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Abstract

Objective: The aim of this study was to evaluate the efficacy
of nebivolol, carvedilol or metoprolol succinate on the out-
come of patients presenting with acute myocardial infarc-
tion (AMI) complicated by left ventricular dysfunction. Sub-
jects and Methods: Patients (n = 172, aged 28-87 years)
with AMI and left ventricular ejection fraction <0.45 were
randomized to the nebivolol (n = 55), carvedilol (n =60) and
metoprolol succinate (n = 57) groups. Baseline demograph-
ic and clinical characteristics and composite event rates of
nonfatal MI, cardiovascular mortality, hospitalization due to
unstable angina pectoris or heart failure, stroke or revascu-
larization during the 12-month follow-up were compared
among the groups using the x? test, t test or log-rank test as
appropriate. Results: Baseline demographic and clinical
characteristics were similar in the three groups. The com-
posite end point during follow-up was lower in the patients
treated with nebivolol than those treated with metoprolol

(14.5 vs. 31.5%; p = 0.03). However, event rates were similar
between the patients treated with carvedilol and those
treated with the metoprolol (20.3 vs. 31.5%, p > 0.05) and
between the patients treated with nebivolol and carvedilol
(14.5 vs. 20.3%, p > 0.05). Conclusion: The patients treated
with nebivolol experienced 12-month cardiovascular events
at a lower rate than those treated with metoprolol suc-
cinate. However, event rates were similar between the
carvedilol and the metoprolol succinate groups and be-
tween the nebivolol and the carvedilol groups.

©2016 S. Karger AG, Basel

Introduction

Beta-blockers (BBs) decrease mortality and morbidity
and improve left ventricular (LV) function in chronic
heart failure [1-3]. They also decrease ischemic events
and mortality after acute myocardial infarction (AMI)
with greater beneficial effects in those who develop LV
dysfunction and/or heart failure [1, 4]. Four BBs have
been shown to be effective in heart failure: metoprolol,
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Fig. 1. Flow diagram of the inclusion of pa-
tients in the study.

carvedilol, bisoprolol and nebivolol. Metoprolol, biso-
prolol and nebivolol are {;-selective BBs. However,
carvedilol has B; and [, receptor and a, receptor blocker
and M, receptor upregulation properties. Nebivolol has
nitric oxide-releasing and vasodilatory properties and in-
hibits endothelial proliferation [5-7].

A comparison of different BBs in patients with LV dys-
function and/or heart failure showed divergent results.
Carvedilol showed better results on clinical end points as
compared with metoprolol in patients with chronic heart
failure [2], but they showed similar effects on the outcomes
in patients with AMI complicated by LV systolic dysfunc-
tion [7]. A comparison of metoprolol and nebivolol showed
that metoprolol deteriorated LV systolic function in pa-
tients with systolic dysfunction but not nebivolol [8]. How-
ever, carvedilol and nebivolol showed similar efficacy, in-
cluding clinical end points in patients with systolic dys-
function and hypertension [9] or chronic heart failure [10].
In a meta-analysis [11], carvedilol was shown to reduce
all-cause mortality as compared with P;-selective BBs in-
cluding metoprolol and nebivolol in randomized direct
comparison trials in patients with heart failure. No head-
to-head comparison of nebivolol, carvedilol and metopro-
lol has been conducted in ischemic LV dysfunction. There-
fore, the aim of this study was to compare nebivolol with
carvedilol or metoprolol succinate in patients presenting
with AMI and an LV ejection fraction <0.45.

