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Review Paper
Nebulized Corticosteroids for Asthma Exacerbations in 
Children: The Role of Beclomethasone Dipropionate

Background: Inhaled corticosteroids (ICS) are the primary anti-inflammatory therapy for long-
term asthma management, with well-documented benefits in reducing airway inflammation, 
controlling symptoms, preventing exacerbations, and lowering asthma-related morbidity 
and mortality. Although systemic corticosteroids (SCS) remain the standard of care for acute 
exacerbations, the role of high-dose ICSs in this context is not fully established. Some studies—
particularly in pediatric populations—have suggested potential benefits of early administration 
of high-dose ICSs, while evidence in adults remains inconclusive.

Objectives: This narrative review aimed to evaluate nebulized ICS for the treatment or 
prevention of wheezing and asthma exacerbations, with emphasis on beclomethasone 
dipropionate (BDP).

Methods: We reviewed studies published in English, French, Spanish, and Portuguese over the 
past 25 years in the following databases: PubMed, SciELO, Google Scholar, and the Virtual Health 
Library. Search terms included: acute asthma OR asthma exacerbation AND beclomethasone OR 
budesonide AND suspension OR nebulization AND children OR adolescents

Results: ICS remain the primary anti-inflammatory drug used in asthma therapy. Their effects 
include both genomic and non-genomic mechanisms. Non-genomic proprieties have rapid 
onset of action and are exclusive to inhaled formulations, including the well described transient 
reduction in airway blood flow. Other non-genomic ICS mechanisms studied are the inhibition 
of mast cell degranulation and relaxation of airway muscle cells.

Conclusions: Nebulizers are effective devices for inhaled administration, particularly used in 
young children because they eliminate the need of respiratory coordination. In the treatment 
of asthma exacerbations, ICS administered in high doses within the first hour of treatment 
in an emergency department, with or without concomitant SCS, may reduce the risk of 
hospitalization and decrease the need for SCS in children. Intermittent highdose ICS may be 
used to prevent asthma exacerbations in young children without persistent symptoms. The 
efficacy and safety of nebulized BDP have been demonstrated in several pediatric publications 
across various age groups.
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Introduction 

nhaled corticosteroids (ICS) are the most ef-
fective anti-inflammatory agents for long-
term asthma management, and their ben-
eficial therapeutic effects are directly related 
to the reduction of airway inflammation [1]. 
Regular use reduces symptoms, exacerbations 

and hospitalizations, improve quality of life and lung 
function, and reduce asthma-related deaths [2].

Asthma exacerbations are acute or subacute episodes 
of worsening symptoms and lung function. Asthma ex-
acerbations are responsible for numerous emergency 
department visits, hospitalizations, and use of systemic 
corticosteroids (SCS) [2]. SCS remain the standard ther-
apy for asthma exacerbations, although the benefit of 
highdose ICS in this setting is not well established. Ad-
ministration of high-dose ICSs at the onset of acute ex-
acerbation has been performed by some researchers, 
with mixed results [2]. A systematic review reported a 
reduction in hospitalizations among children treated 
with high-dose ICSs who were not receiving SCS within 
the first hour of an acute asthma exacerbation [3]. In 
adults, this approach has shown conflicting results [2, 
4].

This narrative review aimed to evaluate the benefits of 
nebulized ICSs for treating or preventing wheezing and 
asthma exacerbations. 

Materials and Methods

We searched for studies published in English, French, 
Spanish, and Portuguese over the past 25 years in the 
following databases: PubMed, SciELO, Google Scholar, 
and the Virtual Health Library. “Search terms included 
‘acute asthma,’ ‘asthma exacerbation’, ‘beclometha-
sone’, ‘budesonide,’ ‘suspension,’ ‘nebulization,’ ‘chil-
dren OR adolescents.’” The abstracts of the 150 studies 
found were read, and those deemed relevant were se-
lected. Additional articles identified in the text of other 
publications were also included in the review.

Results

ICS

To date, eight compounds have been made available 
worldwide for asthma treatment: beclomethasone 
dipropionate (BDP), budesonide (BUD), fluticasone 
propionate (FP), fluticasone furoate, mometasone fu-
roate, ciclesonide, flunisolide, and triamcinolone ace-

tonide. They have distinct biological characteristics and 
pharmacokinetic and pharmacodynamics properties, 
and provide similar therapeutic benefits at equipotent 
doses [2]. However, therapeutic effects and systemic 
bioavailability vary with the efficiency of the delivery 
device [2, 5, 6].

