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Abstract: Objective: This study aimed to investigate the effects of amiodarone combined with recombinant human 
brain natriuretic peptide (rhBNP) on blood pressure and serum myocardial enzymes in patients with arrhythmia. 
Methods: Altogether, 106 patients with arrhythmia who were admitted to our hospital were randomized into the 
control group (CON group) and the combined group (COM group). The CON group was treated by amiodarone alone, 
while the COM group was treated by amiodarone combined with rhBNP. The efficacy of treatment in the two groups 
was compared: the change in blood pressure and cardiac rhythm before and after treatment were recorded, the 
changes in the arrhythmia indexes and serum myocardial enzyme indexes after treatment were detected, and the 
effects of amiodarone combined with rhBNP on arrhythmia were evaluated. Results: The effective rate of the COM 
group was dramatically higher than that of the CON group. Before treatment, there was no remarkable difference 
in blood pressure and heart rate between both groups. After treatment, the blood pressure and heart rate of the 
COM group were dramatically lower than that of the CON group. With regard to postoperative adverse reactions, the 
incidence of adverse reactions in the COM group was lower than that in the CON group, with marked differences. 
After treatment, the AST, LDH and CK levels in the COM group were lower than those in the CON group (P<0.05). 
Conclusion: Amiodarone combined with rhBNP is effective in treating patients with arrhythmia, and it can effectively 
improve cardiac function and relieve myocardial injury.

Keywords: Amiodarone, recombinant human brain natriuretic peptide (rhBNP), combined therapy, arrhythmia, 
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Introduction

Arrhythmia is currently a very common cardio-
vascular disease, and it usually shows changes 
in a normal electrical pulse signal [1]. It is rela-
tively complex and it has high risks [2]. Cardiac 
rhythm disorder, palpitation, dizziness and 
fatigue are the main clinical symptoms, which 
are mainly caused by acquired or congenital 
heart disease. It can lead to cardiac blood sup-
ply disorders, myocardial ischemia, heart fail-
ure and even death of patients in serious cases 
[3]. There are many factors causing this dis-
ease, such as smoking [4], hypertension [5], 
diabetes [6], high cholesterol [7], obesity [8], 
and family history [9]. Some studies [10] have 
shown that arrhythmia can occur independent-
ly or secondary to other diseases such as 
hypertension and coronary heart disease; all of 

which have a high morbidity and are increasing 
annually in recent years. It is of vital importance 
to effectively stabilize the patients’ heart rate, 
improve their treatment efficacy and quality of 
prognosis. At present, the mechanism of action 
of arrhythmia is mainly due to ion channels and 
genetics, but there has been no breakthrough 
of a cure. Drug therapy is still a complex prob-
lem. The use of class I drugs reached its peak 
in 1960s, but gradually decreased due to side 
effects and low treatment efficacy; and a such 
the status of class III drugs has been improved. 
Although class II drugs are broad-spectrum, 
they have certain limitations due to the side 
effects of iodine; and the prevention of sudden 
cardiac death and sympathetic storm has been 
noticed. Class IV drugs were almost forgotten 
about except for treatment of paroxysmal 
supraventricular tachycardia. Clinical applica-
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tion of appropriate drugs for arrhythmia treat-
ment can improve cardiac function, reduce 
malignant arrhythmia and sudden cardiac 
death, as well as advance the treatment rate 
and the prognosis overall. 

