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Abstract: Objective: This study was designed to determine the effects of enalapril combined with bisoprolol on
patients with acute myocardial infarction (AMI) and their prognosis. Methods: This study retrospectively analyzed
data of 104 patients receiving AMI treatment in the First People’s Hospital of Shanghai from May 2019 to October
2021, including 48 patients treated with enalapril alone (control group) and 56 patients treated with enalapril com-
bined with bisoprolol (observation group). The efficacy, adverse reactions, cardiac function [left ventricular ejection
fraction (LVEF), left ventricular end-diastolic diameter (LVED), left ventricular end-systolic diameter (LVES) and left
ventricular mass (LVM)] of the two groups were measured and analyzed. The patients were followed up for one year
to compare their prognosis. Results: The observation group showed a significantly higher total response rate than
the control group (P < 0.05), but the incidence of adverse reactions was not different significantly between the two
groups (P > 0.05). After treatment, LVES, LVED and LVEF increased significantly in both groups (P < 0.05), and the
observation group showed significantly lower LVES and LVM levels and had a higher LVEF level than the control
group (P < 0.05). The follow-up results revealed no significant difference in prognosis and survival between the
two groups (P > 0.05). Conclusion: Enalapril combined with bisoprolol is effective and safe in the treatment of AMI,

because this regimen can effectively improve patients’ cardiac function.
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Introduction

Acute myocardial infarction (AMI), which is trig-
gered by coronary atherosclerosis-induced con-
tinuous ischemia and hypoxia, causes myocar-
diocyte necrosis [1]. That is, blood lipids are
deposited in the coronary arteries for a long
time and form plaques, and the rupture of
plaques leads to secondary thrombosis and
platelet adhesion. Platelet adhesion to blood
vessels, in turn, causes insufficiency of distal
myocardial blood supply and then myocardial
injury or death [2]. According to the survey sta-
tistics over the past years, the incidence of
AMI is about 40%, and the mortality and inci-
dence of this disease are increasing annually
[3]. According to statistics, since 2012, rural
areas have shown a higher mortality from AMI
than urban areas. In 2016, 58.69 people per
100,000 people in urban areas died from AMI,
while 74.72 people per 100,000 people in rural

areas died from it. Clinically, AMI patients are
often experience severe retrosternal pain, arr-
hythmia, circulatory decline or heart failure. The
current treatments for AMI are primarily based
on drugs and surgery, and the main purpose is
to restore myocardial blood perfusion, save
dying myocardium, prevent expansion of infarc-
tion and narrow the scope of myocardial isch-
emia, so as to protect and maintain cardiac
function [4]. However, the prognosis of patients
after surgical treatment is still not satisfactory.
Accordingly, it is necessary to explore new ther-
apeutic drugs or regimens for AMI.

As an angiotensin-converting enzyme inhibitor
(ACELI), enalapril can effectively inhibit angioten-
sin-converting enzymes and lower the content
of angiotensin Il. Thus, it can lower blood pres-
sure and heart load, with a long-lasting effect
[5, 6]. Yokota et al. [7] found that enalapril could
reduce the level of serum myocardial injury
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index and improve cardiac function in patients
with AMI, with obvious therapeutic benefit. It
possesses remarkable efficacy in hyperten-
sion and heart failure, as well as in AMI. As a
B1-adrenoceptor blocker, bisoprolol can be
adopted to treat diseases including hyperten-
sion, coronary heart disease and heart failure,
and it can effectively lower the risk of recur-
rence of myocardial ischemia and arrhythmia
[8, 9]. Jun et al. [10] revealed a favorable effect
of bisoprolol on secondary prevention of pa-
tients with AMI.

However, the efficacy of the combination of two
drugs on myocardial infarction is still in need of
investigation. Accordingly, we used both enala-
pril and bisoprolol for patients with AMI to
explore the efficacy and prognosis of the com-
bined regimen, with the purpose of providing a
basis for clinical practice.