Mechanism of action of ICS

Despite the development of new drugs, ICS remain 
the main anti-inflammatory agent used in asthma treat-
ment. They reduce inflammation and decrease airway 
eosinophils, T lymphocytes, and macrophages. Their 
effects include genomic actions, which develop slowly, 
and non-genomic actions, which occur rapidly and are 
exclusive to inhaled formulations. The genomic action 
occurs after the ICS binds to the glucocorticoid receptor 
in the cell cytoplasm, penetrates the cell nucleus, and 
alters gene transcription, inhibiting the synthesis of pro-
inflammatory proteins and stimulating the synthesis of 
anti-inflammatory proteins (Table 1) [7].

Nongenomic actions are less well understood. This 
mechanism of action initiates by the binding of ICS to 
cell membrane receptors or by nonspecific interac-
tions with airway cells. The main non-genomic action 
described is a transient reduction in airway blood flow 
(Qaw), particularly increased in asthmatics due to local 
vasodilation and vascular neoformation [7]. The vaso-
constrictor action of ICS is secondary to the increased 
action of norepinephrine on smooth muscle, beginning 
minutes after drug administration. This mechanism 
peaks at 30–60 minutes and lasts 90–120 minutes. This 
action is dose-dependent and observed primarily with 
high ICS doses. A study with bronchopulmonary dyspla-
sia observed a greater reduction in Qaw (21%) in asth-
matics at a dose of 1680 µg [8].

Other non-genomic ICS mechanisms of action have 
been described. In animal models of allergic asthma, 
ICS rapidly inhibited mast cell degranulation (in approxi-
mately 10 minutes) during histamine-induced broncho-
provocation by reducing intracellular calcium elevation 
[9]. An ex vivo study documented a rapid relaxation of 
histamine-precontracted airway muscle cells after expo-
sure to BDP, with greater maximal relaxation in passively 
sensitized bronchioles (31.9% vs 63.9%), independent 
of vasoconstriction [10].

I
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Inhalation devices

In clinical practice, the choice of inhalation device is 
a key determinant of treatment success in respiratory 
diseases, such as asthma. Each type of inhalation device 
has advantages and disadvantages, and no single device 
is ideal for all patients. Young children under six years of 
age cannot adequately use dry powder inhalers. There-
fore, pressurized metered-dose inhalers (pMDIs) with 
a spacer and face mask, and nebulizers are the recom-
mended options [2]. Table 2 presents the main advan-
tages and disadvantages of these devices [11].

	Global initiative for asthma (GINA) recommends pMDI 
as the preferred device for young children with asthma, 
and nebulizer as an alternative. Other organizations 
have different recommendations (Table 3).

Nebulizers

Nebulizers convert solutions or suspensions into aero-
sols composed of small particles capable of reaching the 
lower airways [13]. The three main nebulizers are jet, 
ultrasonic, and vibrating mesh nebulizers. Air-jet nebu-
lizers are the most traditional nebulizers. In jet nebuliz-
ers, compressed gas (air or oxygen) creates negative 
pressure that overcomes liquid surface tension and 
produces droplets carried by the gas stream [13]. Ultra-
sonic nebulizers use a vibrating quartz crystal to gener-
ate high frequency sound waves that aerosolize the so-
lution [14]. Vibrating mesh nebulizers use an oscillating 
membrane with uniform conical apertures to generate 
aerosol [13, 14].

Nebulized medications are typically diluted in saline. 
For devices with residual volumes greater than 1 mL, 
a total fill volume of 3–4 mL is recommended; for de-
vices with residual volumes less than 1 mL, 2.0–2.5 mL 

is preferred [15]. Large fill volumes prolong nebulization 
time and may cause discomfort in children. Conversely, 
small volumes increase the proportion of drug retained 
within the device [13]. In air-jet nebulizers, the airflow 
provided by the compressor is essential for generat-
ing particles suitable for inhalation, with a flow rate 
typically between 6 and 8 L/min recommended. Air-jet 
nebulizers are capable of nebulizing solutions and sus-
pensions. Ultrasonic nebulizers should not be used to 
nebulize suspensions, such as corticosteroids [16].

Nebulizers can be used with a face mask or mouth-
piece. Although mouthpiece provide greater lung depo-
sition, they are unsuitable for infants and uncooperative 
children. Proper mask fit is essential to ensure adequate 
lung deposition [13].

