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Abstract

Short-acting bronchodilators are a class of medications commonly used to treat asthma, chronic obstructive pulmo-
nary disease, and other respiratory conditions. The use of these medications has evolved over time as we have gained
a better understanding of their effectiveness and safety in the pediatric population. This comprehensive review
synthesizes the current understanding of short-acting 32-agonists and short-acting anticholinergics in children. It
addresses indications, contraindications, safety considerations, and highlights areas where further research is needed
to guide the most effective use of short-acting bronchodilators.
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Introduction

Short-acting bronchodilators are a class of medications
commonly used to treat acute and/or respiratory condi-
tions such as asthma and chronic obstructive pulmonary
disease. Their use has undergone continuous variations
over the years due to an increase in knowledge regarding
the effectiveness and safety of these drugs. Optimization
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in the use of these molecules, primarily used for bron-
chodilation, is essential for clinical practice. The objective
is to maximize effectiveness while minimizing adverse
effects.

In 2019, 12.9 thousand (95% UI uncertainty intervals
(Uls) 10.6 to 15.7 thousand) children in the world died
from asthma [1]. It has long been known that incorrect
prescribing of short-acting 2-agonists (SABA), whether
in excess or deficiency, results in increased asthma-
related mortality [2]. The GINA document identifies
using as-needed SABA more than twice a week as one
indicator of poorly controlled asthma. Research suggests
that dispensing more than three SABA canisters per year
(corresponding to an average use of more than daily) is
associated with an increased risk of emergency depart-
ment visit or hospitalization regardless of asthma sever-
ity, and dispensing more than twelve canisters per year is
associated with substantially increased risk of death [3—
5]. The SABA use IN Asthma (SABINA) studies, a series
of global research projects investigating the use of SABA
in asthma, showed that to a considerable proportion of
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individuals with asthma in European countries are pre-
scribed at least three SABA canisters per year [6]. Italy
showed a lower SABA prescription rate than other Euro-
pean countries. Of the 22,201 patients enrolled, including
all levels of asthma severity, a prevalence of 9% overuse of
SABA was found [7]. However, this value might be under-
estimated as Italian regulations permit direct purchasing
of SABA inhalers from pharmacies without a prescrip-
tion [8]. Interestingly, 15% of participants acquired SABA
without a prescription. Among those with a prescrip-
tion, frequent SABA use (more than 2 canisters/year) was
linked to a 30% higher risk of asthma exacerbations. To
gain a more comprehensive understanding of SABA utili-
zation, a subsequent analysis revealed an average annual
use of 4 canisters among participants who reported pur-
chasing SABA without a prescription [7].

The results of the SABINA study conducted in the
pediatric population were consistent with previous stud-
ies in adults and adolescents and confirmed the asso-
ciation between high SABA use and increased asthma
exacerbation risk in children; the study also highlighted
the importance of monitoring SABA use in children,
particularly those without asthma [9]. Overuse of SABA
in children with asthma can also lead to several serious
health risks, including decreased lung function, increased
risk of side effects, and dependence on SABA.

Recently, the indications for short-acting broncho-
dilators use in the pediatric age have been changed in
Italy, also because of numerous safety reports, and are
intended to help prevent their overuse in children.

This review offers a comprehensive and critical analy-
sis of recent research investigating the effectiveness and
safety of SABA, with specific emphasis on salbutamol
and ipratropium bromide, in the management of pedi-
atric respiratory conditions. The primary aims of this
review are to: evaluate the latest evidence on SABA effec-
tiveness and safety in children, identifying both benefits
and risks; outline optimal SABA use strategies tailored to
specific pediatric respiratory diseases, considering dos-
age and delivery variations; identify critical knowledge
gaps to guide future research focused on refining SABA
use in children for maximum benefit and minimal risk.

A detailed description of the search strategy, including
databases searched, search terms employed, inclusion
and exclusion criteria, and data analysis methods is pro-
vided in Additional File 1.

Therapeutic class overview of short-acting
bronchodilators

Short-acting beta2-agonists

SABA acts on [-adrenergic receptors (ARs), a type
of postsynaptic receptor coupled to Gs proteins. ARs
are classified into three types: B 1, p 2, and B 3, and
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are stimulated by noradrenalin and adrenaline [10].
B1-receptors have a high affinity for noradrenaline and
adrenaline and can be found in the heart, brain, and
adipose tissue. p2-Receptors show a lower affinity for
noradrenaline and are involved in relaxing vascular and
smooth muscles [11]. B2-ARs constitute a major popula-
tion of B-adrenergic receptors within the pulmonary sys-
tem [10]. The relative selectivity of f2-agonists on B-ARs
explains the systemic side effects caused by (2-agonists
(i.e., tachycardia).

B2-agonists trigger relaxation of airway smooth mus-
cle (ASM) through a G protein-coupled signaling cas-
cade. Upon binding B2-agonist ligand, the f2AR activates
Gs protein, which stimulates adenylate cyclase to con-
vert ATP to the key second messenger, cyclic adenosine
monophosphate (cCAMP). In particular, CAMP then acti-
vates two key downstream pathways: i) Protein Kinase A
(PKA) pathway: PKA phosphorylates various regulatory
proteins in ASM, including IP3, sarcolemmal Ca®* chan-
nels, and proteins affecting myosin light chain phos-
phatase (MLCP) activity. MLCP dephosphorylation of
the regulatory myosin light chain (rMLC) ultimately pro-
motes smooth muscle relaxation; ii) Exchange Protein
Activated by cAMP (Epac) Pathway: Epac acts as a GEF
for Rap GTPases, leading to RhoA downregulation. This
reduces rMLC phosphorylation and contributes to ASM
relaxation independently of PKA [10].

Beyond cAMP, B2AR activation also triggers intracellu-
lar Ca®" ([Ca®*]i) sequestration, reducing [Ca®*]i dynam-
ics and sensitivity, which further promotes relaxation.
Additionally, B2ARs enhance Ca**-activated potassium
channels (KCa?"), hyperpolarizing the cell membrane
and facilitating bronchodilation [10, 12].

Clinically used (2-agonists share a core structure: a
benzene ring linked to an amine head group by a two-
carbon chain. The amine group can be unsubstituted or
possess various substituents. Specificity within this class
arises from variations in both the amine group and the
benzene ring substitution patterns. These subtle struc-
tural modifications significantly impact the pharmaco-
logical profile by influencing the interaction with the
B2-receptor and leading to differences in potency, dura-
tion of action, and selectivity [10]. The main SABA are
listed below.

Salbutamol (called albuterol in the United States of
America) is a selective p2-agonist. Traditionally, salbu-
tamol was thought to have minimal to no effect on 1
receptors. However, recent research suggests there might
be some B1 activity, even at higher doses [13]. Follow-
ing inhalation, the initial bronchodilator effect becomes
noticeable within 5-15 min. After the initial onset, the
bronchodilator effect continues to improve, reaching
its peak within 30—-60 min. However, salbutamol weakly
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binds to the receptor and, consequentially, has a short
duration of action (from 4 to 6 h).

Fenoterol is a resorcinol derivative considered relatively
selective for P2ARs. Studies suggest that fenoterol may
be 25 times more potent than salbutamol at the site of
action. Like other B2-agonists, fenoterol exhibits a rapid
onset of action (within 5-15 min) and a relatively short
duration of action (3—4 h) [14].

Terbutaline is a synthetic sympathomimetic amine.
Terbutaline shares the same mechanism of action as
fenoterol, binding to f2ARs in airway smooth muscle and
triggering the cAMP-PKA pathway to induce relaxation
and bronchodilation. Additionally, terbutaline may have
some inhibitory effects on the release of inflammatory
mediators from mast cells, offering potential anti-inflam-
matory benefits.

It has a duration of action of 4 to 6 h [15].

