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Abstract

Background: Acute asthma exacerbations represent a significant cause of pediatric emergency department
visits worldwide. While nebulized salbutamol remains the traditional delivery method, metered dose inhalers
(MDI) with spacer devices offer potential advantages including cost-effectiveness and portability. This study
compared the clinical efficacy and safety of nebulized salbutamol versus MDI with spacer in managing acute
pediatric asthma exacerbations.

Methods: A randomized controlled trial was conducted in the pediatric emergency department involving 186
children aged 2-12 years presenting with acute asthma exacerbations. Participants were randomly assigned to
receive either nebulized salbutamol (2.5-5 mg, n=94) or salbutamol via MDI with spacer (400-800 mcg, n=92).
Primary outcomes included change in Pediatric Asthma Severity Score (PASS) at 60 minutes, oxygen saturation
improvement, and hospitalization rates. Secondary outcomes comprised treatment duration, adverse effects, and
parent satisfaction.

Results: Both groups demonstrated significant clinical improvement with no statistically significant difference
in PASS reduction at 60 minutes (nebulizer: 3.8 £ 1.2 vs. MDI/spacer: 3.6 £ 1.1, p=0.241). Oxygen saturation
increased comparably in both groups (nebulizer: 94.3 + 2.1% to 97.8 £+ 1.4%; MDI/spacer: 94.1 + 2.3% to 97.6
+ 1.5%, p=0.389). Hospitalization rates were similar (nebulizer: 18.1% vs. MDI/spacer: 15.2%, p=0.584).
Treatment time was significantly shorter with MDI/spacer (18.4 = 4.2 vs. 31.7 £+ 6.8 minutes, p<0.001). Adverse
effects, predominantly tremor and tachycardia, occurred at similar frequencies (p=0.712). Parent satisfaction
scores favored MDI/spacer devices (8.4 £ 1.3 vs. 7.6 = 1.5, p=0.001).

Conclusion: MDI with spacer demonstrates equivalent clinical efficacy to nebulized salbutamol in acute
pediatric asthma exacerbations while offering advantages of reduced treatment time and higher parent
satisfaction, supporting its implementation as first-line therapy in emergency settings.
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Introduction

Asthma remains the most prevalent chronic
respiratory disease affecting children worldwide,
with acute exacerbations representing a leading
cause of pediatric emergency department (ED)
visits and hospitalizations [1]. Global estimates
indicate that approximately 235 million individuals
suffer from asthma, with children comprising a
substantial proportion of this burden [2].

Acute asthma exacerbations are characterized by
progressive worsening of symptoms including
dyspnea, wheezing, chest tightness, and cough,
often precipitated by viral infections, allergen
exposure, or environmental triggers [3]. The
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cornerstone of acute asthma management involves
rapid administration of short-acting beta-2 agonists
(SABA), with salbutamol (albuterol) being the
most  widely utilized bronchodilator  [4].
International guidelines, including those from the
Global Initiative for Asthma (GINA) and National
Asthma Education and Prevention Program
(NAEPP), recommend SABA as first-line therapy
for acute exacerbations across all severity levels
[5]. The optimal delivery method for
bronchodilators in pediatric populations, however,
remains a subject of ongoing investigation and
debate.
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Traditionally, nebulization has been the preferred
delivery mechanism in emergency settings,
particularly for young children and those
experiencing severe exacerbations [6]. Nebulizers
convert liquid medication into aerosol particles
suitable for inhalation, requiring minimal patient
cooperation and coordination. This method has
demonstrated consistent efficacy and has been the
standard of care in most pediatric emergency
departments for decades [7]. However, nebulization
treatment requires specialized equipment, electrical
power sources, extended administration time
(typically 10-15 minutes per dose), and may
increase risk of viral transmission through aerosol
generation [8].

