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Abstract
Background: Severe exacerbations of Asthma in children are a major cause of emergency visits and hospital
admissions. Nebulized short-acting B2-agonists, particularly salbutamol (albuterol), are the cornerstone of acute
management. Although both intermittent and continuous nebulization strategies are widely used. This systematic
review and meta-analysis aim to compare the continuous versus intermittent nebulization of salbutamol in children
with severe asthma.
Methods: A comprehensive literature search was conducted for studies published from inception up to April 2026
using PubMed, Scopus, Cochrane, and Web of Science databases, focusing on studies comparing continuous and
intermittent nebulization of salbutamol in children with severe asthma. The outcomes were asthma score at 2, 4
hours, length of hospital stay, and side effects (vomiting and tremors). The risk of bias was assessed using the RoB 2
tool for randomized trials, and meta-analytical techniques were employed to calculate pooled effect sizes and
statistical significance.
Results: There were no significant differences between continuous and intermittent nebulized salbutamol in asthma
scores at 2 and 4 hours. Length of hospital stay was also comparable between both groups. In addition, no
significant differences were observed in adverse effects, including vomiting and tremors. Overall, heterogeneity
across the included outcomes ranged from moderate to high.
Conclusion: Continuous nebulized salbutamol did not show significant superiority over intermittent nebulization in
children with severe asthma exacerbation, with both strategies demonstrating comparable efficacy and safety.
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Introduction airway smooth muscle, leading to increased
Asthma involves inflammation that affects the intracellular  cyclic adenosine  monophosphate
airways, and leads to bronchial hyperreactivity, (cAMP) levels and subsequent smooth muscle
narrowing of airways, structural changes in airway relaxation (6],

walls, and increased production of mucus . Asthma
remains an important public health issue,
significantly affecting the quality of life for many
affected individuals 2.

Asthma is a major global health issues, affecting
around 300 million people, and causing about 1,000
deaths daily. Asthma affects around 260 million
people globally, causing around 0.5 million deaths
annually. The global mortality rate for pediatric
asthma varies, ranging from 0.1-0.7 deaths/100,000
(31, The most frequently observed symptoms among
children experiencing asthma include flare-ups, chest
tightness, wheezing, and shortness of breath [,
Inhaled short-acting B2-adrenergic agonists (SABAs),
particularly Salbutamol (also known as Albuterol),
are the first-line bronchodilators recommended by
international guidelines such as the Global Initiative
for Asthma ). These agents exert their therapeutic
effect by stimulating PB2-adrenergic receptors on
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Additionally, B2-agonists may enhance mucociliary
clearance and inhibit mediator release from mast
cells, contributing to their rapid clinical efficacy [,
Delivery of salbutamol via nebulization is
particularly advantageous in children with severe
exacerbations, as it does not require coordinated
inhalation and allows administration of higher drug
doses over a sustained period [#1,

Intermittent nebulization with SABA, salbutamol
0.15-0.3 mg per kg, every one to 4 hours is the
current first-line recommendation for hospitalized
children with asthma exacerbation ). However,
children with severe asthma exacerbation may have
suboptimal responses to first-line treatment and
eventually require an escalation to more aggressive
therapy (eg, continuous nebulization, intravenous
salbutamol, or intravenous magnesium sulfate) 19,
Admission to the pediatric intensive care unit (PICU)
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is crucial for delivering and monitoring for side
effects of these therapies '],

When progression to lifethreatening respiratory
failure  occurs, endotracheal intubation and
mechanical ventilation are needed. The results are
asthma complications, prolonged hospital stays, and
increased expenditures. Prolonged PICU admission is
also a very stressful experience and can be associated
with post-traumatic stress disorder for both children
and their parents 2,

Continuous nebulization with SABA, salbutamol 10—
25 mg per hour or 0.5—1 mg per kg per hour, has been
recommended for children with asthma exacerbation
who did not show adequate response to the first-line
intermittent nebulization 3. Continuous use of
Salbutamol inhalation has been shown to be more
effective than sporadic administration . It was
reported that some children with severe asthma
exacerbation usually ended up with continuous
nebulization therapy %,

Given these inconsistencies, a comprehensive
synthesis of the available evidence is warranted. A
systematic review and meta-analysis offers a robust
methodological framework to quantitatively evaluate
the comparative effect of continuous versus
intermittent nebulized salbutamol in this clinical
context. By integrating data from multiple studies,
such an analysis can enhance statistical power, reduce
uncertainty, and provide more precise estimates of
treatment effects, thereby informing evidence-based
clinical decision-making.