At the moment, drugs are mostly used for con-
servative treatment of arrhythmia. There are 
many kinds of drugs for arrhythmia, but consid-
ering the comprehensive efficacy and safety, 
most drugs have poor comprehensive efficacy. 
Metoprolol succinate sustained-release tablets 
are commonly used clinically, which belong to 
class II antiarrhythmic drugs and can slow down 
the internal flow rate of calcium ions in the 
body, block epinephrine receptors, improve 
sympathetic nerve excitation, reduce oxygen 
consumption of myocardial cells in the body, 
and reduce heart rate and blood pressure [11, 
12]. Although conventional anti-heart failure 
treatment can relieve the clinical symptoms  
of patients, long-term use of anti-arrhythmia 
drugs alone cannot control heart rate and blood 
pressure at normal levels, and poor prognosis 
results make it difficult to achieve the desired 
effect. It is necessary to incorporate other 
treatment schemes to strengthen the treat-
ment efficacy [13]. Amiodarone belongs to 
class III antiarrhythmic drugs and it has a 
marked efficacy on cardiac function. By inhibit-
ing potassium ion outflow, it can ameliorate the 
effective refractory period of the ventricles, 
atrium and atrioventricular node, effectively 
reduce signal reentry excitation, improve myo-
cardial ischemia, dilate coronary artery blood 
vessels; and the negative muscle strength gen-
erated by the drugs is relatively mild, thus stabi-
lizing the heart rate and improvinging cardiac 
function [14, 15]. Freeze-dried recombinant 
human brain natriuretic peptide (rhBNP) can 
increase coronary artery perfusion, prevent 
myocardial infarction lesions from expanding 
and improve ventricular function [16].

In this study, patients with arrhythmia were 
selected, and amiodarone and rhBNP were 
combined to explore the efficacy of combina-
tion therapy, as well as their effects on blood 
pressure and blood myocardial enzymes.

Materials and methods

Subjects of research

Altogether, 106 patients with arrhythmia who 
were admitted to our hospital from February 

2017 to August 2019 were selected as the  
participants. They were randomized into the 
CON group and the COM group. There were 49 
patients in the CON group, including 26 males 
and 23 females, with an average age of 
(60.3±7.9) years, and they were all treated  
by amiodarone alone. There were 57 cases in 
the COM group, including 31 males and 26 
females, with an average age of 61.0±7.5 
years, and they were all treated by amiodarone 
combined with rhBNP. There was no obvious 
difference between the general data of both 
groups (P>0.05). Inclusion criteria: Tachyarrhy- 
thmia was diagnosed by electrocardiogram;  
the main clinical symptoms were palpitation 
and chest tightness, and there was no severe 
liver, kidney, lung and cerebrovascular diseas-
es. There was no contraindications for drug use 
in this study. Exclusion criteria were as follows: 
severe atrioventricular block, myocardial infarc-
tion, sick sinus syndrome, atrial mural thrombo-
sis and other cardiac diseases; patients com-
plicated with chronic obstructive pulmonary 
disease (COPD), asthma and other respiratory 
diseases; patients accompanied by diabetes 
and other serious metabolic system diseases; 
patients with malignancies, acute and chronic 
inflammation, immune system diseases or 
cachexia; and pregnant or lactating women 
recently taking anti-inflammatory drugs. This 
study was approved by the Hospital Ethics 
Committee, and all patients signed an informed 
consent form. 

Methods

CON group: Amiodarone was given for treat-
ment. Usage methods: 150 mg amiodarone 
was added into 20 mL glucose injection with  
a concentration of 5% for intravenous injec- 
tion for a duration of >10 min; next, an intra- 
venous pump was used for continuous in- 
jection treatment. The dosage for the first 
6-hour injection was controlled at 1 mg/min, 
the speed was controlled at 0.5 mg/min, and 
the dosage for the first day was controlled at 
2.2 g.

COM group: Freeze-dried rhBNP was given in 
addition to treatment in the CON group. The 
dosage was 1.5 μg/kg and it was injected intra-
venously; after 2-5 minutes the injection was 
completed, it was pumped with a dosage of 7.5 
mg/(kg·min); the dosage was gradually reduced 
after 72 h, and the drug was stopped within 24 
h.
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Table 1. Comparison of blood pressure and heart rate of patients between the two groups
SBP (mmHg) DBP (mmHg) HR (times/min)

Before treatment After treatment Before treatment After treatment Before treatment After treatment
Combined group (n=57) 150.25±14.82 125.64±12.75 98.26±10.62 82.18±8.56 122.36±15.20 88.69±10.68

Control group (n=49) 150.12±14.65 139.62±13.75 98.18±10.43 88.72±9.05 121.24±15.14 94.62±11.15