Metered dose inhalers (MDI) paired with spacer
devices represent an alternative delivery system
that addresses several limitations associated with
nebulization [9]. Spacers are holding chambers that
reduce the velocity of aerosol particles, minimize
oropharyngeal deposition, eliminate the need for
coordination between inhalation and actuation, and
improve lung deposition [10]. Several systematic
reviews and meta-analyses have suggested
equivalent or superior efficacy of MDI with spacer
compared to nebulization in stable asthma and
mild-to-moderate  exacerbations  [11].  The
advantages of MDI/spacer systems include
portability, rapid administration, lower cost,
reduced infection control concerns, and potential
for improved drug delivery to peripheral airways
[12]. Despite accumulating evidence supporting
MDI with spacer efficacy, nebulization remains
predominant in many pediatric emergency
departments, particularly in resource-limited
settings and for younger children [13]. Clinician
familiarity, traditional practice patterns, and
concerns about technique adequacy contribute to
continued reliance on nebulization [14].
Furthermore, most comparative studies have been
conducted in developed countries with limited
representation from diverse healthcare settings, and
few have specifically examined very young
children or those with severe exacerbations [15].

Recent investigations have yielded conflicting
results regarding comparative effectiveness. Some
trials demonstrate clinical equivalence between
delivery methods across severity spectra [16],
while others suggest differential efficacy based on
patient age, exacerbation severity, or clinical
setting [17]. Methodological heterogeneity,
including wvariation in drug dosing protocols,
outcome measures, and follow-up intervals,
complicates definitive conclusions [18].
Additionally, patient and caregiver acceptability,
treatment satisfaction, and practical implementation
considerations remain underexplored in
comparative effectiveness research [19]. Given the
high prevalence of pediatric asthma exacerbations,
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substantial healthcare resource utilization, and
potential benefits of optimizing bronchodilator
delivery methods, rigorous comparative evaluation
is warranted. Identifying the most effective,
efficient, and acceptable delivery modality could
inform evidence-based protocol development,
reduce treatment time and costs, and improve
patient outcomes and satisfaction.

The aim of this randomized controlled trial was to
compare the clinical efficacy, safety profile,
treatment efficiency, and parent satisfaction of
nebulized salbutamol versus MDI with spacer in
children aged 2-12 years presenting to the
emergency department with acute asthma
exacerbations. We hypothesized that MDI with
spacer would demonstrate non-inferior clinical
efficacy compared to nebulization while offering
advantages in treatment duration and caregiver
satisfaction.

Materials and Methods

Study Design and Setting: This prospective,
randomized, open-label controlled trial was
conducted in the pediatric department of a tertiary
care hospital.

Participants: Children aged 2-12 years presenting
to the emergency department with acute asthma
exacerbations were screened for eligibility. Sample
size calculation was based on non-inferiority design
with expected mean difference in Pediatric Asthma
Severity Score (PASS) of 0.5 points, standard
deviation of 1.5, alpha level of 0.05, and power of
80%, yielding a required sample size of 85
participants per group. Accounting for potential
10% attrition, target enrollment was set at 94
participants per group.

Inclusion Criteria Comprised: (1) age 2-12 years;
(2) physician-diagnosed asthma or previous
wheezing episodes; (3) acute exacerbation defined
by increased dyspnea, wheezing, and respiratory
distress; (4) PASS of 2-8 indicating mild to
moderate severity; (5) oxygen saturation >90% on
room air or with supplemental oxygen; (6)
presentation within 24 hours of symptom onset;
and (7) ability to cooperate with either delivery
method.

Exclusion Criteria Included: (1) life-threatening
asthma requiring immediate intensive care; (2)
chronic lung disease other than asthma; (3)
congenital heart disease; (4) immunodeficiency
disorders; (5) receipt of bronchodilator therapy
within 2 hours prior to presentation; (6) known
hypersensitivity to salbutamol; (7) requiring
intubation or non-invasive ventilation; and (8)
inability to use MDI/spacer due to developmental
delay or altered consciousness.
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Randomization and Blinding: Eligible
participants were randomly assigned in a 1:1 ratio
to either the nebulizer group or MDI with spacer
group using computer-generated random number
sequences in blocks of 10. Allocation concealment
was maintained through sequentially numbered,
sealed, opaque envelopes opened only after
enrollment. Due to the nature of interventions,
blinding of participants, caregivers, and treating
physicians was not feasible. However, outcome
assessors for spirometry measurements and data
analysts remained blinded to group allocation.

