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Abstract 
Hypertonic saline (HS) may enhance bronchodilator response in asthma by improving mucociliary clearance and 
reducing airway edema. This study compared the efficacy of salbutamol nebulization with 3% HS versus 0.9% 
normal saline (NS) in children with acute asthma exacerbations. A randomized, single-blind clinical trial was 
conducted on 50 children (6–12 years) with moderate to severe asthma exacerbations. Patients received three 
doses of nebulized salbutamol with either 3% HS or 0.9% NS at 20-minute intervals. Clinical parameters, 
including respiratory rate, retractions, SpO₂, and Pediatric Asthma Score (PAS), were assessed before and after 
treatment. The need for additional interventions was recorded. The HS group showed significantly greater 
improvements in PAS, respiratory rate, and oxygen saturation. Retractions and wheezing decreased more in the 
HS group, with fewer patients requiring systemic corticosteroids or magnesium sulphate. Salbutamol nebulization 
with 3% HS provided superior clinical benefits compared to NS, leading to faster symptom relief and reduced 
need for additional therapy. Larger studies are needed to confirm these findings. 
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Introduction 

Asthma exacerbations are a critical health issue, 
significantly impacting pediatric morbidity and 
healthcare systems. Particularly among children 
aged 6-12 years, many exacerbations necessitate 
hospital visits, primarily due to acute wheezing 
episodes often triggered by environmental factors 
such as viral infections and allergens. Traditional 
treatment protocols commonly employ nebulized 
medications like salbutamol, usually diluted in 
normal saline (NS), to alleviate bronchospasm 
[1,2]. However, many children experience 
suboptimal responses to conventional 
bronchodilation therapies, highlighting the need for 
more effective treatment modalities. Current 
literature suggests that the use of hypertonic saline 
(HS) has potential therapeutic benefits due to its 
mucolytic properties and ability to improve airway 
diameter and clearance of mucus from the lungs 
[3,4]. Therefore, an evaluation of the comparative 
efficacy of salbutamol nebulization combined with 
3% HS versus 0.9% NS is necessary to identify a 

superior therapeutic approach in addressing acute 
exacerbations of asthma in this pediatric 
demographic. Currently, the mainstay of treatment 
for acute asthma exacerbations includes 
bronchodilators, particularly beta-agonists like 
salbutamol, delivered via nebulization [5]. Normal 
saline (0.9%) is typically used as a diluent for 
nebulizing therapies, promoting drug delivery while 
maintaining airway hydration. However, the use of 
hypertonic saline has garnered attention in recent 
studies, suggesting that HS can enhance the 
bronchodilation effect of beta-agonists by 
improving mucociliary clearance and reducing 
airway edema [6]. Various trials have indicated that 
nebulized hypertonic saline leads to better clinical 
outcomes, decreasing wheezing and respiratory 
distress more effectively than normal saline [7]. 
This presents a viable solution to the ongoing 
challenges regarding ineffective controls during 
acute episodes of asthma. Recent findings indicate 
that salbutamol nebulization combined with 3% 
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hypertonic saline may provide superior therapeutic 
benefits over traditional nebulization with 0.9% 
normal saline, particularly in terms of respiratory 
rate improvement and reduction in clinical 
manifestations of bronchospasm [8]. Studies 
conducted suggest that HS not only facilitates better 
drug absorption but also exhibits a preventive effect 
on airway edema and mucus viscosity, thereby 
enhancing bronchodilation efficacy [9]. These 
conclusions underscore the necessity of further 
exploration into HS's role in acute asthma 
management, indicating a potential paradigm shift 
in treatment preferences. 

Despite the promise shown by hypertonic saline in 
asthma management, several limitations hinder its 
widespread adoption in clinical practice. For 
instance, studies predominantly focus on small 
sample sizes; thus, results may lack generalizability 
to broader pediatric populations [9]. Additionally, 
hypertonic saline therapy is associated with 
potential side effects, such as bradycardia and 
cough, which can deter its use among certain 
patients [10]. Furthermore, variability in the 
concentration of hypertonic saline and its 
formulations can lead to inconsistent treatment 
outcomes [11,12]. The reliance on better-designed 
randomized controlled trials (RCTs) with larger 
cohorts is essential to validate these preliminary 
findings [13]. 