Therefore, the present study aimed to systematically
review and meta-analyze the existing literature
comparing continuous and intermittent nebulized
salbutamol in children with severe asthma
exacerbations.

Methods

We performed a systematic review according to the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines. Protocol for
this review was registered with the PROSPERO
database

Search strategy

Using the PubMed, Scopus, Cochrane, and Web of
Science databases, a thorough literature search was
carried out to find papers comparing continuous and
intermittent nebulization of salbutamol in children
with severe asthma that had been published up from
inception until April 2026.

This meta-analysis and systematic review was
structured according to the PICO framework.
Population (P): Pediatric patients (<18 years old)
with severe asthma. Intervention (I): continuous
salbutamol. Comparison (C): intermittent salbutamol.
Outcome (O): asthma score at 2, 4 hours, length of
hospital stay, and side effects (vomiting and tremors).
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Search Strategy and Study Selection

The search strategy included combinations of
Medical Subject Headings (MeSH) terms and
keywords with Boolean operators (AND, OR) were
used to refine the search: ("continuous") AND
("intermittent" OR " sporadic") AND ("nebul*" OR
"aerosol*" OR "inhal*") AND ("Albuterol" OR
"salbutamol" OR "beta-2 agonist" OR "short-acting
beta agonist” OR "SABA") AND ("child*" OR
"pediatric" OR '"paediatric" OR 'infant*") AND
("asthma" OR "status asthmaticus" OR "wheezing").
The titles and abstracts of the studies were used for
screening after the duplicates were removed.
Eligibility was determined by full-text reviews
according to inclusion and exclusion criteria. To
record the steps of screening and selecting, we
utilized the Preferred Reporting Items for Systematic
Reviewers and Meta-Analyses (PRISMA) flow
diagram.

Inclusion Criteria: Research was considered for
inclusion if it fulfilled the following criteria: 1.
studies that have been published. 2. Research
contrasting continuous with intermittent nebulized
salbutamol (albuterol). 3. Pediatric patients with
severe asthma.

Exclusion Criteria: 1. Dealing with poorly specified
or non-existent main endpoints. 2. Studies using
animals or cadavers. 3. Case reports, case series,
reviews, editorials, or conference abstracts without
accessible full text. 4. Studies that did not directly
compare continuous versus intermittent nebulized
salbutamol, or those involving  different
bronchodilators or combination therapies where the
independent effect of salbutamol could not be
determined

Study Selection

Two reviewers manually screened the studies based
on title and abstract then another two reviewers
screened them based on full text, with subsequent
verification by an independent reviewer to ensure
accuracy and resolve disagreements.

Data Extraction

From each included study, two reviewers retrieved
pertinent material, which was then confirmed by a
third reviewer to guarantee correctness.

Extracted data included year of publication, country
of origin, study design, sample size, patient
demographics.

Quality assessment

The Cochrane risk-of-bias tool for randomized trials
(ROB2) was used to assess the risk of bias of the
included studies 6. The risk of bias resulting from
the randomization procedure, missing outcome data,
risk of bias in outcome assessment, and risk of bias in
the selection of the reported result are the five
primary domains that this instrument assesses.
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These standards were used to evaluate each study.
The quality assessment was carried out by two
separate reviewers, and any disagreements were
settled by discussion.

Outcomes

Primary outcomes was asthma score at 2 hours.
Secondary outcomes were asthma score at 4 hours,
length of hospital stay, and side effects (vomiting and
tremors).

Data Synthesis and statistical analysis

Mean difference (MD) with 95% Confidence
Intervals (ClIs) were pooled for continuous outcomes
and risk ratio (RR) for dichotomous outcomes. A P
value greater than 0.05 was considered statistically
significant for overall effect estimates. The
DerSimonian and Laird random-effects model was
applied. Heterogeneity was assessed using the
Cochran Q test and I? statistics, with p <0.10 and I?

>50% considered indicative of significant
heterogeneity, following Cochrane’s guidelines.
Statistical analyses were performed using Review
Manager (REV-Man) Version 5.4.
Results
Study Selection
Initially, 108 articles were found. In order to
determine eligibility, 72 papers were screened based
on their titles and abstracts after 36 research were
eliminated as duplicates. Ten of these studies were
found to be appropriate for full-text review. After full
text screening, four studies were eliminated. This
review ultimately comprised seven papers.
Comorbidities were accounted for in all of the trials.
The complete process of choosing a research is
shown in Figure 1.
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analysis (n =4)
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Figure 1: PRISMA flow diagram depicting the
selection of the included articles

Quality assessment

To evaluate the included studies' risk of bias, the
Cochrane risk-of-bias tool for randomized trials
(ROB2) was used. Certain research showed some
issues.

