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Introduction

Corticosteroids are anti-inflammatory drugs that have been used for the treatment of
respiratory diseases for many decades. Despite their long use, the role of steroids in
several respiratory conditions is still highly debated.

Corticosteroids inhibit the release of several cytokines and proinflammatory
mediators and have a direct action on certain inflammatory cells. They accelerate
the apoptosis of eosinophils and, although they are not effective in inhibiting the
release of mediators from mast cells, after long-term treatment corticosteroids
reduce the number of mucosal mast cells in the airways. Furthermore, glucocorti-
coids inhibit the increase of vascular permeability caused by inflammatory media-
tors with a direct effect on postcapillary venules of the respiratory epithelium and
reduce the production of mucus in the airways.

Asthma

One of the most common respiratory diseases in children is asthma, which is a
chronic inflammatory disease of the lower airways characterized by bronchial
obstruction, usually reversible spontaneously or in response to therapy, and bron-
chial hyperreactivity. Systemic corticosteroids are rarely necessary in the long-term
treatment of asthma in children. They should be considered only in patients with
severe asthma and used at the lowest dose necessary to control symptoms. In
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children with uncontrolled asthma needing systemic steroids, other drugs can be
considered, even if most treatments are unlicensed and studies of these treatments
are few. An exception is omalizumab, an anti-immunoglobulin E (IgE) monoclonal
antibody. The most recent asthma guidelines, such as the update of the National
Institute for Health and Care Excellence guidance in 2013, the International
Consensus on Asthma guidelines, and the update of the Global Initiative on Asthma
guidelines in 2014, recommend omalizumab as add-on therapy in adults and chil-
dren over 6 years of age with uncontrolled IgE-mediated asthma who require fre-
quent use of oral corticosteroids [1, 2].

Many studies have shown that systemic corticosteroids are useful in the treat-
ment of acute asthma. In fact, they improve symptoms, oxygenation, and pulmonary
function and reduce hospital admissions [3, 4]. Some studies showed that systemic
steroids are more effective in patients with severe asthma and that they may not be
useful for treating mild attacks of asthma that respond well to bronchodilators,
except for children who have been hospitalized or previously intubated or who are
already treated with oral steroids.

Oral and parenteral corticosteroids seem to have the same effects in most patients,
and there are no significant differences of efficacy between different systemic ste-
roids administered in equipotent doses. In general, the dose of systemic corticoste-
roids given is 1-2 mg/kg of prednisone in one or two doses, and the duration of
treatment is usually 3—10 days depending on the severity of the attack and the clini-
cal response [5].

Preschool Wheezing

Oral steroids are widely used to treat preschool children with wheezing, but their
efficacy is controversial. Preschool wheezing is a common condition that usually
regresses in the first 6 years of life. Three randomized control trials (RCTs) showed
a positive but not significant effect of systemic steroids in children with wheezing
admitted to emergency departments [6, 7]. A recent study has shown that oral pred-
nisolone given for 5 days at the beginning of an attack of viral wheeze in preschool
children has no benefits [8]. A more recent trial reported that in preschool children
with mild or moderate wheeze admitted to hospital, oral prednisolone is not supe-
rior to placebo [9].

Rhinovirus infection is an important risk factor for recurrent wheezing in
preschool children. A recent RCT reported that oral prednisolone is not superior
to placebo in preventing the recurrence of wheezing in children whose first
wheezing episode was caused by rhinovirus. However, the same study reported
that oral prednisolone might be useful in a subgroup of children with high viral
load [10].
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In conclusion, oral steroids cannot be recommended in all cases of viral wheeze.
They should be given only to preschool children admitted to hospital who are not
responding to bronchodilators or with risk factors for asthma such as atopic eczema
or a family history of asthma [11, 12].