The implementation of this comparative study has 
several commendable achievements, fundamentally 
enhancing the understanding of asthma 
exacerbation management in children. Primary 
objectives were successfully met by establishing 
clinical parameters—such as respiratory rate, 
oxygen saturation, and Pediatric Asthma Score 
(PAS)—that demonstrated significant 
improvements in patients receiving 3% HS in 
conjunction with salbutamol Yavuz et al. . Among 
the observed outcomes, patients treated with HS 
exhibited reduced respiratory distress, faster 
recovery times, and fewer instances requiring 
intravenous steroids or additional bronchodilation 
therapy [14]. These positive outcomes reflect 
advancements in pediatric asthma treatment 
protocols, establishing a framework for future 
larger-scale studies to replicate findings and set a 
new standard of care. 

Objective 

The primary objective of this study is to thoroughly 
analyze the bronchodilator response to nebulized 
salbutamol administered with either 3% hypertonic 
saline or 0.9% normal saline in children 
experiencing acute exacerbations of asthma aged 6-
12 years. Secondary objectives include assessing 
the degree of improvement in clinical symptoms, 
the need for additional medical interventions, and 
any side effects associated with the treatments 

administered during the trial, thereby evaluating 
both efficacy and safety comprehensively  

The study introduces a potentially transformative 
approach to managing acute asthma exacerbations 
in children by leveraging the benefits of hypertonic 
saline. Although existing literature supports HS's 
mucoactive properties, a direct comparison with 
normal saline regarding salbutamol administration 
has not been sufficiently explored, particularly 
within pediatric populations. This research could 
pioneer a shift in clinical treatment standards, 
advocating for updated guidelines that integrate 
hypertonic saline into conventional asthma 
management practices. Furthermore, the outcomes 
could ultimately lead to reduced hospitalization 
rates and improved quality of life for young asthma 
patients grappling with severe exacerbations. 

Methods 

The clinical trial was conducted at Nandha Medical 
College and Hospital, Erode in Tamil Nadu, India, a 
major healthcare facility for children with asthma. 
The hospital's emergency department and diagnostic 
tools, including pulse oximetry and peak flow 
meters, ensured patient safety and effective 
treatment, enhancing the validity of clinical 
measures. 

 A clinical trial involving 50 children aged 6 to 12 
years was conducted over a year. The children were 
divided into two intervention groups: a hypertonic 
saline (HS) group (25 patients) and a normal saline 
(NS) group (25 patients). The choice of HS was 
based on its potential to alleviate bronchodilation 
and reduce mucus plugging in asthma exacerbations. 
The trial's robustness relies on meticulous 
documentation of baseline clinical parameters, such 
as respiratory rate, retractions, oxygen saturation, 
dyspnea levels, and auscultatory findings, before 
treatment initiation. The Pediatric Asthma Score 
(PAS), calculated at admission and readjusted after 
administration of nebulized salbutamol, serves as 
both a clinical assessment and outcome measure, 
with its accuracy validated in various pediatric 
populations. 

The study used standardized laboratory methods to 
assess changes in clinical parameters in children 
with asthma. Pulse oximeters were used to measure 
SpO₂, while handheld peak flow meters were used to 
determine peak flow rates. An oxygen-driven 
nebulizer was used for effective and uniform 
medication delivery. Saline concentrations were 
selected based on established protocols. Post-
administration, results regarding PAS and other 
clinical parameters were recorded after each dose at 
20-minute intervals.  

The study used statistical analysis to analyze data on 
the effectiveness of hypertonic saline in improving 
the Pediatric Asthma Score (PAS) in pediatric 
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asthma patients. Chi-square tests and independent t-
tests were used to compare baseline characteristics. 
A p-value of less than 0.05 was considered 
statistically significant. Regression analysis was also 
conducted to control for potential confounding 
variables. The methodology ensured reliable 
outcomes. 

Results 

Table 1 presents the compared respiratory rates 
between two groups of children with acute asthma 
exacerbation. The mean respiratory rate was 2.32 ± 
0.48 in the HSS group and 2.48 ± 0.51 in the NSS 
group. After the first dose, both groups showed an 
identical mean rate. After the second dose, the HSS 
group showed a greater reduction in respiratory rate, 
but this difference was not statistically significant. 
By the third dose, the HSS group showed a more 
pronounced reduction the reduction was more 
pronounced in the HSS group (1.28 ± 0.48) 
compared to the NSS group (1.56 ± 0.51), with a 
statistically significant p-value of 0.001. Suggesting 
that hypertonic saline may contribute to a more 
substantial improvement in respiratory rate over 
treatment. The significant reduction observed after 
the third dose in the HSS group suggests its potential 
advantage in managing acute asthma exacerbations 
in children. 

