
sus control or routine care in STEMI patients who under-
went PCI. Observational studies, case reports, case series,
abstracts, conference proceedings, reviews, and letters to
the editor were excluded from the study. Extracted data con-
tained the following: author and publication year; sample size;
patient demographics; cardiovascular risk stratification (BMI,
hypertension, diabetes mellitus, dyslipidemia, smoking his-
tory); number of stenosed vessels; ischemia duration; Killip
Class; infarct related artery; perioperative medication; study
characteristics included study design, intervention methods,
outcomes, and follow-up time. The Cochrane quality assess-
ment tool was used in RCTs [17].

Statistical Analysis
RevMan5.4 statistical software was used for meta-anal-

ysis. The heterogeneity of included articles was analyzed
using the X2 test (test level a = 0.1) and evaluated using I

statistics. If the heterogeneity test results were I* < 50%, the
fixed effect model was used for meta-analysis. If the consist-
ency test results were I? > 50%, the random effect model was
used for meta-analysis. The relative risk (RR) represented
the effect index when the outcome index was a dichotomous
variable, whereas the WMD was used for continuous vari-
ables. There were only 7 studies < 10, therefore, there was
no need to carry out the test of publication bias. Data were
considered statistically significant when P < 0.05.

Results
Screening of Literature

A total of 425 studies were retrieved from PubMed,
EMBASE, the Cochrane Library, and CBM, and 94
articles were selected after the removal of duplicate
papers. After evaluating the titles and abstracts (includ-
ing reviews, animal experiments, case reports, and
conference proceedings), 319 articles and 12 articles
were excluded after reading the full text. Two trials that
included patients elective PCI [18, 19] and three meta-
analyses were excluded [20-22]. Finally, seven articles
were included in the qualitative and quantitative studies
(Fig. 1). The results of Cochrane quality assessment are
presented in Fig. 2.

Fig.1 PRISMA flow diagram
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Fig.2 Cochrane quality assess-
ment

. Allocation concealment (selection bias)

Fikret-2016

. Other bias

Hanada-2012

Ibanze-2013

-~

Kiyokuni-2016

Miyamoto-2021

Roolvink-2016

. . . . . . . Random sequence generation (selection bias)
N}
. . . . . . . Blinding of participants and personnel (performance bias)

Sunbing-2019

. . . . . . . Selective reporting (reporting bias)
X)

. . ‘ . . . . Blinding of outcome assessment (detection bias)
. ‘ . . . . . Incomplete outcome data (attrition bias)

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias) _
Selective reporting (reporting bias) _

100%I

Other bias _

25%

0% 50% 75%

. Low risk of bias

I:' Unclear risk of bias . High risk of bias

Study Characteristics

All included RCTs used a selective beta-1 receptor antago-
nist and treated STEMI patients with PCI. Intravenous meto-
prolol was used in the study performed by Roolvink et al.
[11] (two doses of 5 mg, including a first dose in the ambu-
lance, and second dose just before PCI) and Ibanze et al.
[9] (three doses of 5 mg, interval 2 min, prior to PCI). A
loading dose followed by a 24-h, continuous, weight-based
esmolol infusion was carried out in the study performed by
Er et al. [10], targeting an HR of 60 beats per min immedi-
ately (within 60 min) after primary PCI. Bing et al. treated
with a loading dose before PCI followed by continuous,

@ Springer

weight-based esmolol during PCI until PCI was completed
[7]. Patients with symptoms lasting <4.5, 6 or 12 h were
included in the study. Hanada et al. started treatment at 3 pg/
kg per min, 24-h, continuous landiolol infusion immediately
after primary PCI [8]. In the study by Kiyokuni et al. [12],
an intravenous infusion of landiolol was given just before
reperfusion at 3 pg/kg per min, and this dose was continued
within 6-12 h after the primary PCI. Intravenous infusion
of landiolol 3 pg/kg per min before PCI and continued to
a total of 50 mg was used in the study by Miyamoto et al.
[13]. Other study characteristics are presented in Table 1.
Baseline and procedural characteristics between two groups
are presented in Table 2.
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Table 2 Baseline characteristics 1 and procedural characteristics