χ2/t 0.0453 5.4278 0.0389 3.8194 0.3789 2.7928

P 0.9639 <0.0001 0.9689 0.0002 0.7055 0.0062

Outcome measures

Efficacy: Before and after treatment, LVEF, 
LVEDV and LVESV of patients in the two groups 
were measured by ultrasonic cardiogram. 
Grading was scored as: ineffective: LVEF 
increased <30% after treatment; effective: 
LVEF increased by 30%-50% after treatment; 
markedly effective: LVEF increased by more 
than 50% after treatment. Effective and marked 
effective cases were counted into the total 
effective rate. 

Heart rate and blood pressure were monitored 
before treatment by electrocardiogram for 1 h. 
Records were made every 5 min, and the aver-
age value was regarded as the specific index. 

Arrhythmia indexes of both groups after 30 
days of treatment were recorded, including the 
total number of ventricular premature beats, 
the time required for arrhythmia to return to 
normal, and the number of short-term ventricu-
lar tachycardia attacks. 

The adverse reactions of both groups during 
treatment were observed. 

The levels of myocardial enzymes before and 
after treatment in both groups were measured. 
Altogether 5 mL of fasting blood was sampled 
in the morning. The levels of lactate dehydroge-
nase (LDH), aspartate aminotransferase (AST) 
and creatine kinase (CK) were measured by 
Lai’s colorimetry using a fully automatic bio-
chemical analyzer (AU5800, Beckman, USA). 

Statistical methods

All the data were analyzed via SPSS 21.0.  
The measurement data were expressed as 
mean±standard deviation of at least three 
independent experiments. The comparison 
between groups was assessed via t test.  
The counting data were expressed as (n) %, 
analyzed by chi-square test, and plotted by 

GraphPad Prism 6. The difference was statisti-
cally significant with P<0.05.

Results

Comparison of blood pressure and heart rate 
of patients between both groups 

Comparing the changes in blood pressure and 
heart rate between the two groups before and 
after treatment, we found that there was no 
remarkable difference in systolic blood pres-
sure, diastolic blood pressure and heart rate 
before treatment (P>0.05). After treatment, all 
indexes decreased, but the decrease in the 
COM group was remarkably larger than that in 
the CON group (P<0.05) (Table 1).

Comparison of myocardial enzymogram of pa-
tients in both groups

The changes of myocardial enzymogram before 
and after treatment were compared between 
the two groups. There was no marked differ-
ence in AST, LDH and CK before treatment. 
After treatment, the indexes of the COM group 
were dramatically lower than those of the CON 
group (P<0.05) (Table 2).

Comparison of arrhythmia indexes between 
both groups of patients after treatment

After 30 days of treatment, the COM group was 
superior to the CON group (P<0.05) in terms of 
arrhythmia indexes such as the number of 
short-array atrioventricular tachycardia attacks, 
the total number of atrioventricular premature 
contractions and the time when patients’ car-
diac rhythm stabilized at the normal level 
(Figure 1).

Comparison of cardiac function and clinical 
efficacy of patients between both groups 

There was no remarkable difference in LVEF, 
LVEDV and LVESV between the two groups 
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Table 2. Comparison of myocardial enzymogram of patients in the two groups
AST (IU/L) LDH (IU/L) CK (mmol/L)

Before treatment After treatment Before treatment After treatment Before treatment After treatment
Combined group (n=57) 60.10±19.56 31.62±10.32 239.56±31.02 165.53±15.23 158.68±26.31 96.36±12.36

Control group (n=49) 61.02±19.82 41.36±13.25 241.51±32.52 203.65±19.68 159.94±26.82 116.52±15.26

χ2/t 0.2399 4.2502 0.3156 11.2291 0.2436 7.5127

P 0.8108 <0.0001 0.7530 <0.0001 0.8080 <0.0001

before treatment (P>0.05). After treatment, 
LVEF in the COM group was higher than that  
in the CON group, while LVEDV and LVESV were 
lower than that in the CON group, with obvious 
differences (P<0.05) (Table 3).

