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Practical recommendations for home-nebulized corticosteroid
use in children aged < 5 years with asthma:
A review and advisory group consensus
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Abstract

Background: Despite nebulized budesonide being identified by the Global Initiative for Asthma report as a viable
alternative to inhaled corticosteroids (ICS) delivered by pressurized metered-dose inhalers (pMDIs) with spacers,
practical guidance on nebulized corticosteroid use in the pediatric population remains scarce.

Objective: To review the current literature and provide practical recommendations for nebulized budesonide use in
children aged < 5 years with a diagnosis of asthma.

Methods: A group of 15 expert pediatricians in the respiratory and allergy fields in Thailand developed Delphi
consensus recommendations on nebulized budesonide use based on their clinical expertise and a review of the
published literature. Studies that evaluated the efficacy (effectiveness) and/or safety of nebulized budesonide in children
aged < 5 years with asthma were assessed.

Results: Overall, 24 clinical studies published between 1993 and 2020 met the inclusion criteria for review. Overall,
results demonstrated that nebulized budesonide significantly improved symptom control and reduced exacerbations,
asthma-related hospitalizations, and the requirement for oral corticosteroids compared with placebo or active controls.
Nebulized budesonide was well tolerated, with no severe or drug-related adverse events reported. Following a
review of the published evidence and group consensus, a treatment algorithm as per the Thai Pediatric Asthma 2020
Guidelines was proposed, based on the availability of medications in Thailand, to include nebulized budesonide as the
initial treatment option alongside ICS delivered by pMDIs with spacers in children aged < 5 years.

Conclusion: Nebulized budesonide is an effective and well-tolerated treatment option in children aged < 5 years with
asthma.
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Introduction

Asthma is a chronic inflammatory respiratory disease that
affects approximately 339 million patients worldwide across
all age groups.! The global prevalence of childhood asthma
has significantly increased over the past 40 years, although
substantial variations in the prevalence of asthma symptoms
in children have been reported worldwide, with up to 13 fold
differences between countries.” Notably, the prevalence of
childhood asthma in Thailand stands at over 10%, which is
comparable to the global prevalence at 11.2%."

Childhood asthma exerts a substantial financial burden
on healthcare systems, especially from direct costs associated
with exacerbations and subsequent hospitalizations.® Indeed,
a retrospective study in Thailand reported that annual
direct medical costs were the highest in patients diagnosed
with asthma before 5 years of age’ Furthermore, treatment
costs increased significantly for patients who had at least one
exacerbation compared with those without an exacerbation.’
A population-based cohort study investigating over 0.4
million patients in the United Kingdom (UK) showed that

children aged < 5 years had more severe asthma with higher
exacerbation rates compared with adolescents and adults aged
< 55 years.* Moreover, the National Health Interview Survey
conducted in the United States (US) between 2001 and 2010
revealed that children aged < 4 years had the highest rate
of asthma-related hospitalization (5.2 per 100 persons with
asthma) of any age group.” Consequently, the management
of pediatric asthma, the goal of which is to achieve good
symptom control, maintain normal activity levels, and
minimize the future risk of exacerbations, requires particular
attention.® Importantly, relative risks and benefits of
treatments require careful consideration, especially in
young children, to ensure normal physical and psychosocial
development.®

The “Global Strategy for Asthma Management and
Prevention 2021” report developed by the Global Initiative for
Asthma (GINA) recommends a daily inhaled corticosteroid
(ICS) for maintenance treatment of asthma in children
aged < 5 years at GINA treatment steps 2-4 (mild to
moderate-to-severe asthma).® As young children are unable
to use dry powder inhalers or pressurized metered-dose
inhalers (pMDIs) without assistance,” ICS can be delivered via
pMDIs with spacers or nebulizers.® However, aerosol delivery
using pMDIs in infants and young children can present
significant challenges, including a lack of cooperation,
inability to breathe through the mouth and hold one’s
breath, rejection of masks, small tidal volume, and crying.
All these factors can affect the breathing patterns of infants
and adequacy of the seal between the mask and the face
and consequently the drug dosage delivered to the lungs.®
Notably, crying reduces the proportion of the drug deposited
in the lungs (non-crying infant, 21.9% vs crying infant, 4%).°
Crucially, nebulized inhalation therapy can overcome
some of these challenges inherent to pMDIs (Figure 1).1%2
Nebulizers provide more consistent and less error-prone
drug delivery compared with pMDIs with spacers,"
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Figure 1. Advantages of nebulization.
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require minimal patient cooperation,' are easy to use as they
do not require breath-holding," and offer adjustable doses"
with the potential to mix with other compatible nebulized
drugs, such as bronchodilators.''* Moreover, nebulizers cause
less irritation because of their hydrating effect on the airways'
and can be used with supplemental oxygen.!!

Budesonide, a second-generation ICS, provides fast
onset of local action, dissolves rapidly in human bronchial
fluid,* and has a strong bronchial vasoconstrictive
effect.”® Additionally, the unique esterification of budesonide
prolongs its anti-inflammatory action and improves airway
selectivity,'® resulting in low systemic exposure and side
effects with favorable long-term tolerability.”” Notably,
a systematic review in children aged < 5 years, which
included nine articles on asthma maintenance therapy,
confirmed that nebulized budesonide significantly reduced
the risk of further asthma exacerbations compared with
placebo, cromolyn sodium, and montelukast in randomized
controlled trials (RCTs)."® Additionally, nebulized budesonide
is well tolerated, without significantly impacting growth
velocity or cortisol levels in infants and young children.'!
Although pMDIs with spacers are generally used to deliver
corticosteroids in pediatric patients with asthma, the latest
GINA report® has identified nebulized budesonide as the
only effective and viable alternative for patients who may
be unwilling or unable to use a pMDI with the correct
inhaler technique” However, although expert consensus
recommendations on asthma management using nebulized
corticosteroids in children and adolescents with acute asthma
exacerbations in the hospital setting have been previously
published,” practical guidance on the use of nebulized
budesonide in young children remains scarce. Therefore, we
present expert consensus recommendations on the use of
nebulized corticosteroids in multiple settings specifically in
children aged < 5 years with a diagnosis of asthma based on
published evidence and clinical experience.

Methods

A steering committee comprising 15 hospital-based
pediatric pulmonologists and allergists treating asthma at
public and private tertiary medical centers across Thailand
was convened in Bangkok, Thailand, on November 27, 2020,
to discuss the role of nebulized corticosteroids in asthma
management in children aged < 5 vyears. Committee
members were jointly selected by AstraZeneca and a group
of pediatric advisors who had worked collaboratively with
the Pediatric Medical Association in Thailand (Pediatric
Society of Thailand) as guideline committee members and
were invited to participate in the current study based on
a relevant publication history and their clinical experience
and expertise in pediatric asthma. A narrative review of
published studies on nebulized budesonide in children aged
< 5 years with asthma was undertaken to evaluate the
evidence and develop expert recommendations through
panel discussions for implementation in clinical practice.
PubMed was interrogated with the following search
terms: (asthma [title]] OR asthmatic [title] OR asthmatics
[title]) AND budesonide [title/abstract] AND (nebulization
[title/abstract] OR nebulized [title/abstract] OR nebulizer

[title/abstract] OR suspension [title/abstract]) AND (pediatric
[title/abstract] OR paediatric [title/abstract] OR children
[title/abstract] OR infants [title/abstract]) NOT (review
OR case series OR case report). Additional studies were
identified via a Google scholar search. The PubMed search
was updated prior to final submission of the manuscript
to include publications up to 25 January, 2023. All 15
committee members participated in the inclusion/exclusion
of retrieved articles from all literature search results.
Studies were restricted to clinical studies, including RCTs,
observational studies, and real-world studies, that were
published in English and that assessed the efficacy
(effectiveness) and/or safety of nebulized budesonide either
as maintenance therapy or in the management of acute
exacerbations in children aged < 5 years with an asthma
diagnosis. Case reports/series, review articles, systematic
reviews, and meta-analyses were a priori excluded from
the study: case reports, because they represent low quality
evidence;* the latter three article types, because they are
not primary data sources. Based on the review of published
studies and the opinions of clinicians, an algorithm on
asthma management in children aged < 5 years was
developed to provide health care providers (HCPs) with
simplified practical recommendations to ensure seamless
transition of evidence-based medicine into routine clinical
practice.