There was only one study that showed some concerns
while 6 studies were of low risk as demonstrated in

Table 1, Figure 2.
Table 1: Risk of bias assessment using RoB 2 tool
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Figure 2: Risk of bias assessment of the included
articles

Characteristics of included studies

The included studies and their characteristics are
shown in (Table 2). The analysis encompassed a total
of 319 patients with 160 patients received continuous
nebulized salbutamol while 159 received intermittent
nebulized salbutamol.

Table 2: Characteristics of the included studies

Number of | Number of Mean Agi%‘;”‘) @ IE
Author | Countr | patientsin | patients (mea ) ender (M/F)
y | (Continuou | (Intermitten | Continuou | Intermitten | Continuou | Intermitten
s group) t group) s t s t
Papo ot
M:s M:s
al, 1993 | UsA 9 8 N/A N/A o S
Khine ) .
etal, 1996 | USA 35 35 7074383 | 6.58:4.17 M:27 M:25
i F:8 F:10
Kulalert ot |
Thailan M:33 M:33
al, 2020 ¥ 56 56 5.87:4 5844 Mo o
Zulqarnai ] .
netal, | Pakistan 60 60 81418 | 7.98415 M:33 M:35
2026 14 F27 F25

M: Male, F: Female.

Outcomes

Three studies % 17181 revealed that the asthma score
at 2 hours was insignificantly different between both
groups (MD=-36, 95%CI: -0.95:0.24, p=0.24) with
12=87%. Figure 3

Continuous Intermittent Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Papo etal, 1993 65 04 9 67 03 § 342% -020[083,0.13 1993
Khine etal,, 1996 4 08 3 § 1 35 321% -1.00[142-058 1996 —*——
Zulgamain etal, 2026 §5 1 60 54 1 60 337%  0.10[0.26,046) 2026
Total (95% CI) 104 103 100.0%  -0.36 [-0.95,0.24]

Heterogeneity: Tau*= 0.24; Chi*= 15,60, df= 2 (P = 0.0004); *= 87%

Testior overaleffect Z=1.17 (P= 0.24) A

-05 0 05

Continuous  Intermittent
Figure 3: Forest plot comparing Asthma score at 2
hours between continuous and intermittent
nebulized salbutamol

Two studies % 1"l revealed that the asthma score at 4
hours was insignificantly different between both
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groups (MD=-39, 95%CI: -1.37:0.59, p=0.44) with
12=93%. Figure 4

Continuous Intermittent Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95%Cl Year IV, Random, 95% C1
Papoetal, 1993 56 05 9 65 04 § 488% -0.90[1.33,-047) 1993 —W——
Zulgamain etal, 2026 41 09 60 4 08 B0 512%  010[-0.20,040) 2026

Total (95% Cl) 69 68 100.0% -0.39[-1.37,0.59]
Heterogeneity. Tau?= 0.46; Chi*=13.90, df= 1 (P = 0.0002); F= 93%
Testfor overall effect Z=0.78 (P= 0.44)

Figure 4: Forest plot comparing Asthma score at 4
hours between continuous and intermittent
nebulized salbutamol

Three studies 3 1% 17 revealed that the length of
hospital stay was insignificantly different between
both groups (MD=-18.34, 95%CI: -45.13:8.44,
p=0.18) with >=86%. Figure 5

-1 -05 0 05 1
Continuous ~Intermittent

Continuous Intermittent Mean Difference Mean Difference
Studyor Subgroup___Mean _SD Total Mean SD Total Weight IV, Random, 95%CI_Year IV, Random, 95% CI
Papo etal, 1993 9 305 9 162 403 B 246% -66.00(10031,-3150] 1093 ——+——
Kilalertetal, 2020 528 282 56 591 664 S5 342%  -630}2519,1250 2020 ——
Zugamainetal, 2028 185 17 60 184 16 60 412% 0404049,069] 2026
Total (95% CI) 125 124 1000%  -1834[45.13,844) -
Heterogeneity Tau®= 453.0; Ch*= 1460, df= 2 (P= 0.0006); F= 86% T — T

Testforoveralefect Z= 1.34 (= 019) insous nermitert.
Figure 5: Forest plot of comparing length of
hospital stay between continuous and intermittent
nebulized salbutamol

Three studies 314181 revealed that the vomiting was
insignificantly  different between both groups

(RR=0.66, 95%CIL: 0.11:4.02, p=65) with ’=34%.