Excessive or prolonged use of SABA can lead to tachy-
phylaxis, a phenomenon where the medication loses its
effectiveness over time. This results in a gradual decrease
in the bronchodilator effect of SABA, leading to less
effective symptom relief. While the precise causes of
SABA tachyphylaxis are still being elucidated, several
potential mechanisms have emerged, such as the down-
regulation of B2-ARs, the desensitization of G protein-
coupled signaling, and the refractory period of ASM cells
(10, 14].

Short-acting anticholinergic

ASM tone is mainly controlled by the parasympathetic
nervous system via cholinergic mediators such as ace-
tylcholine (ACh). ACh exerts its effect by primarily acti-
vating muscarinic M3 receptors (M3Rs) on ASM cells,
airway epithelial goblet cells and submucosal glands, acti-
vating smooth muscle contraction and mucus secretion
[16, 17]. In addition, airway exposure to ACh can trigger
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inflammation, potentially leading to the release of chem-
oattractants for eosinophils [17]. Antimuscarinic agents
act via mAchRs inhibition. As a result, they induce air-
way bronchodilatation and reduce mucus production.

As well as their progenitor (atropine methonitrate,
scopolamine), ipratropium bromide and oxitropium bro-
mide are effective short-acting anticholinergic drugs used
in treating asthma. Their duration of action is approxi-
mately 4 to 6 h, but compared to SABA, they have a
slower onset of action [10, 16]. Ipratropium bromide is
an active quaternary derivative of noratropine and is a
nonselective antagonist of M1, M2, and M3 mAChRs. It
has low lipid solubility and does not pass the blood—brain
barrier; consequently, it does not show central nervous
system side effects. Serum concentrations are extremely
low after inhalation, and peak serum concentration is
achieved 3 h after administration. Its metabolites have
little anticholinergic activity. Unlike SABA, ipratropium
bromide has a slower onset of action (15-30 min fol-
lowing inhalation). Peak bronchodilation is typically
achieved within 30-60 min [10, 16].

Unlike their targeted action in the airways, muscarinic
receptors are widely distributed throughout the body.
This necessitates careful consideration, as their blockade
by short-acting anticholinergics can lead to side effects in
tissues beyond the airways. Common examples include
dry mouth (xerostomia) due to inhibition of salivary
gland secretions and urinary retention resulting from
impaired bladder function [16, 17].

Short-acting bronchodilators: indications

in pediatric respiratory diseases

Table 1 provides an evidence-based framework for short-
acting bronchodilator therapy in pediatric patients,
aiding clinicians in making informed decisions for the
treatment of wheezing, bronchiolitis, and asthma.

Table 1 Evidence-based approach to short-acting bronchodilator therapy in pediatric respiratory diseases

Disease Key Age Groups Short-Acting Bronchodilator Indications Notes

Wheezing Infants/Toddlers, Children  Acute Attack: Uncertain efficacy of Ipratropium Bromide alone
Salbutamol (limited evidence under 1 year)
Consider Ipratropium Bromide in combination
for moderate-severe exacerbations

Bronchiolitis Infants < 12 months Not recommended for routine use due to lack Salbutamol previously considered as a single trial,
of benefit and potential harm but now discouraged

Asthma Adolescents, No longer SABA alone Focus on reducing exacerbations rather

(mild) Children 6-11 years Preferred: As-needed ICS-formoterol than symptom relief only

Alternative: ICS+ SABA as needed

Adolescents,
Children 6-11 years

All ages

Asthma (moderate)

Asthma
(acute attack)

SABA for acute exacerbations

Salbutamol first-line; ipratropium bromide can be
added for moderate-severe exacerbations

Maintenance therapy with ICS +formoterol
or ICS+LABA

IV 32-agonists only for extreme cases with close
monitoring
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Wheezing

Wheezing is an “umbrella” term, including heterogene-
ous clinical conditions with different respiratory pheno-
types. It has been estimated that approximately 50% of
children experience at least one wheezing episode before
age 6 years [18].

In accordance with the temporal pattern of symptoms,
children suffering from wheezing can be classified as
patients with (a) transient early wheeze, which occurs
before 3 years of age and resolves by the age of 6 years in
the absence of lung function impairment; (b) late-onset
wheeze, which develops after 3 years of age, persists in
childhood, commonly featured by atopic predisposi-
tion, reduced lung function, and bronchial hyperrespon-
siveness; (c) persistent wheeze, which starts in early life
before 3 years of age and is associated with atopic pre-
disposition, increased serum immunoglobulin (Ig) E lev-
els, allergen sensitization and decreased lung function by
school age [19]. Based on triggers and symptoms, wheez-
ing can be classified as “episodic viral wheezing” (EVW)
or “multiple trigger wheezing” (MTW) [20]. EVW is
mainly diagnosed in preschool age and is associated with
clinical evidence of a viral respiratory tract infection,
commonly sustained by Rhinovirus, Respiratory Syncyt-
ial Virus (RSV), Coronavirus, human Metapneumovirus,
Parainfluenza virus, and Adenovirus [20]. In children
having MTW, wheezing can also be induced by other
triggers such as tobacco smoke and allergen exposure.
Sometimes, crying, laughter, or exercise induce wheez-
ing. However, it’s important to note that not all children
with MTW experience recurrent wheezing. The fre-
quency and severity of wheezing episodes can vary con-
siderably among individuals with MTW [21].

Although there is no univocal approach to treating
wheezing, salbutamol and ipratropium bromide appear
helpful in acute wheezing attacks. For children older than
2 years of age, inhaled salbutamol is the established first-
line therapy for acute wheezing episodes. It is typically
administered via a pressurized metered-dose inhaler
(pMDI) with a spacer for mild to moderate wheezing,
while nebulization with oxygen delivery is reserved for
severe attacks [22-24]. The efficacy of inhaled salbu-
tamol for wheezing episodes in children under 1 year
of age remains uncertain. As the initial episode of viral
wheezing in this age group is typically diagnosed as
bronchiolitis, current guidelines do not recommend the
use of salbutamol due to lack of evidence of effective-
ness and concerns about harm [22-26]. A recent study
explored the short-term efficacy of inhaled salbutamol,
both with and without oral corticosteroids, for severe
rhinovirus-induced wheezing in hospitalized children
under 2. While salbutamol dosage alone did not impact
hospitalization duration, high-dose salbutamol combined
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with prednisolone reduced wheezing relapse frequency
and prolonged time to relapse compared to on-demand
salbutamol with prednisolone. These effects were not
observed in the placebo groups. However, the authors
acknowledged inconsistencies within their findings, indi-
cating the need for further studies to strengthen the evi-
dence base [27].

In their systematic review, including 13 systematic
reviews and 56 clinical trials and 5526 patients (aged
0-18 years), Pollock et al. [28] showed the efficacy and
safety of SABA delivered by pMDI in treating wheez-
ing. Regarding children aged 0-3 years, authors included
only one clinical trial performed on 28 patients, in which
SABA use was associated with a significant decrease
in clinical severity score and respiratory rate and an
increase in oxygen saturation. However, it did not show
effects on hospital admissions [28].

Moreover, in children younger than 2 years of age, the
European Medicines Agency (EMA), the Food and Drug
Administration (FDA), the Medicines and Healthcare
Products Regulatory Agency (MHRA) and the Italian
Medicines Agency (AIFA) consider the use of nebulized
salbutamol off-label, since its effectiveness and safety
have not been established [29-32]. This indication could
be attributed to several factors, such as the presentation
of initial wheezing in young children as acute bronchioli-
tis (limiting bronchodilator response), as well as potential
medication errors (dosing, administration) or accidental
drug substitutions [32]. SABA administration in children
under 2 years may be warranted under exceptional cir-
cumstances, including cases of severe respiratory distress
where alternative treatments are ineffective or unsuitable,
the use of specific protocols designed for this age group,
and direct supervision by a qualified pediatric specialist.