Methods and data
Clinical data

A total of 104 AMI patients treated in the First
People’s Hospital of Shanggqiu from May 2019
to October 2021 were collected and analyzed
retrospectively. Among them, 48 patients treat-
ed with enalapril alone were assigned to a con-
trol group, and 56 patients treated with enala-
pril combined with bisoprolol were assigned to
an observation group. This study was approved
by the Medical Ethics Committee of the First
People’s Hospital of Shangqiu.

Inclusion and exclusion criteria

Inclusion criteria: Patients with detailed clinical
data, patients who met the WHO diagnostic cri-
teria of AMI [11], and patients without mental
disorder and cognitive dysfunction.

Exclusion criteria: Patients who had taken sta-
tins or B-blockers before admission, patients
with low compliance, patients with a history of
drug allergy or physical organic diseases, pa-
tients with coagulation dysfunction, patients
with chronic myocardial infarction or cardiac
insufficiency, and pregnant women.

Therapeutic regimens

All patients were given routine treatment such
as oxygen inhalation and sedation to ensure
their absolute bed rest. Also, patients were
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given aspirin, clopidogrel, atorvastatin calcium
tablets, low molecular weight heparin, and
nitrates.

The control group was treated with oral enala-
pril-folic acid tablets (Shenzhen Ausa Pharma-
ceutical Co., Ltd., State Food and Drug Admini-
stration (SFDA) approval number: H20103783),
based on routine treatments, with a dose of
5-10 mg, twice a day.

The observation group was treated with oral
bisoprolol fumarate tablets (Beijing Huasu
Pharmaceutical, SFDA approval number: H10-
970082) based on the treatments in the con-
trol group, with a dosage of 2.5-5.0 mg, 4 times
a day. The adverse drug reactions in the two
groups were closely observed.

Detection of cardiac function indexes

Before therapy and after 6 months of therapy, a
Philips IE33 ultrasonic diagnostic instrument
was adopted to measure the cardiac function
indexes of patients, including left ventricular
ejection fraction (LVEF), left ventricular end-
diastolic diameter (LVED), left ventricular end-
systolic diameter (LVES) and left ventricular
mass (LVM).

Follow-up

The patients’ electronic medical records and
outpatient reexamination records within one
year were collected, and the patients’ survival
was analyzed.

Outcome measures

Primary outcome measures: The efficacies
(total response rate) in the two groups were
compared. The clinical efficacy was evaluated
according to the following criteria: Markedly
effective: Arrhythmia disappeared, and pa-
tients had significant alleviation in myocardial
infarction symptoms including hypotension,
chest tightness, and chest pain, with normal
electrocardiogram (ECG) results. Effective: Pre-
ventricular contraction decreased by > 60%,
and myocardial infarction symptoms were alle-
viated. Ineffective: Preventricular contraction
decreased by < 60%, and myocardial infarction
symptoms were not alleviated or even tended
to worsen. Total response rate = [(the number
of cases with markedly effective response +
the number of cases with effective response)/
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Table 1. Comparison of baseline data

were conducted using the inde-
pendent sample t test and paired

Factor Control Observation 5 P ftest. respectively. Cl ified -
group (n=48) group (nN=56) value s respectively. Liassined var
e 0003 088t 8 e Logeti regression
<60 years old (n=56) 26 30 was conducted to analyze risk
> 60 years old (n=48) 22 26 factors for cardiovascular adverse
Sex 0.165 0.684 events. P < 0.05 was considered
Male 29 36 a significant difference.
Female 19 20
BMI 0015 0903  Results
< 24 kg/m? 22 25 Comparison of clinical data
> 24 kg/m? 26 31
Course of disease 5.246 0.022 Comparison of clinical data re-
<5h 15 30 vealed no significant difference
>5h 33 26 between the two groups in age,
Past medical history sex, body mass index, course of
Hypertension 12 12 0186 0.667 disgase, carFiiac functjon clgssifi-
Diabetes mellitus 8 8 0113 o737  cation, previous medical history
) ) or smoking history (P > 0.05,
Hyperlipemia 8 14 1.076 0.299 Table 1).
History of smoking 0.431 0.512
Yes 36 45 Efficacy analysis
No 12 11

BMI, body mass index.

total number of cases] * 100%. The cardiac
function of patients before and after therapy
was compared, and the changes in LVEF, LVED,
and LVES before and after therapy were evalu-
ated. The 1-year survival of patients was count-
ed, and the prognostic factors were analyzed
through regression.