Bronchiolitis

Another common respiratory disease in children is bronchiolitis, which is the most
common lower respiratory tract infection in the first year of life. Oxygen supple-
mentation and other supportive treatment such as feeding, hydration, and nasal suc-
tioning are the main therapy for bronchiolitis [13]. Systematic reviews and
meta-analyses of RCTs involving 1,200 children with viral bronchiolitis have not
provided sufficient evidence to support the use of steroids in this illness [14, 15].
The recent guidelines of the American Academy of Pediatrics state that systemic
corticosteroids should not be used routinely in the treatment of bronchiolitis [15].

Community-Acquired Pneumonia

Systemic corticosteroids are also used in community-acquired pneumonia (CAP),
another frequent disease of the lower airways in children. The benefits of corticoste-
roids in the treatment of CAP in adults are not clear and even fewer data are avail-
able on the use of steroids in children with CAP. A recent prospective observational
study reported that treatment with corticosteroids in CAP in adults is not associated
with lower mortality and does not change the length of hospital stay or the readmis-
sion rate. A randomized double-blinded clinical trial with 213 adults concluded that
systemic prednisolone has no positive effects in patients hospitalized with CAP
[16]. A recent study reported that systemic steroids in adult patients with CAP do
not influence the mortality rate or clinical course of the disease, but seem to prolong
the duration of hospitalization [17].

A further study investigated a 5-day course of methylprednisolone therapy in 29
children with severe CAP treated with imipenem. This group was compared with 30
patients treated with imipenem and placebo [18]. The authors reported that methyl-
prednisolone significantly reduced the length of hospital stay as well as the number
of severe complications and of surgical interventions [18].

A multicenter retrospective study of 20,703 children with CAP showed that sys-
temic corticosteroids are useful only in patients with acute wheezing, in whom they
reduce the duration of hospitalization, whereas in those with CAP without wheez-
ing, systemic steroids are associated with a longer hospital stay and a greater rate of
readmission [19].
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Thus, currently systemic corticosteroids cannot be recommended as adjunctive
treatment in children with CAP [20], but further large RCTs are necessary to
investigate the efficacy and safety of systemic corticosteroids in these children.

Bronchopulmonary Dysplasia

Another disease of the lower airways in children is bronchopulmonary dysplasia
(BPD), an alteration of lung development as a result of multiple insults to the lung
of the fetus and the premature newborn. An important role in the pathogenesis of
BPD is played by persistent lung inflammation, and corticosteroids have been
administered widely in preterm infants with respiratory failure. There are many
studies in which both systemic and inhaled corticosteroids have been used for the
treatment and prevention of BPD. A Cochrane Review of 28 trials showed that
systemic steroids administered in the first week of life facilitate extubation and
decrease the incidence of BPD, but cause significant adverse effects such as gastro-
intestinal hemorrhage, bowel perforation, cardiomyopathy, and cerebral palsy
[21]. Another Cochrane meta-analysis revealed that the use of steroids after the
first 7 days is associated with a decreased risk of BPD and accelerated weaning
from oxygen and mechanical ventilation with no increase in long-term adverse
effects such as cerebral palsy [21, 22]. The European Association of Perinatal
Medicine, the American Academy of Pediatrics, and the Canadian Pediatric
Society stated there is no sufficient evidence to recommend routine use of steroids
in preterm infants after the first week of life; however, a short course of dexametha-
sone can be considered in patients with BPD in whom weaning from mechanical
ventilation and oxygen therapy is difficult or whose respiratory conditions are
quickly worsening [21].

Allergic Bronchopulmonary Aspergillosis

Systemic corticosteroids, together with antifungal drugs, are the mainstay of
therapy for allergic bronchopulmonary aspergillosis, which occurs often in
patients with cystic fibrosis (CF). Several studies reported that systemic steroids
in this condition decrease serum IgE levels and total eosinophil count and
improve clinical symptoms and lung function. Oral corticosteroids are useful in
allergic bronchopulmonary aspergillosis, but the adverse effects of a long-term
treatment have led to a search for safer regimens. Some studies showed that
monthly high doses of intravenous methylprednisolone led to improved clinical
conditions and laboratory parameters with fewer side effects compared with oral
steroids [23, 24]. Moreover, there are case reports that omalizumab may have
beneficial effects in allergic bronchopulmonary aspergillosis, but RCTs in chil-
dren are needed.
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Cystic Fibrosis