For the clinical efficacy of patients in both 
groups, the total effective rate of the treatment 
in the COM group was higher than that of the 

CON group, with marked differences (P<0.05) 
(Table 4).

Comparison of adverse reactions between 
both groups during treatment

Comparing the adverse reactions such as hypo-
tension, bradycardia, dizziness and fatigue 
occurred in the two groups during treatment, 

Figure 1. Comparison of arrhythmia indexes 
between the two groups of patients after 
treatment. Note: *** indicates P<0.0001 
when compared with that in control group.
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Table 3. Comparison of cardiac function of patients between the two groups
LVEF (%) LVEDV (mL) LVESV (mL)

Before treatment After treatment Before treatment After treatment Before treatment After treatment
Combined group (n=57) 40.52±6.48 55.61±6.95 159.64±11.98 136.25±7.36 107.71±12.86 68.52±10.28

Control group (n=49) 40.12±6.25 49.35±6.53 158.75±11.75 144.22±8.15 106.84±12.93 79.25±11.25

χ2/t 0.3221 4.7539 0.3847 5.2893 0.3463 5.1290

P 0.7480 <0.0001 0.7012 <0.0001 0.7297 <0.0001

we found that the incidence of adverse reac-
tions in the COM group was remarkably lower 
than that in the CON group (P<0.05) (Table 5).

Discussion

Arrhythmia is caused by excitation occurring 
outside the sinus node or abnormal excitation 
of the sinus node, block, slow or abnormal ion 
channel conduction during the conduction of 
excitation, etc. Clinically, according to its physi-
ological and pathological mechanism, it can be 
divided into two categories: abnormal origin of 
electrical impulse and abnormal conduction 
pathway; the former includes ventricular 
arrhythmia and ectopic arrhythmia, while the 
latter is a common clinical type, including 
abnormal impulse conduction and reentry  
excitation. After onset, it will pose a serious 
threat to quality of life of patients [17, 18]. 
There are many drugs for arrhythmia, including 
sodium channel inhibitors, β receptor blockers, 
calcium channel antagonists, potassium chan-
nel inhibitors, etc., which can effectively im- 
prove the symptoms of patients and promote 
the recovery of myocardial function [19]. 

This study compared the efficacy of amioda-
rone alone (CON group) and amiodarone com-

bined with rhBNP (COM group) in patients with 
arrhythmia. The results showed that the effec-
tive rate of the COM group was dramatically 
higher than that of the CON group. After treat-
ment, the left ventricular end-diastolic volume 
and left ventricular end-systolic volume in the 
COM group were lower than those of the CON 
group. Studies have shown that rhBNP therapy 
can dramatically reduce the levels of tumor 
necrosis factor and monocyte chemotactic fac-
tor and improve the treatment prognosis [20]; 
peptides can effectively improve myocardial 
oxygen supply and blood supply, thus promot-
ing cardiac function recovery [21]; it can also 
increase coronary perfusion, prevent myocar-
dial infarction from expanding, improve ventric-
ular function and inhibit cardiac remodeling 
[22]. Similar to these results, this study also 
found that with the combination therapy of ami-
odarone and rhBNP, the cardiac function of 
patients was improved, better than that of ami-
odarone alone. The possible mechanism is that 
amiodarone plays a vital role in potassium 
channel regulation in the treatment, which can 
prolong the effective refractory period and 
action potential of myocardial tissue, so as to 
eliminate reentrant excitation; also, it can pro-
long the conduction time of atrionector to a cer-

Table 4. Comparison of clinical efficacy of patients between the two groups
Ineffective Effective Markedly effective Total effective rate

Combined group (n=57) 5 (8.77) 33 (57.89) 19 (33.34) 52 (91.23)
Control group (n=49) 12 (24.49) 26 (53.06) 11 (22.45) 37 (75.51)
χ2/t 4.834
P 0.028

Table 5. Comparison of adverse reactions between the two groups during treatment
Hypotension Bradycardia Dizziness and fatigue Total incidence rate 