The overall evidence surrounding the use of ipratro-
pium bromide for wheezing treatment is complex and
not entirely conclusive. Its effectiveness may depend on
factors like the cause of wheezing, severity of symptoms,
and patient age. While several studies support the use of
ipratropium bromide in combination with salbutamol
for moderate to severe exacerbations, others have shown
minimal or no added benefit, particularly in milder cases
[15, 33, 34]. The Italian Guidelines for managing acute
asthma attacks in children [35] advocate for the com-
bined use of ipratropium bromide and salbutamol for
moderate-severe exacerbations, based upon the find-
ings of the following studies. A 2012 Cochrane review on
anticholinergic therapy in acute pediatric asthma ana-
lyzed four studies (#=173 children) and indicated that
the use of anticholinergics as a standalone therapy for
acute pediatric asthma was associated with significantly
higher treatment failure rates compared to [,-agonists
alone or combined anticholinergic and ,-agonist therapy
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(OR 2.65; 95% CI 1.2-5.88) [36]. However, the relatively
small number of studies and participants included in the
review can limit the statistical power to detect smaller
treatment effects and may affect the generalizability of
the findings [36]. Another Cochrane published in 2013
examined the efficacy of adding inhaled anticholiner-
gics to SABA for treating acute asthma in children [37].
The analysis of 15 studies (#=2497 children), primarily
involving both preschool-aged and school-aged children,
demonstrated that the addition of anticholinergics signif-
icantly reduced hospital admission risk (RR=0.73; 95%
CI 0.63 to 0.85). Furthermore, this combination therapy
improved lung function, clinical scores, oxygen satura-
tion, and reduced the need for additional bronchodila-
tors. Notably, fewer children receiving anticholinergics
plus SABA experienced nausea and tremor compared
to SABA alone [37]. Studies included participants aged
4 months to 18 years, with eight specifically focused on
preschoolers and three on children under 18 months.

In 2020, researchers conducted a thorough analysis
of Cochrane Reviews to consolidate current knowledge
on the efficacy and safety of second-line treatments for
children experiencing acute asthma attacks [38]. Of the
67 pediatric studies included in the 13 analyzed reviews,
only 16 (24%) focused specifically on children under two
years of age, highlighting a paucity of data for this age
group. The analysis identified several key findings. First,
the addition of inhaled anticholinergics to SABA therapy
demonstrated a moderate-certainty reduction in hos-
pitalization risk for children experiencing acute asthma
exacerbations. Second, regarding side effects, the com-
bination appeared to reduce the risk of nausea (high-
certainty evidence) and tremor (moderate-certainty
evidence) compared to SABA alone, with no significant
difference observed for vomiting (low-certainty evi-
dence). However, the authors acknowledged the limita-
tions of drawing definitive treatment recommendations
due to the scarcity of comparative studies directly evalu-
ating different second-line options for this population
[38].

Bronchiolitis
Bronchiolitis is a lower respiratory tract viral infec-
tion affecting infants and young children younger than
12 months [26]. The most common causative agent is
Respiratory Syncytial Virus (RSV), followed by Rhinovi-
rus (RV), Parainfluenza virus, Metapneumovirus (MPV),
Influenza virus, and Adenovirus, alone or in the form of
co-infection [39].

Clinically, patients with bronchiolitis show, firstly,
symptoms of a viral upper respiratory infection, such
as rhinorrhea, that progress to the lower respiratory
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tract with cough; dyspnea; polypnea; increased respira-
tory effort manifested as nasal flaring, grunting, use of
accessory muscles or intercostal and/or subcostal chest
wall retractions; low oxygen (O,) saturation levels,
apnea; skin color changes; feeding difficulties; lethargy;
and, rarely, fever. Auscultatory findings include crackles
and/or wheezing [26].

Bronchiolitis is featured by an extensive inflammatory
process with recruitment and proliferation of polymor-
phonuclear cells (neutrophils and eosinophils) and lym-
phocytes, necrosis of airway epithelial cells and ciliary
impairment, edema of the airways and mucus produc-
tion, resulting in bronchiolar obstruction, air trapping,
with different degrees of lobar collapse [39].

Due to the lack of a specific etiological treatment for
acute bronchiolitis, therapy includes general support-
ive treatment to contain systemic and pulmonary symp-
toms. Superficial nasal aspiration, feeding and hydration,
and oxygen supplementation are the mainstay for manag-
ing bronchiolitis [26]. Evidence on deep nasal aspiration,
inhaled bronchodilators, hypertonic solution, and adren-
aline, nebulized and systemic corticosteroids, antibiotics,
and chest physiotherapy are controversial and inconclu-
sive [40]. Specifically, the use of inhaler bronchodilators
is widely discouraged. Because mucous obstruction and
airway oedema rather than bronchospasm cause wheez-
ing, salbutamol and ipratropium bromide should not
administer to infants with a diagnosis of bronchiolitis,
as they do not decrease the duration of symptoms, nor
improve O2 saturation nor reduce the length of hos-
pital stay. On the other hand, there is a potential risk of
harm from their administration [25, 32, 41]. In October
2014, AIFA restricted the use of salbutamol drops (5 mg/
ml) in the pediatric population, not supporting its use in
children younger than 2 years of age due to the escala-
tion in adverse effects resulting from wrong administra-
tion route or dosing or drug exchange [32]. Although
several measures were previously adopted, including an
explanatory posology correlation table and warnings on
the risk of overdose due to administration error, severe
adverse reactions have been reported in children younger
than 2 years of age. The latter was attributed to incorrect
administration routes, dosage errors, and drug exchange
with the use of salbutamol (solution to nebulize). Adverse
reactions included severe tremors and tachycardia and
required hospitalization. The symptoms were resolved
after discontinuation of treatment [32]. Therefore, a sin-
gle therapeutic trial with inhaled salbutamol should not
take into consideration in treating infants with acute
bronchiolitis, contrary to what was previously supported
[42]. Obviously, salbutamol remains one of the safest and
most effective drugs currently available when adminis-
tered appropriately and within prescribed.



Licari et al. Italian Journal of Pediatrics (2024) 50:104

Asthma

In recent years, the Global Initiative for Asthma (GINA)
has significantly revised its recommendations regard-
ing the use of SABA as reliever medication for asthma.
Prior to 2019, GINA guidelines suggested as-needed
SABA as the primary treatment modality for individuals
with mild, intermittent asthma. This treatment strategy
aimed to alleviate symptoms during acute exacerbations
but did not target the underlying chronic inflammatory
processes inherent to asthma, even in its milder presen-
tations. Accumulating evidence has demonstrated poten-
tial risks associated with SABA-only treatment, including
an increased risk of severe exacerbations and a lack of
control over chronic inflammation. Consequently, GINA
has updated its recommendations, now strongly advis-
ing against the use of SABA as a standalone treatment
for asthma in all patients, regardless of disease severity.
Regular or frequent use of SABA may increase the risk of
asthma-related death, urgent asthma-related health care,
and severe exacerbations [23]. However, the observed
relationship between SABA utilization and asthma-
related mortality demands investigation into potential
mechanisms. Elucidating whether excessive SABA use is
a causal factor in poorer outcomes, or merely a surrogate
marker of underlying disease severity, requires further
research.

Mild asthma

The updated document now recommends that all adults
and adolescents with mild asthma should receive either a
combination of inhaled corticosteroids (ICS)-formoterol
as symptom-driven therapy ("ICS-formoterol as needed”)
or an as-needed combination of ICS-SABA (“as-needed
ICS-SABA”) [23].

The as-needed low-dose combination of ICS-formo-
terol is the preferred treatment approach for Step 1 (Evi-
dence B). Multiple large randomized controlled trials
(RCTs) demonstrated that the combination therapy is
more effective than SABA for reducing severe exacerba-
tions and emergency department visits or hospitaliza-
tions [43—-46]. In a 52-week, double-blind trial involving
patients 12 years of age or older with mild asthma experi-
encing exacerbations, the as-needed budesonide-formo-
terol provided better symptom control than as-needed
terbutaline, a SABA, and resulted in lower glucocorticoid
exposure than budesonide maintenance therapy [44]. A
post hoc pooled analysis of two clinical trials, SYGMA 1
and 2, assessed the efficacy and safety of as-needed bude-
sonide-formoterol in adolescents with mild asthma [46].
This as-needed combination resulted effective as budeso-
nide maintenance in preventing exacerbations and could
be associated with better growth velocity in younger
adolescents. The study also found that adolescents in
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the as-needed budesonide-formoterol group were more
likely to adhere to their treatment regimen than those in
the as-needed terbutaline group [46].