The use of corticosteroids has also been investigated in the treatment of acute
exacerbations in patients with CF. In a study of children with CF hospitalized for
severe respiratory distress, the clinical conditions of the patients were improved by
the administration of a high dose of methylprednisolone intravenously for 3 days;
the authors concluded that this therapy could be an effective treatment for children
with uncontrolled pulmonary exacerbations [25].

Given the role of lung inflammation in the pathogenesis of CF, systemic steroids
have also been studied as long-term therapy in patients with this disease. A recent
Cochrane Review identified three RCTs on oral corticosteroids given for more than
30 days in patients with CF. The authors concluded that long-term use of oral ste-
roids at prednisolone-equivalent doses of 1-2 mg/kg on alternate days seemed to
reduce the progression of lung disease, although often at the cost of adverse effects
such as cataracts and growth retardation. Hence, long-term use of systemic steroids
in patients with CF is not recommended [26].

Primary Ciliary Dyskinesia and Interstitial Lung Disease

Another disease of the lower airways characterized by lung inflammation and fre-
quent infections is primary ciliary dyskinesia, which is defined as a group of con-
genital pathological conditions due to the abnormal structure and/or function of
cilia, with altered mucociliary transport leading to several respiratory disorders.

There are no RCTs on the use of corticosteroids in this condition, and therefore
indications are often based on expert opinion or are extrapolated from evidence
available from CF studies. Inhaled or oral steroids together with bronchodilators are
only prescribed if the child is thought to also have airflow obstruction [27]. Systemic
corticosteroids are used for many interstitial lung diseases including surfactant pro-
tein deficiencies but there are no controlled trials in children; treatment is based on
uncontrolled studies, case reports, and observations [28].

Bronchiolitis Obliterans

Another rare but severe chronic lung disease in children is bronchiolitis obliterans
(BO). The most common presentation is the postinfectious variant, related to a
viral lower respiratory tract infection in the first years of life [29]. BO is character-
ized by inflammation and fibrosis of bronchioli resulting in narrowing and oblitera-
tion of the small airways. There are few RCTs focusing on treatment of BO in
children, and therapeutic decisions are often based on empirical evidence [29].
Inhaled corticosteroids are widely used in patients with BO; oral steroids are used
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during respiratory obstructive exacerbations for variable periods or in patients with
severe oxygen-dependent BO [29]. Currently, the use of systemic corticosteroids in
the treatment of BO is controversial. A recent study suggested that intravenous
pulse corticosteroids could be a useful and relatively safe treatment option in chil-
dren with BO, with fewer adverse effects compared with continuous therapy with
oral steroids. New prospective controlled trials are required to confirm this thera-
peutic regimen [30].

Croup

A common disease of the upper airways in which corticosteroids are widely used is
croup, characterized by acute obstruction. Viral croup mainly affects children
between 6 months and 6 years of age. Many RCTs have demonstrated significant
benefits of corticosteroids in patients with croup; systemic or nebulized steroids
decrease the need for other drugs, the duration of hospital stay, and the need for
intubation [31].

Conclusion

Systemic corticosteroids are used in various respiratory diseases in children.
However, the role of systemic steroids in children is limited by their side effects.
Physicians must always weigh the benefits against the potential adverse effects
when they decide to use corticosteroids in children.

Steroids are useful in the treatment of acute asthma and croup. In conditions such
as bronchiolitis, preschool wheezing, bronchopulmonary dysplasia, and community-
acquired pneumonia, their benefits are uncertain and they cannot be recommended
routinely. In other rare respiratory diseases, systemic corticosteroids are used
despite the lack of scientific evidence of their benefits.

