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ABSTRACT
Introduction: Acute bronchiolitis is a common cause of hospital admission in children. Nebulized therapy has been routinely 

administered even though it has not been shown to have significant benefit in many studies.
Objectives: To evaluate the effectiveness of treatment using nebulized salbutamol and 3% hypertonic saline (HS) compared 

with nebulized salbutamol and 0.9% saline (NS) solution in acute bronchiolitis.
Methods: Prospective, double-blind randomized controlled trial was conducted from April 2014 till May 2016 in previously 

healthy children younger than 18 months old, admitted to Hospital Universiti Sains Malaysia with mild to moderate acute viral 
bronchiolitis. Patients were randomized to receive either nebulized HS with salbutamol (intervention group), or nebulized NS 
with salbutamol (control group). 

Outcomes and measures: The primary outcome was to compare the mean difference in the clinical severity score between the 
two groups at baseline, 8, 24, 48 and 72 hours post treatment. The secondary outcome was to compare the mean difference in the 
length of hospital stays among the two groups (days).

Results: One hundred one (101) patients with acute bronchiolitis were included in this study (HS, n = 52; NS, n = 49). The 
mean age of the HS group was 7.1 months and NS group was 8 months. There was no difference in the clinical severity score 
between group (p = .250) and the duration of hospital stay in both groups (p = .146). 

Conclusions: We concluded that there were no differences in term length of hospital stay and the clinical severity score for 
both interventional and control group. 
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INTRODUCTION

Bronchiolitis is an infection of the lower respiratory tract that 
affects young children caused by seasonal viruses such as respiratory 
syncytial virus (RSV). The diagnosis of acute bronchiolitis is usually 
made based on clinical assessment. Despite the variation of definition, it 
is generally accepted that acute bronchiolitis refers to the first episode 
of acute wheezing in infant less than two years of age that begins with a 
viral upper respiratory infection1). Bronchiolitis is a common cause of 
infant hospitalization leading to increasing morbidity rates and health 
care cost2). In Malaysia, bronchiolitis is endemic throughout the year, 
and shows cyclical periodicities with the annual peaks occurring during 
the rainy season3).

There were multiple studies attempting to evaluate clinical severity 
score and hospital stay for acute bronchiolitis using standard salbutamol 
and hypertonic saline. Nebulized salbutamol therapy has been routinely 
practice in hospital setting though it has not been shown to have signifi-

cant benefit. Contradicting results were seen where some studies stated 
improvement in the clinical severity score and reduction of hospital 
stay4,5) but there were also studies which failed to show similar out-
come6), when using nebulized therapy. Cochrane review concluded that 
bronchodilator has no role in the management of acute bronchiolitis, 
although the variation in previous papers were acknowledged7). It was 
widely agreed that if a positive clinical response was seen when using 
bronchodilators, the therapy could be continued with vigilant and regu-
lar assessment. Hypertonic saline has also shown improvement in the 
clinical severity score and duration of hospitalization of acute bronchi-
olitis8-11). It has been proposed to reduce the airway wall oedema by 
inducing water absorption from the mucosa and submucosa in acute 
bronchiolitis8,9). Previous trials demonstrated significant benefit of nebu-
lized hypertonic saline in reducing the duration of hospitalization and 
the clinical severity scores on the first and second day of treatment8,9). 

To the best of our knowledge, there is no local Malaysian data 
regarding the use of HS in the management of acute bronchiolitis. The 
objective of the study was to evaluate the effectiveness of treatment in 
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acute bronchiolitis, using nebulized salbutamol and HS compared to sal-
butamol and NS in patients less than 18 months of age.

METHODOLOGY

Informed consent of parent of all subjects involved in the study 
were obtained prior to study commencement. The study was approved 
by Hospital USM Research Ethics Committee (ref: USMKK/PPP/
JEPeM [249.3(7)) according to the principles of the declaration of 
Helsinki and registered with National Medical Research Register 
(NMRR-14-779-21343). 

Setting 
The study was conducted at Hospital Universiti Sains Malaysia, a 

tertiary hospital and main teaching hospital for the undergraduates and 
postgraduate students in the East Coast of Peninsular Malaysia. 