Secondary outcome measures: The drug treat-
ment of the two groups was compared. The inci-
dence of adverse reactions including cough,
hypotension, and sinus bradycardia, was com-
pared between the two groups. The total
adverse reaction rate = (total number of cases
with adverse reactions/total number of cases)
* 100%. The ECG indexes of the two groups
were compared, including Q wave time and ST
segment offset.

Statistical analyses

This study adopted SPSS 20.0 (SPSS Inc.,
Chicago, IL, USA) for analyses of collected data,
and GraphPad Prism 8 for data visualization.
The Kolmogorov-Smirnov test was performed
to evaluate the normal distribution. Data in a
normal distribution were described by mean +
SD, and analyzed using the t test. Inter-gr-
oup comparisons and intra-group comparisons
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According to a comparison of effi-
cacy between the two groups, the
control group showed a signifi-
cantly lower total response rate than the obser-
vation group (P=0.004, Table 2).

Changes of cardiac function before and after
therapy

The cardiac function indexes (LVEF, LVED, LVES,
and LVM) of the two groups were analyzed and
compared before and after therapy. According
to the results, before therapy, LVEF, LVED, LVES,
and LVM levels were not greatly different
between the two groups, while after therapy,
LVEF, LVED, LVES, and LVM levels in both gr-
oups increased greatly. Additionally, after ther-
apy, the observation group showed a signifi-
cantly higher LVEF level and significantly lower
LVES and LVM levels than the control group, but
the LVED level was not greatly different between
the two groups (Figure 1).

Changes in ECG indexes before and after
treatment

The ECG indexes (Q wave time and ST segment
offset) before and after treatment were com-
pared between the two groups. The results
revealed that the two groups were not different
in Q-wave time and ST-segment offset before
treatment (P > 0.05), but after treatment, the
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Table 2. Evaluation of clinical efficacy

Group Markedly effective Effective Ineffective Total response rate (%)
Control group (n=48) 25 (52.08) 11 (22.91) 11 (22.91) 36 (75.00%)
Observation group (n=56) 33 (58.92) 20 (35.71) 33 (58.92) 53 (94.64%)
X2 value 8.080
P value 0.004
== Control group a shorter Q-wave time and
Em Observation group lower ST-segment offset in
A B - the observation group than in
80- *kkk 80~ rex the control group (P < 0.001,
o0 — i 0. Figure 2).
? 40- é— 404 Qomparison of adverse reac-
> > tions before and after therapy
20 20+
According to the comparison
. Before treatment After treatment o Before treatment After treatment Of adverse reactions between
c b . the groups, the overall inci-
80 —_ 150 " dence of adverse reactions in
s ers ek *kk K the - cgntrol .group was not
& < 1001 statistically different from that
@ 40- s of the observation group (P=
3 3 0.740, Table 3).
20+
o o Analysis of factors impacting

Before treatment After treatment Before treatment After treatment

Figure 1. Changes of cardiac function in patients before and after treatment.
A. Comparison of left ventricular ejection fraction (LVEF) changes before and
after treatment. B. Comparison of left ventricular end-diastolic diameter
(LVED) changes before and after treatment. C. Comparison of left ventricular
end-systolic diameter (LVES) changes before and after treatment. D. Com-
parison of left ventricular mass (LVM) changes before and after treatment.

Note: *P < 0.05; **P < 0.01; ***P < 0.001; ***P < 0.0001.

