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INTRODUCTION
Direct percutaneous coronary intervention (PCI) is the most timely 
and effective reperfusion method for treating acute ST-elevation 
myocardial infarction (STEMI), as it efficiently increases blood 
flow in infarction-related arteries (IRA). However, PCI is unable to 
prevent reperfusion injury.(1,2) Reperfusion arrhythmia (RA), one of 
the earliest manifestations of reperfusion injury, may result in fatal 
consequences if it is not treated in a timely fashion.(3) Reperfusion-
associated low blood pressure and slow blood flow can impair 
myocardial perfusion, which further aggravates myocardial injury 
and affects short- and long-term prognoses.(4) Thus, it has become 
pivotal to explore novel medical treatments to reduce myocardial 
reperfusion injury.

Recombinant human B-type natriuretic peptide (rhBNP) is a 
synthetic peptide with similar biological activity to endogenous 
B-type natriuretic peptide (BNP), which was approved by the 
United States Food and Drug Administration for the treatment 
of acute decompensated heart failure in 2001.(5) However, a 
recent clinical trial could not confirm the benefit of rhBNP in 
patients with acute decompensated heart failure, although the 
study excluded renal toxicity and the mortality associated with 

its use.(6) Previously, rhBNP had been proven to play multiple 
functions, such as facilitating natriuresis and diuresis, inhibiting the 
renin-angiotensin-aldosterone system, increasing cardiac output, 
decreasing pulmonary capillary wedge pressure and improving 
diastolic function.(7-10) In this study, we aimed to explore the 
potential effects of early administration of rhBNP in STEMI patients 
receiving direct PCI reperfusion and to evaluate its therapeutic 
value in ameliorating myocardial ischaemia-reperfusion injury.

METHODS
Patients who were diagnosed with STEMI and were receiving 
emergent PCI treatment in Dalian University, Liaoning, China, 
from January 2013 to December 2015 were enrolled in this 
study. The inclusion criteria were: (a) age 45–75 years; (b) met 
the diagnostic criteria for acute anterior wall STEMI; (c) diagnosed 
within 12 hours of the onset of symptoms; (d) approval of the 
patient or family members for direct PCI treatment; and (e) fully 
written informed consent to receive rhBNP. Patients were 
excluded from this study if any of the following criteria was 
present: (a) cardiogenic shock or systolic blood pressure (SBP) 
< 100 mmHg; (b) IRA blood flow thrombolysis in myocardial 
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infarction (TIMI) Grade 2–3 according to coronary angiography; 
(c) severe deficiency in liver and kidney function; or (d) allergy 
to rhBNP. All procedures involving human participants were 
approved by the Ethics Committee of Dalian University.

Patients who met the inclusion criteria were randomly 
assigned to either the placebo-treated or rhBNP-treated group 
using covariate adaptive randomisation (http://www.graphpad.
com/quickcalcs/index.cfm). Patients in the placebo-treated group 
received regular medication for STEMI, saline administration and 
emergent PCI, while patients in the rhBNP-treated group received 
regular medication for STEMI, rhBNP treatment and emergent 
PCI. The rhBNP administration protocol was as follows: ten 
minutes before PCI, the patient was given rhBNP (1.5 μg/kg body 
weight) via intravenous injection for three minutes; subsequently, 
0.01 μg/min/kg was continuously administered until a total of 
0.5 mg was reached.

We collected the patients’ demographics and clinical 
information, including age, gender, presence of hypertension and 
diabetes mellitus, history of smoking and myocardial infarction, 
preoperative Killip class, intraoperative application of suction 
catheter, reperfusion times and door-to-balloon time. To define 
the coronary artery lesions, we also recorded cardiac parameters 
such as the number of coronary artery lesions, IRA position and 
TIMI blood flow before surgery.

We used electrocardiography to monitor post RA, frequent 
ventricular premature beat (FVPB), accelerated idioventricular 
rhythm, ventricular tachycardia, ventricular fibrillation and 
severe slow arrhythmia from the beginning of reperfusion to the 
end of PCI. To determine post-reperfusion blood pressure, we 
recorded the lowest stable invasive blood pressure indicated on 
the recording instrument within 15 minutes after reperfusion.

Coronary angiography was used to assess post-reperfusion 
TIMI blood flow. The criteria were as follows – Grade 0 (no 
perfusion): vessel occlusion with no forward flow on distal end; 
Grade 1 (with permeation but no perfusion): the contrast agent 
passed the occluded position but failed to fill the distal vessel; 
Grade  2 (partial perfusion): the contrast agent fully filled the 
distal coronary artery at a lower speed of filling and eliminating 
as compared to that in a normal coronary artery; and Grade 3 
(full perfusion): the contrast agent fully and rapidly filled the distal 
vessel, and was eliminated quickly.