.
Figure 6
Continuous  Intermittent Odds Ratio 0dds Ratio
Study or Subgroup __Events _Total Events _Total Weight M-H,Fixed. 95%Cl_Year M.H, Fixed, 95% CI
Khine etal. 1996 0 3 2 35 83s% 019001408 1008~ W——
Kulalert et &1, 2020 18 0 56 165% 3.050012,7659 2020
Zulgamain et al, 2026 0 6 0 60 Not estimable 2026
Total (95% CI) 151 151 1000%  0.66[0.11,4.02] —————

Total events 1 2
Heterogeneity: Chi*=1.51,df= 1 (P = 0.22); = 34%
Testfor overall effect Z= 0.45 (P = 0.65)

0.01 100

Figure 6: Forest plot of comparing the vomiting
between dexmedetomidine and magnesium sulfate
Two studies % 181 revealed that the tremors was
insignificantly  different between both groups
(RR=0.48, 95%CI: 0.14:1.62, p=24). Figure 7

Continuous  Intermittent 0dds Ratio 0dds Ratio
Study or Subgroup ___Events _Total Events _Total Weight M-H,Fixed, 95%Cl_Year M.H, Fixed, 95% CI
Khine etal, 1996 5 35 9 35 1000% 0.48(0.14,162) 199 =
Zulgamain etal, 2026 0 60 0 60 Notestimable 2026
Total (95% CI) 95 95 100.0%  0.48[0.14,1.62] -
Total events 5 9
Heterogeneity: Not applicable o I

Figure 7: Forest plot of comparing the tremors
between dexmedetomidine and magnesium sulfate
Heterogeneity

The observed asymmetry in the forest plots,
especially in the primary outcomes, indicates the
potential presence of publication bias or other biases,
such as methodological heterogeneity among the
studies. A leave-one-out sensitivity analysis was
performed under a random-effects model for all
outcomes with high heterogeneity, which was applied
to all endpoints, except tremor.

Discussion

This systematic review and meta-analysis compared
continuous versus intermittent nebulized salbutamol
in children with severe asthma exacerbation. The
pooled analysis demonstrated no statistically
significant differences between both treatment
strategies regarding asthma score at 2 and 4 hours,
length of hospital stay, vomiting, or tremors.

Testfor overall effect Z=1.18 (P = 0.24)
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Although continuous nebulization has traditionally
been considered a more aggressive therapeutic
approach for severe asthma, the current findings
suggest that its clinical superiority over intermittent
nebulization remains uncertain in pediatric patients.
One possible explanation for the absence of
significant differences in asthma scores is that both
regimens ultimately deliver the same
pharmacologically active P2-agonist with a rapid
onset of action. Salbutamol effectively relaxes
bronchial smooth muscle regardless of whether it is
delivered continuously or intermittently, especially
when adequate dosing is achieved early during
exacerbation management 7], Therefore, intermittent
nebulization administered at frequent intervals may
provide bronchodilation comparable to continuous
administration in many children with severe asthma.
Another explanation may relate to variability in
disease severity among the included studies.
Although all studies involved severe asthma
exacerbations, the exact definitions of “severe
asthma” differed between trials. Some studies
included children with impending respiratory failure,
whereas others enrolled patients with moderate-to-
severe symptoms only. This variation may have
diluted any measurable advantage of continuous
nebulization and contributed to the substantial
heterogeneity observed in the pooled analyses.

The present findings are partially consistent with the
randomized trial by Papo et al. 7!, which reported no
major clinical advantage of continuous nebulized
albuterol compared with intermittent therapy in
children with status asthmaticus. Similarly, Khine et
al. M found that both regimens resulted in
comparable clinical improvement and adverse event
profiles. These studies support the concept that
intermittent administration may be sufficient for
many pediatric patients when delivered appropriately
and monitored carefully.

In contrast, Zulgarnain et al. suggested that
continuous nebulization produced faster symptomatic
improvement in children with acute severe asthma.
Continuous administration theoretically maintains
more stable bronchodilator concentrations within the
airways, preventing fluctuations in [2-receptor
stimulation that may occur with intermittent dosing.
This sustained bronchodilation could be particularly
beneficial in patients with severe airflow limitation or
poor aerosol penetration secondary to mucus
plugging and airway edema.

Furthermore, Kulalert et al. '3 reported favorable
outcomes with continuous nebulization as first-line
therapy in hospitalized children with severe asthma
exacerbation. Their propensity score matching
analysis suggested potential reductions in treatment
failure and escalation of care. One explanation is that

[14]
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continuous delivery may reduce periods of untreated
bronchospasm between intermittent doses, especially
in children with rapidly recurring symptoms after
temporary improvement.