ICS in asthma exacerbations

The standard treatment of asthma exacerbations in 
the emergency department is based on the adminis-
tration of repeated doses of short-acting bronchodila-
tors, supplemental oxygen when it is needed, and SCS 
[2]. Multiple studies and several meta-analyses have 
evaluated the effectiveness of high-dose ICS in asthma 
exacerbations, usually with the goal of preventing hos-
pitalizations. In 2019, Kearns et al. conducted a compre-
hensive meta-analyses of randomized clinical trials com-
paring ICS, alone or with SCS, to SCS alone. The analysis 
included 25 studies (2,733 patients). ICS reduced hos-
pitalization rates by 38% versus SCS and by 27% when 
added to SCS. Eighteen of the 25 studies evaluated were 
in children, 13 of which used nebulized ICS. In the evalu-
ation of pediatric studies, a significant reduction was 
observed in hospitalizations when comparing the com-
bination of ICS and SCS versus SCS (odds ratio [OR], 95% 
confidence interval [CI]: 0.75 [0.57%, 0.99%]; 4 studies), 

Table 1. Mechanisms of action of ICS in asthma adapted from Hossny et al. [7]

Characteristic Genomic Non-genomic

Action mediated by Cytoplasmic glucocorticoid -α receptor. Membrane-bound or cytoplasmic glucocorticoid receptor or 
direct interaction with airway vasculature.

Start of action Hours to days. Seconds to minutes

Effects

Selective shutdown of multiple inflamma-
tory genes activated (transrepression) by 

reversal of histone acetylation.
Increase mRNA degradation and, there-
fore, block the production of pro-inflam-

matory cytokines. Increase the synthesis of 
anti-inflammatory proteins.

Suppresses increased microvascular permeability and plasma 
leakage into the airway lumen.

Acute suppression of airway hyperperfusion in a dose-depen-
dent manner.

Inhibits the remodeling process (only
Long-term therapy in a dose-dependent manner).

mRNA: Messenger RNA. �
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but no significant difference was found for ICS versus 
SCS (OR [95% CI]: 0.69 [0.42%, 1.12%]; 6 studies) [17]. 

A previous metaanalysis of pediatric trials (8 stud-
ies, 797 patients) reported no significant differences in 
hospitalization rates or need for additional therapy be-
tween ICS and SCS [18]. A more recent meta analysis 
evaluating the addition of ICS (nebulized or pMDI) to 
SCS (oral or parenteral) in children showed no effect on 
hospitalization rates but demonstrated reduced length 
of stay (>1 day) and improved severity scores [19].

According to GINA, the use of ICS in high-doses within 
the first hour of treatment in the emergency depart-
ment, with or without concomitant SCS, reduces the 
risk of hospitalization and the need for SCS in children. 
The addition of ICS is well tolerated, but it is associated 
with higher treatment costs. However, dose standard-
ization and treatment-duration protocols remain unde-
fined [2]. A systematic review of nebulized ICS for ex-
acerbations included 10 studies using four different ICS 
regimens, with daily doses ranging from 1000–2400 µg 
of BUD, 800 µg of BDP, and 2000 µg of FP [20].

ICS for the prevention of asthma exacerbations

Asthma exacerbations are the most morbid event of 
the disease, responsible for emergency department vis-
its and hospitalizations, and are often treated with SCS, 
which have potential adverse events [21]. One method 
already studied to prevent asthma exacerbations in 
young children without persistent symptoms and, con-
sequently, without regular ICS use, is the intermittent 
high-dose ICS use. In this treatment modality, high-dose 
ICS (doses similar to those described in the previous sec-
tion) are initiated at the onset of respiratory symptoms, 
usually triggered by viral infections, and continued for 
7-10 days. In children younger than six years of age with 
intermittent or viral asthma, this treatment strategy was 
able to reduce the progression to asthma exacerbation 
with SCS use by 35% (95% CI, 19%, 49%), representing 
the most evidence-supported treatment for children 
with this symptom profile [22]. Based on the available 
evidence, GINA has recommended intermittent ICS 
treatment as an alternative treatment option for steps 
1 and 2 in children younger than six years of age for 
several years [2]. Due to potential adverse effects, such 

Table 2. Main advantages and disadvantages of inhalation devices for young children adapted from Dolovich et al. [11]

Device Advantages Disadvantages

Nebulizer

No coordination required
Effective tidal volume

Possible administration of multiple drugs
Possible use of oxygen

Less portable
Slower

Higher cost

Metered-dose inhaler with 
spacer

Compact and portable
Faster

Lower cost
No need of drug preparation

Greater need of respiratory coordination
Greater potential of drug deposition in the pharynx