Author Group Age Male BMI (kg/ Hyperten- Diabetes Hyper- Smoking
and year m?) sion (mmol/L) lipemia
(mmol/L)
Hanada Landiolol 63.2+1.6 40 (80) 25.3+0.6 33(70) 20(43) 38(81) 28 (60)
;t()?IZ. Control 61.5+1.9 40 (85) 24.9+0.5 35(71) 21(43) 38(78) 26 (53)
Ibanze Metoprolol ~ 58.7+12.7 119 (85.6) 27.6+3.7 50(40.3)  31(23.3) 53(39.8) 71 (53)
;:)2]11?; Control 58.2+10.8 114 (87)  27.9+3.9 54(40.2)  24(18.8) 51(40.2) 69 (53.9)
Roolvink  Metoprolol 62.39+12.42 84 (75) 27.11+4.45 135(40.3) 48(14.3) — —
Zt()?lé Control 62.46+12.58 88 (74.6) 27.40+4.11 133(38.7) 62(17.9) — —
Kiyokuni ~ Landiolol 65+13 49 (81) 24.2+3.7 30(50) 19(32) 38(63) 34 (57)
;E)?lé Control 65+13 43 (78) 23.3+3.3 35(64) 9(20) 36(65) 22 (40)
Eret al. Esmolol 57.9+11.2 41 (82) 26.6+3.8 27(54) 6(12) 13(26) 30 (62)
2016 Control 61.4+12.2 36 (72) 26.1+4.1 27(54) 6(12) 16(32) 22 (44)
Bingetal. Esmolol 55«11 50 (85) 26.6+3.2 30(51) 44(75) 30(51) 44 (75)
2019 Control 55+10 49 (84) 26.5+5.2 28(48) 45(78) 24(41) 39 (67)
Miyamoto Landiolol 64+11 21 91) 23.6+2.8 15(65) 7(30) 9(39) 16 (69)
;t)gli Control 67+13 21 (87) 23.9+3.4 15(62) 6(25) 8(33) 9@37)
Killip I Ischemia NO. of stenotic vessels Infarct related artery Perioperative medica-
duration tion
1 2 3 LAD LCX RCA Beta- ACEI or
blocker ARB
46 (98) 382.5+43.7 24 (51) 8 (17) 15 (32) 25 (54) 11 (23) 6 (12) 45 (96) 46 (98)
45 (92) 353.7+35.1 26 (53) 10 (20) 13 (27) 29 (59) 11 (23) 14 (29) 46 (94) 46 (94)
128 (92.5) 197+61 NR NR NR 139 NR NR NR NR
114 (87) 187+66 NR NR NR 131 NR NR NR NR
NR 195.5+262.5 175 (53) 100 (30.3) 39(11.8) 154 NR NR 260 (78.1) 229 (68.8)
NR 201.6+262.1 201 (59.3) 71(20.9) 46(13.6) 166 NR NR 249 (73) 232 (68)
NR 244+167 NR NR NR 31 NR NR NR NR
NR 243+172 NR NR NR 25 NR NR NR NR
NR NR NR NR NR 17 (34) 5(10) 28 (56) NR NR
NR NR NR NR NR 26 (53.1) 5(10) 18 (36.7) NR NR
30 (51) 426+180 26 (43) >2 33 (57) 40 (68) 6 (10) 13 (22) 47 (81) 38 (65)
32 (55) 414+210 25 (44) >2 33 (56) 38 (66) 305 17 (29) 52 (88) 33 (56)
23 (100)  219+101 NR NR 21 (91) 0 209 NR NR
24 (100)  273+140 NR NR 21 (88) 14) 2 (38) NR NR
Efficacy Outcomes ECG Results

Infarct Size (IS, % of LV) and Myocardial Salvage Index (MSI) HR was significantly lower in the intravenous beta-blockers