Combined group (n=57) 1 (1.75) 0 (0) 1 (1.75) 2 (3.51)
Control group (n=49) 2 (4.08) 2 (4.08) 3 (6.12) 7 (14.3)
χ2/t 4.456
P 0.034
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tain extent, and effectively maintain the recov-
ery time. Meanwhile, rhBNP can open ATP sen-
sitive potassium channels through cGMP-
dependent protein kinase pathway, increase 
potassium ion flux into the mitochondria, 
reduce transmembrane potential differences 
and calcium ion influx, and jointly improve car-
diac function [23]. Before treatment, there was 
no obvious difference in blood pressure and 
heart rate between both groups. After treat-
ment, the blood pressure and heart rate in the 
COM group were dramatically lower than those 
in the CON group. At the same time, this study 
found that amiodarone had the properties of 
class I, II and IV antiarrhythmic drugs, and could 
slightly and non-competitively inhibit adreno-
ceptors, expand coronary arteries and periph-
eral arteries, increase myocardial circulation 
and reduce peripheral vascular resistance, 
thus improving myocardial blood oxygen supply 
and cardiac function [24]. However, rhBNP has 
an antagonistic effect on renin-angiotensin-
aldosterone system (RAAS), which can promote 
glomerular filtration, increase sodium excre-
tion, reduce renin and aldosterone secretion, 
protect sodium, diuresis, and raise hyperten-
sion, further reduce systemic circulation resis-
tance and volume, reduce ventricular antero-
posterior load, and maintain hemodynamic  
balance of blood vessels and kidneys [25]. Our 
results showed that amiodarone combined 
with rhBNP could stabilize blood pressure and 
heart rate. The mechanism might be that  
amiodarone increased myocardial circulation 
and reduced peripheral vascular resistance, 
thus improving myocardial oxygen supply. 
Meanwhile, rhBNP reduced systemic circula-
tion resistance and circulation capacity, and 
decreased ventricular preload and afterload. 
The synergetic effect of the two methods was 
better for improving blood pressure and heart 
rate. As to postoperative adverse reactions, the 
incidence of adverse reactions in the COM 
group was lower than that in the CON group, 
with marked differences. Amiodarone can 
affect the atrial node, extend the conduction 
time of the sinus node to a certain extent, and 
effectively maintains the recovery time of the 
sinus node. Meanwhile, it has an effect on the 
effective refractory period and action poten-
tials. For instance, a patients’ heart rate accel-
erates due to amiodarone [26]. rhBNP can be 
combined with guanylate cyclase coupled 
receptors to increase the content of intracellu-

lar cyclic guanosine monophosphate (cGMP) 
and relax smooth muscle. cGMP acts as a sec-
ond messenger to rapidly reduce systemic arte-
rial pressure, pulmonary capillary wedge pres-
sure and right atrial pressure, thereby reducing 
anterior and posterior cardiac load and re- 
lieving clinical symptoms such as shortness  
of breath and palpitation of patients [27]. 
Therefore, amiodarone combined with rhBNP 
has a low adverse reaction rate in treating 
arrhythmia. In the detection of serum myocar-
dial enzyme indexes, we found that after treat-
ment, the AST, LDH and CK levels in the COM 
group were lower than those in the CON group 
(P<0.05). Thus, amiodarone combined with 
rhBNP can effectively reduce the level of myo-
cardial enzyme spectrum and relieve myocar-
dial injury in patients with arrhythmia. There are 
still some limitations in this study. On the one 
hand, there are only a few clinical studies on 
the combined use of the two drugs. On the 
other hand, we lack experience in the applica-
tion of drug dosage, and the sample size is 
small. Hence, it is necessary to increase the 
sample size through multiple channels to fur-
ther confirm the conclusions.

To sum up, rhBNP combined with amiodaro- 
ne is effective in treating arrhythmia. It is more 
effective in stabilizing blood pressure of pa- 
tients and improving serum myocardial enzyme 
indexes. What’s more, it has good recovery 
effect on cardiac function, and is worthy of 
being popularized clinically.
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