Study design
This was a double blind, randomized controlled trial. Patients were 

recruited based on agreed inclusion criteria from 1st April 2014 until the 
30th May 2016 (Diagram 1). Once parental consent and agreement were 
obtained, patients were assessed and randomized to either salbutamol 
with HS (intervention group) or salbutamol with NS (control group). 
The study subjects were previously well infant age less than 18 months 
old, first hospitalization with clinical features consistent with (mild to 
moderate) acute bronchiolitis. The diagnosis was made based on strong 
clinical suspicion of viral lower respiratory tract infection associated 
with airways obstruction as manifested by hyperinflation, tachypnoea 
and subcostal recession with widespread crepitations, prolonged expira-
tory phase and ronchi on auscultation. Exclusion criteria includes other 
lower airway infection such as pneumonia, chronic respiratory disorders 
ie chronic lung disease, congenital lung or airway malformation, bron-
chial asthma, previous hospitalization for wheezing episode, and other 
underlying chronic illnesses such as gastroesophageal reflux and con-
genital heart disease.

Randomization of patients to either the intervention group (receiv-
ing salbutamol and HS) or control group (receiving salbutamol and NS) 
was made using computer generated allocation (reference: www.ran-
domization.org). The study coordinator allocated and stratified the 
patient into a block of 4. Concealment of allocation was ensured using 
sealed and opaque envelopes containing the choice of therapy which 
were numbered accordingly. Patients identity was blinded to parent of 

the subjects, care providers, investigators and outcome assessor. 
Preparation of the nebulized solutions, either NS with salbutamol or HS 
with salbutamol, was done by a pharmacist who was also blinded from 
the study. The solution was prepared in 20 cc syringe and was labelled 
as solution A and solution B. All labelled syringes were indistinguish-
able by colour, appearance or smell. The prepared solutions were stored 
in the non-freezer compartment of the refrigerator and discarded if not 
used within 72 h of preparation. 

Each subject received nebulized 0.5ml (2.5 mg) of salbutamol with 
3.5 mls solution A or B for 10 to 15 minutes via mask and humidified 
oxygen 5 L/min every six hour. The medical personnel involved with 
the treatment of the patients were masked from identifying these solu-
tions. Add-on therapy, consisting of nebulized salbutamol (0.5 mls) with 
0.9% saline (3.5 mls) were permissibly given to patients who had 
increased clinical severity score by 2 or more. Once the clinical severity 
score had improved to less than 4, nebulized therapy would be discon-
tinued as per protocol even though patients were still in the ward.

Outcome
The first outcome was the clinical severity score. This was assessed 

using the 4 items Wang Respiratory Score - respiratory rate, degree of 
wheezing, degree of accessory muscle use and general condition (Table 
1). The scoring system assigned a number of 0 to 3 to each variable, 
with increased severity receiving a higher score12). Clinical severity 
score was reviewed at baseline, 8 hours, 24 hours, 48 hours and 72 
hours.

The second outcome was the length of hospital stay. This was based 
on the duration of patients' stay in the hospital until the discontinuation 
from the study protocol. The incidence of secondary bacteria or nosoco-
mial infection, and admission to high dependency care unit requiring 
ventilatory and inotropic support, as well as death, were recorded.

Statistic
Data was recorded on a data collection sheet and entered using the 

IBM Statistical Package for Social Sciences (SPSS) Statistics version 22 
software. Descriptive analysis of HS and NS were compared using inde-
pendent sample t-test for normally distributed continuous data, Mann 
Whitney test for non-normally continuous variable, and Fisher Exact or 
Pearson test for categorical data. p value < 0.05 was taken as statistical-
ly significant. Repeated Measure (RM) ANOVA was used to determine 
the differences of the clinical score changes between the intervention 
and control group. The difference within group (time effect), between 
group (treatment effect) and within-between the groups (time-treatment 
intervention) were also analysed. For the duration of hospital stay and 
co-infection, independent t-test and descriptive statistic were used 
accordingly. 

For the first major outcome (Clinical severity score), we used the 
mean value of 6 (SD 1.3). Assuming α of 0.05 and a power of 85%, 
sample size of 31 infants in each group were taken to be able to detect 
the difference. For second outcome (Length of stay), we use mean of 1 
(SD 1.6) day. Assuming α of 0.05 and a power of 85%, sample size of 
47 infants were required in each group. Considering the drop out/lost to 
follow up to 10%, the final number of patients enrolled were 104, allow-
ing 52 in each group.