group compared to the control group (WMD -7.78, 95% CI
No significant differences in proportions of IS (% of LV)  —9.93to -5.63, P < 0.00001, I> = 0%). No significant differ-
(WMD -1.51, 95% CI -4.66 to 1.64, P = 0.35, I> = 52%). ences were observed in STR% (WMD 6.30, 95% CI -5.82-
The MSI in the intravenous beta-blockers group was sig-  18.41, P = 0.31, 1> = 73%), but the number of complete STR
nificantly greater than in the control group (WMD 8.46,  was significantly higher in the intravenous beta-blockers
95% CI 3.12-13.80, P = 0.002, I* = 0%, Fig. 3).
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IV beta-blocker Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random. 95% CI Year IV, Random, 95% CI
5.1.1 Infarcted myocardium,% LV
Ibanze-2013 212 115 106 251 139 114 37.6% -3.90 [-7.26, -0.54] 2013 Ll
Roolvink-2016 15.3 11 169 149 115 173 47.7% 0.40[-1.98, 2.78] 2016
Miyamoto-2021 208 89 17 224 127 18 14.7% -1.60[-8.83, 5.63] 2022
Subtotal (95% CI) 292 305 100.0% -1.51 [-4.66, 1.64]
Heterogeneity: Tau? = 3.94; Chi® = 4.20, df = 2 (P = 0.12); I* = 52%
Test for overall effect: Z =0.94 (P = 0.35)
5.1.3 Myocardial salvage index, %
Ibanze-2013 349 223 106 277 237 114 771% 7.20[1.12,13.28] 2013 L]
Miyamoto-2021 444 146 17 31.7 189 18 229%  12.70[1.55, 23.85] 2022 "
Subtotal (95% Cl) 123 132 100.0%  8.46 [3.12, 13.80] &
Heterogeneity: Tau? = 0.00; Chi2 = 0.72, df = 1 (P = 0.40); I? = 0%
Test for overall effect: Z = 3.11 (P = 0.002)
50 25 0 25 50
i ) Favours [IV beta-blocker] Favours [Control]
Test for subgroup differences: Chi? = 9.94, df = 1 (P = 0.002), I> = 89.9%
Fig. 3 Infarcted myocardium (%LV) and myocardial salvage index, %
Experimental Control Mean Difference Mean Difference
r r Mean D Total Mean D Total Weight 1V, Ran % Cl IV, Random, 95% CI
Fikret-2016 70.1 17 47 77 18 49 9.4%  -6.90[-13.90, 0.10]
Hanada-2012 72 14 69 81 16 70 18.5% -9.00 [-14.00, -4.00] "
Ibanze-2013 68.4 9 50 73.8 124 50 25.6% -5.40 [-9.65, -1.15] =
Kiyokuni-2016 66 11 55 76 14 60 22.0% -10.00[-14.58, -5.42] "
Roolvink-2016 712 132 220 743 136 222 1.5% -3.10[-20.63, 14.43] T
Sunbing-2019 79 9 58 87 15 59 231% -8.00[-12.47, -3.53] "
Total (95% CI) 499 510 100.0% -7.78 [-9.93, -5.63] 2
ity 2 — . Chiz = - - 12 =00 t t t t
?et?;ogenenyl.l T?fu : (Z)(_)O7 i)(;n o i?gbg& 5(P=0.75); 7=0% 20 10 0 10 20
est for overall effect: Z = 7.10 ( : ) Favours [IV beta-blocker] Favours [control]
Fig.4 Mean heart rate (HR)
IV beta-blocker Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI 1V, Random, 95% CI
Roolvink-2016 558 511 180 56.2 47 181 46.0% -0.40[-10.53,9.73]
Sunbing-2019 65 19 58 53 22 59 54.0% 12.00 [4.56, 19.44] i
Total (95% CI) 238 240 100.0%  6.30[-5.82, 18.41]
it 2 = . Chi2 = - - . |12 = 739 I t 1 t {
Heterogeneity: Tau? = 56.31; Chi? = 3.74, df =1 (P = 0.05); I? = 73% 1100 50 0 50 100

Test for overall effect: Z = 1.02 (P = 0.31) Favours [Control] Favours [IV beta-blocker]

Fig.5 Percentage of ST-segment reduction (STR%)

Risk Ratio Risk Ratio

M-H. Random, 95% CI

IV beta-blocker

Control

Kiyokuni-2016 35 55 25 60 27.8% 1.53[1.07,2.19] 2016

Roolvink-2016 96 180 91 181 40.2% 1.06 [0.87, 1.29] 2016

Sunbing-2019 45 59 28 58 32.0% 1.58[1.17,2.14] 2019 =
Total (95% ClI) 294 299 100.0% 1.33[1.00, 1.77]

Total events 176 144

Heterogeneity: Tau? = 0.04; Chi? = 6.12, df = 2 (P = 0.05); I = 67% 0'1
Test for overall effect: Z = 1.98 (P = 0.05) ’

02 05 1 2 5 10
Favours [control] Favours [IV beta-blocker]

Fig.6 Complete ST-segment reduction (STR)
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group compared to the control group (RR 1.33, 95% CI
1.00-1.77, P = 0.05, I* = 67%, Figs. 4, 5, and 6).

Safety Outcomes
Arrhythmias in the First 24 h After PCl

VT/VF was significantly lower in the intravenous beta-
blockers group compared to the control group (RR 0.65,
95% CI 0.45-0.94, P = 0.02, I* = 35%). Moreover, no sig-
nificant differences were observed in AF (RR 0.39, 95%
C10.09-1.63, P = 0.20, I> = 0%) and advanced AV block/
bradycardia (RR 1.11,95% CI 0.54-2.28, P = 0.79, I* = 0%)
between the two groups, Fig. 7.

Cardiogenic Shock and Hypotension at Hospitalization
There were no significant differences in cardiogenic shock

(RR 0.64, 95% CI 0.32-1.28, P = 0.21, I> = 0%), but
hypotension was significantly lower in the intravenous

beta-blockers group compared to the control group (RR
0.50, 95% C10.30-0.85, P = 0.01, I> = 0%, Fig. 8).

Left Ventricular Ejection Fraction (LVEF)

No significant differences in LVEF were observed at 1 month
+ 7days between the two groups (WMD -1.73, 95% CI —1.39-
4.85, P = 0.28, I = 63%). The LVEF at 1 week + 7 days
(WMD 2.06, 95% CI0.25-3.88, P = 0.03, I = 12%) and 6
months + 7days (WMD 3.24, 95% CI 1.54-4.95, P = 0.0002,
I> = 0%) after PCI was significantly improved in patients
treated with an early intravenous beta-blocker, Fig. 9).