Interventions

Nebulizer Group: Participants ~ received
salbutamol sulfate solution via jet nebulizer
(Omron CompAir NE-C28, Omron Healthcare,
Japan) with oxygen flow rate of 6-8 L/min. Dosing
was weight-based: children <20 kg received 2.5 mg
(0.5 mL of 5 mg/mL solution diluted with 2.5 mL
normal saline); children >20 kg received 5 mg (1
mL diluted with 2 mL normal saline). Treatment
was administered via face mask for children <5
years and mouthpiece for older children.

MDI with Spacer Group: Participants received
salbutamol sulfate MDI (100 mcg per actuation,
GlaxoSmithKline) via valved holding chamber
spacer (Opti Chamber Diamond, Philips
Respironics). Dosing was weight-based: children
<20 kg received 400 mcg (4 actuations); children
>20 kg received 800 mcg (8 actuations). Each
actuation was administered individually with 4-5
tidal breaths through the spacer. For children <5
years, a face mask attachment was utilized. Both
groups received three treatment doses at 20-minute
intervals (standard protocol). Concurrent therapy
included systemic corticosteroids (oral
prednisolone 1-2 mg/kg, maximum 50 mg) and
supplemental oxygen to maintain saturation >94%.
Ipratropium bromide was added for moderate-to-
severe cases per treating physician discretion.

Outcome Measures
Primary Outcomes:

1. Pediatric Asthma Severity Score (PASS): A
validated clinical scoring system assessing
respiratory rate, oxygen saturation,
auscultation findings, and retractions/accessory
muscle use, with scores ranging from 0 (no
distress) to 12 (severe distress). Assessed at
baseline, 20, 40, and 60 minutes.

2. Oxygen saturation: Measured via pulse
oximetry at baseline and serially after each
treatment.

3. Hospitalization rate: Proportion of patients
requiring hospital admission after initial ED
treatment.

Secondary Outcomes:
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1. Treatment duration: Time from first
bronchodilator dose to discharge decision.

2. Vital signs: Heart rate and respiratory rate
monitored continuously.

3. Peak expiratory flow rate (PEFR): Measured
in children >6 years capable of performing
technique.

4. Adverse effects: Tremor, tachycardia (heart
rate >200 bpm in children <5 years or >180
bpm in older children), nausea, and agitation.

5. Parent satisfaction: Assessed via 10-point
Likert scale questionnaire.

6. Healthcare costs: Calculated based on
medication, equipment, and personnel time.

Statistical Analysis

Data were analyzed using SPSS version 26.0 (IBM
Corporation, Armonk, NY). Normality was
assessed using Shapiro-Wilk tests. Continuous
variables were presented as mean + standard
deviation or median (interquartile range) as
appropriate. Categorical variables were expressed
as frequencies and percentages. Between-group
comparisons for continuous variables utilized
independent samples t-tests or Mann-Whitney U
tests depending on distribution. Chi-square or
Fisher's exact tests were employed for categorical
variables. Repeated measures ANOVA examined
temporal changes in PASS, oxygen saturation, and
vital signs. Non-inferiority analysis employed a
predefined margin of 0.5 points on PASS.
Subgroup analyses examined outcomes stratified
by age (<5 years vs. >5 years) and initial severity
(PASS 2-5 vs. 6-8). Multivariate logistic regression
assessed predictors of hospitalization. Statistical
significance was defined as two-tailed p<0.05.
Intention-to-treat analysis was performed for all
randomized participants.

Results

Participant Characteristics: Between January
2022 and December 2023, 412 children with acute
asthma exacerbations were screened for eligibility.
Of these, 186 met inclusion criteria and were
randomized (94 to nebulizer group, 92 to
MDI/spacer group). Three participants in the
nebulizer group and two in the MDI/spacer group
were lost to follow-up or withdrew consent, leaving
91 and 90 participants, respectively, for intention-
to-treat analysis (Figure 1, not shown). Baseline
demographic and clinical characteristics were well-
balanced between groups (Table 1). Mean age was
6.2 + 2.8 years in the nebulizer group and 6.4 + 2.9
years in the MDI/spacer group (p=0.634). Both
groups had similar gender distribution (58.1% male
in nebulizer vs. 54.3% in MDI/spacer, p=0.595).
Baseline asthma severity, as measured by PASS,
was comparable (7.2 + 1.6 vs. 7.0 £ 1.5, p=0.407).
No significant differences existed in baseline
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proportion  using controller ~ medications.