Table 3. American College of Allergy, Asthma and Immunology (ACAI) [12] and GINA [2] recommendations of inhaler devices usage in young 
children elaborated from GINA, 2025 [2]; Chipps et al. [12]

Recommendations Age Nebulizer Metered-dose inhaler with spacer

ACAI 

Infants
(<2 years-old)

More reliable
Easy to use

Requires mask usage
Unpredictable results

Pre-school children (2–5 
years-old) Effective and efficient with mouthpiece

It can work
Requires practice

Less predictable results

Age
Device Usage

Preferential Alternative

GINA
0-3 years-old Metered-dose inhaler with spacer and face 

mask Nebulizer with face mask

4-5 years-old Metered-dose inhaler with spacer and 
mouthpiece

Metered-dose inhaler with spacer and 
face mask or nebulizer with mouthpiece 

or face mask
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as reduced growth velocity reported with high-dose FP 
[23], this strategy is recommended only when the family 
understands the benefit-risk profile [2].

Nebulized BDP

BDP was the first ICS molecule to be tested in the early 
1970s. Since then, it has been shown to be effective in 
reducing the frequency and severity of asthma symp-
toms, whether administered by nebulizer or pMDI [24]. 
BDP is mainly available in two administration forms: 
pMDI and vials for nebulization.

The efficacy and safety of nebulized BDP have been 
studied and documented in several pediatric studies 
across different age groups. In infants (6-24 months) 
with recurrent wheezing, Carlsen et al. compared nebu-
lized BDP 100 μg four times daily with placebo for eight 
weeks. Infants treated with BDP had significantly fewer 
respiratory complaints and wheezing episodes during 
the one-year follow-up [25].

A randomized, double-blind, placebo-controlled study 
evaluated children (mean age, 10 years of age) with in-
termittent allergic asthma and associated rhinitis who 
received nebulized BDP 800 μg daily (with face mask) 
for four weeks. The BDP group showed significant re-
duction in exhaled nitric oxide levels and lung function 
(forced expiratory volume in 1 second [FEV1] and forced 
vital capacity [FVC]) compared to baseline, as well as 
significant improvements in cough, respiratory distress, 
wheezing, and sleep disturbances compared to placebo 
[26]. Another study evaluated the effects of 800 μg/day 

of nebulized BDP for 12 weeks in school-aged children 
with persistent asthma (mean age, 8 years of age) di-
vided into once- or twice-daily treatment. At the end 
of the study, both treatment groups showed sustained 
improvement in lung function, in addition to an increase 
in the number of symptom-free days and nights, as well 
as in the percentage of children who achieved complete 
asthma symptom control. There were no significant 
changes in the urinary cortisol/creatinine ratio during 
the study period within or between groups [27].

Few studies have directly compared different nebu-
lized ICSs. Delacourt et al. evaluated 130 children (6 
months to 6 years) with severe persistent asthma 
treated with BDP 800 μg/day or BUD 750 μg/day, both 
administered by nebulization. At the end of the study 
(14 weeks), there were no differences in the percent-
age of children who did not experience exacerbations 
(BDP: 40.4% versus BUD: 51.7%; P=0.28), the number 
of nights with wheezing, or the consumption of oral 
steroids. Similarly, both treatments were well tolerated, 
with no serious adverse events [28]. In older children 
and adolescents, Terzano et al. evaluated two treat-
ment regimens for mild to moderate persistent asthma 
for four weeks: BDP 800 μg/day and BUD 1000 μg/day, 
both nebulized. There were no differences between 
the treatment regimens regarding improvement in lung 
function (peak expiratory flow [PEF] and FEV1 or the 
need for salbutamol as a reliever. Mild adverse events 
occurred similarly in both groups and did not require 
treatment discontinuation [29].

Figure 1. Effects of nebulized BDP (800 μg/day) in preschool children (1–4 years old) experiencing asthma exacerbation adapted from Papi et al. [31]
*P<0.05 indicates statistically significant differences.

Note: Panel A illustrates the percentage of symptom-free days during the first 7 days of treatment. Panel B shows the mean cough scores over the 
same period. Children treated with BDP plus salbutamol showed significantly better outcomes than those receiving placebo plus salbutamol. 
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The comparison of nebulized BDP with BDP pMDI 
was evaluated in 151 schoolchildren and adoles-
cents (6–16 years) with asthma. Patients were ran-
domized to receive nebulized BDP (1600 μg/day) 
or pMDI (800 μg/day) for four weeks. Both groups 
showed improvement compared to the pretreat-
ment period, and there were no differences be-
tween the nebulized or pMDI groups in PEF, symp-
tom scores, or salbutamol use as a reliever [30].