MACEs (Cardiac Death, Stroke, Reinfarction, and Heart
Failure) at Follow-Up Time

No significant differences were observed in cardiac death,
stroke, reinfarction, and heart failure readmission between
groups (Fig. 10).

IV beta-blocker Control Risk Ratio Risk Ratio
r Subgrou Even Total Events Total Weight M-H. Fix % ClY M-H. Fixed, 95% Cl

1.1.1 VTIVF
Hanada-2012 16 47 11 49 17.2% 1.52[0.79, 2.92] 2012 N
Ibanze-2013 5 139 10 131 16.4% 0.47[0.17,1.34] 2013 - =
Kiyokuni-2016 1 55 2 60 3.1% 0.55[0.05, 5.85] 2016 —
Roolvink-2016 12 336 24 347 37.7% 0.52[0.26, 1.02] 2016 —
Fikret-2016 4 50 11 50 17.6% 0.36 [0.12, 1.07] 2016 |
Sunbing-2019 1 59 4 58 6.4% 0.25[0.03, 2.13] 2019 _
Miyamoto-2021 1 23 1 24 1.6% 1.04 [0.07, 15.72] 2022
Subtotal (95% Cl) 709 719 100.0% 0.65 [0.45, 0.94] &
Total events 40 63
Heterogeneity: Chi? = 9.29, df =6 (P = 0.16); 1> = 35%
Test for overall effect: Z=2.30 (P = 0.02)
1.1.2 AF
Hanada-2012 1 47 1 49 15.1% 1.04 [0.07, 16.19] 2012
Fikret-2016 1 50 3 50 462%  0.33[0.04,3.10] 2016 — &
Sunbing-2019 0 59 2 58 38.8% 0.20 [0.01, 4.01] 2019 &
Subtotal (95% CI) 156 157 100.0% 0.39 [0.09, 1.63] —l—
Total events 2 6
Heterogeneity: Chiz = 0.71, df = 2 (P = 0.70); I2 = 0%
Test for overall effect: Z =1.29 (P = 0.20)
1.1.3 AV block or Bradycardia
Ibanze-2013 1 139 2 131 154% 0.47 [0.04, 5.14] 2013 - 1
Roolvink-2016 5 336 2 347 14.8% 2.58 [0.50, 13.22] 2016 -1
Fikret-2016 0 50 1 50 11.2% 0.33[0.01, 7.99] 2016
Kiyokuni-2016 5 55 5 60 35.9% 1.09 [0.33, 3.57] 2016
Sunbing-2019 3 59 3 58 22.7% 0.98 [0.21, 4.67] 2019 %
Subtotal (95% CI) 639 646 100.0% 1.11 [0.54, 2.28]
Total events 14 13
Heterogeneity: Chi? = 2.10, df =4 (P = 0.72); I?= 0%
Test for overall effect: Z=0.27 (P = 0.79)

0.005

0.1 1 10
Favours [IV beta-blocker] Favours [Control]

200

Test for subgroup differences: Chi2 = 2.37, df =2 (P = 0.31), 2= 15.7%

Fig.7 Arrhythmias in the first 24 h after PCI
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IV beta-blocker Control
Study or Subgrou Events Total Events Total Weight
1.2.1 Cardiogenic shock
Hanada-2012 0 47 0 49
Ibanze-2013 6 140 7 130 37.3%
Fikret-2016 0 50 3 50 18.0%
Kiyokuni-2016 2 55 6 60 29.5%
Roolvink-2016 2 336 1 347 5.1%
Sunbing-2019 1 59 1 58 5.2%
Miyamoto-2021 1 23 1 24 5.0%
Subtotal (95% ClI) 710 718 100.0%
Total events 12 19
Heterogeneity: Chiz = 2.81, df =5 (P = 0.73); 1= 0%
Test for overall effect: Z=1.26 (P = 0.21)
1.2.2 Hypotension
Kiyokuni-2016 8 55 19 60 49.3%
Roolvink-2016 9 336 18 347 48.0%
Miyamoto-2021 1 23 1 24 2.7%
Subtotal (95% CI) 414 431 100.0%

Total events 18 38
Heterogeneity: Chi? = 0.34, df = 2 (P = 0.84); I>=0%
Test for overall effect: Z = 2.55 (P = 0.01)

Test for subgroup differences: Chi? = 0.28, df =1 (P = 0.59), I? = 0%

Fig.8 Cardiogenic shock and hypotension at hospitalization

IV beta-blocker Control

r r Mean D Total Mean D Total Weigh
3.1.1 1 week
Hanada-2012 49.1 9.9 47 502 9.6 49 19.5%
Ibanze-2013 46.1 9.3 106 434 104 114 39.0%
Fikret-2016 58.8 10.2 50 55 11.7 50 16.3%
Sunbing-2019 54.8 9 59 524 96 58 25.2%
Subtotal (95% CI) 262 271 100.0%