In addition to the literature review, the Delphi technique®
was used to gain consensus on a questionnaire comprising
11 questions related to asthma management in children aged
< 5 years, that was developed through verbal discussions
prior to the steering committee meeting and completed
in one round during the meeting. Statements from the
Delphi technique that obtained a mean consensus score
of at least four out of five were concluded to be expert
recommendations.

Results
Overview of published studies

The literature search retrieved a total of 88 articles.
After excluding 64 articles that did not meet the inclusion
criteria, 24 relevant clinical studies were identified that
examined the efficacy and/or safety of nebulized budesonide
either as maintenance therapy or in the management of
acute exacerbations (Figure 2) in a total of 16,261 young
children with asthma. These 24 studies were published
between 1993 and 2020 across eleven countries,**"*%
comprising 20 RCTs,202124:3032:343638-4042:45 three retrospective
analyses,”’*! and one observational study’ (Table 1).
In total, seven studies evaluated patients with mild,
mild-to-moderate, or mild-to-severe asthma,0?2831333942
six evaluated patients with moderate or moderate-to-severe
asthma, 22393644 whereas four studies evaluated patients
with severe asthma.**?%* Three studies assessed the effect
of intermittent high-dose nebulized steroids during an
exacerbation.”»*  Assessments included a wide range of
endpoints, including lung function, asthma symptoms,
use of reliever medications, pulmonary index scores,
exacerbations, hospitalizations, emergency department (ED)
visits, requirements for oral corticosteroid (OCS) therapy,
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Figure 2. PRISMA diagram summarizing the literature search process.

PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Table 1. Clinical studies assessing the efficacy and/or safety of nebulized budesonide in children aged < 5 years with asthma.

Publication

Country

Duration

Patients,
n

Asthma

. Treatment
severity

Control
(comparator)

Connett,
1993

Ilangovan,
1993

Wennergren,
1996

De Blic, 1996

Kemp, 1999

Baker, 1999

Mellon, 2000

UK

UK,
Israel,
Denmark

Sweden

France

USA

USA

USA

Double-blind,
placebo-controlled 6 months
RCT

Double-blind,
placebo-controlled
RCT followed by
open follow-up

16 weeks

Double-blind, 18 weeks
parallel-group RCT
Double-blind,
placebo-controlled
RCT followed by
open follow-up

24 weeks

Double-blind,
placebo-controlled 12 weeks
RCT

Double-blind,
placebo-controlled 12 weeks
RCT

Retrospective
analysis of a
double-blind, 12 weeks
placebo-controlled
RCT

40

36

102

40

359

480

481

400-800 pg

Severe 1-3 years budesonide/day

2 ml budesonide
Severe < 5years twice daily
(2 mg/day)

0.25 or 1 mg
< 4 years budesonide twice
daily

Moderate-
to-severe

1 mg budesonide

Severe <2.5 years twice daily

Budesonide

inhalation

< 8 years suspension once

daily (0.25 mg, 0.50
mg, or 1 mg)

Mild
persistent

Budesonide
inhalation
suspension 0.25
< 8 years mg once daily, 0.25
mg twice daily, 0.5
mg twice daily, or 1
mg once daily

Moderate
persistent

Budesonide
inhalation
suspension 0.25
< 8 years mg once daily, 0.25
mg twice daily, 0.5
mg twice daily, or 1
mg once daily

Moderate
persistent

Placebo

Placebo

None

Placebo

Placebo

Placebo

Placebo
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Table 1. (Continued)
Publication Country Duration Patients, Asthl.na Treatment e
n severity (comparator)
Cromolyn
. Budesonide sodium nebulizer
Randomized, inhalation solution, 20 m;
Leflein, 2002 USA parallel-group, 52 weeks 335 Persistent 2-6 years . . 208
open-label study suspension 4 times daily for
P (0.5 mg daily) 8 weeks followed
by dose titration
Cromolyn
- vido Dudeorde | soum bl
P> USA parallel-group, 52 weeks 335 moderate 2-6 years . . )20 E
2003 open-label stud S, suspension 0.5 mg | 4 times daily for
L ¥ P once or twice daily | 8 weeks followed
by dose titration
Budesonide | Deoomelasone
Randomized, nebulization propion
. nebulization
Delacourt, controlled, Severe suspension .
France 14 weeks 120 . < 6 years . suspension
2003 parallel-group, persistent 750 pg/day in .
. . 800 ug/day in
open-label study a twice-daily . .
. a twice-daily
regimen .
regimen
Mild-to-
Double-blind, me(;;iiz::;et 610 <12 0.5 or 1.0 mg
Berger, 2005 USA placebo-controlled, 12 weeks 141 P budesonide once Placebo
asthma or months .
parallel-group RCT daily
recurrent
wheeze
Prospective, T
double-blind, Nebulized Disodium
Zielen, 2006 Germany parallel-group, 9 months 78 - 6-36 months | budesonide 0.5 mg 20 m gtﬁree
active-controlled twice daily timeg dail
RCT Y
Camargo. aniT;ZiosSEF ii;rens S
2007 USA from the Florida - 10,976 - < 8 years 1nhali11t1iorrl1 None
Medicaid database suspensio
Nebulized Neb.u hz'ed
. flunisolide
budesonide 0.5 mg .
Decimo, Parallel-group, Moderate twice daily for 7 40_ g/kg twice
2009 Italy simple blind, RCT 21/22 days 40 asthmz% 3-5 years days then 0.25 mg daily for 7 days
exacerbation . . and then
twice daily for 15 .
davs 20 pg/kg twice
4 daily for 14 days
Budesonide
inhalation
suspension as
either
q . an intermittent
Randomized, At risk of -
Zeiger, 2011 USA double-blind, 52 weeks 278 developing 12-53 (1 mg twice daily
parallel-group persistent months
study asthmaa for 7 days) or a
daily low-dose
regimen (0.5 mg
nightly) with
corresponding
placebos
. Cromolyn
Randomized, Mild or B.udesor-nde sodium
Nagakura, . inhalation . .
Japan parallel-group, 12 weeks 53 persistent 0.5-4 years . inhalation
2012 suspension .
open-label study asthma (0.5 mg/day) suspension
- mg/day. (40-60 mg/day)
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Table 1. (Continued)

Publication

Country

Duration

Patients,

Asthma

Treatment

Control

Szefler, 2013

Yanagida,
2015

Zhou, 2016

Bian, 2017

Saito, 2017

Razi, 2017

Ding, 2019

Wu, 2020

USA

Japan

China

China

Japan

Turkey

China

China

Randomized,
active-controlled,
open-label study

Randomized,
active-controlled
study

Secondary analysis
of prospective,
observational study

Randomized,
active-controlled
study

Randomized,
active-controlled
study

Randomized,
double-blind,
placebo-controlled,
parallel-group
study

Randomized,
active-controlled
study

Retrospective
cohort study

52 weeks

3-6 days
(or until
discharge)

7 weeks

N/R

5 days

1 day

1 year

12 weeks
treatment;
up to 2 years
follow-up

n

203

40

897

60

50

100

239

778

severity

Mild
persistent
asthma

Moderate
bronchial
asthma
attacksb

Mild and
severe cough-
variant
asthma

Acute
asthmatic
bronchitis

Mild asthma
exacerbations

Moderate-
to-severe
acute
wheezing
episodes

Capillary
bronchitis,
asthmatic
bronchitis,
or asthmatic
bronchial
pneumonia

Treatment-
naive asthma

2-4 years

<5 years

< 5 years

1-5 years

< 3 years

0.5-6 years

< 5 years

< 2 years

Budesonide
inhalation
suspension once
daily (0.5 mg/day)

Procaterol
hydrochloride
(0.01%; 0.3 ml) and
budesonide
inhalation
suspension
(0.5 mg) TID

Nebulized
budesonide
inhalation
suspension

0.5-1.0 mg

budesonide plus

2.5 mg terbutaline
(body weight

<20kg) or 5.0 mg
terbutaline (body

weight > 20 kg)
once or twice daily

Budesonide
inhalation
suspension (1 mg)
twice a day

Budesonide
inhalation
suspension

(3 mg) in addition
to standard
treatment
(salbutamol and
a single 1 mg/kg
dose of methyl-
prednisolone)