Despite these theoretical benefits, the pooled analysis
did not demonstrate shorter hospitalization duration
with continuous nebulization. Several factors may
explain this finding. Hospital discharge decisions are
often influenced by institutional protocols, physician
preference, oxygen requirements, and social factors
rather than  bronchodilator  regimen  alone.
Consequently, length of hospital stay may not
accurately reflect the isolated therapeutic effect of
salbutamol delivery strategy.

The analysis also demonstrated no significant
differences in adverse effects, including vomiting and
tremors, between both groups. Salbutamol-related
side effects are primarily dose-dependent and
mediated through systemic f2-adrenergic stimulation.
Although continuous nebulization may theoretically
increase systemic exposure, careful dose titration and
monitoring in hospitalized children likely minimized
clinically important toxicity [°. Additionally, the
relatively small sample sizes of the included studies
may have limited the ability to detect rare or subtle
adverse events.

An important finding in this meta-analysis was the
high heterogeneity observed in several outcomes,
particularly asthma scores and hospital stay. Multiple
factors may explain this heterogeneity. First, there
were differences in nebulization protocols, including
salbutamol dose, duration of administration, and
intervals between intermittent treatments. Second,
asthma severity scoring systems varied among
studies, reducing comparability across trials. Third,
co-interventions such as systemic corticosteroids,
oxygen supplementation, magnesium sulfate, and
anticholinergic therapy differed between institutions
and may have influenced clinical outcomes
independently of nebulization strategy.

The small number of included studies and limited
overall sample size also reduce the certainty of the
pooled estimates. Some studies were conducted
decades ago, when asthma management protocols
and supportive care differed substantially from
current pediatric practice. Advances in emergency
care, earlier corticosteroid administration, and
improved monitoring may reduce the incremental
benefit of continuous nebulization seen in older trials.
Evidence from adult studies provides additional
perspective. Besbes-Ouanes et al. 2% demonstrated
that continuous nebulized salbutamol improved
pulmonary function more rapidly than intermittent
therapy in adults with acute severe asthma. Similarly,
Lin et al. 2! reported greater short-term improvement
in airflow parameters with continuous administration.
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These adult findings may suggest a physiological
advantage of continuous bronchodilation during
severe airway obstruction. However, extrapolation to
pediatric populations should be performed cautiously
because children differ from adults in airway
anatomy, aerosol deposition, respiratory mechanics,
and B2-receptor responsiveness.

Another possible explanation for the discrepancy
between adult and pediatric findings is that adults
with severe asthma often have more fixed airway
remodeling and chronic airflow limitation, potentially
making sustained bronchodilator delivery more
beneficial. In contrast, children generally have more
reversible airway obstruction and may respond
adequately to intermittent therapy alone.

The current meta-analysis has several strengths. It
systematically  synthesized available pediatric
evidence comparing two commonly used salbutamol
delivery strategies. Additionally, the inclusion of
randomized and comparative studies improved the
comprehensiveness of the analysis. The use of
PRISMA methodology and ROB2 quality assessment
further strengthened methodological rigor.
Nevertheless, several limitations should be
acknowledged. First, the number of included studies
was relatively small, limiting statistical power.
Second, substantial heterogeneity was present across
multiple outcomes. Third, variations in dosing
regimens, asthma severity definitions, and supportive
treatments may have influenced pooled estimates.
Fourth, publication bias could not be excluded due to
the small number of studies available for each
outcome. Finally, some included studies were older
and may not fully represent current pediatric asthma
management practices.

Overall, the findings of this meta-analysis suggest
that continuous nebulized salbutamol does not
provide statistically significant clinical advantages
over intermittent nebulization in children with severe
asthma exacerbation. However, continuous
nebulization may still be valuable in selected patients
with severe bronchospasm, inadequate response to
intermittent therapy, or impending respiratory failure.
Future large-scale, multicenter randomized controlled
trials using standardized asthma severity scores and
uniform treatment protocols are needed to better
define which pediatric patients may benefit most
from continuous nebulized salbutamol.

Conclusions

Continuous nebulized salbutamol was not associated
with better clinical outcomes compared with
intermittent nebulized salbutamol in children with
severe asthma exacerbation, as both approaches
showed similar effects on asthma severity scores,
length of hospital stay, and adverse events. Therefore,
intermittent nebulization remains an effective and
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safe treatment option, while continuous nebulization
may be reserved for selected severe or refractory
cases.
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