Myocardial Infarction and Major Cardiac
Events

Subjects and Methods

This was a single-center, randomized, active-controlled and
end point-blinded study. Patients with a diagnosis of AMI based
on clinical, electrocardiographic and cardiac biomarker criteria
[12] and an echocardiographic LV ejection fraction <0.45 were
included. Transthoracic echocardiography was performed in each
patient before the randomization, and the echocardiographic LV
ejection fraction was determined by the Simpson method [13]. A
total of 728 patients presenting with ST elevation or non-ST eleva-
tion MI between March 2009 and March 2012 were screened. The
inclusion criteria were patients >18 years old presenting with AMI
and an ejection fraction <0.45. Exclusion criteria were patients
with an ejection fraction >0.45, Killip class IV heart failure, un-
stable angina pectoris, prior MI, previous BB or a-blocker use,
baseline heart rate <60 bpm, second- or third-degree atrioventric-
ular block, systolic blood pressure <90 mm Hg, severe chronic ob-
structive pulmonary disease and symptomatic peripheral arterial
disease. Based on these criteria, 552 patients were excluded: 352
due to ejection fraction >0.45, 133 because of previous use of BBs,
22 with a heart rate <60, 12 with systolic blood pressure <90 mm
Hg, 4 with second- or third-degree atrioventricular block, 6 with
Killip class IV heart failure, 15 due to unstable angina pectoris, 2
with severe chronic obstructive pulmonary disease, 4 because of
prior heart failure and 2 with previous ML In addition, 2 patients
died before randomization and 2 refused to participate. Therefore,
172 patients (aged 28-87 years) were included in this study (fig. 1;
table 1). Of the eligible patients, 57 were randomized to metopro-
lol succinate, 60 to carvedilol and 55 to nebivolol. Selection for
these groups was conducted using numbers in sealed envelopes.
Three patients in the metoprolol succinate group (bronchospasm,
n = 1; atrioventricular block, n = 2) and 1 patient in the carvedilol
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Table 1. Baseline characteristics

Characteristics Metoprolol succinate ~Carvedilol Nebivolol p
(n=57) (n =60) (n=55)

Age, years 59+13 59+12 61+11 0.98
Male gender 48 (84.2) 47 (78.3) 50 (90.9) 0.18
Smoking 33 (57.9) 38 (63.3) 28 (50.9) 0.29
Hypertension 21 (36.8) 16 (26.7) 17 (30.9) 0.48
Diabetes mellitus 9 (15.8) 11 (18.3) 8 (14.5) 0.91
Non-ST elevation MI 2(3.5) 2(3.3) 5(9.1) 0.80
ST elevation MI 55 (96.5) 58 (96.7) 52 (90.9) 0.72

Anterior 44 (77.2) 47 (78.3) 36 (65.4) 0.50

Nonanterior 11 (19.3) 11 (18.3) 14 (25.5) 0.30
Killip class

Class I 43 (75.4) 44 (73.3) 41 (74.5) 0.80

Class IT 11 (19.3) 12 (20) 10 (18.2)

Class I1I 3(5.3) 4(6.7) 4(7.3)
Creatinine, mg/dl 1.1£0.4 1.07+0.3 1.03£0.1 0.50
Total cholesterol, mg/dl 178+36 161+34 173+36 0.62
Triglyceride, mg/dl 123£52 123+48 127£70 0.97
HDL cholesterol, mg/dl 41+9 416 419 0.97
LDL cholesterol, mg/dl 108+42 95+27 111+24 0.37
Ejection fraction, % 35 (20-45) 35 (25-45) 35 (30-45) 0.54
Baseline systolic BP, mm Hg 130 (90-150) 120 (80-200) 135 (90-180) 0.26
Baseline diastolic BP, mm Hg 80 (60-100) 75 (50-120) 80 (55-100) 0.28
Baseline heart rate, beats/min 75 (61-110) 80 (60-120) 76 (60-120) 0.43
Peak CK-MB 100 (41-520) 111 (26-573) 143 (45-380) 0.30
Medications before hospitalization

ACEI and/or ARB 8(14) 7 (11.7) 7 (12.7) 0.92

Acetyl salicylic acid 4(7) 6 (10) 4(7.3) 0.84

Statins 6 (10.5) 7 (11.7) 5(9.1) 0.95

Oral antidiabetics 5(8.8) 5(8.3) 2(3.6) 0.46

Insulin 2(3.5) 1(1.7) 1(1.8) 0.75

Thiazide diuretics 3 (5.3) 2(3.3) 1(1.8) 0.58
Medications started during hospitalization