Inhaled
budesonide
suspension liquid,
500 pg twice daily

500 pg budesonide
twice daily for 6
weeks followed by
250 pg budesonide
twice daily for 6
weeks

(comparator)

Montelukast 4-5
mg once daily

Procaterol
hydrochloride
(0.01%; 0.3 ml),
disodium
cromoglycate
(1%; 2 ml) and
methylprednis-
olone (1 mg/kg)
TID

None

Dexamethasone
(0.1-0.3 mg/kg/
day)

Intravenous
prednisolone
(0.5 mg/kg) TID

Placebo
(preservative-free
normal saline) in

addition to
standard
treatment
(salbutamol and
a single 1 mg/kg
dose of methyl-
prednisolone)

Oral montelukast
4 mg once daily,
inhaled
fluticasone
propionate 100
ug twice daily

250 pug
fluticasone twice
daily for 6 weeks

followed

by 125 ug
fluticasone twice
daily for 6 weeks

*Positive values on the modified API scale, recurrent wheezing episodes, and > 1 exacerbation in the previous year.
*Defined by the JPGL 2008 as the presence of apparent wheezing, retractive breathing, prolonged expiration orthopnea, or increased respiratory rate.
API, asthma predictive index; JPGL, Japanese pediatric guidelines for the treatment and management of bronchial asthma; N/R, not reported; RCT, randomized
controlled trial; TID, three times a day; UK, United Kingdom; USA, United States of America.
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cortisol levels, and hospital discharge rates. Most Overall, in addition to  providing  symptom
studies assessed a twice-daily nebulized budesonide control,2022425,28:32,34:36,39-4145 nebulized budesonide
regimen, with a total daily dose ranging between 400 reduced asthma exacerbations®** and subsequent
pg and 2 mg per day. In terms of reference groups, hospitalizations,*”*%  and = had an  OCS-sparing

nine  studies  were  placebo-controlled,?* 2633363414344

disodium cromoglycate was used as an active comparator
in four studies,?”?2%4 whereas flunisolide,*® fluticasone,®*

dexamethasone,* beclomethasone dipropionate,®
prednisolone,® montelukast,”** and a combination of
disodium cromoglycate and methylprednisolone

were used as active comparators in one study each.

effect.?21>26%8 Tmportantly, nebulized budesonide did not
negatively impact adrenocortical function in children aged
< 5 years in clinical studies,»** suggesting that it can be
used clinically in young children without significant effects
on growth or development.”’ Table 2 provides an overview
of efficacy and safety outcomes for each of the 24 included
studies.

Table 2. Efficacy and safety outcomes in clinical studies assessing the efficacy and/or safety of nebulized budesonide in

children aged < 5 years with asthma.

Publication Efficacy outcomes

Connett, Cough scores improved significantly with budesonide (p < 0.05)

1993

Ilangovan, Requirement for treatment with oral steroids reduced and overall

1993 health as scored on a visual analog scale improved with nebulized
budesonide (p < 0.05 for both)

Wennergren, | Although an overall minimal effective maintenance dose could not be

1996 demonstrated, 47% of patients achieved symptom control on 0.25 mg

De Blic, 1996

Kemp, 1999

Baker, 1999

Mellon, 2000

Leflein, 2002

Murphy,
2003

twice daily, i.e., fulfilled the criteria for further dose reduction

Patients receiving nebulized budesonide needed a shorter duration
of oral corticosteroid therapy and had a lower incidence of asthma
symptoms (both p < 0.05) Fewer patients in the budesonide group
experienced exacerbations compared with those in the placebo group
(p<0.01)

All budesonide inhalation suspension doses produced significant
improvements in nighttime/daytime symptoms and decreases in
reliever medication use, while improvements in FEV(1) were
observed in the 0.5 mg and 1 mg budesonide inhalation suspension
groups (p < 0.05).

All budesonide inhalation suspension doses produced statistically
significant improvements in lung function and daytime and nighttime
symptoms compared with placebo (p < 0.05).

Budesonide inhalation suspension via a face mask or mouthpiece
resulted in clinical improvements in nighttime and daytime asthma
symptoms compared with placebo (p < 0.05).

The budesonide group had a mean (median) asthma exacerbation rate
of 1.23 (0.99) per year compared with 2.41 (1.85) for the cromolyn
group, significantly longer times to the first exacerbation and first use
of additional long-term asthma medication, greater improvements

in asthma symptom scores, reduced use of reliever medication, and
fewer urgent care visits.

Improvements from baseline in domain-specific (activities and
emotional function), and total PACQLQ scores were greater at each
time point (weeks 8, 28, and 52) for caregivers of patients treated with
budesonide compared with caregivers of patients receiving cromolyn
sodium.

Safety outcomes

One child developed a facial skin rash, which resolved after parents
were reminded to wipe their child’s face after drug administration

Two children developed an eczematous rash in the area of the face
mask. Treatment was not stopped and the rash was controlled by
applying a barrier cream before nebulization and washing the face
afterwards

Transient candidiasis was recorded in 6 children in the 0.25-mg group
and in 4 in the 1-mg group. Facial skin irritation was transiently
observed in 5 children in each group. During the first dose reduction
there was a difference in the number of children below morning
plasma cortisol reference values, with 10 children in the 1 mg and 4 in
the 0.25 mg group after corrections for betamethasone use.

Facial skin reactions were not observed in either group. One child in
the budesonide group had transient hyperexcitability, and one child
had oral candidiasis. Coughing or bronchoconstriction or were not
reported after nebulized budesonide administration.

Treatment was discontinued by 4 children because of AEs:
bronchospasm (1 child each in the 0.25 mg and 0.5 mg budesonide
groups), meningitis (1 in the 0.25 mg budesonide group),

and cellulitis (1 in the 0.5 mg budesonide group). No significant
differences between placebo and any budesonide group in basal and
ACTHS-stimulated cortisol levels were reported.

The incidence of AEs deemed possibly or probably related to
treatment was similar between placebo and budesonide groups.
Mean height and weight changes were similar between the treatment
groups. No clinically relevant changes in basal cortisol levels were
found in any treatment group.

The overall incidence, type, and severity of non-asthma-related

AEs were similar in the placebo and budesonide groups. The overall
incidence of any AEs among budesonide-treated children was slightly
higher in those who received treatment with face masks (85%) than
mouthpieces (78%).

There were no clinically relevant differences in the incidence or type
of AEs between groups. Levels of basal and ACTH-stimulated plasma
cortisol were similar between groups.

In the budesonide group no discontinuations were attributable to AEs
or disease deterioration. Other safety parameters were not assessed or
reported.
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Table 2. (Continued)

Publication

Delacourt,
2003

Berger, 2005

Zielen, 2006

Camargo,
2007

Decimo,
2009

Zeiger, 2011

Nagakura,
2012

Szefler, 2013

Yanagida,
2015

Efficacy outcomes

Overall, 51.7% and 40.4% of patients on budesonide and
beclometasone dipropionate treatments, respectively, did not
experience major exacerbations (p = 0.28). Both treatments were
also associated with marked reductions in the number of nights with
wheezing and the number of days of oral steroid use.

Compared with patients receiving placebo, the mean percentage of
symptom-free days was numerically greater for patients receiving
0.5 and 1.0 mg budesonide (37.5%, 48.8%, and 43.4%, respectively).
Treatment-related differences in physicians’ global assessments

of patient health status did not reach statistical significance,

but physicians rated 90% and 85% of patients in the 0.5-mg
budesonide and 1.0-mg BIS groups, respectively, a “great deal better”
or “somewhat better” compared with 67% of patients in the placebo
group. Budesonide treatment resulted in a greater reduction

in daytime and nighttime symptoms compared with placebo.

Patients treated with budesonide had a lower exacerbation rate than
cromoglycate-treated patients after 3 months of treatment (5.4% vs
31.7%; p = 0.003) and towards the end of follow-up (30% vs 49%;

p =0.062). Days without cough were 80% and 65% for budesonide
and cromoglycate, respectively (p = 0.014), and nights without cough
were 89% and 78%, respectively (p = 0.016).

Patients who had a claim for budesonide inhalation suspension
had a lower risk of a subsequent hospitalization or an ED visit
(HR, 0.55; 95% CI, 0.41-0.76; p < 0.001) than patients who did not
have budesonide inhalation suspension claims.