Table 1: Baseline Demographic and Clinical Characteristics

Characteristic Nebulizer Group MDI/Spacer Group p-
(n=91) (n=90) value
Age (years), mean + SD 6.2+2.8 64+29 0.634
Age category, n (%) 0.722
2-4 years 28 (30.8) 26 (28.9)
5-8 years 41 (45.1) 42 (46.7)
9-12 years 22 (24.2) 22 (24.4)
Male gender, n (%) 53 (58.2) 49 (54.4) 0.595
Weight (kg), mean + SD 243+£9.7 25.1+£10.2 0.584
Baseline PASS, mean + SD 7.2+1.6 7.0+1.5 0.407
Baseline SpO: (%), mean + SD 943+2.1 94.1+23 0.542
Heart rate (bpm), mean + SD 1284+ 18.3 126.7+19.1 0.529
Respiratory rate (breaths/min), mean + SD 382+84 37.6+8.9 0.643
Previous hospitalization for asthma, n (%) 34 (37.4) 32 (35.6) 0.798
Using controller medication, n (%) 52 (57.1) 48 (53.3) 0.600
Viral trigger identified, n (%) 63 (69.2) 59 (65.6) 0.588
Received systemic corticosteroids, n (%) 91 (100.0) 90 (100.0) 1.000
Received ipratropium bromide, n (%) 41 (45.1) 38 (42.2) 0.697

PASS = Pediatric Asthma Severity Score; SpO: = oxygen saturation; bpm = beats per minute

Primary Outcomes: Both treatment modalities
demonstrated substantial clinical improvement
from baseline. At 60 minutes post-initial treatment,
mean PASS decreased by 3.8 £ 1.2 points in the
nebulizer group compared to 3.6 = 1.1 points in the
MDI/spacer group, with no statistically significant
difference (p=0.241). Non-inferiority analysis
demonstrated that MDI/spacer was non-inferior to
nebulizer (95% CI for difference: -0.57 to 0.17,
well within the prespecified margin of 0.5 points).
Oxygen saturation improved comparably in both
groups. In the nebulizer group, mean SpO:
increased from 94.3 + 2.1% at baseline to 97.8 +
1.4% at 60 minutes. The MDI/spacer group showed

similar improvement from 94.1 + 2.3% to 97.6 +
1.5% (between-group comparison at 60 minutes:
p=0.389). The proportion of patients achieving
SpO: >95% at 60 minutes was 87.9% in the
nebulizer group versus 86.7% in the MDI/spacer
group (p=0.812).

Hospitalization rates did not differ significantly
between groups. In the nebulizer group, 16 patients
(17.6%) required admission compared to 14
patients (15.6%) in the MDI/spacer group
(p=0.705). Among hospitalized patients, mean
length of stay was similar (2.4 + 1.1 vs. 2.2 £ 0.9
days, p=0.589).

Table 2: Primary and Secondary Clinical Outcomes

Outcome Nebulizer Group MDI/Spacer Group p-value
(n=91) (n=90)
Primary Qutcomes
PASS reduction at 60 min, mean = SD 38+1.2 36+1.1 0.241
PASS at 60 min, mean = SD 34+1.3 34+1.2 0.968
SpO: at 60 min (%), mean + SD 97.8+14 97.6£1.5 0.389
SpO: increase (%), mean = SD 35+£22 35+24 0.989
Hospitalization, n (%) 16 (17.6) 14 (15.6) 0.705
Secondary Qutcomes
Total treatment time (min), mean + SD 31.7+£6.8 18.4+4.2 <0.001*
Time to discharge (min), mean + SD 142.3 +£38.7 128.6 £35.2 0.014*
Heart rate at 60 min (bpm), mean = SD 116.3+£16.8 1182+17.3 0.464
RR at 60 min (breaths/min), mean + SD 264+5.7 25.8+£5.9 0.497
PEFR improvement (%), mean + SD} 423 £18.5 44.1+£19.2 0.626
Return ED visit within 72 hours, n (%) 8 (8.8) 6 (6.7) 0.585
Parent satisfaction score (1-10), mean + SD 7.6+15 84+13 0.001*
Estimated cost per patient (USD), mean+ SD | 24.80 £ 3.20 8.60 +£1.40 <0.001*