B Control group
mm Observation group

A *okokk B
* %Kk
0.10+ — 10
5 *kok
0.08 *okk % 8
“E-’ S * kKK
S 0.06-] S 6 —
[}] E=3
z ]
2 0.04+ £ 41
o
0.02-1 2 24
17)
0.00-! 0-

Before treatment After treatment Before treatment After treatment

Figure 2. Changes in ECG indexes before and after treatment. A. Changes

in Q-wave time before and after treatment. B. Changes in ST segment offset
before and after treatment. Note: electrocardiogram (ECG).

Q-wave time and ST-segment offset of the two
groups decreased significantly (P < 0.001), with

2028

patients’ prognosis

According to the occurrence
of adverse cardiovascular ev-
ents after 6 months of treat-
ment, the patients were gr-
ouped into an unfavorable
prognosis group (n=26) and
a favorable prognosis group
(n=78). The clinical data of
these two groups were com-
pared. According to the re-
sults, age, course of disease,
diabetes mellitus (DM), and
therapeutic regimen were risk
factors for adverse events
(Table 4). Further Logistic re-
gression analysis revealed th-
at age, course of disease, DM
and therapeutic regimen were
independent risk factors for
cardiovascular adverse events
(Table 5).

Discussion

Lifestyle changes have accentuated the threat
of acute myocardial infarction (AMI) to human
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Table 3. Comparison of adverse reactions

Group Number of cases Cough Hypotension Rash  Sinus bradycardia Total incidence (%)
Control group 48 2 (4.16) 2 (4.16) 0 (0.00) 1(2.08) 5(10.42)
Observation group 56 2 (3.57) 3(5.35) 1(1.78) 1(1.78) 7 (12.50)

X2 value 0.110

P value 0.740

Table 4. Univariate analysis

Unfavorable prognosis

Favorable prognosis

Factor group (n=26) group (n=78) X Pvalue
Age 7.429 0.006
<60 years old (n=56) 20 36
> 60 years old (n=48) 6 42
Sex 0.341 0.558
Male (n=65) 15 50
Female (n=39) 11 28
BMI 0.634 0.425
<24 kg/m? (n=47) 10 37
> 24 kg/m? (n=57) 16 41
Course of disease 8.161 0.004
<5 h (n=45) 5 40
> 5 h (n=59) 21 38
Past medical history
Hypertension (n=24) 4 20 1.156 0.282
Diabetes mellitus (n=16) 11 5 19.303 <0.0001
Hyperlipidemia (n=22) 5 17 0.076 0.781
History of smoking 1.507 0.219
Yes (n=81) 18 63
No (n=23) 8 15
Therapeutic regimen 13.206 0.0003
Single treatment (n=48) 20 28
Combined treatment (n=56) 6 50
BMI, body mass index.
Table 5. Analysis of risk factors
. 95% C.l. of EXP (B)
Factors B S.E. Wald Sig. Exp (B) — —
Lower limit Upper limit
Age 1.238 0.609 4.14 0.042 3.45 1.046 11.375
Course of disease -1.485 0.642 5.352 0.021 0.226 0.064 0.797
Diabetes mellitus 2.691 0.764 12.401 0 14.75 3.298 65.968
Therapeutic regimen 1.574 0.647 5.922 0.015 4.824 1.358 17.13

health [12]. People with hypertension, hypergly-
cemia or obesity face a higher risk of AMI,
which often occurs without warning and may be
accompanied by pain, chest tightness or a
near-death feeling [13]. In recent years, great
progress has been achieved in the surgical
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treatment of AMI. Percutaneous coronary inter-
vention (PCI) is an important method to treat
AMI. It can quickly unblock the obstructed
blood vessels caused by thrombosis, restore
blood circulation and oxygen supply, thus ef-
fectively reduce the mortality [14-16]. American
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College of Cardiology points out that an good
effect can be achieved by PCI within one and a
half hours from the time of admission to bal-
loon dilatation [17, 18]. However, prior research
has revealed that patients may still suffer heart
failure and other adverse reactions after PCI,
and may not achieve an optimal therapeutic
effect or prognostic improvement.