Airway resistances were significantly reduced at day 7 (p < 0.01
flunisolide; p < 0.05 budesonide) and day 21 (p < 0.05 flunisolide;

p < 0.05 budesonide) versus baseline in both groups, although at day
7 the reduction occurred faster in the flunisolide group than in the
budesonide group (p < 0.01). During the first 7 days of treatment,
symptom scores decreased in both groups; however, the decrease was
greater in the flunisolide group (p < 0.05).

The daily regimen of budesonide did not differ significantly from the
intermittent regimen with respect to the frequency of exacerbations,
with a relative rate per patient-year of 0.99 (95%CI, 0.71-1.35;

p =0.60).

N/R

No difference was observed between the budesonide inhalation
suspension and montelukast groups in median time to the first
additional asthma medication over 52 weeks (183 vs 86 days).
Statistically significant differences were observed in favor of
budesonide inhalation suspension over montelukast in the
percentage of patients requiring oral steroids at 52 weeks (21.9%

vs 37.1%; p = 0.022), the rate (number/patient/year) of additional
courses of medication (1.35 vs 2.30; p = 0.003), the rate of additional
oral steroid therapy (0.44 vs 0.88; p = 0.008), and caregivers’ ability to
manage patients’ symptoms (p = 0.026)

There were no significant differences between the two groups in terms
of the severity of attacks and duration of management or in terms

of therapeutic efficacy, duration of wheezing, or period of
hospitalization. The frequency of inhalations on days 3 to 6 of
hospitalization was lower in the budesonide inhalation suspension
group than in the methylprednisolone group, and the cortisol level

at discharge was significantly higher in the budesonide inhalation
suspension group (13.9 + 6.1 pg/dL) than in the methylprednisolone
group (8.0 £ 2.1 pg/dL) (p = 0.008)

Safety outcomes

The incidence and AE profile were equivalent between the groups.
Urinary cortisol and urinary cortisol/creatinine ratios were not
significantly affected.

The safety profile of budesonide was similar to that of placebo, with
no suppressive effect on adrenal function.

Adverse events were mild and of similar frequency in both groups.

N/R

Morning serum cortisol level after 21 days of treatment did not differ
versus baseline (p = 0.5) (Table IV). The other blood parameters
evaluated were within normal limits in both groups. There were no
cases of oral Candida infection or dysphony.

There were no significant differences in the proportions of children
with serious AEs (including all hospitalizations) and nonserious AEs
between groups. Five children in the intermittent-regimen group
and four in the daily-regimen group were hospitalized for asthma
exacerbations.

No significant differences in salivary cortisol levels were seen
from baseline for budesonide and cromolyn sodium inhalation
suspensions, suggesting that they are safe and without any
inhibitory effects on adrenocortical function. There were

no drug-related adverse reactions recorded in any group.

The incidence of most commonly reported adverse events was similar
in both groups and mostly mild. No discontinuations due to adverse
events were reported with budesonide, versus 4 discontinuations with
montelukast (asthma [n = 2], upper respiratory tract infection, and
pneumonia). Other safety parameters were not assessed or recorded.

A significantly higher number of children in the methylprednisolone
group (5 of 15) versus budesonide group (0 of 18; Fisher exact test,
p =0.013) had cortisol levels below the reference value of 4 mg/dL.
Other safety parameters were not assessed or recorded.
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Table 2. (Continued)

Publication Efficacy outcomes

Zhou, 2016 Symptom scores in the severe disease group were higher than those
in the mild group at weeks 1, 3, and 5 (p < 0.05), but not at week 7

(p > 0.05). Further, more patients in the mild group achieved disease
control at any time point (98.6% at 3 weeks and 99.7% at 7 weeks),
compared with the patients in the severe group (p < 0.001). The
proportion of patients requiring bronchodilators differed between the
groups until week 5 (p < 0.001).

Bian, 2017 The overall effective rate of treatment in the control group was 73.33%
(40% with marked improvement, 33.33% with some improvement
and 26.67% with no improvement) and that in the treatment group
was 96.67% (73.73% with marked improvement, 23.33% with some
improvement and only 3.33% with no improvement); p < 0.05.
Overall improvement in FEV(1), FVC, FEV(1)/FVC and PEF was
higher in the treatment group than the control group (p < 0.05). ESR
and CRP levels in the treatment group were improved to a greater
degree than in the control group (p < 0.05).

Saito, 2017 Wheezing disappeared after an average of 5 days, with no significant
difference in days of oxygen use.

Razi, 2017 The discharge rate in the budesonide inhalation suspension group
was significantly higher than that in the placebo group (p < 0.001).
Expected mean discharge times were 200.4 (95%ClI, 185.3-215.5)
minutes in the placebo group and 164.4 (95%CI, 149.4-179.4)
minutes in the budesonide group. The median (25"-75" percentile)
pulmonary index score at the 120" minute was significantly lower in
the budesonide group than in the placebo group (5 [4-8] vs 8 [5-9]
respectively; p = 0.006).

Ding, 2019 All treatments were found to be equally effective as assessed by the
number of wheezing episodes and emergency room visits.

Wuy, 2020 Budesonide treatment achieved a reduced sRaw (1.28 + 0.11 vs

1.21 + 0.10 kPa/sec; P < 0.0001) and improved FEV(1)

(0.977 + 0.068 vs 0.997 + 0.085 L/sec; P < 0.0001) vs baseline.

The efficacy of budesonide to reduce sRaw (P = 0.008)

and improve FEV(1) (P < 0.0001) was greater than that of fluticasone.
The budesonide treatment group had more post-treatment
symptom-free days than the fluticasone treatment group

(165.56 + 23.15vs 112.21 + 9.45 days; P <0.0001).

Safety outcomes

No severe or drug-related adverse events were reported.

There were only minor adverse reactions in two patients in the
treatment group, and the overall rate of adverse reactions was not
significantly different between the two groups.

Serum cortisol levels remained unchanged in the budesonide
inhalation suspension group and were significantly decreased

in the prednisolone group compared with the budesonide inhalation
suspension group (p = 0.0036). On the 4 day of hospitalization
serum cortisol levels were 17.0 ug/dL and 10.9 ug/dL in the
budesonide and prednisolone groups, respectively, with significant
suppression in the prednisolone group. No adverse events were
reported in either group.

N/R

N/R

In the budesonide group, sneezing (33 vs 12 cases in the fluticasone
group; p = 0.002), runny nose (45 vs 13 cases; p < 0.0001) and
watering of eyes (11 vs 1 case; p = 0.009) were the most frequent
adverse effects in infants during the follow up period.

AE, adverse event; CI, confidence interval; ED, emergency department; FEV(1), forced expiratory volume in 1 second; FVC, forced vital capacity; HR, hazard
ratio; N/R, not reported; PACQLQ, Pediatric Asthma Caregiver’s Quality of Life Questionnaire; PEF, peak expiratory flow; sRaw, specific airway resistance.

Summary of expert consensus and clinical recommendations
included in the proposed treatment algorithm
Summary of expert consensus
The following statements received an average score of
at least four out of five using the Delphi technique and
were therefore considered to be expert recommendations:

1. The goal of asthma treatment in children is to
achieve symptom control; therefore, patients should
be categorized by their level of control (controlled
vs uncontrolled).

2. Education of children’s families and healthcare
workers is a key factor in achieving asthma control
in children.

3. ICS are recommended as the preferred maintenance
medication for recurrent wheezing in children
aged < 5 years, especially in those experiencing
frequent symptoms, using relievers more than twice
a month, or with a history of > 3 exacerbations
per year or > 2 severe exacerbations in 6 months.

4. As reported by GINA,® adequate efficacy and safety
data in children are available for nebulized
budesonide (= 1 year) and fluticasone propionate
pMDI (> 4 years).

5. Nebulization requires minimal patient cooperation
and results in fewer errors in drug delivery in
young children with asthma when compared with
other inhalation methods.
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6. Nebulized budesonide is a viable ICS treatment
option along with budesonide delivered by
pMDIs with spacers in children with asthma aged
< 5 years.

7. Should a nebulized mode of delivery be selected,
jet nebulizers may be the preferred delivery devices
for nebulizing ICS.

8. The use of nebulizers should be recommended
for pediatric patients who are unwilling or unable
to use a pMDI with a spacer properly.

9. Referral to a specialist should be considered for
patients aged < 5 years who are not well controlled
with regular medium-dose ICS.