ACEI and/or ARB 56 (98.2) 58 (96.7) 54 (98.2) 0.80

Spironolactone 26 (45.6) 30 (50) 22 (40) 0.45

Statin 54 (94.8) 55 (82) 50 (90.9) 0.58

Acetyl salicylic acid 51 (89.5) 56 (93.3) 52 (94.5) 0.54

Clopidogrel 54(93.1) 61 (100) 54 (98.2) 0.90
Recanalization in ST segment elevation MI 0.48

Thrombolytic 22 (40.1) 23 (39.7) 21(38.1)

Streptokinase 8 (14.5) 10 (17.2) 9(16.4)

t-PA 14 (25.6) 13 (22.5) 13 (23.6)

Primary PCI 21 (38.1) 21(36.2) 19 (34.5)

No recanalization 12 (21.8) 14 (24.1) 11 (20) 0.68

Rescue PCI 7 (12.2) 8(13.3) 6 (10.9) 0.74
Treatment during index event 0.76

Medical treatment 14 (24.2) 15 (24.6) 13 (23.6)

PCI 31 (53.4) 35 (57.4) 35 (63.6)

CABG 13 (22.4) 11 (18) 7 (12.7)
Implantable cardioverter defibrillator implantation

(for primary prevention) 2(3.5) 3 (5.0) 2(3.6) 0.90

Data are presented as the mean + SD, median (range) or n (%).

HDL = High-density lipoprotein; LDL = low-density lipoprotein; CK-MB = creatine kinase myocardial band; BP = blood pressure;
ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker: t-PA = tissue plasminogen activators; CABG =
coronary artery bypass surgery.
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Table 2. Follow-up findings

Characteristics Metoprolol  Carvedilol Nebivolol pl p2 p3 p4
succinate overall nebvs. met neb vs. car car vs. met

Tolerability
n 57 60 55
BB withdrawal 3(5.3) 1(1.7) 0
The reason for withdrawal

Bronchospasm 1(1.8) 0 0

Second-/third-degree

atrioventricular block 2(3.5) 1(1.7) 0

12-month follow-up
n 54 59 55
Primary composite end point® 17 (31.5) 12 (20.3) 8 (14.5) 0.03 0.03 0.46 0.20
Mortality 1(1.9) 1(1.7) 2(3.6) 0.78
Nonfatal MI 2(3.7) 3(5.1) 1(1.8) 0.60
Hospitalization® 12 (22.2) 8 (13.6) 7 (12.7) 0.32
Revascularization 2(3.7) 0 1(1.8) 0.33
Stroke 2(3.5) 0 1(1.8) 0.33

met = Metoprolol; car = carvedilol; neb = nebivolol.

2 Cardiovascular mortality, hospitalization due to unstable angina pectoris or heart failure, revascularization, nonfatal MI or stroke.
® Hospitalization due to unstable angina pectoris or heart failure.

group (atrioventricular block, n = 1) were withdrawn from therapy
(table 2). Therefore, 12-month follow-up was available for 168 pa-
tients (nebivolol, n = 55; carvedilol, n = 59; metoprolol succinate,
n=>54).

The BBs were started within the first 3 days after the onset of
symptoms. Metoprolol, carvedilol and nebivolol were started at
doses of 25 mg once daily, 3.125 mg twice daily and 1.25 mg once
daily, respectively. The dose was titrated up to a tolerable dose. In
cases where the lowest dose was not tolerated, the study drug was
stopped. Blood pressure and heart rate were checked every day
and, depending on the patient’s hemodynamic status, the meto-
prolol dose was increased gradually to 50, 100 and 200 mg once
daily, carvedilol was increased to 6.25, 12.5 and 25 mg twice daily,
and nebivolol was increased to 2.5, 5 and 10 mg once daily. It was
intended that the target dose would be reached within 1 month
(200 mg once daily, 25 mg twice daily and 10 mg once daily for
metoprolol, carvedilol and nebivolol, respectively). The patients
were treated according to the most recent guidelines [14, 15]. Re-
canalization with either primary percutaneous coronary interven-
tion (PCI) or thrombolytic treatment was performed in patients
with ST elevation MI presenting within 12 h from the onset of the
symptoms. Patients were taken to rescue PCI if no recanalization
occurred at 1 h of thrombolytic treatment. If there was no contra-
indication, all patients received angiotensin-converting enzyme
inhibitor or angiotensin receptor blocker, acetyl salicylic acid,
clopidogrel, statins and low-molecular-weight heparin. All the pa-
tients without contraindications underwent coronary angiogra-
phy (Schimatzu, Kyoto, Japan) by a femoral arterial approach
within 24 h of the presentation. An implantable cardioverter defi-
brillator was implanted for primary prevention in patients with an
ejection fraction <30% and NYHA functional class II or III symp-
toms occurring >40 days post-MI. The indication for cardiac re-

