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Abstract

Introduction: B-type natriuretic peptide (BNP) regulates different physiological processes such as blood pressure, cardiac
growth, and neural and skeletal development. Thus, the aim of this study w as to evaluate the effect of BNP in the treatment of
acute asthma attacks.

Material and methods: In this randomized clinical trial, patients with acute asthma attacks were enrolled. The patients were divided
randomly into two groups. Patients in the interventional group received BNP via intravenous infusion. Two ug/kg of BNP was injected
as a bolus in 60 seconds. Then, infusion of BNP immediately began and was given in 0.01, 0.02, and 0.03 ug/kg/min doses every
30 minutes for the first 1.5 hours. The patients in the control group received nebulized salbutamol. Afterwards, peak flow meter
findings, hemodynamic parameters, and estimation of the clinical severity of asthma in both groups were checked every 30 minutes.
Results: In total, 40 patients were included in this study. The values of PEFR in the 60" and 90" minutes in the control group
were lower than those in the interventional group. In the 60" minute, the mean of PEFR was 377.3 in the BNP group but 335.95
in the control group (P = 0.049). Moreover, this difference remained significant in the 90™ minute (P = 0.021). However, forced
expiratory volume in one second (FEV,) did not differ between the groups at any time (p > 0.05).

Conclusion: Although a large experimental study is needed to verify our hypothesis, it seems that BNP might be a therapeutic

option in asthma exacerbations, particularly in those with 32 agonist receptor polymorphism.
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Introduction

Today, chronic lung diseases such as asthma
are one of the most common causes of disability
and death in human societies. Asthma is the most
common chronic disorder of the respiratory tract
and, in 2011 alone, resulted in 51% of 26 million
US adults diagnosed with the disease reporting an
asthma attack [1]. The burden caused by severe
asthma results in a greater number of resonances,
healthcare utilization, and expenditures [2] which
increase the frequency of hospital admissions by
nearly 50% [3].

High dose 2 agonists, inhaled anticholi-
nergics, and oral corticosteroids are often re-
commended to manage acute exacerbations
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[4-8]. However, these are not always effective [9]
because of the resistance due to 2 adrenorecep-
tor gene polymorphism in 30% of patients [10,
11-15] which also impacts the frequently delayed
response to corticosteroids [16-18]. Therefore,
finding other drugs which are also effective in
controlling signs and symptoms in this high-risk
population is necessary.

Natriuretic peptides (NPs), which include
atrial natriuretic peptide (ANP), brain natriuretic
peptide (BNP), and C-type natriuretic peptide
(CNP), regulate different physiological proces-
ses such as blood pressure, cardiac growth, and
neural and skeletal development [19-21]. Mo-
reover, BNP influences a variety of animal and
human respiratory cells by NP receptors such
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as type II alveolar cells, airway epithelial cells,
and airway smooth muscle (ASM) cells [22-25].
Therefore, the administration of BNP can cause
bronchorelaxation in patients with asthma. Cal-
zetta et al. demonstrated that BNP stimulated the
release of acetylcholine (210.7 * 11.1%) from
human bronchial epithelial (BEAS-2B) cells. This
resulted in increased myosin phosphatase target
subunit 1 and nitric oxide synthase gene/protein
expression which enhanced nitric oxide levels
in asthmatic airway smooth muscle supernatant
(35.0 = 13.0%). This shows that BNP protects
against bronchial hyperresponsiveness via an
interaction between the respiratory epithelium
and airway smooth muscle in subjects with asth-
ma [26]. To the best of our knowledge, there are
hardly any sufficient prospective studies on this
subject. Therefore, the present study was designed
to evaluate the clinical efficacy of BNP in allevia-
ting acute asthma attacks in asthmatic patients.

Material and methods

Study design and target group

This prospective, double-blind clinical trial
was conducted in the Emergency Department
of Ahvaz Golestan Hospital in Ahvaz, a city in
the southwest of Iran, from March 2015 to June
2016. The asthma symptoms and peak flow me-
ter findings in patients receiving BNP combined
with standard treatment (intervention group)
were compared to those of patients receiving just
standard treatment (control group). The inclusion
criteria consisted of being referred to the Emer-
gency Department of Ahvaz Golestan Hospital
with a diagnosis of asthma which was confir-
med based on clinical and para-clinical British
guidelines on the management of asthma [12% or
200cc increase in forced expiratory volume in one
second (FEV,) levels after 15 min following admi-
nistration of inhaled short-acting beta-2-agonists
such as salbutamol], having a history of asthma
symptoms (i.e. wheezing, shortness of breath, and
cough), signing a consent form to participate in
the study, being aged between 18-55, not consu-
ming bronchodilators 6 hours before admission to
the emergency department, and having the ability
to perform peak flow meter tests.