For corrected TIMI frame count (cTFC) analysis, we used the 
concrete method, as previously described.(11) In brief, nitroglycerin 
200 μg was injected into the coronary artery and cTFC was then 
measured by coronary angiography when the IRA forward flow 
reached TIMI 3. The frame number index was measured when 
the contrast agent passed the unit vessel, and the frame number 
was recorded from the time the contrast agent filled the artery to 
the time it reached the mark on the distal vessel.(11)

To examine the graded changes of myocardial perfusion, we 
applied the myocardial blush grades (MBG) criteria proposed 
by the Zwolle Myocardial Infarction Study Group in 1998.(12) 

The grades were defined as follows – Grade 0: no penetration 
of the contrast agent into the myocardium or no contrast agent 
density, indicating no perfusion in the myocardium; Grade 1: 

minimal penetration of the contrast agent into the myocardium or 
minimal contrast agent density, indicating a little perfusion in the 
myocardium; Grade 2: moderate penetration of the contrast agent 
into the myocardium or moderate contrast agent density less than 
that on the same side or opposite side of the IRA, indicating partial 
reperfusion in the myocardium; and Grade 3: normal penetration 
of the contrast agent into the myocardium or normal contrast agent 
density equal to that on the same side or opposite side of the IRA, 
indicating complete reperfusion in the myocardium.

All data was analysed using PASW Statistics version 18.0 
(SPSS Inc, Chicago, IL, USA). Categorical variables were 
analysed using chi-square or Fisher’s exact test, and these were 
shown as percentage. Continuous variables were analysed using 
Student’s t-test if normal distribution of data was confirmed by 
the Kolmogorov-Smirnov test; otherwise, Mann-Whitney U test 
was used. Data was presented as mean ± standard error of mean, 
unless otherwise specified. A p-value < 0.05 was considered 
statistically significant.

RESULTS
A total of 185 patients were recruited for the study. They were 
randomised into the placebo-treated group (n = 88) and the 
rhBNP-treated group (n = 97). The demographics and clinical 
information of the patients are summarised in Table I. No 
significant demographic and clinical differences were observed 
between the two groups, suggesting that our analysis setting was 
unbiased. Characteristics of the coronary artery lesions in the 
two patient groups are summarised in Table II. We observed no 
significant differences between the placebo-treated and rhBNP-
treated groups in terms of cardiac parameters, suggesting a lack 
of sampling bias in our study.

Our results showed that early administration of rhBNP 
reduced the occurrence of post RA. Compared to the placebo-
treated group, we observed no significant difference in 
accelerated idioventricular rhythm in the rhBNP-treated group 
(Fig. 1a). The patients who received rhBNP showed significantly 
reduced FVPB and ventricular tachycardia ratio (p < 0.05; 
Figs. 1b & c). Additionally, in the placebo-treated group, one 
patient had ventricular fibrillation and another had third-degree 
atrioventricular blocking. In contrast, malignant ventricular 
arrhythmia or severe slow arrhythmia did not occur in the rhBNP-
treated group.

We also found that rhBNP treatment reduced the incidence 
of post-reperfusion-associated low blood pressure. Using SBP as 
an indicator, 51 (57.95%) patients in the placebo-treated group 
and 76 (78.35%) patients in the rhBNP-treated group had SBP 
≥ 90 mmHg (p = 0.06; Fig. 2a). In the rhBNP-treated group, there 
were significantly fewer patients whose SBP was 60–90 mmHg 
compared to the placebo-treated group (21.86% vs. 39.47%, 
p = 0.03; Fig. 2b). There was one patient in the placebo-treated 
group with SBP < 60 mmHg. These observations suggested that 
early rhBNP treatment could decrease post-reperfusion-associated 
hypotension in STEMI patients.

Coronary blood flow velocity and myocardial microcirculation 
perfusion were found to be increased in the rhBNP-treatment 
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group. The proportion of patients with TIMI 3 following PCI was 
higher in the rhBNP-treated group as compared to the placebo-
treated group (96.86% vs. 89.47%, p = 0.23; Fig. 3a). Coronary 
blood flow velocity, as indicated by cTFC analysis, was also 
significantly higher in the rhBNP-treated group (p = 0.003; 
Fig. 3b). Furthermore, although not significant, the acquisition 
ratio of MBG 3 was higher in the rhBNP-treated group than 
in the placebo-treated group (75.00% vs. 55.26%, p = 0.071; 
Fig.  3c), suggesting that rhBNP treatment could improve not 
only haemodynamic status, but also myocardial microcirculation 
perfusion, in STEMI patients who received PCI treatment.