10. Home nebulization can be implemented in the
following scenarios.

10.1. ICS maintenance treatment for 1-3 months
to prevent an acute exacerbation®

10.2. Intermittent high-dose ICS treatment at the
onset of a respiratory infection*

10.3. Management of an acute exacerbation’

Symptoms suggestive of asthma in young children

Y

Frequent symptomatic asthma or use of reliever more than
2 times/month or severe exacerbation

Start treatment

» Reliever: As-needed SABA

» Controller: Low dose ICS*

(Budesonide pMDI with spacer 100-200 pg/day / Nebulized
500 pg/day Fluticasone pMDI with spacer 125 pg/day)
Alternative: Regular LTRA (4 mg/kg) or intermittent high-dose
ICS (Budesonide nebulized 1-2 mg/day for 7 days)

\4

Infrequent symptomatic asthma

Start treatment
« Reliever: As needed SABA

A4

Re-assessment at 1-3 months

\
Controlled

Continue treatment

\4
Partly/uncontrolled

Adjust Controller
+ Double low dose ICS
« Low dose ICS + LTRA

Consider specialist
y referral

Controlled and no risk of
future exacerbations®
for 3-6 months

<—| Re-assessment at 1-3 months

\4

Consider step down

+ Reduce add-on

+ Reduce ICS dose High-dose
ICS = Medium-dose
ICS = Low-dose ICS

Partly/uncontrolled

Adjust Controller
- High-dose ICS
- Consider adding LTRA

A

\ 4 \4

Step down from low-dose ICS when
controlled and no risk of future
exacerbation for 6-12 months

\
Consider stopping treatment

- Consider adding intermittent
ICS

Figure 3. Practical treatment algorithm for children aged < 5 years with a diagnosis of asthma. This treatment algorithm is
adapted from the Thai Pediatric Asthma 2020 Guideline*” and based on available medications in Thailand.

*Based on the drugs available in Thailand

Future risk of exacerbations is characterized by uncontrolled symptoms, > 1 severe exacerbation in the past 12 months, exposure to tobacco smoke, pollution,
and aeroallergens especially in those with respiratory tract infections, low adherence, and inaccurate inhaler technique.
ICS, inhaled corticosteroids; LTRA, leukotriene receptor antagonist; OCS, oral corticosteroids; pMDI, pressurized metered-dose inhaler; SABA, short-acting

B,-agonist.
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Based on the review of 24 published clinical studies
and the consensus reached by the expert panel, a treatment
algorithm was proposed (Figure 3). This algorithm was
adapted from the Thai Pediatric Asthma 2020 Guidelines"
as per the availability of drugs in Thailand and included
nebulized budesonide as the initial treatment option
alongside ICS delivered by pMDIs with spacers in
children aged < 5 vyears. The algorithm proposes that
young children who have frequent symptoms, experience
a severe exacerbation, or require the use of reliever
medications more than twice a month should be
prescribed low-dose ICS (0.5 mg nebulized budesonide/day,
0.1-0.2 mg budesonide/day delivered via pMDI with a
spacer, or 0.125 fluticasone/day delivered via pMDI with a
spacer) with as-needed reliever medications. Alternatively,
a regular leukotriene receptor antagonist (LTRA; 4 mg/day)
or intermittent high-dose nebulized budesonide (1-2 mg/day
for 7 days after the first sign of acute respiratory tract
infection) can be prescribed. The initial recommended dosage
for nebulized budesonide during periods of severe asthma
exacerbations or while tapering off OCS is 0.5-1 mg
twice daily, whereas the dosage for maintenance treatment
is 0.25-0.5 mg twice daily. The recommended oxygen flow for
nebulization is 6-8 liters. Home nebulization can also be used
to administer multiple drugs simultaneously, i.e., budesonide
with albuterol or ipratropium bromide together in one
dose. As-needed reliever medication is usually sufficient for
children with non-severe, infrequent symptoms.

As recommended by GINAS symptoms should be
reassessed at intervals of 1-3 months. Patients with
well-controlled symptoms can continue treatment and
step down their ICS doses when there is no risk of future
exacerbations in the next 6-12 months. Once full asthma
control is achieved, HCPs can consider stopping ICS
treatment altogether. However, in patients whose symptoms
are not fully controlled, HCPs should either increase the
ICS dose or add another maintenance medication, such as
an LTRA. Upon periodic reassessment at 1-3 months, HCPs
should consider further increasing the ICS dose, adding an
LTRA, or prescribing intermittent high-dose ICS. Finally,
HCPs should consider referring patients with uncontrolled
asthma to specialists to ensure optimal asthma management.

Discussion
Unmet needs in asthma management in children aged < 5
years

In recent years, the prevalence of asthma has increased
globally in children and adolescents, particularly in low- and
middle-income  countries.**  Moreover,  asthma-related
hospitalizations are particularly common in children
aged < 5 years, with a rising prevalence over the past two
decades.® There are several unique challenges pertaining to
pediatric asthma management that require urgent attention.
Notably, adherence to inhaled medication is generally
poor among children with asthma; indeed, a systematic
review conducted in the US, Canada, and the UK reported
adherence rates ranging from 28% to 67%," emphasizing
the need for educational initiatives to improve adherence

to asthma medications. Additionally, in non-specialist
practices in rural areas of Thailand, most of the burden
of pediatric asthma results from underdiagnosis or
misdiagnosis (cross-diagnosis with pneumonia, virus-induced
wheezing, and bronchiolitis) and underuse of and limited
adherence to maintenance medications. This indicates the
need for accurate and timely diagnosis and management
aligned with evidence-based recommendations. Notably,
adherence to maintenance medications remains problematic
across practice types, particularly in non-specialist practices.
Therefore, while several guidelines recommend the referral
of pediatric patients with asthma to a specialist to minimize
the burden on healthcare systems,™ simplified treatment
algorithms that focus on inhaled ICS treatment with the
correct inhaler technique are warranted. Thus, an expert
consensus on the optimal use of nebulized budesonide in
young children was urgently required.

Implementation of budesonide nebulization in maintenance
therapy in pediatric asthma

Since the goal of asthma treatment in children is to
achieve symptom control, pharmacological management of
children should focus on age-specific treatments according
to clinical severity and the level of asthma control; this is
determined by the interaction between a patient’s ongoing
treatment, environment, and psychosocial factors.*

Nebulized budesonide is the only nebulized ICS
recommended for children aged < 5 years in the 2021 GINA
report® due to its broad evidence base in childhood asthma.
Several trials in young children have shown that nebulized
budesonide significantly improves asthma symptoms,
including exacerbations, when compared with placebo? %%
and disodium cromoglycate’**** in RCTs. In a double blind,
placebo-controlled study of 100 children aged 7-72 months
hospitalized for asthma exacerbations, Razi et al.** showed
that 2 mg/day of nebulized budesonide added to standard
treatment significantly reduced the length of stay in hospital.
Another study by Razi and colleagues,”® which included
100 preschool children aged < 6 years who presented to
an ED with acute wheezing attacks, reported that addition
of nebulized budesonide significantly decreased hospital
readmission rates and increased discharge rates. Although
a 52-week, open-label, randomized, active-controlled,
multicenter study in 203 children aged 2-4 years showed
no significant differences between nebulized budesonide
and montelukast in median time to first additional asthma
medication (183 wvs 86 days), statistically significant
differences were observed in favor of nebulized budesonide
over montelukast in the proportion of patients requiring
oral steroids at 52 weeks (21.9% vs 37.1%; p = 0.022) and
caregivers’ ability to manage patients’ symptoms (p = 0.026).°
Moreover, in two separate RCTs in young children (aged
< 5 years) with asthma exacerbations, nebulized budesonide
was therapeutically equivalent to the systemic corticosteroids
prednisolone and  methylprednisolone for symptom
control***® and period of hospitalization.”! However, in
contrast to systemic corticosteroid treatments, nebulized
budesonide did not suppress adrenocortical function.?*
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A real-world analysis of claims data from > 10,000 patients
aged < 8 years with > 1 asthma exacerbation requiring
hospitalization or ED visit from the Florida Medicaid
database revealed that patients treated with nebulized
budesonide had a 71% lower risk of repeat asthma
exacerbations than those receiving other ICS medications
delivered through other modes (hazard ratio [HR], 0.29;
95% confidence intervals [CI], 0.18-0.48; p < 0.001).”
Moreover, treatment with nebulized budesonide in the first
30 days after hospitalization or an ED visit for asthma was
associated with a 45% reduction in the risk of subsequent
asthma-related hospitalizations or ED visits (HR, 0.55;
95%CI, 0.41-0.76; p < 0.001).”