While these RCTs support the superiority of as-needed
budesonide-formoterol over SABA alone in reducing
severe exacerbations and healthcare utilization [43-46],
it’s important to acknowledge certain limitations inher-
ent in these studies. Consideration should be given to
the potential for sponsor bias, as many of these trials
were funded by pharmaceutical companies with a vested
interest in the investigated therapies. Relatively short
follow-up periods in some studies may limit conclu-
sions about long-term safety and efficacy of as-needed
combination therapy. Further research with extended
observational windows is needed to fully assess long-
term outcomes. While the post-hoc analysis suggests
potential benefits for growth velocity in younger adoles-
cents using as-needed budesonide-formoterol [46], this
finding warrants dedicated studies specifically designed
to investigate this outcome, with a focus on potential
dose-dependent effects on growth. Overall, despite these
limitations, the existing body of evidence provides strong
support for the use of as-needed budesonide-formoterol
in mild asthma. However, ongoing and future research
should address these constraints to provide a more com-
prehensive understanding of this treatment’s long-term
risks and benefits.

The alternative treatment option for Step 1 is low-dose
ICS taken whenever SABA is taken (Evidence B) [23].
While the evidence for this approach in Step 1 is lim-
ited to small studies involving patients eligible for Step 2
treatment, GINA acknowledged the importance of mini-
mizing severe exacerbations and the challenges of adher-
ing to regular ICS therapy in patients with mild asthma
symptoms [47—-49]. Determining the most effective risk-
minimization strategy for mild, persistent asthma, con-
sidering both the potential benefits of daily ICS therapy
and the adherence barriers, warrants further research.

Among children between 6 and 11 years with asthma
symptoms, treatment options include taking ICS when-
ever SABA is needed, supported by indirect evidence
from Step 2 studies involving separate inhalers in chil-
dren and adolescents. One study demonstrated signifi-
cantly fewer exacerbations compared with SABA-only
treatment [48], while another study exhibited similar
outcomes to physician-adjusted therapy with a lower
average ICS dose (Evidence B) [49]. Regular ICS plus
as-needed SABA is also a potential treatment option for
this age group (Evidence B). However, the likelihood of
poor adherence in children with infrequent symptoms
should be considered [23]. Thus, shared decision-mak-
ing between clinicians, parents, and children is crucial
for determining the optimal treatment approach in mild
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asthma, necessitating careful consideration of individual
patient factors and preferences.

Moderate asthma

In moderate asthma, maintenance and reliever therapy
with low-dose ICS-formoterol is the preferred option
for adults and adolescents [23]. This approach proved
to be effective in minimizing severe exacerbations and
achieving comparable asthma control levels with rela-
tively low ICS doses, compared to a fixed ICS-long act-
ing P2-agonists (LABA) combination for maintenance
therapy alongside higher ICS doses, both with as-needed
SABA use. While an alternative approach involves main-
tenance ICS-LABA with as-needed SABA rescue medi-
cation, this strategy might be considered in specific
contexts for moderate asthma. However, it is crucial to
prioritize adherence to the daily ICS-LABA regimen,
as poor adherence can significantly increase the risk of
exacerbations. Before prescribing SABA-inclusive ther-
apy, clinicians must carefully assess the patient’s commit-
ment to their controller medication [23].

For children with moderate asthma, as-needed SABA
remains the cornerstone of reliever therapy. Maintenance
therapy typically consists of daily low-dose ICS and
LABA as the preferred option. Alternatively, a medium
dose ICS or a very low dose of ICS-formoterol mainte-
nance and reliever therapy can be considered [23].

Acute attack of asthma

Salbutamol is the first-line treatment for acute exacer-
bation [23]. For mild-to-moderate attack, administering
inhaled salbutamol (2—4 puffs every 20 min during the
first hour) via metered-dose inhaler (MDI) with a spacer
device is recommended (Evidence A). After the first
hour, the dosage of inhaled salbutamol can be flexibly
adjusted between 4-10 puffs every 3—4 h or 6-10 puffs
every 1-2 h, depending on the child’s clinical presenta-
tion. Additional inhaled salbutamol may be unnecessary
if clinical improvement is demonstrated by decreased or
resolved wheezing, normalized oxygen saturation, and
reduced respiratory distress, as well as peak expiratory
flow (PEF) is sustained above 60—80% of the predicted
or personal best value [23]. In the case of a patient with
moderate-to-severe exacerbation requiring oxygen sup-
plementation, 2.5 mg to 5 mg salbutamol diluted in 3 mL
of sterile saline solution can be administered by an oxy-
gen-driver nebulizer. Once improving, salbutamol should
be administered by an MDI with a spacer device [35].

For moderate-to-severe asthma exacerbations in chil-
dren not fully responding to salbutamol, nebulized ipra-
tropium bromide may be administered. Dosage and
frequency vary with age: younger than 4 years (125-250
mcg every 20 min for up to 1 h), or 4 years and older
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(250-500 mcg every 20 min for up to 1 h). The ipratro-
pium dose should be tapered to 4 to 6 administrations
before discontinuation. Upon discontinuing ipratropium
bromide, the salbutamol should be gradually reduced to
1-2 hourly intervals based on clinical assessment [35].

A meta-analysis published in 2021 investigated the effi-
cacy of adding ipratropium bromide to salbutamol for
managing acute asthma in a pediatric population. The
analysis included 55 studies with 6,396 children and ado-
lescents experiencing acute asthma attacks. The results
demonstrated that combination therapy with ipratro-
pium bromide and salbutamol significantly reduced the
risk of hospitalization compared to salbutamol alone
(RR: 0.79; 95% CI: 0.66-0.95; p-value: 0.01). The I* sta-
tistic of 40% suggested moderate heterogeneity amongst
the studies [33]. The benefit of adding ipratropium bro-
mide to salbutamol therapy was most pronounced in
subgroups with greater initial disease severity. Subgroup
analysis demonstrated a significant decrease in hospi-
talization risk for participants with severe (RR: 0.73; 95%
CI: 0.60-0.88; p=0.0009; 1>=4%) and moderate-severe
(RR: 0.69; 95% CI: 0.50-0.96; p=0.03; I*=3%) asthma
exacerbations, compared to salbutamol alone. However,
the authors acknowledged limitations due to publica-
tion bias, methodological heterogeneity, and the variable
quality (very low to high) of the included evidence. This
underscores the necessity for future well-designed, dou-
ble-blind randomized controlled trials (RCTs) with larger
sample sizes to definitively evaluate the efficacy of this
combination therapy in pediatric and adolescent asthma
populations [33].

Finally, the update of the GINA document confirms the
indication for the administration of short-acting SABA
and ipratropium bromide in the treatment of moderate-
severe acute asthmatic attacks, with evidence of efficacy
on hospitalization in adults (high-quality evidence) and
in children/adolescents (moderate-quality evidence) and
on the improvement of respiratory function parameters,
compared to the use of SABA alone, in adults and adoles-
cents (high-quality evidence) [23].