DISCUSSION
It is well known that the highest priority of STEMI treatment is the 
restoration of blood flow as quickly as possible. However, blood 
reperfusion can be detrimental, as it can induce severe tissue 
damage in the ischaemic myocardium, which is also known as 
ischaemia-reperfusion injury. One of the major complications 
of reperfusion injury that occurs in acute myocardial infarction 
patients is RA, which is induced by autolysis, thrombolysis in 
coronary arteries, PCI treatment or other clinical methods. The 
incidence of RA is usually higher in PCI-treated patients when 
the arteries are opened, but some cases of RA may also result in 
fatal consequences if not treated in a timely manner. Reperfusion 
injuries usually correlate with poor myocardial microcirculation, 

which can lead to myocardium dysfunction and cardiac 
electrophysiological disorder, thus affecting the patient’s cardiac 
function and prognosis. As early as 1996, the effects of reperfusion 
injury were verified in animal models.(13)

The major culprit in myocardial ischaemia-reperfusion injury 
is the production of free radicals and their lipid peroxidation 
effects, which ultimately lead to harmful electrophysiological 
changes.(14,15) With the influx of a large amount of oxygen during 
myocardial ischaemic reperfusion, the massive oxygen free 
radicals produced can attack biological membranes, resulting in 
lipid peroxidation, unstable membrane potentials, inhomogeneous 
depolarisations and repolarisations, as well as severe arrhythmia 
repolarisation.(16,17) Moreover, myocardial ischaemia can inhibit 
adenosine triphosphate (ATP) synthesis and decrease the sodium-
excreting and potassium-sparing ability in the cardiomyocytes. 
When blood flow restores, large amounts of sodium and calcium 
enter the cells and lead to calcium overload, which potentiates 
myocardial cell injury and ultimately leads to RA.

BNP is an important heart hormone that consists of 32 
amino acids. It activates the second messenger cyclic guanosine 
monophosphate (cGMP) by binding to its cognate natriuretic 
peptide receptors, thus initiating a series of physiological effects. 
These include a decrease in  systemic  vascular resistance  and 
central venous pressure, and an increase in natriuresis. It has been 
demonstrated that BNP secretion is a protective compensatory 

Table II. Characteristics of coronary artery lesions in the two patient groups.

Characteristic No. (%) p‑value

Placebo‑treated (n = 88) rhBNP‑treated (n = 97)

No. of lesions

3 branches 19 (21.59) 24 (24.74) 0.44

2 branches 41 (46.59) 50 (51.55) 0.50

IRA location

LADp 24 (27.27) 40 (41.24) 0.49

LADm 42 (47.73) 41 (42.27) 0.49

TIMI blood flow

Grade 0 80 (90.91) 90 (92.78) 0.55

Grade 1 10 (11.36) 10 (10.31) 0.52

IRA: infarction‑related arteries; LADm: left anterior descending middle; LADp: left anterior descending proximal; rhBNP: recombinant human B‑type natriuretic 
peptide; TIMI: thrombolysis in myocardial infarction

Table I. Demographics and clinical information of the two patient groups.

Variable No. (%) p‑value

Placebo‑treated (n = 88) rhBNP‑treated (n = 97)

Male gender 64 (72.73) 73 (75.26) 0.58

Age* (yr) 63.13 ± 9.47 61.95 ± 8.30 0.37

Hypertension 49 (55.68) 59 (60.82) 0.51

Diabetes mellitus 29 (32.95) 27 (27.84) 0.51

History of smoking 46 (52.27) 56 (57.73) 0.33

History of myocardial infarction 8 (9.09) 7 (7.22) 0.54

Killip Class II–III 25 (28.41) 27 (27.84) 0.52

Intraoperative thrombus suction 53 (60.23) 54 (55.67) 0.44

Time of reperfusion* (hr) 5.67 ± 2.18 5.89 ± 2.52 0.60

*Data presented as mean ± standard error of mean. rhBNP: recombinant human B‑type natriuretic peptide
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response of cardiomyocytes against a variety of pathological 
lesions.(18) rhBNP is structurally and biochemically identical 
to endogenous BNP.(17) The interaction between rhBNP and 
its cognate receptor can activate guanylyl cyclase, increasing 
its concentration in cells. High levels of guanylyl cyclase can 
reduce the intracellular calcium concentration and increase 
antioxidant response ability, both of which help to ameliorate 
the oxidative damage of cardiomyocytes induced by free radicals. 
Furthermore, rhBNP can also open up ATP-sensitive potassium 
channels through the cGMP-dependent protein kinase pathway, 
increasing the influx of potassium into the mitochondria and 
reducing the difference in transmembrane potential and the influx 
of calcium. Thus, rhBNP can effectively reduce calcium overload 
in myocardial mitochondria during ischaemia reperfusion, thereby 
enhancing myocardial anti-ischaemic and hypoxia capacity.(19)