A retrospective analysis of three randomized,
double-blind,  placebo-controlled, 12-week  studies®****
showed that all nebulized budesonide dosage regimens
(0.25-1 mg once daily; 0.25-1 mg twice daily) were
effective in improving asthma control days, symptom-free
days, and rescue medication-free days in pediatric patients
aged 6 months to 9 years with mild to moderate persistent
asthma.®* Two meta-analyses have also confirmed the
efficacy of nebulized budesonide in children with asthma.
A meta-analysis of nine studies (n = 1,473) reported that
addition of nebulized budesonide to systemic corticosteroids
decreased the length of hospital stay by more than 1 day
and significantly improved the acute asthma score among
children (birth to 18 years) with acute asthma in ED
settings.” Another meta-analysis of 21 RCTs reported that
nebulized budesonide reduced the hospitalization rate
(random effects-odds ratio [RE OR], 0.34; p = 0.003) and
worsening of symptoms (RE-OR, 0.38; p = 0.001) compared
with conventional treatments in 12,787 patients, including
pediatric patients (6 months to 18 years) with asthma who
were admitted to an ED.*®

Overall, nebulized budesonide is well tolerated; an analysis
of three pooled randomized, double-blind, placebo-controlled,
multicenter, short-term (12 weeks) studies®®**> revealed
that the incidence, type, and severity of nonasthma-related
adverse events were similar between nebulized budesonide
and placebo in infants and young children (6 months to
8 vyears of age) with persistent asthma.” Furthermore,
long-term treatment with nebulized budesonide, as assessed
in 52-week extension studies of the 12-week double-blind
trials, was well tolerated, with the incidence of
reported adverse events comparable between nebulized
budesonide and other conventional asthma therapies.”
Moreover, the OCS-sparing effects observed with nebulized
budesonide?*?*** may improve the overall safety of
asthma therapy in patients with persistent asthma and during
acute exacerbations.”” However, to date, no study has directly
compared the efficacy and safety of nebulized budesonide
with those of budesonide delivered using pMDIs with spacers.
Therefore, additional clinical studies are warranted to examine
the comparative efficacy or effectiveness of these two modes
of budesonide delivery in children aged < 5 years.

Based on the results of published studies, daily low-dose
ICS is recommended for optimal clinical benefits in children
with asthma. While increasing evidence shows that ICS are
effective and well tolerated at recommended doses in young
children with asthma, long term studies have suggested
that chronic ICS use at intermediate-to-high doses may
affect growth in prepubertal children in the initial years of
treatment, resulting in reduced final height at adulthood.?®*°
Higher doses of ICS have been associated with an increased
risk of local and systemic adverse effects, including the risk of
adrenal suppression in some children;* therefore, ICS must be
carefully titrated and considered for their benefits and risks.®
However, poorly controlled asthma itself may affect patients’
growth;** consequently, it is essential that ICS therapy be
gradually tapered to the lowest effective dose once the desired
symptom control is achieved.”

Role of home nebulization and practical recommendations
In instances where HCPs, patients’ families, or caregivers
deem nebulized therapy to be more effective than inhalers,
home nebulization may be continued for a short period
following discharge from a healthcare facility and after a
demonstrable improvement in clinical status following an
acute asthma exacerbation.” Moreover, children may be
more compliant with treatment when at home in a familiar
environment. The nebulizer should be used in a room that
is isolated from other household members to minimize the
risk of transmission of respiratory viral infections. Crucially,
parents and caregivers should be educated that failure
to protect the skin or eyes during ICS delivery using a
nebulizer may result in local side effects, such as steroid
rashes;® therefore, the skin on the nose and around the mouth
should be cleaned shortly after inhalation. Home nebulization
for ICS maintenance treatment can be implemented under
three potential scenarios: 1) ICS maintenance treatment for
1-3 months to prevent an acute exacerbation;® 2) intermittent
high-dose treatment (1-2 mg once daily for a week) at the
onset of a respiratory infection; and 3) management of an
acute exacerbation.”®® This guidance should be followed
especially when access to healthcare facilities is limited, and
to reduce the risk of viral infections and severity of asthma
exacerbations during the COVID-19 pandemic. Patients with
mild or moderate asthma exacerbations can be effectively
managed with home nebulization, instead of receiving
treatment at a healthcare facility. Notably, high-dose
(0.5-1 mg/dose) nebulized ICS can be added to a systemic
corticosteroid in the first hour of treatment to ensure a
rapid onset of action” Home nebulization also facilitates
the administration of multiple asthma medications,
including budesonide and bronchodilators, in one dose,
especially during asthma exacerbations. However, it is
essential that all patients, including those perceived
to be without future risk of exacerbations, are monitored
carefully. Although both jet nebulizers and ultrasonic
nebulizers produce the desired particle size in an aerosol
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drug output, require only tidal breathing, and allow dose
modification,* jet nebulizers are sturdier and less expensive
and nebulize suspensions more effectively than ultrasonic
nebulizers, which may cause drug degradation in suspension
formulations.®* However, all nebulizers have inherent
limitations, including the length of treatment time and
ambient contamination by escaped aerosols.®*

Asthma education

The education of childrens families, caregivers, and
healthcare workers is an essential component of asthma
management in children. Indeed, a combination of health
programs at school and home improved asthma control
in children aged 2-6 years from low-income families in
the US.® However, results of a global survey of national
Member Societies of the World Allergy Organization from
31 countries highlighted disparities in the availability of
adequate educational material among responding countries,
with many reporting a lack of suitable material locally.*®
These findings emphasize the need to develop clear, age
appropriate information that can be easily translated and
delivered in a culturally and educationally effective format.*
Additionally, it has been determined that education of
patients and caregivers should focus on the identification
and avoidance of triggers, increase in understanding of
prescribed treatments and the need to adhere to maintenance
medications, and the need for appropriate choice and use of
delivery devices.*

Conclusion

Nebulized inhalation therapy provides multiple advantages
that overcome common challenges in the delivery of inhaled
medications for asthma, making it an effective treatment
strategy for asthma management in pediatric patients who
cannot use pMDIs with spacers effectively. While home
nebulization should be widely recommended for pediatric
patients in specific clinical scenarios, all patients should be
monitored carefully including those perceived to be without
future risk of exacerbations. Based on the literature review
and expert opinion, nebulized budesonide is an effective
and well-tolerated treatment option in children aged < 5
years with asthma and should therefore be considered as
initial therapy in this patient population. We hope that this
algorithm 1is integrated into routine clinical practice for
pediatric asthma management in Thailand and across other
countries.

Acknowledgments

Writing and editorial support was provided by Saurabh
Gagangras of Cactus Life Sciences (part of Cactus
Communications) in accordance with Good Publication
Practice (GPP3) guidelines (http://www.ismpp.org/gpp3) and
fully funded by AstraZeneca.

APJAI

Conflict of interest

o CA, WK, LN, ML, KU, and PC report no conflicts of
interest.

e CD received honoraria/lecture fees from Abbott,
AstraZeneca, Boehringer Ingelheim, GlaxoSmithKline,
and Mead Johnson.

o HK received honoraria/lecture fees from AstraZeneca.

e OP received honoraria/lecture fees from Abbott,
AstraZeneca, DKSH, GlaxoSmithKline, Johnson &
Johnson, Menarini, MSD, Pacific Healthcare, and Teva and
serves as the current president of Thai Asthma Council.

o JD received honoraria/lecture fees from AstraZeneca and
Boehringer Ingelheim and served as the President of the
Thai Society of Pediatric Pulmonology and Critical Care
Medicine.

e O] and SL received honoraria/lecture fees from
AstraZeneca and Boehringer Ingelheim and formerly
served as Presidents of the Thai Society of Pediatric
Pulmonology and Critical Care Medicine.

e JT and MV received honoraria/lecture fees
GlaxoSmithKline.

o KR received honoraria/lecture fees from AstraZeneca and
GlaxoSmithKline.

from

Source of funding
AstraZeneca funded the convention of the expert panel
involved in this consensus study.