Heterogeneity: Tau? = 0.43; Chi? = 3.42, df = 3 (P = 0.33); 12 = 12%
Test for overall effect: Z =2.23 (P = 0.03)

3.1.2 1 month * 7day

Fikret-2016 625 88 49 586 93 49 31.4%
Roolvink-2016 51 109 162 517 108 169 41.2%
Sunbing-2019 551 11.8 56 522 10.7 56 27.4%
Subtotal (95% CI) 267 274 100.0%

Heterogeneity: Tau? = 4.73; Chi? = 5.33, df = 2 (P = 0.07); I = 63%
Test for overall effect: Z = 1.09 (P = 0.28)

3.1.3 6 month * 7day

Hanada-2012 52 99 47 502 82 49  22.0%
Ibanze-2013 48.7 10 101 45 11.7 101 32.4%
Fikret-2016 617 96 50 60.1 10.1 49  19.4%
Sunbing-2019 576 99 55 525 7.8 55 26.3%
Subtotal (95% CI) 253 254 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 2.57, df = 3 (P = 0.46); I> = 0%
Test for overall effect: Z = 3.72 (P = 0.0002)

Test for subgroup differences: Chi? = 1.18, df = 2 (P = 0.56), I* = 0%

Risk Ratio Risk Ratio
M-H. Fixed. 95% CI Year M-H. Fixed. 95% CI

Not estimable 2012

0.80[0.27, 2.31] 2013 —

0.14 [0.01, 2.70] 2016 =

0.36 [0.08, 1.73] 2016 — &
2.07[0.19, 22.67] 2016 I

0.98 [0.06, 15.35] 2019
1.04 [0.07, 15.72] 2022
0.64 [0.32, 1.28] -

0.46 [0.22,0.96] 2016 —
0.52[0.24,1.13] 2016 —
<>

1.04[0.07, 15.72] 2022
0.50 [0.30, 0.85]

0.005 0.1 1 10 200
Favours [IV beta-blocker] Favours [control]

Mean Difference Mean Difference
IV, Random % Cl Year IV, Random, 95% Cl
-1.10 [-5.00, 2.80] 2012 —=—
2.70[0.10, 5.30] 2013 —
3.80 [-0.50, 8.10] 2016 T
2.40 [10.97, 5.77] 2019 T
2.06 [0.25, 3.88] L g
3.90 [0.32, 7.48] 2016 ——
0.70 [-3.04, 1.64] 2016
2.90 [1.27,7.07] 2019
1.73 [1.39, 4.85]
1.80 [-1.84, 5.44] 2012 T
3.70[0.70, 6.70] 2013 ——
1.60 [-2.28, 5.48] 2016 ——
510 [1.77, 8.43] 2019 ——
3.24 [1.54, 4.95] <&
-20 10 0 10 20

Favours [IV beta-blocker] Favours [Control]

Fig.9 Left ventricular ejection fraction (LVEF)

Subgroup-Analysis

Subgroup-analysis was performed on outcomes (VT/VF,
AV block/bradycardia, cardiogenic shock, heart failure