References

1. Normansell R, Walker S, Milan SJ, Walters EH, Nair P (2014) Omalizumab for asthma in
adults and children. Cochrane Database Syst Rev (1):CD003559

2. D’Amato G, Stanzola A, Sanduzzi A, Liccardi G, Salzillo A, Vitale C, Molino A, Vatrella A,
D’Amato M (2014) Treating severe allergic asthma with anti-IgE monoclonal antibody (omal-
izumab): a review. Multidiscip Respir Med 9(1):23

3. Rowe BH, Spooner C, Ducharme FM, Bretzlaff JA, Bota GW (2001) Early emergency depart-
ment treatment of acute asthma with systemic corticosteroids. Cochrane Database Syst Rev
(1):CD002178



Systemic Corticosteroids in Respiratory Diseases in Children 169

4.

5

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Hendeles L (2003) Selecting a systemic corticosteroid for acute asthma in young children.
J Pediatr 142:S40-S44

. Jones MA, Wagener JS (2001) Managing acute pediatric asthma: keeping it short. J Pediatr

139:3-5
Tal A, Levy N, Bearman JE (1990) Methylprednisolone therapy for acute asthma in infants and
toddlers: a controlled clinical trial. Pediatrics 86:350-356

. Csonka P, Kaila M, Laippala P, Iso-Mustaja M, Vesikari T, Ashborn P (2003) Oral predniso-

lone in the acute management of children age 6 to 35 months with viral respiratory infection-
induced lower airway disease: a randomized, placebo-controlled trial. J Pediatr 143:725-730

. Oommen A, Lambert PC, Grigg J (2003) Efficacy of a short course of parent-initiated oral

prednisolone for viral wheeze in children aged 1-5 years: randomized controlled trial. Lancet
362:1433-1438

. Panickar J, Lakhanpaul M, Lambert PC, Kenia P, Stephenson T, Smyth A, Grigg J (2009) Oral

prednisolone for preschool children with acute virus-induced wheezing. N Engl J Med
360:329-338

Jartti T, Nieminen R, Vuorinen T, Lehtinen P, Vahlberg T, Gern J, Camargo CA Jr, Ruuskanen
O (2015) Short- and long-term efficacy of prednisolone for first acute rhinovirus-induced
wheezing episode. J Allergy Clin Immunol 135:691-698

Vuillermin PJ, Robertson CF, South M (2007) Parent-initiated oral corticosteroid therapy for
intermittent wheezing illnesses in children: systemic review. J Paediatr Child Health 43(6):
438442

Vuillermin P, South M, Robertson C (2006) Parent-initiated oral corticosteroid therapy for
intermittent wheezing illnesses in children. Cochrane Database Syst Rev (3):CD005311

Da Dalt L, Bressan S, Martinolli F, Perilongo G, Baraldi E (2013) Treatment of bronchiolitis:
state of the art. Early Hum Dev 89(Suppl 1):S31-S36

Fernandes RM, Bialy LM, Vandermeer B, Tjosvold L, Plint AC, Patel H, Johnson DW,
Klassen TP, Hartling L (2010) Glucocorticoids for acute viral bronchiolitis in infants and
young children. Cochrane Database Syst Rev (10):CD004878

American Academy of Pediatrics. Subcommittee on Diagnosis and Management of
Bronchiolitis (2006) Diagnosis and management of bronchiolitis. Pediatrics 118:1774-1793
Snijders D, Daniels JM, De Graaff CS, Van Der Werf TS, Boersma WG (2010) Efficacy of
corticosteroids in community-acquired pneumonia randomized double-blinded clinical trial.
Am J Respir Crit Care Med 181(9):975-982

Polverino E, Cilloniz C, Dambrava P, Gabarrus A, Ferrer M, Agusti C, Prina E, Montull B,
Menedez R, Niederman MS (2013) Systemic corticosteroids for community-acquired pneu-
monia: reasons for use and lack of benefit on outcome. Respirology 18(2):263-271