Exclusion criteria consisted of having an un-
derlying pulmonary disease (i.e. cancer or laryn-
geal edema), left ventricular dysfunction (diasto-
lic dysfunction with preserved ejection fraction),
eosinophilic pneumonia, systemic vasculitides
(i.e. polyarteritis nodosa), chronic obstructive
pulmonary disease (i.e. chronic bronchitis or em-

physema), interstitial lung disease, a lung mass,
history of chronic bronchitis, coronary artery
disease, a cardiac arrhythmia, pregnancy, lacta-
tion, and/or a mild or severe asthma exacerbation
(predicted FEV, < 25%) that occurred in patients
with a known asthma diagnosis in response to
a “trigger” (i.e. a viral upper respiratory infection,
allergen or irritant exposure, lack of adherence to
medication, or an unknown stimulus). Patients
were also excluded in the case that they were criti-
cally ill and required CPR, had a lack of favorable
response to treatment and a deteriorating clinical
condition requiring the use of other complemen-
tary therapies for the treatment of asthma (i.e.
magnesium sulfate/epinephrine, intubation, or
intermittent positive pressure ventilation), blood
pressure < 100 mm Hg at admission, an allergic
history to BNP, a history of smoking (10 packs
per year), age either below 18 years or more than
55 years, and/or a dissatisfaction to continue par-
ticipation in the study. We also excluded patients
with uncompleted data.

Participants

The participants were randomly allocated
into two groups using a block randomization
procedure with matched subjects in each block
based on age and sex. The study received ethics
approval from the Ethics Committee of Ahvaz
University of Medical Sciences. All participants
gave written informed consent.

After obtaining informed consent, eligible
patients were enrolled. The peak flow meter and
estimation of clinical severity of asthma were
performed in both the control and interventional
groups before administering any drug. Then, ba-
sed on the severity of the asthma attack, asthma
treatment was performed according to standard
protocols. Patients with a mild to moderate
severity of attacks were treated with 2.5 mg of
nebulized racemic salbutamol over 20 minutes in
three doses, as well as 0.5 mg of inhaled ipratro-
pium in 3 doses within 20 minutes. Patients with
extremely severe attacks were treated with 5 mg
of inhaled racemic salbutamol via an inhaler in
three doses over 20 minutes, 0.5 mg of inhaled
ipratropium in three doses over 20 minutes, and
50 mg of oral prednisolone.

Patients in the interventional group received
BNP via intravenous infusion. For this purpose,
2 ug/kg of BNP was injected as a bolus over 60 se-
conds. Standard treatment was the base treatment
in both groups, but BNP infusion was the additive
adjunctive treatment for the case group. BNP in-
fusion consisted of 0.01, 0.02, and 0.03 ug/kg/min
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each for 30 minutes in the first 1.5 hours. If the
patient had a systolic blood pressure < 100 mm
Hg on two separate readings, the infusion was di-
scontinued and the patient was excluded from the
study. Also, if the systolic blood pressure decreased
to 20 mmHg, the infusion was interrupted. If the
patient’s systolic blood pressure improved, infusion
was resumed and the patient was included in the
study. Throughout the study, all patients under-
went cardiac monitoring and pulse oximetry. The
patients’ blood pressure was measured by monitors
approximately every 10 minutes. For all patients,
drugs were injected through a catheter inserted in
the elbow. Patients were treated in a semi-upright
position at an angle of 45 degrees. The patients
in the control group received standard treatment
(nebulized salbutamol). Then, peak flow meter
findings (peak expiratory flow rates [PEFR] and
FEV,), hemodynamic parameters, and estimation
of the clinical severity of asthma in the both groups
were checked every 30 minutes.

Sample size

The sample sized used in these studies was
justified in previous similar studies [29, 30]. For
our study, we determined the sample size accor-
ding to other reviews in literature which showed

that the minimum size for every group was to be
no less than 20 patients.

Data analysis

Data were analyzed and reported only for
patients who completed the trial. Statistical
analysis of the data was performed using SPSS.
To compare qualitative variables between groups,
analysis of non-independent observations were
used which included variance with repeated
measurements (parametric), the Friedman test
(non-parametric), and ANOVA with repeated
measurements for multifactorial, separately for
each group. The two-tailed p-value of < 0.05 was
considered significant.