Current guidelines do not support the routine use of
intravenous (iv) administration of ,-agonists in children
with severe asthma exacerbation [23]. Research on iv
B,-agonists in children is relatively limited compared to
inhaled therapies [50]. Existing studies often have small
sample sizes, methodological differences, and vary in the
severity of exacerbations they address. Conlflicting results
exist regarding whether iv p,-agonists offer significant
advantages in symptom relief and clinical outcomes com-
pared to optimizing therapy with inhaled [,-agonists.
Children may respond differently to iv ,-agonists based
on age, underlying comorbidities, and other individual
factors. This variability makes it difficult to establish
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universal guidelines. Also, concerns persist about the
potential for serious side effects associated with iv admin-
istration, such as cardiac arrhythmias and metabolic dis-
turbances [50]. Weighing these risks against the potential
benefits is crucial, especially in younger children. How-
ever, some authors suggest its use in children with severe
exacerbation unresponsive to initial treatment; thus, the
recommended dose is a single bolus of 15 pg/kg (dilution:
200 pg/mL for central iv line; 10-20 pg/mL for peripheral
iv line) over 10 min, followed by continuous infusion of
0.2 pg/kg /min. Higher doses (1-2 pg/kg/min up to 5 pg/
kg/min) can be administered in unresponsive children.
Given the potential for severe side effects, iv ,-agonist
use in children with severe asthma exacerbations man-
dates diligent monitoring and careful oversight by health-
care specialists experienced in pediatric critical care. The
risks associated with iv B,-agonists necessitate admin-
istration within an ICU. Continuous ECG monitoring,
along with twice-daily serum electrolyte and lactate level
assessments, are required [35].

Together with bronchodilators, systemic corticoster-
oids are a mainstay in the management of moderate-to-
severe asthma exacerbations in children and adolescents.
These medications exert a rapid anti-inflammatory effect,
leading to symptom relief and improved lung function.
Consequently, systemic corticosteroids can help prevent
hospitalization and shorten recovery time. However, due
to potential side effects, they are typically administered
for a short course (usually 3-5 days) during the acute
phase of the exacerbation [51].

Finally, children experiencing severe asthma exacer-
bations require immediate access to emergency medical
care. Rapid intervention with bronchodilators, oxygen
therapy, and potentially advanced respiratory support
can be lifesaving, ensuring optimal patient outcomes.

Data safety of short-acting bronchodilator
administration in the pediatric population
Salbutamol
Salbutamol is included in the Essential List of Medicines
provided by the World Health Organization (WHO)
since it is considered “one of the safest and most effec-
tive drugs currently available” [52]; however, side effects
following its administration are well-known in the
literature.

32-adrenergic receptors are expressed not only in the
lung membranes but also in skeletal muscle, vascular, and
liver cells; thus, SABA administration can induce other
effects than bronchodilatation [53]. Moreover, since
many salbutamol dosage forms are available, the side
effects are different and largely described in the literature.

A recent systematic review with meta-analysis, includ-
ing 5.000 adults and adolescents > 12 years of age over an
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observational 25-year period, showed that severe adverse
events (AEs) and deaths were not increased in patients
treated with SABA when administered appropriately and
within prescribed limits (5% and 0.22% incidence, respec-
tively) [53, 54]. Inappropriate salbutamol administration
exceeding prescribed limits represents the major driver
of the high incidence of associated AEs [53]. Studies indi-
cated a correlation between worsening asthma symptoms
and increased SABA self-administration by patients,
leading to a heightened risk of AEs. However, the authors
reported some limitations in their study due to publica-
tion and reporting bias and methodological heteroge-
neity (i.e., dosage and duration inconsistencies, patient
population variability, and outcome measure discrepan-
cies) [54]. In general, it should be mentioned that judi-
cious administration of SABA requires strict adherence
to prescribed dosage and frequency instructions. Patients
must avoid exceeding these limits and should seek imme-
diate medical attention if symptoms worsen.

Globally, the inhaled form represents the safest route
of administration [55]. In contrast, a continuous admin-
istration of SABA, regardless of the route of administra-
tion, is most associated with an increase in the risk for
AEs [54]. It has been suggested that patients receiving
regular SABA can develop desensitization and down-
regulation of f32-receptors, with a loss of bronchodilator
response and increased proinflammatory effects respon-
sible for the higher risk for AEs [56].

Regarding the respiratory system, SABA administra-
tion can cause “thick neck,” chest heaviness, pulmonary
edema, and paradoxical bronchoconstriction, especially
in patients with historical asthma [57-60].

SABA administration has been shown to impact skel-
etal muscle strength and functional capacity [54]. This
can lead to ergogenic effects, potentially enhancing per-
formance. However, it’s important to recognize that these
ergogenic effects, while desirable for athletes seeking a
competitive edge, can be detrimental in clinical contexts
where patients are managing respiratory conditions.
SABA use in such patients can cause muscle tremors and
myopathy (muscle weakness), significantly compromising
their function and well-being [54]. However, these effects
have been attributed only to the systemic SABA admin-
istration. At the same time, inhaled salbutamol has mini-
mal AEs at therapeutic doses, although the dose should
not exceed 1600 mcg/day or 600 mcg over 8 h [61].

Regarding the cardiovascular side effects of bronchodi-
lators, inhaled SABA may cause tachycardia and periph-
eral cardiac vasodilation-induced reflex and tachycardia,
especially in patients with concomitant cardiovascular
disorders, severe hypoxemia, and low serum potassium
[62, 63]. However, compared to non-selective 3-agonists,
SABA use showed a reduced incidence in cardiac AEs
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since it is selective for {32-agonists [64]. The study found
that the primary risk factor for arrhythmia (supraven-
tricular tachycardia) was the cumulative number of
SABA doses administered. This risk was particularly ele-
vated in children with underlying heart conditions, histo-
ries of arrhythmias, and fevers [65, 66].

Hypokalemia and increased serum levels of insulin,
glucose, pyruvate, free fatty acids, and lactate have been
found in patients receiving high doses of salbutamol,
regardless of the route of administration [67]. Salbutamol
causes hypokalemia primarily through B2-stimulation of
the Na+/K+-ATPase pump in skeletal muscle, which
shifts potassium intracellularly. Hypokalemia can be sig-
nificant enough to produce electrocardiogram (ECQG)
changes such as QT prolongation and U-waves. The risk
of hypokalemia is higher when salbutamol is provided
simultaneously with corticosteroids [68] and theophyl-
line [69]. Thus, electrolyte monitoring is mandatory for
patients on high-dose salbutamol or receiving medica-
tions that can affect electrolyte levels. Regarding the
increase in lactate levels, the onset of salbutamol-induced
lactic acidosis must be considered when high doses of
salbutamol are administered [70]. f2-adrenergic stimu-
lation increases cAMP-mediated gluconeogenesis and
lipolysis with an increased in serum glucose and conver-
sion to pyruvate and lactate.

While tremors are a common side effect of salbuta-
mol, it’s important to be aware of the potential for more
severe, though rare, neurological side effects. At the cen-
tral nervous system (CNS), salbutamol may cause sei-
zures, hallucinations, and anxiousness due to its ability
to cross the blood—brain barrier. In contrast, salbutamol-
induced tremors arise from peripheral muscular imbal-
ances rather than CNS stimulation [71, 72]. Educating
patients and caregivers on appropriate dosing, potential
side effects, and when to seek medical attention can sig-
nificantly improve outcomes and mitigate these serious
AEs. Tumorigenicity has not been related to salbutamol
administration [73].

Ipratropium bromide

Ipratropium bromide and other inhaled mAChR antag-
onists are generally well-tolerated due to their poor
absorption after inhalation. The most common AEs of
ipratropium bromide are dry mouth, throat irritation,
and cough. These side effects are usually mild and resolve
spontaneously. Other less common side effects include
urinary retention, blurred vision, constipation, and head-
ache. In rare cases, ipratropium bromide can cause more
severe side effects, such as allergic reactions, worsening
of asthma, and paradoxical bronchospasm. Of note, a
history of hypersensitivity reactions or prior episodes of
paradoxical bronchospasm increases the risk of a similar
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reaction when using ipratropium bromide. Accidental
eye contact with these agents can lead to pupil dilation
and blurred vision, posing a significant risk for individu-
als with glaucoma [10].