Nagy B, Gaspar I, Papp A, Bene Z, Nagy B Jr, Voko Z, Balla G (2013) Efficacy of methylpred-
nisolone in children with severe community acquired pneumonia. Pediatr Pulmonol 48(2):
168-175

Weiss AK, Hall M, Lee GE, Kronman MP, Sheffler-Collins S, Shah SS (2011) Adjunct
corticosteroids in children hospitalized with community acquired pneumonia. Pediatrics
127(2):€255-e263

Salluh J, Povoa P, Soares M, Castro-Faria-Neto HC, Bozza FA, Bozza PT (2008) The role of
corticosteroids in severe community-acquired pneumonia: a systematic review. Crit Care
12(3):R76

Ghanta S, Leeman KT, Christou H (2013) An update on pharmacologic approaches to
bronchopulmonary dysplasia. Semin Perinatol 37(2):115-123

Jain D, Bancalani E (2014) Bronchopulmonary dysplasia: clinical perspective. Birth Defects
Res A Clin Mol Teratol 100(3):134—-144

Thomson JM, Wesley A, Byrnes CA, Nixon GM (2006) Pulse intravenous methylprednisolone
for resistant allergic bronchopulmonary aspergillosis in cystic fibrosis. Pediatr Pulmonol
41(2):164-170



170

24.

25.

26.

217.

28.

29.

30.

31.

C. Caparrelli et al.

Cohen-Cymberknoh M, Blau H, Shoseyov D, Mei-Zahav M, Efrati O, Armoni S, Kerem E
(2009) Intravenous monthly pulse methylprednisolone treatment for ABPA in patients with
cystic fibrosis. J Cyst Fibros 8(4):253-257

Ghdifan S, Couderc L, Michelet I, Leguillon C, Masseline B, Marguet C (2010) Bolus meth-
ylprednisolone efficacy for uncontrolled exacerbation of cystic fibrosis in children. Pediatrics
125(5):e1259-e1264

Cheng K, Ashby D, Smyth RL (2013) Oral steroids for long-term use in cystic fibrosis.
Cochrane Database Syst Rev (6):CD000407

Pifferi M, Di Cicco M, Piras M, Cangiotti AM, Saggese G (2013) Up to date on primary ciliary
dyskinesia in children. Early Hum Dev 89(Suppl 3):S45-S48

Kurland G, Deterding RR, Hagood JS, Young LR, Brody AS, Castile RG, Dell S, Fan LL,
Hamvas A, Hilman BC, Langston C, Nogee LM, Redding GJ, American Thoracic Society
Committee on Childhood Interstitial Lung Disease (chILD) and the chILD Research Network
(2013) An official American Thoracic Society clinical practice guideline: classification, evalu-
ation, and management of childhood interstitial lung disease in infancy. Am J Respir Crit Care
Med 188(3):376-394

Fischer GB, Sarria EE, Mattiello R, Mocelin HT, Castro-Rodriguez JA (2010) Post infectious
bronchiolitis obliterans in children. Paediatr Respir Rev 11(4):233-239

Tomikawa SO, Adde FV, da Silva Filho LV, Leone C, Rodrigues JC (2014) Follow-up on pedi-
atric patients with bronchiolitis obliterans treated with corticosteroid pulse therapy. Orphanet
J Rare Dis 9:128

De Benedictis FM, Bush A (2012) Corticosteroids in respiratory diseases in children. Am J
Respir Crit Care Med 185(1):12-23



	Systemic Corticosteroids in Respiratory Diseases in Children
	Introduction
	 Asthma
	 Preschool Wheezing
	 Bronchiolitis
	 Community-Acquired Pneumonia
	 Bronchopulmonary Dysplasia
	 Allergic Bronchopulmonary Aspergillosis
	 Cystic Fibrosis
	 Primary Ciliary Dyskinesia and Interstitial Lung Disease
	 Bronchiolitis Obliterans
	 Croup
	 Conclusion
	References