Results

Forty patients completed the study. Five pa-
tients were removed because they declined to par-
ticipate and did not meet the inclusion criteria.
20 patients were placed into the interventional
group and 20 were placed into the control group
(Figure 1). The mean age of the patients in the
interventional and control groups was 42.7 =
10.38 and 36.65 + 11.25, respectively. 19 patients
(47.5 %) were male (Table 1). Before intervention,

[ Enrollment ]

Assessed for eligibility (n = 45)

Excluded (n = 5)

— Dot meeting inclusion criteria (n = 2)
— Declined to participate (n = 1)

| Randomized (n = 40) |

v

L

Allocation ) v

Allocated to intervention (n = 20)
— Received allocated intervention (n = 20)
— Did not receive allocated intervention
(give reasons) (n = 0)

v Follow-up v

Allocated to intervention (n = 20)

— Received allocated intervention (n = 20)
— Did not receive allocated intervention
(give reasons) (n = 0)

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention
(give reasons) (n = 0)

L

¥ Analysis r

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention
(give reasons) (n = 0)

J

Analysed (n= 20)
— Excluded from analysis
(give reasons) (n = 0)

Analysed (n = 20)
— Excluded from analysis
(give reasons) (n = 0)

Figure 1. Flow diagram
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Table 1. Studied variables during different periods of time in both control and B-type natriuretic peptide group

Group BNP (n = 20) Control (n = 20) P-value
variables
Age, year [mean + SD]’ 42.7+10.38 36.65£11.25 0.085
Sex, male [N (%)] 9 (45) 10 (50) 0.752
Asthma duration, year [mean + SD]’ 3.7+1.68 3.95+2.06 0.677
FEV, [mean + SD] Before intervention 1.67 = 0.43 1.67 = 0.33 0.955
30" min 2.04 = 0.44 1.96 + 0.34 0.54
60" min 2.36 = 0.43 2.29 = 0.44 0.596
90" min 2.7 045 2.58 = 0.47 0.4
PEFR [mean + SD] Before intervention 289.95 = 66.99 279.15 = 54.05 0.578
30" min 335.15 + 66.26 302.45 + 53.82 0.095
60" min 377.3 = 73.62 335.95 + 53.05 0.049
90™ min 427.7 = 78.2 376.9 + 53.42 0.021
PR, per min [mean + SD] Before intervention 89.25 = 7.056 91.4 = 5.16 0.278
30" min 95.9 + 3.07 95.45 + 2.21 0.598
60" min 99.3 + 4.06 98.45 + 2.85 0.498
90" min 95.9 = 2.16 95.45 + 1.46 0.598
RR, per min [mean =+ SD] Before intervention 28.65 = 2.47 28.85 = 2.13 0.786
30" min 22 = 1.58 222+15 0.685
60" min 19.65 = 1.3 19.35 + 0.81 0.39
90" min 15.1 £ 0.78 15.05 = 0.75 0.839
SBP [mm Hg] [mean + SD] Before intervention 121.25 = 5.59 118.5 = 7.45 0.195
30" min 120.5 + 4.26 121.5 + 6.09 0.551
60" min 118.75 = 6.85 119.25 = 4.06 0.781
90" min 118.3 + 6.57 118.65 + 6.99 0.871
DBP, mm Hg [mean + SD] Before intervention 79.5 = 12.55 79.5 £ 10.5 0.99
30" min 75 = 11.35 79 =47 0.158
60" min 75.25 +9.24 795 + 9.3 0.156
90" min 78.75 = 12.96 80.75 = 9.77 0.585
0, saturation [%], [mean + SD] Before intervention 90.8 = 0.76 91.05 = 0.88 0.347
30" min 93.45 = 1.14 93.75 = 1.16 0.417
60" min 95.75 + 0.91 95.25 + 1.61 0.236
90" min 96.75 + 0.85 96.8 = 0.89 0.857
Dyspnea [mean + SD] Before intervention 4 +0.79 425+ 0.5 0.241
At discharge 072 = 0.59 0.75 = 0.57 0.893
Speaking, N [%] Before Sentence 3(15 %) 3(15%) 0.667
intervention  ppase 13 (65 %) 15 (75 %)
Word 4 (20 %) 2(10 %)
At discharge Sentence 16 (80%) 16 (80%) 0.99
Phrase 4 (20 %) 4(20 %)
Wheezing, N [%] Before Mild 2 (10 %) 0 0.127
intervention - piogerate 16 (80 %) 14 (70 %)
Severe 2(10 %) 6 (30 %)
At discharge Mild 18 (90 %) 18 (90 %) 0.99
Moderate 2 (10 %) 2(10 %)