Using the canine myocardial reperfusion injury models, 
Takata et al demonstrated that intravenous injections of atrial 
natriuretic peptide (ANF), as compared to the administration of 
glucose in controls, can markedly increase plasma cGMP levels 
and significantly decrease the incidence of various pathological 
types of ventricular arrhythmia.(13) In addition, as a renin-
angiotensin-aldosterone system blocker, BNP can antagonise 
the sympathetic nervous system and the cardiac toxic effect 
induced by excessive neuroendocrine activation. Indeed, it has 
been reported that intravenous injections of ANF can reduce 
cardiac sympathetic nerve activity and ischaemia-reperfusion 

injury in patients with acute myocardial infarction.(20) Similarly, 
our data suggests that compared to a placebo, rhBNP treatment 
can significantly reduce the incidence of FVPB and ventricular 
tachycardia after reperfusion in STEMI patients who received 
PCI treatment (p < 0.05), suggesting that rhBNP can decrease 
the risk of RA.

Reperfusion hypotension often occurs after acute myocardial 
infarction reperfusion. Serious reperfusion hypotension may 
cause haemodynamic disorders that affect the perfusion of vital 
organs and increase surgical risk. The pathogenic mechanism 
of hypotension may be associated with myocardial stunning 
after opening of the left anterior descending artery.(21) In the 
present study, we also reported that administration of rhBNP can 
significantly decrease the incidence of post-reperfusion-associated 
hypotension compared to a placebo (p < 0.05), which may be due 
to the fact that rhBNP is known to improve ischaemic myocardial 
microcirculation perfusion.(22)

Michaels et al have reported that administration of rhBNP can 
rapidly improve haemodynamic parameters, including increasing 
coronary blood supply, dilating the coronary artery diameter 
and decreasing circulation resistance to provide sufficient blood 
perfusion to the myocardial infarction area.(22) In line with this, 
our study, which used cTFC to estimate coronary blood flow 
velocity after rhBNP administration, showed that the coronary 
blood flow velocity in the rhBNP-treated group was significantly 
higher than that in the placebo-treated group (27.24% ± 0.61% 
vs. 24.63% ± 0.57%; p = 0.003). This demonstrates that rhBNP 
could efficiently increase efficient myocardial reperfusion in 
STEMI patients receiving PCI treatment. We also used the MBG 
method to determine myocardial microcirculation perfusion 
efficiency and found that the myocardial perfusion level of the 
rhBNP-treated group was higher than that of the placebo-treated 
group, although it was not significantly different. Taken together, 
our findings demonstrate that early application of rhBNP not only 
markedly improves the coronary flow velocity, but also increases 
myocardial microcirculation perfusion in STEMI patients receiving 
PCI treatment.

Admittedly, our study focused only on the effects of early 
application of rhBNP on reperfusion response but did not utilise 
more specific measurements, such as magnetic resonance imaging 
assessment to evaluate myocardium at risk and the final size of 

 Fig. 2 Bar graphs show the comparison of (a) SBP ≥ 90 mmHg; (b) 60 ≤ 
SBP < 90 mmHg between the placebo-treated and rhBNP-treated groups. 
*p < 0.05 is considered significant. NS: not significant; rhBNP: recombinant 
human B-type natriuretic peptide; SBP: systolic blood pressure
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 Fig. 1 Bar graphs show the comparison of (a) accelerated idioventricular rhythm; (b) frequent ventricular premature beat; and (c) ventricular tachycardia 
between the placebo-treated and rhBNP-treated groups. *p < 0.05; NS: not significant; rhBNP: recombinant human B-type natriuretic peptide
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myocardial infarcts, or 18F-sodium fluoride positron emission 
tomography to evaluate myocardium damage and necrosis, due 
to technical issues. Moreover, the number of the patients involved 
in this study was relatively small and the study was not carried out 
in an absolutely double-blind fashion. Therefore, it is necessary 
to expand this area of investigation using a larger sample size 
in order to verify the beneficial effects of early administration of 
rhBNP in STEMI patients receiving PCI treatment.

In conclusion, this study showed that early application of 
rhBNP can reduce the occurrence of reperfusion ventricular 
arrhythmias and reperfusion-associated hypotension, as well 
as concurrently improve coronary blood flow and myocardial 
microcirculation perfusion. Therefore, rhBNP confers multiple 
beneficial effects on STEMI patients receiving PCI treatment.
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