readmission, and LVEF) according to different types of
beta-blockers and intravenous beta-blockers were started
before or after PCI. VI/VF was significantly lower in
metoprolol (P = 0.02) and esmolol (P = 0.02) subgroups
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IV beta-blovkers Control Risk Ratio Risk Ratio
r r Even Total Events Total Weight M-H, Fix % Cl Year M-H, Fix 5% Cl
4.1.1 Cardiac death
Hanada-2012 0 47 0 49 Not estimable 2012
Ibanze-2013 3 139 6 131 34.2% 0.47[0.12, 1.85] 2013 - &
Fikret-2016 0 50 1 50 8.3% 0.33[0.01,7.99] 2016
Kiyokuni-2016 0 55 0 60 Not estimable 2016
Roolvink-2016 7 336 8 347 43.6% 0.90[0.33, 2.46] 2016 1_
Sunbing-2019 0 59 2 58 14.0% 0.20[0.01, 4.01] 2019 "
Subtotal (95% Cl) 686 695 100.0% 0.61 [0.29, 1.28]
Total events 10 17
Heterogeneity: Chi? = 1.41, df = 3 (P = 0.70); I>= 0%
Test for overall effect: Z=1.31 (P = 0.19)
4.1.2 Reinfarction
Hanada-2012 0 47 1 49 9.5% 0.35[0.01, 8.32] 2012
Ibanze-2013 1 139 5 131 33.1% 0.19[0.02, 1.59] 2013 - &
Fikret-2016 0 50 2 50 16.1% 0.20[0.01, 4.06] 2016 "
Kiyokuni-2016 0 55 1 60 9.2% 0.36 [0.02, 8.73] 2016
Roolvink-2016 3 336 2 347 12.7% 1.55[0.26, 9.21] 2016 -1
Sunbing-2019 3 59 3 58 19.5% 0.98 [0.21, 4.67] 2019 - T
Subtotal (95% CI) 686 695 100.0% 0.55 [0.24, 1.25] -
Total events 7 14
Heterogeneity: Chi? = 3.38, df = 5 (P = 0.64); I>= 0%
Test for overall effect: Z=1.43 (P = 0.15)
4.1.3 Heart failure requiring hospitalisation
Hanada-2012 0 47 1 49 5.4% 0.35[0.01, 8.32] 2012
Ibanze-2013 4 139 12 131 455% 0.31[0.10, 0.95] 2013 —
Fikret-2016 8 50 5 50 18.4% 1.60 [0.56, 4.56] 2016 -1
Kiyokuni-2016 0 55 3 60 12.3% 0.16 [0.01, 2.95] 2016 "
Roolvink-2016 4 336 3 347 10.9% 1.38[0.31,6.11] 2016 I
Sunbing-2019 3 59 2 58 7.4% 1.47 [0.26, 8.50] 2019 - 1
Subtotal (95% CI) 686 695 100.0% 0.74 [0.42, 1.29] <&
Total events 19 26
Heterogeneity: Chi? = 6.97, df =5 (P = 0.22); I = 28%
Test for overall effect: Z=1.08 (P = 0.28)
4.1.4 Stroke
Hanada-2012 0 47 0 49 Not estimable 2012
Fikret-2016 0 50 1 50 61.1% 0.33[0.01,7.99] 2016 i
Kiyokuni-2016 1 55 1 60 38.9% 1.09[0.07, 17.02] 2016 T
Subtotal (95% Cl) 152 159 100.0% 0.63 [0.09, 4.62]
Total events 1 2
Heterogeneity: Chi? = 0.31, df =1 (P = 0.58); 1> = 0%
Test for overall effect: Z = 0.46 (P = 0.65)
0.001 0.1 1 10 1000

Test for subgroup differences: Chi?2 = 0.38, df = 3 (P = 0.94), I? = 0%

Favours [IV beta-blocker] Favours [Control]

Fig. 10 MACE:s (cardiac death, stroke, reinfarction, and heart failure) at follow-up time

compared to control groups. LVEF at 1 week, 1 month,
and 6 months were significantly lower in the esmolol sub-
group compared to the control group. No differences were
observed in AV block/bradycardia, cardiogenic shock,
heart failure readmission in the subgroups (Table 3). VT/
VF was significantly lower in the intravenous beta-block-
ers group compared to the control group (P = 0.009) in the
before-PCI subgroup and was not significantly different
between groups in the after-PCI subgroup (P = 0.70). The
LVEF at 1 week and 6 months was significantly improved
in the intravenous beta-blockers group compared to the
control group (P = 0.01, P = 0.0001) in the before-PCI

@ Springer

subgroup and was not significantly different between
groups in the after-PCI subgroup (P = 0.61, P = 0.21),
Table 4.

Sensitivity Analysis

Sensitivity analysis was performed on IS (% of LV) and
follow-up MACEs. When Roolvink et al. was excluded
[10], the IS (% of LV) was significantly smaller in the
intravenous beta-blockers group compared to the control
group (Fig. 11).
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Table 3 Subgroup-analysis of different kinds of beta-blockers

Cardiogenic shock 0.64 [0.32,1.28] 0.21

Subgroup Number of RR/WMD P value
studies (95%CI)
VT/VE 0.65 [0.45,0.94] 0.02
metoprolol 0.50[0.28,0.89] 0.02
esmolol 0.33[0.13,0.87] 0.02
landiolol 1.35[0.73,2.48] 0.34
AV block/bradycardia 1.11[0.54,2.28] 0.79
metoprolol 1.50[0.43,5.24] 0.52
esmolol 0.77 [0.20, 3.02] 0.70
landiolol 1.09 [0.33,3.57] 0.89
[
metoprolol 0.95[0.36,2.47] 0.91
esmolol 0.33 [0.05,2.07] 0.24
landiolol 1.04 [0.07, 15.92] 0.98

Heart failure readmission 0.7410.42,1.29] 0.28

N AN W AN DN WR NN = NN WU WND N

metoprolol 0.52[0.22,1.20] 0.12
esmolol 1.56 [0.64,3.84] 0.33
landiolol 0.21[0.03,1.81] 0.16
LVEF at 1 week 2.06 [0.25,3.88] 0.03
esmolol 2.93[0.28,5.59] 0.03
LVEF at 1 month + 1 week 1.73 [-1.39, 4.85] 0.28
esmolol 3.48 [0.76,6.19] 0.01
LVEF at 6 months + 1 week 3.24[1.54,4.95] 0.0002
esmolol 3.50 [0.08, 6.92] 0.04

VT/VF, Ventricular tachycardia and fibrillation

LVEF, Left ventricular ejection fraction

Discussion

The main findings of our study can be summarized as
follows.