Myocardial Infarction and Major Cardiac
Events

synchronization therapy was heart failure and QRS duration >120
ms with a left bundle branch block pattern. However, as this crite-
rion was not met, this therapy was not required in any patient. The
study complies with the Declaration of Helsinki of 1975, as revised
in 1983. The Institutional Review Board approved the study and
written informed consent was obtained from all of the subjects.
The primary end point was the composite of nonfatal M1, cardio-
vascular mortality, hospitalization due to unstable angina pectoris
or heart failure, stroke and revascularization during the 12 months
of follow-up. Patients were seen every week for the first month and
at 3-month intervals thereafter for the assessment of end points
and tolerability of the study drugs.

Statistical Analysis

The Kolmogorov-Smirnov test was used for the distribution of
numeric variables and factors with a normal distribution are ex-
pressed as the mean + SD and were compared with analysis of vari-
ance (ANOVA), which was used to compare age, creatinine levels
and lipid parameters. Variables without a normal distribution
were expressed as the median (range) and were compared using
the Kruskal-Wallis test for systolic and diastolic blood pressures,
heart rate, peak creatine kinase myocardial band, and ejection frac-
tion. Categorical variables are expressed as numbers and percent-
ages. Continuous variables were compared using one-way ANO-
VA or the Kruskal-Wallis test, and categorical variables were com-
pared using x? or Fisher’s exact test as appropriate. Post hoc
analyses were performed using the Scheffé correction test for con-
trolling type 1 error if the overall test was significant. Post hoc
analyses were not performed if the overall test did not reach a sig-
nificant difference. The Kaplan-Meier method with the log-rank
test was used to compare the probability of freedom from com-
bined composite end points. Composite end point event rates were
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Fig. 2. Freedom from primary composite end points during the
12-month follow-up period.

assumed to be 30% in the metoprolol group, 15% in the carvedilol
group and 7% in the nebivolol group [7-10, 16-19], and were com-
pared among the metoprolol, carvedilol and nebivolol groups.
Given the fact that patients with coronary artery disease presenting
with AMI were included in this study, we hypothesized that
nebivolol would have the lowest event rates because it has nitric
oxide-releasing and antiatherosclerotic properties. With this hy-
pothesis, 47 patients in each group were required to detect signifi-
cance with an alpha level of 0.05, and a power of 0.80. Analysis was
performed on the intention-to-treat rule. A p value <0.05 was con-
sidered significant. SPSS 15 (SPSS Inc., Chicago, IIl., USA) was
used for the analysis.

Results

Baseline findings were similar among the groups (all p
values >0.05; table 1). The composite end point of nonfa-
tal MI, cardiovascular mortality, hospitalization due to
unstable angina pectoris or heart failure, stroke or revas-
cularization during the 12-month follow-up period was
lower in the nebivolol group (n = 8, 14.5%) than the meto-
prolol succinate group (n = 17, 31.5%; p = 0.03). How-
ever, event rates were similar between the carvedilol and
the metoprolol succinate groups and between the nebivo-
lol and the carvedilol groups (n = 12, 20.3%, vs. n = 17,
31.5%; n = 8, 14.5%, vs. n = 12, 20.3%, respectively; both
p > 0.05). The Kaplan-Meier survival analysis showed
that freedom from composite end points was higher in
the nebivolol group than in the metoprolol succinate
group (log-rank p = 0.03), but was similar between the
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carvedilol and metoprolol succinate groups, and between
the nebivolol and the carvedilol groups during the
12-month follow-up period (both log-rank p > 0.05;
fig. 2). The mean daily doses reached for metoprolol,
carvedilol and nebivolol were 57 + 27 mg once a day,
10 + 3 mg twice a day and 5.5 + 2 mg once a day, respec-
tively.