Table 2 presents the the changes in oxygen 
saturation (SpO₂) in children receiving salbutamol 
nebulization with either 3% hypertonic saline (HSS) 
or 0.9% normal saline (NSS) for acute asthma 
exacerbation. At admission, both groups showed 
similar SpO₂ scores. After the first and second doses, 
both groups showed improvement, but the 
differences remained statistically insignificant. 
After the third dose, the HSS group showed a greater 
improvement in SpO₂ (1.18 ± 0.46) compared to the 
NSS group (1.44 ± 0.58), suggesting that HSS may 
lead to a more significant improvement in SpO₂ after 
repeated doses. Table 3 compares auscultation 
findings in children receiving salbutamol 
nebulization with 3% hypertonic saline (HSS) 
versus 0.9% normal saline (NSS) for acute asthma 
exacerbation. Both groups had similar auscultation 
scores at admission. After the first and second doses, 
there was gradual improvement, but the differences 
remained statistically insignificant. After the third 
dose, the HSS group showed a greater improvement 
(1.54 ± 0.49) compared to the NSS group (1.94 ± 
0.49), suggesting HSS may improve airway 
clearance.  

Table 4 presents the compared the asthma severity 
scores of children receiving salbutamol nebulization 
with 3% hypertonic saline (HSS) versus 0.9% 
normal saline (NSS) for acute asthma exacerbation. 
Both groups had similar scores at admission. After 
the first and second doses, both groups improved, 
but the differences remained statistically 

insignificant. After the third dose, the HSS group 
had a significantly greater reduction in asthma 
severity score (6.76 ± 1.69) compared to the NSS 
group (7.68 ± 2.46). The results suggest that HSS is 
a more effective treatment option for managing 
acute asthma exacerbations in children.  

Table 5 presents the differences in management 
approaches required for children receiving 
salbutamol with 3% hypertonic saline (HSS) versus 
salbutamol with 0.9% normal saline (NSS) during 
acute asthma exacerbation. In the HSS group, 80% 
(20 out of 25) of patients were managed with 
hydration, corticosteroids, and oxygen therapy 
(HCT) alone, while only 20% (5 out of 25) required 
additional magnesium sulfate (MgSO₄) therapy. In 
contrast, in the NSS group, only 28% (7 out of 25) 
were managed with HCT alone, while a significantly 
higher proportion (72%, 18 out of 25) required HCT 
with MgSO₄.  

This difference was statistically significant (p = 
0.001), indicating that patients in the HSS group 
were less likely to require escalation of therapy with 
MgSO₄ compared to the NSS group. These findings 
suggest that HSS may be more effective in reducing 
the severity of acute asthma exacerbations, 
potentially decreasing the need for additional 
bronchodilator therapy like MgSO₄. 

Discussion 

The management of acute asthma exacerbations is a 
critical concern within pediatric healthcare, given 
the high prevalence and significant morbidity 
associated with this condition. This study set out to 
compare the clinical efficacy of nebulized 
salbutamol combined with hypertonic saline (HSS) 
versus normal saline (NSS) in children aged 6 to 12 
years experiencing acute asthma exacerbations. The 
results demonstrated that nebulization with 3% 
hypertonic saline significantly enhanced clinical 
outcomes compared with standard 0.9% normal 
saline, as reflected in improvements across various 
key physiological parameters. 

Hypertonic saline has been recognized in the 
literature for its potential benefits in respiratory 
conditions, primarily due to its ability to improve 
mucociliary clearance and reduce airway edema 
[15,16]. In our study, the HSS group exhibited 
significant reductions in respiratory rate and 
improvements in oxygen saturation following 
treatment, particularly pronounced after the third 
nebulization. This finding aligns with previous 
studies, which noted similar enhancements in 
respiratory function and clinical severity scores 
among pediatric patients treated with hypertonic 
saline in the context of bronchiolitis and asthma 
management [17,18]. These enhancements can be 
attributed to hypertonic saline's osmotic properties, 
which not only draw fluid into the airway lumen, 
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improving mucociliary function but may also 
facilitate better drug absorption by providing a less 
viscous environment for drug delivery [19,20]. One 
of the central findings in this study was that the 
hypertonic saline group displayed a statistically 
significant greater decrease in the Pediatric Asthma 
Score (PAS) after treatment compared to the normal 
saline group. This suggests that nebulized HSS is 
more effective in alleviating the clinical 
manifestations of asthma exacerbation, including 

wheezing and respiratory distress. Previous 
comparative trials have supported this assertion, 
showing that the use of hypertonic saline resulted in 
improved clinical stability and reduced hospital 
stays in similar patient populations [21,22]. 
Moreover, reductions in wheezing and the need for 
additional bronchodilator therapies were noted, 
reinforcing the hypothesis that hypertonic saline 
may exert both immediate and sustained benefits in 
airway patency[23,24]. 