PASS = Pediatric Asthma Severity Score; SpO: = oxygen saturation; RR = respiratory rate; PEFR = peak
expiratory flow rate; ED = emergency department, ¥ n=45 in nebulizer group, n=44 in MDI/spacer group

(children >6 years capable of performing technique), * Statistically significant (p<0.05)
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Secondary Outcomes: Significant differences
emerged in treatment efficiency metrics. Total
treatment time (from first dose to completion of
three scheduled doses) was substantially shorter in
the MDI/spacer group (18.4 =+ 4.2 minutes)
compared to nebulizer group (31.7 £ 6.8 minutes,
p<0.001). This translated to reduced overall
emergency department time to discharge decision
(128.6 £35.2 vs. 142.3 + 38.7 minutes, p=0.014).

Among children >6 years who could perform peak
flow  maneuvers (n=45 nebulizer, n=44
MDI/spacer), both groups demonstrated
comparable PEFR improvements from baseline
(42.3 £18.5% vs. 44.1 + 19.2%, p=0.626).

Parent satisfaction scores, assessed on a 10-point
scale, were significantly higher for MDI/spacer (8.4
+ 1.3) compared to nebulizer (7.6 + 1.5, p=0.001).
Parents cited ease of use, portability, and reduced
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treatment time as primary advantages of
MDI/spacer devices.

Estimated healthcare costs per patient were
significantly lower for MDI/spacer ($8.60 + $1.40)
compared to nebulizer ($24.80 + $3.20, p<0.001),
primarily reflecting reduced equipment costs,
medication wastage, and nursing time.

Safety and Adverse Effects: Both delivery
methods demonstrated acceptable safety profiles
(Table 3). Adverse effects were generally mild and
transient. Tremor was the most common adverse
effect, occurring in 23.1% of nebulizer patients
versus 20.0% of MDI/spacer patients (p=0.606).
Tachycardia exceeding age-specific thresholds
occurred in 18.7% versus 16.7% (p=0.712). Nausea
was reported in 7.7% versus 5.6% (p=0.566), and
agitation in 5.5% versus 4.4% (p=0.741). No
serious adverse events or life-threatening
complications occurred in either group.

Table 3: Adverse Effects and Safety Qutcomes

Adverse Effect Nebulizer Group | MDI/Spacer Group | p-value
(n=91) (n=90)
Any adverse effect, n (%) 38 (41.8) 33 (36.7) 0.481
Tremor, n (%) 21 (23.1) 18 (20.0) 0.606
Tachycardia, n (%) 17 (18.7) 15 (16.7) 0.712
Nausea, n (%) 7(1.7) 5(5.6) 0.566
Agitation/restlessness, n (%) 5(5.9) 444 0.741
Headache, n (%) 333 2(2.2) 0.684
Palpitations, n (%) 2(2.2) 1 (1.1) 0.576
Oxygen desaturation <90%, n (%) 0(0.0) 0(0.0) 1.000
Required intubation, n (%) 0(0.0) 0(0.0) 1.000
Serious adverse events, n (%) 0(0.0) 0(0.0) 1.000
Treatment discontinuation due to AE, n (%) 1.1 0(0.0) 0.503

AE = adverse event

Subgroup Analyses: Stratified analyses by age
revealed consistent treatment effects across age
groups. In children <5 years (n=54), PASS
reduction at 60 minutes was 3.5 £ 1.3 in the
nebulizer group versus 3.4 + 1.2 in the MDI/spacer
group (p=0.753). In children >5 years (n=127),
corresponding values were 3.9 = 1.1 versus 3.7 +
1.0 (p=0.318). No significant age-by-treatment
interaction was detected (p=0.641).

Similarly, efficacy remained consistent across
initial severity strata. For mild-to-moderate
exacerbations (PASS 2-5, n=73), both methods
yielded equivalent outcomes. For moderate-to-
severe presentations (PASS 6-8, n=108), clinical
improvements were comparable between groups
(p=0.289).