RESULT

During this period of study, 277 patients were admitted for acute 
bronchiolitis. Based on the inclusion and exclusion criteria, one hundred 
and one previously healthy infants were enrolled and one hundred and 
seventy-six infants were excluded. Following randomization, 52 were 
enrolled into the intervention group (26 boys and 26 girls) and 49 were 
enrolled into the controlled group (26 boys and 23 girls). (Table 2).

There were significant differences between the intervention and 
control group with time for both groups as illustrated in table 3. These 
were the differences for all means of the clinical severity score within 
intervention group; F (4, 204) = 109.1, p < 0.001 and control group (see 
table 3); F (4, 192) = 104.52, p < 0.001, but there were no differences in 
the mean clinical severity score between group; F (4,396) = 134, p = .25 
(table 4). The total of 37 patients stayed in ward for the 1-day duration, 
29 patients for a 2-day duration, 19 participants for 3-day duration, 12 
infants stayed for a 4-day duration, 2 infants with 5-day duration and 
only 1 participant stayed with duration of 6-day and 7-day respectively. 

There was no statistical difference between the length of hospital 

Figure 1. Flow chart of the study.
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stays for both group t (99) = 1.46, p = .146, 95% CI [-.129, .858] with 
control (M = 2.0, SD = 1.20) and intervention group (M = 2.4, SD = 
1.30) (see table 5). The cumulative co-infection analysis showed 16 
infants were treated as co-infection (ten infants from intervention group 
and six infants from control group). All one hundred one infants who 
were admitted and observed in the ward did not develop complication 
such as acute bronchospasm, nosocomial infection, or requiring inten-
sive care admission. 

DISCUSSION

Bronchiolitis is a common infection of the lower respiratory tract 
especially in younger age group children less than 2 years old. The diag-
nosis is usually based on clinical assessment. Supportive care, including 
adequate oxygen exchange, fluid intake and nutritional support, remains 
the standard treatment for acute bronchiolitis. To date, this is the first 
reported study in Malaysia comparing nebulized salbutamol and HS 
versus salbutamol and NS. The use of salbutamol, either in HS or NS, is 
to avoid potential bronchospasm associated with use of HS11). 

In our study, the mean age of children involved was 7.6 (± 3.75) 
months with the range from 1 month to 18 months of age. The infants 
that have been studied mainly from the North East of Peninsular of 

Malaysia, and predominantly Malay ethnicity. Strict inclusion criteria 
were applied to minimize any confounding factors and selection bias 
was minimized by the randomization process and blinding of research-
ers after the patients recruitment into the study. We chose Wang scoring 
system in our study design due to its applicability and easy scoring 
method.

There was no statistical difference in demographic characteristic for 
both groups. The children who were enrolled in the study have fulfilled 
baseline definition of bronchiolitis, including respiratory distress score 
within mild to moderate clinical presentation. We devised that these 
patients should receive six hourly nebulization (either in intervention or 
control group) and the clinical score was meticulously taken until 
patients fulfilled the termination criteria of the study. The treating paedi-
atrician may add-on therapy according to the clinical justification at the 
point of assessment. These extra attempts did not influence the final 
intervention outcome. 

Previous studies have shown that patients receiving nebulized HS 
had symptomatic relieve faster than control and discharged earlier from 
the hospital8,15). In the latest study report, despite HS safety concern from 
Cochrane review, subsequent study did not support this intervention16). 
We recorded the incidence of co-infection as 15.8% between both 
groups, with 19.2% from treatment group and 12.2% from control 
group. There was no nosocomial infection, PICU admission or death 
reported in our study. 

Most of the studies on the effectiveness of HS in the past involved 
heterogenous and smaller sample size thus other factors such as inter-
ventional differences, dosage and volumes of the inhaled medication, 
additional add-on drugs given and type of nebulizer should be carefully 

Table 1. Wang Severity Score (12)
                   Point
Parameter 0 1 2 3

Respiratory Rate < 30 bpm 31 --- 45 bpm 46 --- 60 bpm > 60 bpm

Degree of wheezing No  At terminal expiration / using  Entire expiration / audible on expiration  Inspiration and expiration without stethoscope
  the stethoscope without stethoscope

Degree of accessory  No  Intercostal recession Tracheo-sternal retraction Severe retraction with nasal flaring
muscle use

General condition Normal    Irritability, lethargic and poor appetite

Table 2. Comparison of basic clinical characteristics between 
the intervention and control