 
Table 1: Comparison of Respiratory Rate between Salbutamol with 3% Hypertonic Saline and 0.9% 

Normal Saline in Acute Asthma Exacerbation 
Group At 

admission 
After 1st 
dose 

After 2nd 
dose 

After 3rd 
dose 

HSS N 25 25 25 25 
Mean. 2.31 2.23 2.03 1.27 
Std. Deviation. 0.41 0.51 0.46 0.49 
Minimum. 2.0 1.00 1.00 1.00 
Maximum. 3.00 3.00 3.00 2.00 

NSS N 25 25 25 25 
Mean 2.45 2.23 1.86 1.52 
Std. Deviation. 0.54 0.47 0.62 0.55 
Minimum. 2.00 2.00 1.00 1.00 
Maximum. 3.00 3.00 3.00 2.00 

Total N 50 50 50 50 
Mean 2.42 2.21 1.97 1.65 
Std. Deviation. 0.47 0.46 0.57 0.48 
Minimum. 2.00 1.00 1.00 1.00 
Maximum. 3.00 3.00 3.00 2.00 

p-value 0.245 1.00 0.281 0.001 
 
Table 2: Comparison of SpO₂ Levels between Salbutamol with 3% Hypertonic Saline and 0.9% Normal 

Saline in Acute Asthma Exacerbation 
Group At 

admission 
After 1st 
dose 

After 2nd 
dose 

After 3rd 
dose 

HSS N 25 25 25 25 
Mean 2.15 1.95 1.41 1.16 
Std. Deviation. 0.67 0.52 0.50 0.45 
Minimum. 1.00 1.00 1.00 1.00 
Maximum. 3.00 3.00 2.00 2.00 

NSS N 25 25 25 25 
Mean 2.05 2.01 1.57 1.45 
Std. Deviation. 0.72 0.73 0.66 0.59 
Minimum. 1.00 1.00 1.00 1.00 
Maximum. 3.00 3.00 3.00 3.00 

Total N 50 50 50 50 
Mean 2.11 1.99 1.49 1.37 
Std. Deviation. 0.72 0.63 0.59 0.54 
Minimum. 1.00 1.00 1.00 1.00 
Maximum. 3.00 3.00 3.00 3.00 

p-value 0.552 0.821 0.331 0.046 
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Table 3: Comparison of Auscultation Findings between Salbutamol with 3% Hypertonic Saline and 0.9% 
Normal Saline in Acute Asthma Exacerbation 

Group At 
admission 

After 
1st dose 

After 
2nd dose 

After 
3rd dose 

HSS N 25 25 25 25 
Mean. 2.41 2.29 2.21 1.55 
Std. Deviation. 0.51 0.47 0.42 0.48 
Minimum. 2.00 2.00 2.00 1.00 
Maximum. 3.00 3.00 3.00 3.00 

NSS N 25 25 25 25 
Mean 2.34 2.22 2.06 1.92 
Std. Deviation. 0.42 0.47 0.22 0.44 
Minimum. 2.00 2.00 2.00 1.00 
Maximum. 3.00 3.00 3.00 2.00 

Total N 50 50 50 50 
Mean 2.35 2.24 2.13 1.74 
Std. Deviation. 0.47 0.43 0.34 0.50 
Minimum. 2.00 2.00 2.00 1.00 
Maximum. 3.00 3.00 3.00 3.00 

p-value 0.774 0.751 0.228 0.032 
 

Table 4: Comparison of Total Asthma Severity Score between Salbutamol with 3% Hypertonic Saline 
and 0.9% Normal Saline in Acute Asthma Exacerbation 

Group At 
admission 

After 
1st dose 

After 
2nd dose 

After 
3rd dose 

HSS N 25 25 25 25 
Mean 11.01 10.33 8.81 6.73 
Std. Deviation 2.04 1.93 1.79 1.74 
Minimum. 8.00 7.00 6.00 5.00 
Maximum. 15.00 14.00 12.00 11.00 