Discussion

In this study, patients with AMI and LV ejection frac-
tion <45% treated with nebivolol experienced 12-month
cardiovascular events at a lower rate than those treated
with metoprolol. However, event rates were similar be-
tween the carvedilol and the metoprolol groups and be-
tween the nebivolol and the carvedilol groups. It was
shown in a previous study [8] that metoprolol but not
nebivolol decreased cardiac output and increased system-
ic vascular resistance and pulmonary capillary wedge
pressure in patients with systolic dysfunction. Similarly,
nebivolol but not metoprolol inhibited cardiac NADPH
oxidase activation and improved LV dysfunction, and
nebivolol had a significantly more pronounced inhibitory
effect than metoprolol on cardiomyocyte hypertrophy af-
ter MI [20]. Nebivolol was also found to be superior to
atenolol in improving diastolic functions and the maxi-
mal exercise duration of patients with ischemic LV dys-
function [21]. However, in patients with nonischemic
heart failure, both nebivolol and carvedilol improved LV
diastolic functions and also performed similarly on fol-
low-up [22]. On the other hand, a recent study showed
that lung diffusion and exercise performance were higher
with nebivolol than carvedilol, but carvedilol allowed bet-
ter ventilation efficiency than nebivolol during exercise
[23]. Although previous studies indicated the superiority
of nebivolol over metoprolol, the present study is the first
that shows lower long-term event rates with nebivolol
than metoprolol in patients with AMI complicated by LV
dysfunction. However, nebivolol and carvedilol, which
had not been compared in this study population previ-
ously, had similar event rates in the present study. Nebivo-
lol plays an important role in patients with reduced endo-
thelial dysfunction, especially for those who have AMI, as
it has nitric oxide-induced vasodilatory properties and
may offer antiatherosclerotic activity by its inhibitory ef-
fects on oxidative stress and vascular smooth muscle pro-
liferation [24]. By its vasodilatory effects, nebivolol de-
creases peripheral vascular resistance and increases stroke
volume, which is very beneficial in heart failure [5].
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Carvedilol has been found to have better results than oth-
er BBs in animal models of MI [25] and in decreasing
cardiovascular event rates and increasing ejection frac-
tion in patients with heart failure [26]. Similarly, a recent
meta-analysis [11] indicated that carvedilol reduced all-
cause mortality as compared with atenolol, bisoprolol,
metoprolol and nebivolol in randomized direct compari-
son heart failure trials. On the other hand, carvedilol and
nebivolol showed no superiority over one another, in-
cluding clinical end points in patients with systolic dys-
function and hypertension [9, 10]. In AMI patients with
an LV ejection fraction <0.45, carvedilol and metoprolol
showed similar long-term clinical end points, but the
safety profile and quality of life were better with carvedilol
[7]. In addition, carvedilol and metoprolol exhibited sim-
ilar short-term clinical end points, reperfusion arrhyth-
mias, cardiac and neurohumoral markers and LV ejec-
tion fraction in patients undergoing primary PCI [16].
The long-term clinical end point rates of AMI patients
with a mean ejection fraction of 0.55 were also not statis-
tically different between the carvedilol and atenolol
groups [17]. The present study is in line with previous
studies that show similar event rates with nebivolol and
carvedilol. Carvedilol has antioxidant, anti-inflammato-
ry, antiarrhythmic, vasodilatoryand By, f, and a;-receptor
blocker properties [11, 18, 19]. Its 3, receptor blocker and
antioxidant effects are critical as [, receptors [6] and oxi-
dative stress [27] are increased in heart failure. Previous
experimental and clinical heart failure studies indicated
the superiority of carvedilol over other BBs and its effec-
tiveness in heart failure with preserved LV ejection frac-
tion [28]. However, direct comparison studies in the AMI
settings and a new meta-analysis in the heart failure set-
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