*Parametric. DBP —diastolic blood pressure; , FEV1 — forced expiratory volume in one second; PEFR — peak expiratory flow rates RR — respiratory rate; PR — pulse
rate; SBP — systolic blood pressure;
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Figure 2. Peak expiratory flow rate (PEFR) trend during the study
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Figure 3. Forced expiratory volume in one second (FEV,) trend during the study

the studied variables including peak flow meter
readings, hemodynamic measurements, and clini-
cal findings did not show a significant difference
between the groups (P > 0.05).

Results showed that the means of PEFR in the
60" and the 90" minutes in the control group were
lower than those in the interventional group. In
the 60™ minute, the mean of PEFR was 377.3 in
the BNP group but 335.95 in the control group (P
= 0.049). Moreover, this difference remained si-
gnificant in the 90" minute (P = 0.021) (Figure 2).
However, FEV1 did not differ between the groups
at any time (p > 0.05) (Figure 3). Hemodynamic
parameters such as respiratory rate, pulse rate,
and systolic and diastolic blood pressures did not
differ between the two groups in different periods
of time (p > 0.05) (Figure 4-7). Furthermore, we
found that clinical findings such as speaking and
wheezing were similar in both groups at discharge

(p > 0.05). Finally, the severity of dyspnea was
not different between the two groups at discharge
(0.72 vs 0.75, P = 0.893).

Discussion

According to our results, administering BNP
increased PEFR significantly without having serio-
us side effects or changing hemodynamic parame-
ters. However, the severity of dyspnea at discharge
did not differ in comparison with the control group.

Akerman et al. showed that intravenous (IV)
nesiritide (BNP) is an effective bronchodilator in
patients with asthma. They found that after 180 min
of nesiritide infusion, FEV, and FVC expanded to
2.41 L and 3.65 L, respectively [27]. Orlandi et al.
showed that the effect of BNP on relaxing bronchial
smooth muscle cells is mediated from the epithelium
and is associated with rapid changes in EGFR and
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calcium homeostasis-associated gene levels [28].
Calzetta et al. demonstrated that supernatant from
BEAS-2B cells treated with BNP reduced the hyper-
reactivity of asthmatic smooth muscle cells by shi-
fting the potency of histamine by 1.19-fold but had
no effect in healthy smooth muscle cells. BNP did
not have a direct effect on smooth muscle cells. Bloc-
king muscarinic M2-receptors and iNOS abolished
the protective role of supernatant from BEAS-2B
treated with BNP. BNP stimulated the release of ace-
tylcholine (210.7 + 11.1%) from BEAS-2B cells that,
in turn, increased MYPT1 and iNOS gene/protein
expression and enhanced NO levels in asthmatic
ASM supernatant (35.0 = 13.0%) [26]. Another
study conducted by Matera et al. showed that BNP
induced a weak relaxant activity on carbachol-con-
tracted bronchi in non-sensitized (relaxation: 4.23 +
0.51%) and passively sensitized bronchi (relaxation:
11.31 %= 2.22%). On the other hand, BNP induced
arelaxant activity on his-contracted bronchi in non-
sensitized (relaxation: 42.52 = 9.03%) and in passi-
vely sensitized bronchi (relaxation: 60.57 + 9.58%).
Finally, they acknowledged the modest relaxant role
of BNP in asthma and, possibly, COPD [29]. These
four studies confirmed our results.

However, Nishimura et al. showed a modest
elevation of plasma BNP during acute exacerba-
tions of chronic obstructive pulmonary disease.
It appears that acute exacerbations of chronic ob-
structive pulmonary disease may have an impact
on plasma BNP levels that are not attributable to
heart failure [30].

Study limitation

The results of this study are in contrast with
other studies. This may be due to different sample

sizes, different races with different demographic
features with different chief complaints, and
a lack of controlling for risk factors common in
both conditions.

Conclusions

Although a large experimental study is ne-
eded to verify our hypothesis, it seems that BNP
could be a therapeutic option in the treatment of
asthma exacerbations, particularly in those with
B2 agonist receptor polymorphism.
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