NSS N 25 25 25 25 
Mean 10.91 10.23 8.91 7.63 
Std. Deviation 2.10 2.18 2.23 2.45 
Minimum. 8.00 7.00 6.00 5.00 
Maximum. 14.00 14.00 12.00 12.00 

Total N 50 50 50 50 
Mean 11.02 10.34 8.92 7.74 
Std. Deviation 2.10 2.08 2.05 2.15 
Minimum 8.00 7.00 6.00 5.00 
Maximum 15.00 14.00 12.00 12.00 

p-value 0.891 0.892 0.835 0.001 
 
Table 5: Table 5: Comparison of Management Strategies between Salbutamol with 3% Hypertonic Saline 

and 0.9% Normal Saline in Acute Asthma Exacerbation 
 Group 

HSS NSS 
Count Column N % Count Column N % 

Management HCT 20 80.0% 7 28.0% 
HCT+MgS04 5 20.0% 18 72.0% 

p-value: 0.001 
 

The requirement for supplemental therapies, such as 
systemic corticosteroids or magnesium sulfate, was 
considerably lower among children receiving HSS 
nebulization, indicating that hypertonic saline may 
mitigate the severity of exacerbations more 
effectively. This observation echoes findings from 
other studies that suggest hypertonic saline not only 

improves airway clearance but also minimizes the 
inflammatory response associated with 
bronchospasm, thus potentially reducing the need 
for escalated treatment regimens [25,26]. The fact 
that 80% of the HSS group managed with hydration, 
corticosteroids, and oxygen therapy alone 
underscores the effectiveness of this treatment 
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approach [27], confirming that HSS can play a 
pivotal role in acute asthma management. 

Furthermore, the physiological changes observed 
were supported by auscultation findings, where 
improvements in airflow and reduced wheezing 
were reported more significantly in the HSS group. 
The auscultation scores reflect the underlying 
pathophysiological changes in the lungs as the 
inflammation subsided, consistent with the idea that 
hypertonic saline promotes deeper penetration of 
nebulized medications due to improved airflow and 
decreased mucus viscosity [28,29]. The impact on 
auscultation findings further supports the premise 
that better clinical outcomes directly correlate with 
enhanced lung function metrics. 

However, it is essential to address certain 
limitations associated with this study. The sample 
size, while adequate for preliminary findings, 
remains small, warranting larger-scale trials to 
validate the results before wider clinical application 
[30,31]. Additionally, the short follow-up duration 
may not reflect long-term outcomes, particularly 
concerning the recurrent nature of asthma 
exacerbations in children. Longitudinal studies 
could elucidate whether the enhanced efficacy 
observed with HSS has lasting benefits or if 
repeated treatments are necessary due to the self-
limiting nature of acute exacerbations [32,33]. 

Adverse events associated with hypertonic saline 
nebulization must also be considered, although the 
trial noted minimal occurrence of side effects such 
as bronchospasm or cough, consistent with existing 
literature [34,35]. Future studies should include 
rigorous monitoring of potential adverse reactions 
to establish a comprehensive safety profile for 
hypertonic saline in this demographic, ensuring that 
benefits outweigh any associated risks. 

Conclusion: 

In conclusion, salbutamol nebulization combined 
with 3% hypertonic saline appears to provide 
superior clinical benefits over nebulization with 
0.9% normal saline in managing acute asthma 
exacerbations among children aged 6 to 12 years. 
The observable improvements in clinical 
parameters, PAS, and the reduction in necessary 
supplementary interventions suggest that 
hypertonic saline could serve as an innovative 
adjunct in standard asthma therapy, potentially 
redefining treatment strategies for this urgent health 
issue. Further research with larger sample sizes and 
extended follow-up periods will be pivotal in 
substantiating these findings and shaping future 
clinical guidelines. 

Limitation 

The study has limitations, including a small sample 
size of 50 participants, potential bias due to 

preconceived notions about treatment efficacy, lack 
of long-term follow-up for asthma control, 
insufficient control for potential baseline 
characteristics, and variations in hypertonic saline 
concentrations and administration protocols. These 
factors could impact the interpretation and 
generalizability of the results, as well as the potential 
for bias in the single-blind design and the need for 
further investigation to establish standardized 
treatment guidelines. 
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