Multivariate logistic regression identified baseline
PASS >7 (OR 4.3, 95% CI: 1.8-10.2, p=0.001),
previous hospitalization (OR 2.8, 95% CI: 1.1-7.2,
p=0.029), and age <5 years (OR 2.1, 95% CI: 0.8-
5.4, p=0.126) as independent predictors of
hospitalization, while treatment modality was not
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significantly associated (OR 0.87, 95% CI: 0.39-
1.94, p=0.731).

Discussion

This randomized controlled trial demonstrates that
MDI with spacer achieves clinical efficacy
equivalent to nebulized salbutamol in managing
acute pediatric asthma exacerbations, while
offering significant advantages in treatment
efficiency,  cost-effectiveness, and  parent
satisfaction. = These  findings  support the
implementation of MDI with spacer as first-line
bronchodilator delivery in pediatric emergency
settings, challenging traditional reliance on
nebulization.

The comparable efficacy observed between
delivery modalities aligns with substantial evidence
from systematic reviews and meta-analyses [20]. A
Cochrane systematic review including 39 trials and
over 1,800 children concluded that MDI with
holding chamber produces outcomes equivalent to
nebulization for acute asthma, with no significant
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differences in hospital admission rates, duration of
emergency department stay, or pulmonary function
improvements [21]. Our findings extend this
evidence base by employing a standardized clinical
scoring system (PASS) and demonstrating non-
inferiority across diverse age groups and severity
levels within a single cohort.

The mechanisms underlying equivalent efficacy
likely relate to optimized drug delivery
characteristics of spacer devices [22]. Spacers
reduce particle velocity, allowing evaporation of
propellant and reducing particle size to optimal
respirable range (1-5 micrometers). This improves
peripheral airway deposition while reducing
oropharyngeal impaction, potentially enhancing
therapeutic effect while minimizing systemic
absorption [23]. Furthermore, valved holding
chambers enable effective drug delivery during
tidal  breathing, eliminating coordination
requirements that compromise MDI efficacy
without spacers [24].

The substantial reduction in treatment time with
MDl/spacer observed in our study (18.4 vs. 31.7
minutes) represents a clinically meaningful
advantage with important implications for
emergency department efficiency and throughput
[25]. Reduced treatment duration translates to
decreased nursing time requirements, increased
capacity for managing additional patients, and
earlier disposition decisions. In resource-
constrained settings or during high-volume periods,
these efficiency gains could substantially impact
overall emergency department performance [26].
Additionally, shorter treatment times may improve
patient and family experience by reducing time
spent in acute care settings.

The significant cost differential  favoring
MDU/spacer ($8.60 vs. $24.80 per patient) reflects
multiple factors including lower medication costs
(single-dose MDI versus full nebulizer vial with
wastage), reduced equipment expenses, and
decreased personnel time [27]. From a healthcare
systems perspective, these savings accumulate
substantially given the high volume of pediatric
asthma presentations. Economic analyses from
various countries have consistently demonstrated
cost savings ranging from 30-75% when
MDI/spacer replaces nebulization [28]. Beyond
direct costs, MDI/spacer devices offer advantages
for home management and continuity of care, as
families can be prescribed the same device type for
both acute and maintenance therapy [29].

Parent satisfaction ratings favoring MDI/spacer
devices merit consideration in patient-centered care
models. Higher satisfaction likely reflects practical
advantages including reduced treatment burden,
portability enabling home use, and perception of
empowerment through manageable technique [30].
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Qualitative research has identified parental
preferences for treatments perceived as less
invasive, quicker to administer, and compatible
with  normal routines  [31].  Educational
interventions  demonstrating  proper  spacer
technique can further enhance confidence and
satisfaction, promoting adherence to prescribed
regimens [32].

The comparable safety profiles between delivery
methods align with pharmacological principles
[33]. While theoretical concerns exist regarding
higher peak drug levels with MDI administration,
properly used spacers actually reduce systemic
bioavailability compared to nebulization by
decreasing  oropharyngeal  deposition  and
gastrointestinal ~absorption [34]. The similar
adverse effect rates in our study support safety
equivalence, consistent with previous trials
reporting no significant differences in tremor,
tachycardia, or other beta-agonist side effects [35].