Several studies report safety information linked to the
use of inhaled ipratropium bromide in the pediatric pop-
ulation with asthma. In a prospective observational study
investigating the safety of ipratropium bromide in pedi-
atric asthma exacerbations, Nomura et al. reported a sin-
gle case of mild vomiting among the 77 children treated
[74]. This isolated finding suggests that emesis may be a
rare AE associated with ipratropium bromide use; how-
ever, further research is necessary to establish a definitive
link. The observed AE, mild vomiting, was infrequent
and categorized as the mildest grade on the Common
Terminology Criteria for Adverse Events (CTCAE) scale,
indicating its minimal impact on the patient’s overall
well-being [74]. The favorable safety profile observed in
this study is consistent with findings from a Cochrane
Systematic Review, which reinforces the established
safety and efficacy of ipratropium bromide in pediatric
asthma treatment [37]. However, it’s crucial to acknowl-
edge that systematic reviews can be influenced by factors
such as publication bias and methodological heteroge-
neity (e.g., variations in treatment regimens and patient
populations). These factors should be considered when
interpreting and generalizing the review’s conclusions.

A recent meta-analysis of RCTs examining the safety
of combined ipratropium bromide and salbutamol in
pediatric asthma treatment found nausea to be the only
consistently reported AE. Other AEs, such as dry mouth,
tremors, and vomiting, were not associated with the
combination therapy [29]. While nausea is a potential
side effect, it tends to be mild and infrequent, and the
benefits of improved asthma control generally outweigh
this risk.

While ipratropium bromide demonstrates generally
favorable tolerability in both adults and children, it’s
important to acknowledge the potential for variations in
AE profiles between these age groups. Careful monitor-
ing remains essential to identify any potential discrepan-
cies. Also, healthcare providers should proactively report
AEs associated with ipratropium bromide use. This dili-
gence enhances the understanding of the drug’s safety
profile and aids in detecting potential rare or unexpected
side effects.

Conclusions

The use of short-acting bronchodilators has evolved
over time as we have gained a better understanding
of their effectiveness and safety. SABA are effective
for treating acute asthma exacerbations and wheez-
ing attacks. However, they are not recommended as
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the sole maintenance therapy for asthma because they
can lead to overuse and increased risk of severe exac-
erbations. Short-acting anticholinergics can be used in
combination with SABA to treat moderate-to-severe
asthma exacerbations. Both SABA and short-acting
anticholinergics are generally well-tolerated and show
a good safety profile when administered appropriately
and within prescribed limits. Tremors, tachycardia, and
dry mouth are the most common AEs. However, they
are usually mild and tend to resolve spontaneously.
Optimizing the use of these molecules for bronchodila-
tion is critical in pediatric clinical practice.

Abbreviations

Ach Acetylcholine

AEs Adverse events

AIFA Italian Medicines Agency

Ars Adrenergic receptors

ASM Airway smooth muscle

cAMP Cyclic adenosine monophosphosphate

CTCAE Common Terminology Criteria for Adverse Events
CNS Central nervous system

ECG Electrocardiogram

EMA European Medicines Agency

EVW Episodic viral wheezing

FDA Food and Drug Administration

GINA Global Initiative for Asthma

ICS Inhaled corticosteroids

LABA Long-acting B2-agonists

mAChRs  Muscarinic acetylcholine receptors

MHRA Medicines and Healthcare Products Regulatory Agency
MTW Multiple trigger wheezing

PKA Protein kinase A

pMDI Pressurized metered-dose inhaler

RCTs Randomized controlled trials

RSV Respiratory syncytial virus

SABA Short-acting 32-agonists

SABINA SABA use IN Asthma

WHO World Health Organization

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513052-024-01675-0.

[ Supplementary Material 1. }

Acknowledgements

Asthma and Personalized Therapies Committee participants are Beatrice
Andrenacci, Carlo Capristo, Renato Cutrera, Maria Elisa Di Cicco, Vincenzo
Fierro, Amelia Licari, Maddalena Leone, Sara Manti, Francesco Mastellone, Mat-
teo Naso, llaria Pezone, Chiara Trincianti.

Authors’ contributions

AL, SM and MAT: Writing — original draft, Data Curation, Writing — review and
editing, visualization. FM: Writing — Review and editing, Visualization. MMG
and GLM: Review and editing, Visualization, Supervision. All authors read and
approved the content of the manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Page 10 of 12

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 12 January 2024 Accepted: 9 May 2024
Published online: 23 May 2024

References

1. Zhang D, Zheng J. The Burden of Childhood Asthma by Age Group,
1990-2019: A Systematic Analysis of Global Burden of Disease 2019 Data.
Front Pediatr. 2022;10: 823399. https://doi.org/10.3389/fped.2022.823399.

2. Royal College of Physicians. Why Asthma Still Kills: the National Review of
Asthma Deaths (NRAD) confidential enquiry report. 2014. https://www.
rcplondon.ac.uk/projects/outputs/why-asthma-still-kills Accessed 11 Jan
2023.

3. Nwaru BI, Ekstrom M, Hasvold P, Wiklund F, Telg G, Janson C. Overuse
of short-acting 32-agonists in asthma is associated with increased risk
of exacerbation and mortality: a nationwide cohort study of the global
SABINA programme. Eur Respir J. 2020;55(4):1901872.

4. Bateman ED, Price DB, Wang HC, Khattab A, Schonffeldt P, Catanzariti
A, et al. Short-acting B2-agonist prescriptions are associated with poor
clinical outcomes of asthma: the multi-country, cross-sectional SABINAII
study. Eur Respir J. 2022;59(5):2101402. https://doi.org/10.1183/13993003.
01402-2021.

5. Licari A, Brambilla |, Marseglia A, De Filippo M, PaganelliV, Marseglia GL.
Difficult vs. Severe Asthma: Definition and Limits of Asthma Control in the
Pediatric Population. Front Pediatr. 2018,6:170. https://doi.org/10.3389/
fped.2018.00170.

6. Janson C, Menzies-Gow A, Nan C, Nuevo J, Papi A, Quint JK, et al. SABINA:
An Overview of Short-Acting 32-Agonist Use in Asthma in European
Countries. Adv Ther. 2020;37(3):1124-35.

7. deLas VL, Quirce S. Landscape of short-acting beta-agonists (SABA)
overuse in Europe. Clin Exp Allergy. 2023;53(2):132-44.

8. DiMarco F, D'Amato M, Lombardo FP, Micheletto C, Heiman F, Pegoraro
V, et al. The Burden of Short-Acting B2-Agonist Use in Asthma: Is
There an Italian Case? An Update from SABINA Program. Adv Ther.
2021,38(7):3816-30.

9. Melén E, Nwaru Bl, Wiklund F, de Fine LS, Telg G, et al. Short-acting 32
-agonist use and asthma exacerbations in Swedish children: A SABINA
Junior study. Pediatr Allergy Immunol. 2022;33(11): e13885.

10. Matera MG, Rinaldi B, Calzetta L, Rogliani P, Cazzola M. Advances in
adrenergic receptors for the treatment of chronic obstructive pulmonary
disease: 2023 update. Expert Opin Pharmacother. 2023;24:2133-42.

11. Molinoff PB. Alpha- and beta-adrenergic receptor subtypes properties,
distribution and regulation. Drugs. 1984;28(Suppl 2):1-15.

12. Amrani, Bradding P. 2-Adrenoceptor Function in Asthma. Adv Immu-
nol. 2017;136:1-28.

13. Colombo M, Plebani A, Bosco A, Agosti M. Severe lactic acidosis and
persistent diastolic hypotension following standard dose of intermit-
tent nebulized salbutamol in a child: a case report. J Med Case Rep.
2022;16:160.

14. Emeryk A, Emeryk-Maksymiuk J. Short-acting inhaled 32-agonists: why,
whom, what, how? Adv Respir Med. 2020,88:443-9.

15. Sultan K, Zamir A, Ashraf W, Imran |, Saeed H, Rehman AU, et al. Clinical
pharmacokinetics of terbutaline in humans: a systematic review. Naunyn
Schmiedebergs Arch Pharmacol. 2023;396:213-27.