Author contributions
All authors have read and approved the final manuscript
and take full responsibility for the accuracy of its content.

References

1. Global Asthma Network (GAN) [Internet]. Auckland: Global Asthma
Network; c2018. The Global Asthma Report (2018) [cited 2020 February
22]; [about 92 screens]. Available from: http://globalasthmareport.
org/2018/resources/Global_Asthma_Report_2018.pdf.

2. Serebrisky D, Wiznia A. Pediatric asthma: a global epidemic. Ann Glob
Health. 2019;85(1):6.

3. Puranitee P, Kamchaisatian W, Manuyakorn W, Vilaiyuk S, Laecha O,
Pattanaprateep O, et al. Direct medical cost of Thai pediatric asthma
management: a pilot study. Asian Pac J Allergy Immunol. 2015;33(4):
296-300.

4. Bloom CI, Nissen F Douglas I, Smeeth L, Cullinan P, Quint JK.
Exacerbation risk and characterisation of the UK’s asthma population
from infants to old age. Thorax. 2018;73(4):313-20.

5. Moorman JE, Akinbami LJ, Bailey CM, Zahran HS, King ME,
Johnson CA, et al. National surveillance of asthma: United States,
2001-2010. Vital Health Stat 3. 2012;(35):1-58.

6. The Global Initiative for Asthma (GINA) [Internet]. Bethesda: Global
Initiative for Asthma; c2021 [cited 2021 July 8]. Global Strategy for
Asthma Management and Prevention (2021 update); [about 217 screens].
Available  from:  https://ginasthma.org/wp-content/uploads/2021/05/
GINA-Main-Report-2021-V2-WMS.pdf.

7. Direkwattanachai C, Aksilp C, Chatchatee P, Jirapongsananuruk O,
Kamalaporn H, Kamchaisatian W, et al. Practical considerations of
nebulized corticosteroid in children with acute asthmatic exacerbation:
a consensus. Asian Pac ] Allergy Immunol. 2019):168-76.

8. Amirav I, Newhouse MT, Minocchieri S, Castro-Rodriguez JA,
Schuepp KG. Factors that affect the efficacy of inhaled corticosteroids
for infants and young children. J Allergy Clin Immunol. 2010;125(6):
1206-11.




/‘ Asian Pac ] Allergy Immunol DOI 10.12932/AP-180222-1335

APJAI

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

Murakami G, Igarashi T, Adachi Y, Matsuno M, Adachi Y, Sawai M,
et al. Measurement of bronchial hyperreactivity in infants and preschool
children using a new method. Ann Allergy. 1990;64(4):383-7.

Moloney E, O’Sullivan S, Hogan T, Poulter LW, Burke CM. Airway
dehydration: a therapeutic target in asthma? Chest. 2002;121(6):1806-11.
Welch MJ. Nebulization therapy for asthma: a practical guide for the busy
pediatrician. Clin Pediatr (Phila). 2008;47(8):744-56.

Welch MJ, Martin ML, Williams PV, Gallet CL, Miller M-C, Bennett AV,
et al. Evaluation of inhaler device technique in caregivers of young
children with asthma. Pediatr Allergy Immunol Pulmonol. 2010;23(2):
113-20.

Kamin W, Erdnuss F, Kramer I. Inhalation solutions--which ones
may be mixed? Physico-chemical compatibility of drug solutions in
nebulizers--update 2013. ] Cyst Fibros. 2014;13(3):243-50.

Edsbacker S, Johansson CJ. Airway selectivity: an update of
pharmacokinetic factors affecting local and systemic disposition of
inhaled steroids. Basic Clin Pharmacol Toxicol. 2006;98(6):523-36.
Mendes ES, Pereira A, Danta I, Duncan RC, Wanner A. Comparative
bronchial vasoconstrictive efficacy of inhaled glucocorticosteroids. Eur
Respir J. 2003;21(6):989-93.

Miller-Larsson A, Mattsson H, Hjertberg E, Dahlbiack M, Tunek A,
Brattsand R. Reversible fatty acid conjugation of budesonide. Drug Metab
Dispos. 1998;26(7):623-30.

Hvizdos KM, Jarvis B. Budesonide inhalation suspension: a review of
its use in infants, children and adults with inflammatory respiratory
disorders. Drugs. 2000;60(5):1141-78.

Murphy KR, Hong JG, Wandalsen G, Larenas-Linnemann D,
El Beleidy A, Zaytseva OV, et al. Nebulized inhaled corticosteroids in
asthma treatment in children 5 years or younger: a systematic review and
global expert analysis. ] Allergy Clin Immunol Pract. 2020;8(6):1815-27.
Scott MB, Skoner DP. Short-term and long-term safety of budesonide
inhalation suspension in infants and young children with persistent
asthma. J Allergy Clin Immunol. 1999;104(4 Pt 2):200-9.

Szefler S], Carlsson LG, Uryniak T, Baker JW. Budesonide inhalation
suspension versus montelukast in children aged 2 to 4 years with mild
persistent asthma. J Allergy Clin Immunol Pract. 2013;1(1):58-64.
Yanagida N, Tomikawa M, Shukuya A, Iguchi M, Ebisawa M. Budesonide
inhalation suspension versus methylprednisolone for treatment of
moderate bronchial asthma attacks. World Allergy Organ J. 2015;8(1):14.
Murad MH, Asi N, Alsawas M, Alahdab E New evidence pyramid. Evid
Based Med. 2016;21(4):125-7.

Linstone HA, Turoff M. The Delphi method: techniques and applications.
Reading: Addison-Wesley Pub. Co., Advanced Book Program1975.
Connett GJ, Warde C, Wooler E, Lenney W. Use of budesonide in severe
asthmatics aged 1-3 years. Arch Dis Child. 1993;69(3):351-5.

de Blic ], Delacourt C, Le Bourgeois M, Mahut B, Ostinelli J, Caswell C,
et al. Efficacy of nebulized budesonide in treatment of severe infantile
asthma: a double-blind study. J Allergy Clin Immunol. 1996;98(1):14-20.
Ilangovan P, Pedersen S, Godfrey S, Nikander K, Noviski N, Warner JO.
Treatment of severe steroid dependent preschool asthma with nebulised
budesonide suspension. Arch Dis Child. 1993;68(3):356-9.

Nagakura T, Tanaka T, Arita M, Nishikawa K, Shigeta M, Wada N, et al.
Salivary cortisol monitoring: determination of reference values in healthy
children and application in asthmatic children. Allergy Asthma Proc.
2012;33(4):362-9.

Saito M, Kikuchi Y, Kawarai Lefor A, Hoshina M. High-dose nebulized
budesonide is effective for mild asthma exacerbations in children under
3 years of age. Eur Ann Allergy Clin Immunol. 2017;49(1):22-7.
Wennergren G, Nordvall SL, Hedlin G, Moller C, Wille S,
Asbrink Nilsson E. Nebulized budesonide for the treatment of moderate
to severe asthma in infants and toddlers. Acta Paediatr. 1996;85(2):183-9.
Decimo F, Maiello N, Miraglia Del Giudice M, Amelio R, Capristo C,
Capristo AF. High-dose inhaled flunisolide versus budesonide in the
treatment of acute asthma exacerbations in preschool-age children. Int J
Immunopathol Pharmacol. 2009;22(2):363-70.

Zhou X, Hong J, Cheng H, Xie J, Yang J, Chen Q, et al. Budesonide
suspension nebulization treatment in Chinese pediatric patients with
cough variant asthma: a multi-center observational study. ] Asthma.
2016;53(5):532-7.

Zielen S, Rose MA, Bez C, Jarisch A, Reichenbach J, Hofmann D.
Effectiveness of budesonide nebulising suspension compared to
disodium cromoglycate in early childhood asthma. Curr Med Res Opin.
2006;22(2):367-73.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Berger WE, Qaqundah PY, Blake K, Rodriguez-Santana J, Irani AM,
Xu J, et al. Safety of budesonide inhalation suspension in infants aged six
to twelve months with mild to moderate persistent asthma or recurrent
wheeze. ] Pediatr. 2005;146(1):91-5.

Bian F, Wu YE, Zhang CL. Use of aerosol inhalation treatment with
budesonide and terbutaline sulfate on acute pediatric asthmatic
bronchitis. Exp Ther Med. 2017;14(2):1621-5.