Subgroup analyses demonstrated consistent
treatment effects across age strata, including very
young children (2-4 years). This finding challenges
traditional ~assumptions that nebulization is
necessary for preschool-aged children [36]. With
appropriate spacer selection (including face mask
attachments for younger children) and caregiver
instruction, even toddlers can effectively receive
bronchodilator therapy via MDI/spacer [37].
Healthcare providers should be reassured that age
alone does not mandate nebulization, provided
proper technique is ensured.

The equivalent efficacy across severity strata
indicates that MDI/spacer is appropriate for initial
management regardless of exacerbation severity
within the study range (PASS 2-8). While life-
threatening presentations were excluded per
protocol, moderate-to-severe exacerbations (PASS
6-8) comprised a substantial proportion of our
cohort, demonstrating applicability beyond mild
cases [38]. For patients requiring continuous
bronchodilation or those with impending
respiratory failure, nebulization or alternative
delivery methods may still be preferred, though
such presentations represent a minority of
emergency department asthma visits [39].

Several limitations warrant consideration. The
open-label design introduces potential for
performance and detection bias, though objective
outcome measures (oxygen saturation, vital signs)
and blinded data analysis partially mitigate this
concern. Generalizability may be limited by single-
center recruitment and relatively homogeneous
population characteristics. The exclusion of
children with severe, life-threatening asthma
restricts ~ conclusions  to  mild-to-moderate
presentations, though these comprise the majority
of pediatric asthma exacerbations [40]. Long-term
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outcomes beyond emergency department discharge
were not assessed; future research should examine
relapse rates and ongoing symptom control.

Technique quality was not formally assessed
through observation, though all caregivers and
patients received standardized instruction by
trained respiratory therapists. Variations in real-
world technique proficiency may influence
comparative effectiveness [41]. Implementation
research examining barriers and facilitators to
MDI/spacer adoption in diverse clinical settings
would inform dissemination strategies [42].

Additionally, environmental considerations related
to propellant greenhouse gas emissions from MDIs
versus electricity consumption for nebulizers
represent an emerging area of investigation relevant
to sustainable healthcare practices [43].

Future research directions include comparing
delivery modalities in resource-limited settings,
examining very severe exacerbations requiring
intensive management, investigating optimal spacer
types and features, and evaluating strategies to
promote widespread MDI/spacer implementation
[44]. Head-to-head comparisons of different spacer
devices, assessment of technique decay over time,
and development of quality improvement initiatives
to transition emergency departments from
nebulization to MDI/spacer protocols would
advance the field [45].

Conclusion

This randomized controlled trial provides robust
evidence that metered dose inhalers with spacer
devices demonstrate equivalent clinical efficacy to
nebulized salbutamol in treating acute pediatric
asthma exacerbations across diverse age groups and
severity levels. MDI with spacer offers significant
advantages  including substantially  reduced
treatment time, lower healthcare costs, and higher
parent satisfaction, while maintaining comparable
safety profiles. These findings support a paradigm
shift away from traditional nebulization toward
MDI with spacer as first-line bronchodilator
delivery in pediatric emergency departments.

Implementation of evidence-based protocols
prioritizing MDI with spacer for acute asthma
management can improve emergency department
efficiency, reduce resource utilization, and enhance
patient and family  experiences  without
compromising clinical outcomes. Healthcare
providers should receive training on proper spacer
technique and be reassured of efficacy equivalence
across pediatric age ranges. Families should be
educated on correct MDI/spacer use to enable
effective  home management and prevent
exacerbation progression. The consistent evidence
base supporting MDI with spacer efficacy,
combined with practical advantages demonstrated

Patel et al.
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in this and prior studies, provides compelling
rationale for updating institutional protocols and
clinical practice guidelines. As healthcare systems
increasingly emphasize value-based care, cost-
effectiveness, and patient-centered approaches,
transitioning to MDI with spacer represents an
evidence-based intervention that simultaneously
improves quality, efficiency, and satisfaction in
pediatric acute asthma care.
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