16. Matera MG, Page CP, Calzetta L, Rogliani P, Cazzola M. Pharmacol-
ogy and Therapeutics of Bronchodilators Revisited. Pharmacol Rev.
2020;72(1):218-52.


https://doi.org/10.1186/s13052-024-01675-0
https://doi.org/10.1186/s13052-024-01675-0
https://doi.org/10.3389/fped.2022.823399
https://www.rcplondon.ac.uk/projects/outputs/why-asthma-still-kills
https://www.rcplondon.ac.uk/projects/outputs/why-asthma-still-kills
https://doi.org/10.1183/13993003.01402-2021
https://doi.org/10.1183/13993003.01402-2021
https://doi.org/10.3389/fped.2018.00170
https://doi.org/10.3389/fped.2018.00170

Licari et al. Italian Journal of Pediatrics

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

(2024) 50:104

Gosens R, Gross N. The mode of action of anticholinergics in asthma. Eur
Respir J. 2018;52(4):1701247.

FainardiV, Caffarelli C, Deolmi M, Skenderaj K, Meoli A, Morini R, et al.
Management of Preschool Wheezing: Guideline from the Emilia-
Romagna Asthma (ERA) Study Group. J Clin Med. 2022;11(16):4763.
Collins SA, Pike KC, Inskip HM, Godfrey KM, Roberts G, Holloway JW, et al.
Validation of novel wheeze phenotypes using longitudinal airway func-
tion and atopic sensitization data in the first 6 years of life: Evidence from
the Southampton Women'’s survey. Pediatr Pulmonol. 2013;48:683-92.
Brand PL, Baraldi E, Bisgaard H, Boner AL, Castro-Rodriguez JA, Custovic
A, et al. Definition, assessment and treatment of wheezing disorders

in preschool children: An evidence-based approach. Eur Respir J.
2008,;32:1096-110.

Martinez, FD, Godfrey S. Wheezing Disorders in the Pre-School Child:
Pathogenesis and Management. 1st ed. CRC Press; 2003. https://doi.org/
10.3109/9780203624340.

22BTS/SIGN Guideline for the Management of Asthma 2019. https://
www.brit-thoracic.org.uk/quality-improvement/guidelines/asthma/
Accessed 11 Jan 2023.

Global Strategy for Asthma Management and Prevention. 2023 https://
ginasthma.org/gina-reports/ Accessed 11 Jan 2023.

Castro-Rodriguez JA, Rodrigo GJ. beta-agonists through metered-dose
inhaler with valved holding chamber versus nebulizer for acute exacerba-
tion of wheezing or asthma in children under 5 years of age: A systematic
review with meta-analysis. J Pediatr. 2004;145:172-7.

Cai Z, LinY, Liang J. Efficacy of salbutamol in the treatment of infants with
bronchiolitis: A meta-analysis of 13 studies. Medicine (Baltimore). 2020;99:
e18657.

Manti S, Staiano A, Orfeo L, Midulla F, Marseglia GL, Ghizzi C, et al. UPDATE
- 2022 ltalian guidelines on the management of bronchiolitis in infants.
Ital J Pediatr. 2023;49(1):19.

Hurme P, Homil K, Lehtinen P, Turunen R, Vahlberg T, Vuorinen T, et al. Effi-
cacy of inhaled salbutamol with and without prednisolone for first acute
rhinovirus-induced wheezing episode. Clin Exp Allergy. 2021;51:1121-32.
Pollock M, Sinha IP, Hartling L, Rowe BH, Schreiber S, Fernandes RM.
Inhaled short-acting bronchodilators for managing emergency child-
hood asthma: An overview of reviews. Allergy. 2017,72:183-200.
European Medicines Agency Guideline on the Clinical Investigation of
Medicinal Products for the Treatment of Asthma. European Medicines
Agency Guideline on the Clinical Investigation of Medicinal Products for
the Treatment of Asthma.https://www.ema.europa.eu/en/documents/
scientific-guideline/guideline-clinical-investigation-medicinal-products-
treatment-asthma-revision-1_en.pdf Accessed 11 Jan 2023.

Food and Drug Administration AccuNeb® (Albuterol Sulfate) Inhalation
Solution. https://www.accessdata.fda.gov/drugsatfda_docs/label/2011/
0209495024Ibl.pdf Accessed 11 Jan 2023.

Electronic Medicines Compendium Salbutamol 1 mg/mL Nebuliser
Solution. https://www.medicines.org.uk/emc/product/10256/smpcigref
Accessed 11 Jan 2023.

Agenzia Italiana del Farmaco Nota Informative Importante su Bron-
covaleas (Salbutamolo) (27 October 2014). https://www.aifa.gov.it/-/
nota-informativa-importante-su-broncovaleas-salbutamolo-27-10-2014-
Accessed 08 April, 2024.

Xu H,Tong L, Gao P, Hu 'Y, Wang H, Chen Z, et al. Combination of ipratro-
pium bromide and salbutamol in children and adolescents with asthma:
A meta-analysis. PLoS ONE. 2021;16(2): €0237620.

Everard ML, Bara A, Kurian M, Elliott TM, Ducharme F, Mayowe V.
Anticholinergic drugs for wheeze in children under the age of two years.
Cochrane Database Syst Rev. 2005;2005(3):CD001279.

Indinnimeo L, Chiappini E, Miraglia Del Giudice M, Italian Panel for the
management of acute asthma attack in children Roberto Bernardini.
Guideline on management of the acute asthma attack in children by
Italian Society of Pediatrics. Ital J Pediatr. 2018;44(1):46.

Teoh L, Cates CJ, Hurwitz M, Acworth JP, van Asperen P, Chang AB.
Anticholinergic therapy for acute asthma in children. Cochrane Database
Syst Rev. 2012;4:CD003797.

Griffiths B, Ducharme FM. Combined inhaled anticholinergics and short-
acting beta2-agonists for initial treatment of acute asthma in children.
Cochrane Database Syst Rev. 2013;8:CD000060.

Craig SS, Dalziel SR, Powell CV, Graudins A, Babl FE, Lunny C. Interven-
tions for escalation of therapy for acute exacerbations of asthma in

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Page 11 of 12

children: an overview of Cochrane Reviews. Cochrane Database Syst Rev.
2020;8(8):CD012977.

Meissner HC. Viral Bronchiolitis in Children. N Engl J Med.
2016;374:1793-4.

Kirolos A, Manti S, Blacow R, Tse G, Wilson T, Lister M, et al. A Systematic
Review of Clinical Practice Guidelines for the Diagnosis and Management
of Bronchiolitis. J Infect Dis. 2020;222(Suppl 7):5672-9.

Elliott SA, Gaudet LA, Fernandes RM, Vandermeer B, Freedman SB, John-
son DW, et al. Comparative Efficacy of Bronchiolitis Interventions in Acute
Care: A Network Meta-analysis. Pediatrics. 2021;147(5): €2020040816.
Baraldi E, Lanari M, Manzoni P, Rossi GA, Vandini S, Rimini A, et al. Inter-
society consensus document on treatment and prevention of bronchioli-
tis in newborns and infants. Ital J Pediatr. 2014;24(40):65.

Bateman ED, Reddel HK, O'Byrne PM, Barnes PJ, Zhong N, Keen C, et al.
As-Needed Budesonide-Formoterol versus Maintenance Budesonide in
Mild Asthma. N Engl J Med. 2018;378(20):1877-87.

O'Byrne PM, FitzGerald JM, Bateman ED, Barnes PJ, Zhong N, Keen C, et al.
Inhaled Combined Budesonide-Formoterol as Needed in Mild Asthma. N
Engl J Med. 2018;378(20):1865-76.

Beasley R, Holliday M, Reddel HK, Braithwaite |, Ebmeier S, Hancox RJ,

et al. Controlled Trial of Budesonide-Formoterol as Needed for Mild
Asthma. N Engl J Med. 2019;380(21):2020-30.

Reddel HK, O'Byrne PM, FitzGerald JM, Barnes PJ, Zheng J, Ivanov S, et al.
Efficacy and Safety of As-Needed Budesonide-Formoterol in Adolescents
with Mild Asthma. J Allergy Clin Immunol Pract. 2021;9(8):3069-3077.e6.
Papi A, Canonica GW, Maestrelli P, Paggiaro P, Olivieri D, Pozzi E, et al.
Rescue use of beclomethasone and albuterol in a single inhaler for mild
asthma. N Engl J Med. 2007;356(20):2040-52.