Hypertension is an important factor giving rise
to the onset of AMI, so preventing the occur-
rence of hypertension is also a primary method
to prevent AMI [19]. Enalapril, one of antihyper-
tensive drugs, is an ACEI that can dilate blood
vessels and lower blood pressure [20]. Ac-
cording to previous studies [21, 22], enalapril
can effectively reduce vasoconstriction and
cardiac load, and inhibit myocardial remodeling
in rats with AMI and left ventricular function
reconstruction, thus effectively alleviating the
development of the disease and reducing mor-
tality. As a new B-blocker, bisoprolol can not
only protect cardiovascular function, but also
reduce blood pressure by inhibiting an over-
activated sympathetic nerve. Prior research
[23, 24] has revealed that bisoprolol can pro-
mote the decrease of CRP expression in
patients with AMI.

According to previous studies [25, 26], the com-
bination of B-blockers and ACEl drugs can be
beneficial in the treatment of AMI. Additionally,
research about CIBISI has revealed that [3-
blockers combined with ACEI drugs can lower
the mortality of patients with myocardial infarc-
tion, and effectively alleviate their heart failure
and improve prognosis. In the present study,
the observation group treated with enalapril
combined with bisoprolol showed a higher LVEF
level and LVM levels than the control group, but
the LVED levels of the two groups were similar,
indicating that the combined treatments great-
ly improved the patients’ cardiac function, and
delivered higher efficacy. According to analysis
of the mechanism, bisoprolol can inhibit an
inflammatory reaction and activate the expres-
sion of receptors, thus reducing the expression
of CRP. B-blockers can be effective in relieving
arrhythmia to some extent, increasing myocar-
dial responsiveness and ventricular contractile
function, reducing peripheral vascular resis-
tance, alleviating the symptoms of angina pec-
toris, and improving the prognosis.
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In this study, the observation group showed
significantly higher treatment efficacy than the
control group, suggesting that enalapril com-
bined with bisoprolol strengthened heart func-
tion and improved coronary artery perfusion
capacity, delivering a good therapeutic effect,
but this did not lower the incidence of adverse
reactions in the course of treatment. Enalapril,
an ACEI drug, can effectively inhibit the release
of angiotensin |l, dilate blood vessels, increase
blood flow in infarcted areas, restore blood sup-
ply and strengthen ventricular systolic function.
In addition, bisoprolol, as a highly selective
B-blocker, has a long-term effect on cardiac
function, and can prolong ventricular diastolic
period and improve the blood supply capacity,
thus effectively recovering myocardial function
and improving prognosis. Research by Huang
et al. [27] showed that enalapril combined
with bisoprolol delivered a higher efficacy and
improved the cardiac function and oxidative
stress, similar to findings in this study.

Finally, this study analyzed risk factors for
adverse cardiovascular events after therapy.
Accordingly, logistic regression analysis show-
ed that age, course of disease, DM, and thera-
peutic regimen were independent risk factors
for cardiovascular adverse events. Similar to
the results of the present study, a prior study
[28] showed that diabetic patients with unsatis-
factory blood glucose control faced a greatly
higher risk of coronary artery disease, and DM
would affect arterioles to cause diseases,
increasing factors of AMI and affecting the
prognosis. Therefore, the above indexes before
therapy can serve as reference indexes for
evaluating the occurrence of adverse cardio-
vascular events in patients.

This study has confirmed through analysis that
enalapril combined with bisoprolol can improve
the cardiac function, therapeutic effect and
prognosis of patients with AMI. However, this
study still has some limitations. First, this study
is a retrospective study, with a limited sample
size, so the samples are not as uniform as
those in randomized controlled experiments.
Secondly, the patients cannot be further fol-
lowed up, so the long-term prognosis of the
patients remains unclear. Therefore, we hope
to carry out more experiments and follow-up
in the future, so as to improve the research
conclusions.
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In summary, enalapril combined with bisoprolol
is effective and safe in the treatment of AMI,
because the combined regimen can substan-
tially improve patients’ cardiac function and
has a high clinical application value.
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