Basic information Control  Intervention  p-
 (n = 49) (n = 52) value*

Male (n) 23 26
Female (n) 26 26
Age in month  8.0 (3.71) 7.2 (3.78) 0.760
(Mean, SD) 
Days of hospital  2.0 (1.20) 2.4 (1.30) 0.041
stay (Mean, SD) 
Baseline clinical  4.3 (2.01) 4.2 (1.42) 0.040
score (Mean, SD) 
Co-infection  2.00 2.00 0.550
(Median) 

*Independent t test

Table 3. The effect of time on the clinical severity score for 
intervention and control group

Group Time  Mean clinical severity  F statistics  p-
 (hours) score (95% CI) (df) valuea

Intervention 0 4.15 (3.76, 4.53) 109.06 (4.2) < 0.001
 8 3.19 (2.790, 3.59)
 24 2.38 (1.95,2.82)
 48 1.02 (0.67, 1.37)
 72 0.42 (0.12,0.72)

Control 0 4.27 (3.69, 4.84) 104.52 (4.3) < 0.001
 8 2.90 (2.49, 3.31)
 24 1.9 (1.44, 2.36)
 48 0.8 (0.42, 1.17)
 72 0.14 (0, 0.33)

a Repeated Measure ANOVA. Pairwise comparisons with Bonferroni correction show 

significant differences for all pairs.
Table 4. Comparison of Mean and 95% Confidence Interval of 

Clinical Severity Score between Intervention and 
Control group

Time  Adjusted Mean  F statistics  p-
(hours) (95% CI) (df) valuea

 Intervention Control 134 (1) 0.250

0 4.15 (3.76, 4.53) 4.27 (3.69, 4.84)
8 3.19 (2.790, 3.59) 2.90 (2.49, 3.31)
24 2.38 (1.95,2.82) 1.9 (1.44, 2.36)
48 1.02 (0.67, 1.37) 0.8 (0.42, 1.17)
72 0.42 (0.12,0.72) 0.14 (0, 0.33)

a Repeated Measure ANOVA.

Table 5. Comparison Mean Length of Stay between Intervention 
and Control group

 Mean (SD) length of  F statistics  p-
 stay (day)  (df) value*

Days of hospital stay Intervention Control 4.27 (99) 0.146

 2.4 (1.3) 2.0 (1.2)

*Independent t test
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considered17). Contradictory findings in bronchiolitis study perhaps 
pointing to differences in spectrum of viral illness, its pathophysiology 
and differences in bronchiolitis definition. There were other reasons 
such as previous small study sample size and the use of concomitant 
drugs with unclear role, which may affect the outcome. 

We did not find any advantage of nebulized therapy with HS and 
salbutamol over NS and salbutamol in terms of length of hospital stay 
and clinical severity scores. Previous studies have varied results; there 
were no advantage of nebulized therapy with HS when used in the 
emergency setting but, better clinical severity score was noted when 
used in the hospital setting18). Ceiling effect of higher inhaled sodium 
chloride was thought to be reason for negative finding. HS may cause a 
transient increase in secretions and have a beneficial effect on pulmo-
nary toilet over time18). Other study suggested longer length of stay was 
attributed to the use of HS19). Many recent studies have similar finding 
to our study, confirming the use of HS has no apparent beneficial effect 
or harmful side effect20). 

Limitation
It is possible that majority of our patients with bronchiolitis receive 

bronchodilator prior to study entry. This would depend on experience of 
first line medical personnel who saw the patients in the emergency 
department. These patients may well have mild to moderate illness 
based on the clinical severity score. The interval of nebulized solution 
given to the patient was based on the salbutamol half-life, instead of the 
HS half-life, since we were uncertain of the half-life of the HS. The 
effect of bronchodilator in the management of mild to moderate acute 
bronchiolitis may contribute to the result in both groups. The previous 
studies supported the reduction of clinical severity score as an out-
come8,10). Other significant factors that may contribute to the numbers of 
subject in recruitment of the study due to the first provisional diagnosis 
on admission. If the impression related to viral wheeze or pneumonia, 
the patients will not be recruited in this study. We were only able to 
complete the study of 101 patients despite the total calculated sample 
size was 104. However, this number is still within the calculated range. 

CONCLUSION

The study did not show any difference between nebulized 3% 
hypertonic saline with salbutamol and 0.9% saline with salbutamol in 
term of clinical score and duration of hospital stay for patients with mild 
to moderate acute bronchiolitis. 
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