Martinez FD, Chinchilli VM, Morgan WJ, Boehmer SJ, Lemanske RF Jr,
Mauger DT, et al. Use of beclomethasone dipropionate as rescue treat-
ment for children with mild persistent asthma (TREXA): a randomised,
double-blind, placebo-controlled trial. Lancet. 2011;377(9766):650-7.
Sumino K, Bacharier LB, Taylor J, Chadwick-Mansker K, Curtis V, Nash A,

et al. A Pragmatic Trial of Symptom-Based Inhaled Corticosteroid Use

in African-American Children with Mild Asthma. J Allergy Clin Immunol
Pract. 2020;8(1):176-185.e2.

Travers AH, Milan SJ, Jones AP, Camargo CA Jr, Rowe BH. Addition of intra-
venous beta(2)-agonists to inhaled beta(2)-agonists for acute asthma.
Cochrane Database Syst Rev. 2012;12:CD010179.

Kirkland SW, Cross E, Campbell S, Villa-Roel C, Rowe BH. Intramuscular ver-
sus oral corticosteroids to reduce relapses following discharge from the
emergency department for acute asthma. Cochrane Database Syst Rev.
2018;6:CD012629.

World Health Organization. WHO Model List of Essential Medicines, 22nd
List. Volume 2021 WHO; Geneva, Switzerland: 2021. https://www.who.int/
publications-detail-redirect/WHO-MHP-HPS-EML-2021.02 Accessed 11
Jan 2023.

Konnie HP. Pharmaceuticals. In: Clinical Veterinary Toxicology. Tst ed.
Elsevier Science Health Science Division; 2004. ISBN 0-323-01125-X.
Sriprasart T, Waterer G, Garcia G, Rubin A, Andrade MAL, Roguska A, et al.
Safety of SABA Monotherapy in Asthma Management: a Systematic
Review and Meta-analysis. Adv Ther. 2023;40(1):133-58.

Leung JS, Johnson DW, Sperou AJ, Crotts J, Saude E, Hartling L, et al. A
systematic review of adverse drug events associated with administra-
tion of common asthma medications in children. PLoS ONE. 2017;12(8):
e0182738.

Price AH, Clissold SP. Salbutamol in the 1980s: A Reappraisal of Its Clinical
Efficacy. Drugs. 1989;38:77-122.

Baraldi E, Piacentini G. Global Initiative for Asthma 2021: Asthma in
Preschool Children and Short-Acting 32-Agonist-Only Treatment. Am J
Respir Crit Care Med. 2022;205(8):971-2.

Eedy DJ, Barton K, Stanford CF. Irritant Contact Facial Dermatitis Due to
Nebulizer Therapy. Postgrad Med J. 1988;64:306-7.

Hawker F. Five Cases of Pulmonary Oedema Associated with B2- Sym-
pathomimetic Treatment of Premature Labour. Anaesth Intensive Care.
1984;12(2):159-62.

Mutlu GM, Moonjelly E, Chan L, Olopade CO. Laryngospasm and
paradoxical bronchoconstriction after repeated doses of beta 2-agonists
containing edetate disodium. Mayo Clin Proc. 2000;75(3):285-7.

Courlet P, Buclin T, Biollaz J, Mazzoni |, Rabin O, Guidi M. Model-

Based Meta-Analysis of Salbutamol Pharmacokinetics and Practical


https://doi.org/10.3109/9780203624340
https://doi.org/10.3109/9780203624340
https://www.brit-thoracic.org.uk/quality-improvement/guidelines/asthma/
https://www.brit-thoracic.org.uk/quality-improvement/guidelines/asthma/
https://ginasthma.org/gina-reports/
https://ginasthma.org/gina-reports/
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-medicinal-products-treatment-asthma-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-medicinal-products-treatment-asthma-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-medicinal-products-treatment-asthma-revision-1_en.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2011/020949s024lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2011/020949s024lbl.pdf
https://www.medicines.org.uk/emc/product/10256/smpc#gref
https://www.aifa.gov.it/-/nota-informativa-importante-su-broncovaleas-salbutamolo-27-10-2014
https://www.aifa.gov.it/-/nota-informativa-importante-su-broncovaleas-salbutamolo-27-10-2014
https://www.who.int/publications-detail-redirect/WHO-MHP-HPS-EML-2021.02
https://www.who.int/publications-detail-redirect/WHO-MHP-HPS-EML-2021.02

Licari et al. Italian Journal of Pediatrics (2024) 50:104 Page 12 of 12

Implications for Doping Control. CPT Pharmacometrics Syst Pharmacol.
2022;11:469-81.

62. Al-Hillawi AH, Hayward R, Johnson NM. Incidence of cardiac arrhythmias
in patients taking slow release salbutamol and slow release terbutaline
for asthma. Br Med J (Clin Res Ed). 1984;288(6414):367.

63. Neville E, Corris P, Vivian J, Nariman S, Gibson G. Salbutamol Aerosol
Causes a Tachycardia Due to the Inhaled Rather than the Swallowed Frac-
tion. Br J Clin Pharmacol. 1982,9:273-4.

64. Barisione G, Baroffio M, Crimi E, Brusasco V. Beta-Adrenergic Agonists
Pharmaceuticals. 2010;3:1016-44.

65. Duane M, Chandran L, Morelli P. Recurrent supraventricular tachycardia
as a complication of nebulized albuterol treatment. Clin Pediatr (Phila).
2000;39(11):673-7.

66. Woodward S, Mundorff M, Weng C, Gamboa DG, Johnson MD. Incidence
of supraventricular tachycardia after inhaled short-acting beta agonist
treatment in children. J Asthma. 2021;58(4):471-80.

67. Torella R, Grandillo F, Giugliano D, Improta L. The Effects of Salbutamol on
Some Metabolic and Endocrine Patterns of Diabetic Subjects. Pharmacol
Res Commun. 1980;12:909-19.

68. Taylor DR, Wilkins GT, Herbison GP, Flannery EM. Interaction between Cor-
ticosteroid and B-Agonist Drugs; Biochemical and Cardiovascular Effects
in Normal Subjects. Chest. 1992;102:519-24.

69. Lai CK, Legge JS, Friend JA. Air-driven nebulised high-dose salbutamol
in severe chronic obstructive airways disease: is it safe? Respiration.
1991,58(5-6):249-54.

70. Phoophiboon V, Singhagowinta P, Boonkaya S, Sriprasart T. Salbutamol-
induced lactic acidosis in status asthmaticus survivor. BMC Pulm Med.
2021;21(1):23.

71. Littenberg B, Wheeler M, Smith D. A Randomized Controlled Trial of Oral
Albuterol in Acute Cough. J Farmacol Pract. 1996;42:49-54.

72. Khanna P, Davies R. Hallucinations Associated with Administration of
Salbutamol via a Nebuliser. BMJ. 1986;292:1430.

73. Finkel MJ. Salbutamol: Lack of Evidence of Tumour Induction in Man. Br
Med J. 1978;1:649.

74. Nomura O, Ihara T, Morikawa Y, Sakakibara H, Hagiwara Y, Inoue N, et al.
Metered-dose inhaler ipratropium bromide for children with acute
asthma exacerbation: A prospective, non-randomized, observational
study. Pediatr Int. 2020;62(3):319-23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Critical reappraisal of short-acting bronchodilators for pediatric respiratory diseases
	Abstract 
	Introduction
	Therapeutic class overview of short-acting bronchodilators
	Short-acting beta2-agonists
	Short-acting anticholinergic

	Short-acting bronchodilators: indications in pediatric respiratory diseases
	Wheezing
	Bronchiolitis
	Asthma
	Mild asthma
	Moderate asthma
	Acute attack of asthma


	Data safety of short-acting bronchodilator administration in the pediatric population
	Salbutamol
	Ipratropium bromide

	Conclusions
	Acknowledgements
	References