(1) Intravenous beta-blockers improved the MSI,
decreased HR, and were associated with a higher rate
of complete STR.

(2) Intravenous beta-blockers significantly decreased VT/VF
and did not increase advanced AV block/bradycardia in
the first 24 h after PCI. No significant differences were
observed in cardiogenic shock between groups, but the rate
of hypotension was significantly lower in the intravenous
group compared to the control group at hospitalization.

(3) Intravenous beta-blockers improved the LVEF at 1
week and 6 months.

(4) Subgroup-analysis showed that intravenous beta-block-
ers in the before-PCI subgroup decreased the VI/VF
and improved the LVEF at 1 week and 6 months, but
did not show any differences between the two groups
in the after-PCI subgroup.

(5) Sensitivity analysis showed that patients with an LAD
lesion were associated with a smaller IS (% of LV) in

Table 4 Subgroup-analysis of intravenous beta-blockers before or
after PCI

Subgroup Number of RR/WMD P value
studies (95%CI)
VT/VF 7 0.65[0.45,0.94] 0.02
Before PCI 4 0.49[0.29,0.84]  0.009
After PCI 3 0.90[0.54,1.52] 0.70
AV block/bradycardia 5 1.11[0.54,2.28] 0.79
Before PCI 3 1.28 [0.48,3.38] 0.62
After PCI 2 0.91[0.31,2.70] 0.87
Cardiogenic shock 7 0.64[0.32,1.28] 0.21
Before PCI 4 0.96[0.41,2.26] 0.93
After PCI 3 0.28 [0.07,1.09]  0.07
Heart failure readmission 6 0.7410.42,1.29] 0.28
Before PCI 2 0.63[0.30,1.22] 0.62
After PCI 2 0.9210.39,2.19] 0.85
LVEF at 1 week 4 2.06 [0.25,3.88] 0.03
Before PCI 2 2.591[0.53,4.65] 0.01
After PCI 2 1.73 [-1.39,4.85] 0.61
LVEF at 6 months+1 week 4 3.24[1.54,4.95] 0.0002
Before PCI 2 4.33[2.10,6.56]  0.0001
After PCI 2 1.71 [-0.95,4.36] 0.21

VT/VF, Ventricular tachycardia and fibrillation

LVEF, Left ventricular ejection fraction

the intravenous beta-blockers group compared to the
control group.

The results of our study showed that intravenous beta-block-
ers did not reduce the IS (% of LV). However, when the paper
of Roolvink et al. was excluded [10], the IS (% of LV) was
significantly lower in the intravenous group compared to the
control group. Intravenous metoprolol was used in Ibance et al.
and Roolvink et al., but the results were not consistent between
the two studies. One possible explanation could be the dose of
metoprolol. In Ibance et al. [9], the dose was three times 5 mg
(15 mg target dose), compared to two times 5 mg (10 mg target
dose) in the study by Roolvink et al. [10]. Another explanation
could be that 18.8% of patients in the Roolvink et al. [10] trial
were on long-term beta-blocker treatment before admission,
whereas long-term oral beta-blocker treatment was an exclu-
sion criterion in the Ibance et al. paper [9]. A third explanation
could be that treatment with an early beta-blocker may only
be beneficial in patients with an anterior infarction, and less
beneficial or even harmful in patients with an inferior loca-
tion. Ibance et al. and Miyamoto et al. included patients under-
going STEMI mainly with a left anterior descending (LAD)
lesion (93%) [9, 13]. Intravenous beta-blocker improved the
MSI and was associated with a smaller IS (% of LV) in the
intravenous beta-blockers group compared to the control
group in the meta-analysis of above two trials. Therefore,
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IV beta-blovkers Control

Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl Year

Mean Difference
1V, Fixed, 95% CI

Ibanze-2013 212 115 106 251 139 114 822% -3.90[-7.26,-0.54] 2013
Miyamoto-2021 20.8 8.9 17 224 127 18 17.8% -1.60[-8.83, 5.63] 2022 "
Total (95% Cl) 123 132 100.0% -3.49 [-6.54, -0.44] S
e Chiz = - - L2 = 0O t t t +
Heterogeneity: Chiz = 0.32, df =1 (P = 0.57); 1= 0% 20 10 0 10 20

Test for overall effect: Z=2.24 (P = 0.02)

Fig. 11 Sensitivity analysis of infarcted myocardium (%LV)

it is hypothesized that patients with an LAD lesion would
benefit more from therapy with intravenous beta-blockers.