Nebulized BDP in asthma exacerbation

In preschool children, the effect of nebulized BDP in 
asthma exacerbations was described in a post hoc anal-
ysis of a clinical trial. This analysis evaluated the first 
week of treatment of 166 pre-school children (1-4 years 
of age) with recurrent wheezing who received nebulized 
BDP (800 μg/day) or placebo, initiated during a mild to 
moderate episode of acute wheezing. Those treated 
with BDP had more symptom-free days (54.7% versus 
40.5%; P=0.01) and lower cough scores. For both out-
comes, clinical improvement was observed within the 
first few days of treatment (Figure 1) [31].

A strategy to prevent asthma exacerbations/wheez-
ing with highdose BDP was evaluated in 26 infants (7-
12 months of age) with recurrent wheezing. The infants 
were divided into two groups: one initiating nebulized 
BDP 400 μg, three times daily, at the onset of respira-
tory infection symptoms, and the other group received 
no preventive treatment. BDP treatment was continued 
for five days, or stopped earlier, if symptoms subsided 
for 24 hours. Compared to the control group (placebo), 
those actively treated experienced fewer wheezing epi-
sodes and fewer activity limitations. Emergency depart-
ment visits were required on five occasions (four in the 
placebo group), and SCS was initiated in six episodes 
(four in the placebo group). No adverse effects were re-
ported in children treated with BDP [32]. Evaluating pre-
school children with persistent wheezing, Papi et al. re-
ported that daily treatment with nebulized BDP (400 μg 
twice daily) for three months was superior to placebo 
(only salbutamol if needed) in increasing symptom-free 
days and preventing wheezing exacerbations. A third 
group of children treated with the combination of BDP 
(800 μg) and salbutamol only when needed had a simi-
lar primary outcome and several secondary outcomes 
to those treated daily with BDP [33].

Safety of BDP

In general, the possible adverse effects of ICS are re-
lated to the dose, the duration of treatment, and the 

device used. The most commonly described systemic 
adverse event in children is reduced growth velocity 
and adrenal suppression. Reduced bone mineralization 
and ocular changes, such as cataracts and glaucoma, 
are associated with the use of SCS or very high doses 
of ICS [34].

In commercial use for almost 40 years, BDP has dem-
onstrated a good safety profile [24]. It is a prodrug with 
good local tolerability, rarely associated with local ad-
verse effects such as oropharyngeal candidiasis, dys-
phonia, or pharyngeal pain [15]. An earlier meta-anal-
ysis evaluating 21 studies (810 pediatric patients with 
asthma) found no evidence of an association between 
BDP treatment (nebulized or via metered-dose inhaler) 
and growth deceleration, even at high doses or for long 
periods [35].

Over the years, clinical studies conducted in the pedi-
atric population have revealed that the nebulized for-
mulation of BDP is not only effective but also well toler-
ated [26, 28, 30, 31, 33, 36, 37]. Adverse effects induced 
by nebulized BDP were rare and mild, and few patients 
required treatment discontinuation. There was no evi-
dence of significant changes in growth, urinary cortisol 
concentration, or bone metabolism [15].

In a comparative study, the tolerability profile of nebu-
lized BDP (800 µg/day) was similar to that observed with 
nebulized BUD (750 µg/day) in infants and pre-school 
children, with no differences in the rate of adverse 
events or growth. Neither treatment altered bone me-
tabolism or urinary cortisol levels [28]. In another study 
with pre-school children, both daily and as-needed use 
of nebulized BDP did not show higher rates of adverse 
events, treatment-related adverse events, or changes 
in salivary cortisol compared to the group treated with 
only as-needed salbutamol [33].

Conclusion

Despite the development of new agents, ICS remain 
the main anti-inflammatory drugs used in the treat-
ment of asthma. Due to their non-genomic actions, 
primarily in controlling airway blood flow, they have a 
rapid onset of action and may contribute to the treat-
ment and prevention of asthma exacerbations. The use 
of high-dose ICS within the first hour at the emergency 
department, with or without concomitant SCS, reduces 
the risk of hospitalization and the need for SCS in chil-
dren. Nebulization is an effective form of administration 
of inhaled medications, particularly useful in young chil-
dren with less training required. The efficacy and safety 
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of nebulized BDP have been studied and documented 
in several pediatric studies across different age groups.
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