Wu Z, Bian X, Hui L, Zhang J. Nebulized step-down budesonide vs.
fluticasone in infantile asthma: A retrospective cohort study. Exp Ther
Med. 2020;19(3):1665-72.

Baker JW, Mellon M, Wald J, Welch M, Cruz-Rivera M, Walton-Bowen K.
A multiple-dosing, placebo-controlled study of budesonide inhalation
suspension given once or twice daily for treatment of persistent asthma
in young children and infants. Pediatrics. 1999;103(2):414-21.

Camargo CA Jr, Ramachandran S, Ryskina KL, Lewis BE, Legorreta AP.
Association between common asthma therapies and recurrent asthma
exacerbations in children enrolled in a state Medicaid plan. Am ] Health
Syst Pharm. 2007;64(10):1054-61.

Delacourt C, Dutau G, Lefrancois G, Clerson P, Beclospin Clinical
Development Group. Comparison of the efficacy and safety of nebulized
beclometasone dipropionate and budesonide in severe persistent
childhood asthma. Respir Med. 2003;97 Suppl B:S27-33.

Kemp JP, Skoner DP, Szefler SJ, Walton-Bowen K, Cruz-Rivera M,
Smith JA. Once-daily budesonide inhalation suspension for the treatment
of persistent asthma in infants and young children. Ann Allergy Asthma
Immunol. 1999;83(3):231-9.

Leflein JG, Szefler SJ, Murphy KR, Fitzpatrick S, Cruz-Rivera M,
Miller CJ, et al. Nebulized budesonide inhalation suspension compared
with cromolyn sodium nebulizer solution for asthma in young children:
results of a randomized outcomes trial. Pediatrics. 2002;109(5):866-72.
Mellon M, Leflein ], Walton-Bowen K, Cruz-Rivera M, Fitzpatrick S,
Smith JA. Comparable efficacy of administration with face mask or
mouthpiece of nebulized budesonide inhalation suspension for infants
and young children with persistent asthma. Am J Respir Crit Care Med.
2000;162(2 Pt 1):593-8.

Murphy KR, Fitzpatrick S, Cruz-Rivera M, Miller CJ], Parasuraman B.
Effects of budesonide inhalation suspension compared with cromolyn
sodium nebulizer solution on health status and caregiver quality of life in
childhood asthma. Pediatrics. 2003;112(3 Pt 1):e212-9.

Razi CH, Corut N, Andiran N. Budesonide reduces hospital admission
rates in preschool children with acute wheezing. Pediatr Pulmonol.
2017;52(6):720-8.

Zeiger RS, Mauger D, Bacharier LB, Guilbert TW, Martinez FD,
Lemanske RF Jr, et al. Daily or intermittent budesonide in preschool
children with recurrent wheezing. N Engl ] Med. 2011;365(21):
1990-2001.

Ding B, Lu Y, Li Y, Zhou W, Qin E Efficacy of treatment with
montelukast, fluticasone propionate and budesonide liquid suspension
for the prevention of recurrent asthma paroxysms in children with
wheezing disorders. Exp Ther Med. 2019;18(4):3090-4.

Ghirga G, Ghirga P, Fagioli S, Colaiacomo M. Intermittent treatment
with high dose nebulized beclomethasone for recurrent wheezing
in infants due to upper respiratory tract infection. Minerva Pediatr.
2002;54(3):217-20.

Pediatric Society of Thailand and The Royal College of Pediatricians
of Thailand [Internet]. Thailand: The Royal College of Pediatricians of
Thailand and Pediatric Society of Thailand; ¢2018. Diagnostic and
treatment guidelines in asthma in Thailand (2018) [cited 2021 October
20]. Available from: https://www.thaipediatrics.org/

Ferrante G, La Grutta S. The burden of pediatric asthma. Front Pediatr.
2018;6:186.

Boutopoulou B, Koumpagioti D, Matziou V, Priftis KN, Douros K.
Interventions on adherence to treatment in children with severe asthma:
a systematic review. Front Pediatr. 2018;6:232.

Price D, Bjermer L, Bergin DA, Martinez R. Asthma referrals: a key
component of asthma management that needs to be addressed. ] Asthma
Allergy. 2017;10:209-23.

Tesse R, Borrelli G, Mongelli G, Mastrorilli V, Cardinale F. Treating
pediatric asthma according guidelines. Front Pediatr. 2018;6:234.

Razi CH, Akelma AZ, Harmanci K, Kocak M, Kuras Can Y.
The Addition of Inhaled Budesonide to Standard Therapy Shortens
the Length of Stay in Hospital for Asthmatic Preschool Children:
A Randomized, Double-Blind, Placebo-Controlled Trial. Int Arch Allergy
Immunol. 2015;166(4):297-303.




Recommendations for nebulized corticosteroid use in children with asthma / =N

APJAI

53.

54,

55.

56.

57.

58.

59.

Shapiro G, Mendelson L, Kraemer M], Cruz-Rivera M, Walton-Bowen K,
Smith JA. Efficacy and safety of budesonide inhalation suspension
(Pulmicort Respules) in young children with inhaled steroid-dependent,
persistent asthma. J Allergy Clin Immunol. 1998;102(5):789-96.

Baker JW, Kemp J, Uryniak T, Silkoff PE. Asthma control in pediatric
patients treated with once-daily or twice-daily nebulized budesonide
inhalation suspension (Pulmicort Respules). Allergy Asthma Proc.
2008;29(3):280-5.

Castro-Rodriguez JA, Pincheira MA, Escobar-Serna DP, Sossa-Briceno MP,
Rodriguez-Martinez CE. Adding nebulized corticosteroids to systemic
corticosteroids for acute asthma in children: A systematic review with
meta-analysis. Pediatr Pulmonol. 2020;55(10):2508-17.

Viswanatha GL, Shylaja H, Nandakumar K, Venkataranganna MYV,
Prasad NBL. Efficacy and safety of inhalation budesonide in the
treatment of pediatric asthma in the emergency department: a systematic
review and meta-analysis. Pharmacol Rep. 2020;72(4):783-98.

Ververeli K, Chipps B. Oral corticosteroid-sparing effects of inhaled
corticosteroids in the treatment of persistent and acute asthma. Ann
Allergy Asthma Immunol. 2004;92(5):512-22.

Guilbert TW, Mauger DT, Allen DB, Zeiger RS, Lemanske RF Jr,
Szefler S, et al. Growth of preschool children at high risk for asthma
2 years after discontinuation of fluticasone. J Allergy Clin Immunol.
2011;128(5):956-63 el-7.

Kelly HW, Sternberg AL, Lescher R, Fuhlbrigge AL, Williams P,
Zeiger RS, et al. Effect of inhaled glucocorticoids in childhood on adult
height. N Engl ] Med. 2012;367(10):904-12.

60.

61.

62.

63.

64.

65.

66.

67.

Loke YK, Blanco P, Thavarajah M, Wilson AM. Impact of inhaled
corticosteroids on growth in children with asthma: systematic review and
meta-analysis. PLoS One. 2015;10(7):e0133428.

Ahmet A, Kim H, Spier S. Adrenal suppression: A practical guide to
the screening and management of this under-recognized complication
of inhaled corticosteroid therapy. Allergy Asthma Clin Immunol.
2011;7(1):13.

Zhang L, Lasmar LB, Castro-Rodriguez JA. The impact of asthma and its
treatment on growth: an evidence-based review. ] Pediatr (Rio J). 2019;95
(Suppl 1):10-22.

Aalbers R, Vogelmeier C, Kuna P. Achieving asthma control with
ICS/LABA: A review of strategies for asthma management and
prevention. Respir Med. 2016;111:1-7.

Rau JL. Design principles of liquid nebulization devices currently in use.
Respir Care. 2002;47(11):1257-75; discussion 75-8.

NIH Research Matters [Internet]. Bethesda: National Institutes of Health;
c2020. Education programs may improve young children’s asthma
control (2020) [cited 2021 February 26]. Available from: https://www.
nih.gov/news-events/nih-research-matters/education-programs-may-
improve-young-childrens-asthma-control.

Everard ML, Wahn U, Dorsano S, Hossny E, Le Souef P. Asthma
education material for children and their families; a global survey of
current resources. World Allergy Organ J. 2015;8:35.

Kemp JP, Kemp JA. Management of asthma in children. Am Fam
Physician. 2001;63(7):1341-8.