In the COMMIT trial [23], intravenous metoprolol did
not improve survival in STEMI patients. However, this was
mainly caused by a higher incidence of cardiogenic shock
in patients treated with an early beta-blocker, possibly due
to inclusion of patients with heart failure. In our included
studies, patients with Killip III or IV were excluded. No
significant differences were found in cardiogenic shock
between the intravenous beta-blockers group (1.7%) and
control group (2.8%). In addition, hypotension was signifi-
cantly lower in the intravenous group (4.4%) compared to
the control group (8.8%). LVEF at 1 week was improved
in the intravenous beta-blockers group compared to in the
control group. Taken together, these findings indicated that
intravenous beta-blockers may improve left ventricular
function better than the control group during hospitaliza-
tion, which may be associated with a lower rate of hypoten-
sion in the intravenous beta-blocker group. Furthermore, the
LVEF in the intravenous beta-blockers group was improved
at 6 months compared to the control group. Microvascular
obstruction (MVO) and intramyocardial hemorrhage (IMH)
are independent predictors of adverse LV remodeling and
clinical outcomes after STEMI [24, 25]. An improved LVEF
may be due to decreased MVO and IMH in the intravenous
group compared to the control group [26]. Five-year out-
comes of METOCARD-CNIC showed lower MACEs and
heart failure admissions in the intravenous group, which was
not consistent with our results [27]. One potential reason
was that the other six studies only had a short- and mid-
term follow-up time, while early intravenous metoprolol
had a long-term beneficial prognostic effect, particularly in
patients with severely impaired LV systolic function. Intra-
venous metoprolol had more preserved global LV strain and
infarct zone circumferential strain after STEMI which may
contribute to lower MACEs and heart failure admissions
during long-term follow-up [26].

In our study, the results of ECG showed that intravenous
beta-blockers resulted in a lower HR, and higher complete
STR after PCI. As mentioned above, bradycardia was simi-
lar between two groups. Therefore, compared to the control
group, intravenous beta-blockers had effective and safe con-
trol of HR. A METOCARD-CNIC trial electrocardiographic
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study showed that the intravenous beta-blockers group also
had a lower HR and total ST-segment elevation before rep-
erfusion [28].

Subgroup-analysis showed that intravenous esmolol was
associated with a lower risk of VI/VF compared to the control
group and improved LVEF at 1 week, 1 month, and 6 months.
Compared to two or three dose 5 mg of intravenous metoprolol,
a loading dose followed by continuous intravenous esmolol bet-
ter achieved the target HR and significantly faster recovery of
HR and blood pressure (BP) in patients with STEMI [29]. Intra-
venous esmolol may be an effective alternative to intravenous
metoprolol for patients with STEMI. Intravenous beta-blockers
in the before-PCI subgroup were associated with a higher LVEF
at 1 week and 6 months compared to the control group, while
no significant differences were found between the two groups
in the after-PCI subgroup. The results may indicate that the ear-
lier intravenous beta-blockers were used, the more improved
LV function.

Compared with a previous meta-analysis [20-22], the current
report has included several updates. Meta-analysis of IS (% of
LV), MSI, heart rate (HR), percentage of ST segment reduction
(STR%), and complete STR was performed, which were not
analyzed in previous studies. Additional subgroup and sensitiv-
ity analysis was also performed. According to our results, several
new meaningful findings were found. First, intravenous beta-
blockers improved the MSI%, decreased HR, and were associ-
ated with a higher rate of complete STR. Second, intravenous
beta-blockers before PCI decreased VI/VF and improved the
LVEF at 1 week and 6 months, but did not show any differences
between the two groups after PCI. Third, patients with an LAD
lesion were associated with a smaller IS (% of LV) and improved
MSI in the intravenous beta-blockers group compared to the
control group.

Limitations

This study has the following limitations: (1) baseline data
cannot be completely balanced as not all the data from all
individuals was obtained, which could have affected our
results; (2) Inclusion and exclusion criteria, intervention
measures were not consistent in all included studies, which
may provide an underlying source of clinical heterogeneity
in the meta-analysis; (3) All included studies had a small
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sample size, whereas a large sample size and multicenter
RCTs are needed.

Conclusion

According to the results of our study, intravenous beta-block-
ers during the acute phase of ST-segment elevation myocar-
dial infarction (STEMI) were effective and safe. Intravenous
beta-blockers reduced VT/VF and did not increase advanced
A-V block or bradycardia in the first 24 h after primary per-
cutaneous coronary intervention (PCI). Intravenous beta-
blockers improved the myocardial salvage index (MSI) and
LVEF at 1 week and 6 months. They also decreased long-term
major adverse cardiovascular events (MACEs) compared to
the control group. Patients with an LAD lesion may benefit
more from intravenous beta-blockers before PCI. With the
contemporary background, it is warranted to fully understand
the underlying mechanism(s) of action of intravenous beta-
blockers, and large RCTs will be required to more precisely
determine the role of intravenous beta-blockers in STEMI in
the era of PCIL.
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