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Introduction

Recurrent wheezing disorder is commonly found in

preschool children. It is a problem encountered

frequently by medical practitioners throughout the

world. Recently, guidelines have been published by

the European Respiratory Society Task Force
1
 and

the PRACTALL consensus report.
2
 We aim to review

and summarise the literature on management of

recurrent wheezing disorder in preschool children

aged below 6 years, and to produce a practical

recommendation to medical practitioners in Hong

Kong.

Epidemiology

Population studies showed that about 1 in 3 children

had at least one wheezing episode before 3 years of
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age, with the cumulative prevalence about 50% by 6

years of age.
3,4

 Concerning the long-term outcome,

studies showed that for children with persistent

asthma, 25% started to wheeze by 6 months of age,

and 75% by 3 years of age.
3,5-7

 For those having more

severe early wheeze, 50% became symptom-free by

5 years of age, 70% by 10 years, but only 57% by 20

years. This signified a tendency for relapse during

adolescence.
8-10

 Airway hyperresponsiveness is

known to be associated with prematurity,
11

 and it was

reported that airway hyperresponsiveness might occur

in 50-60% of adolescents born prematurely with

bronchopulmonary dysplasia.
12-14

 Risk factors for

symptoms continuing into early adulthood include

female sex, passive smoking during infancy, and early

sensitisation to allergens.

Classification

According to the Global Initiative for Asthma (GINA)

guidelines, asthma is a syndrome with highly variable

c l in i ca l  spec t rum,  charac te r i sed  by  a i rway
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inflammation.
15 

However, the airway inflammation has

been poorly studied in preschool children, and may

be absent in very young children with wheeze.
16

 It is

also important to realise that causative factors for

recurrent wheeze vary from child to child and within a

child over time. Both genetic and environmental

factors determine an indiv idual 's  phenotype.

Hence, a symptom-only descriptive approach might

be the best approach (Table 1), in which recurrent

wheeze can be classified either by its temporal

pattern, i.e. episodic (viral) wheeze and multiple-

trigger wheeze;
1,17,18

 or by its duration, i.e. transient,

late-onset and persistent wheeze.
1,3,5,6

 For clinical

purposes, it is recommended to describe wheeze

in terms of i ts temporal pattern, classifying as

episodic (viral) wheeze or multiple-trigger wheeze

as the duration-based classification i.e. transient,

late-onset & persistent wheeze could only be made

retrospectively.

For episodic (viral) wheeze, it occurs in discrete

episodes, with the child being well between episodes.

It usually declines over time, disappearing by the age

of 6 years. It is most common in preschool children,

usually associated with viral upper respiratory

infection such as rhinovirus, RSV, parainfluenza virus

and adenovirus.
19

 Factors affecting the frequency and

severity of wheeze include atopy, prematurity, tobacco

smoke, severity and the causative agent of the first

wheezing episode.
20-26

For multiple-trigger wheeze, the child wheezes in

response to triggers other than viral upper respiratory

infection, including tobacco smoke, allergen exposure,

mist, crying, laughter and exercise.
17

 It is believed that

multiple-trigger wheeze in preschool children reflects

chronic allergic airway inflammation.

Assessment

A detailed history should be taken to clarify the

presence of wheeze, the pattern and triggers of

wheeze, the frequency and severi ty of acute

exacerbations, and the frequency of using rescue

medication. Personal and family history of atopy, and

household smoking should be assessed.

Physical examination should include assessment of

the child's growth parameters and the degree of

airway narrowing, which can be estimated indirectly

by assessing the work of breathing (chest retractions,

nasal flaring, and use of accessory respiratory

muscles) and the expiration to inspiration ratio.

Allergen testing such as skin-prick test can be done

to confirm any allergen sensitisation. One study

showed that 32% of preschool wheezers had positive

skin-prick test results to aeroallergens, compared to

11% of healthy children (likelihood ratio 2.9).
27

Aeroallergen sensitisation in preschool children

Table 1. Classification of wheeze

Temporal pattern of wheeze

� Episodic (viral) wheeze: Wheezing during discrete time periods, often in association with clinical evidence of a viral cold, with absence

of wheeze between episodes

� Multiple-trigger wheeze: Wheezing that shows discrete exacerbations, but also symptoms of troubling cough and/or shortness of breath

between episodes

Duration of wheeze

� Transient wheeze: Symptoms that commenced before the age of 3 years and are found (retrospectively) to have disappeared by the

age of 6 years

� Persistent wheeze: Symptoms that are found (retrospectively) to have continued until the age of >6 years

� Late-onset wheeze: Symptoms that start after the age of 3 years

R e v i e w  A r t i c l e



13

Journal of Paediatric Respirology and Critical Care

increases the likelihood of asthma at 6 years of

age by a factor of 2.
28

 Elevated eosinophil level in

preschool wheezers was associated with symptom

persistence.
29

 However, serum IgE was not predictive

of the outcome.
30

 Allergen testing by either skin prick

test or specific IgE is advised for patients requiring

long-term treatment and follow-up.

Studies showed that reduced forced expiratory

flows were associated with wheeze.
31-34

 However,

spirometry may not be possible in preschool children

due to the difficulties in cooperating during the test.

To document airway hyperresponsiveness, young

children-friendly method like tidal breath method such

as interrupter resistance (Rint), Forced Oscillation Test

(FOT) and Impulse Oscillation Test (IOT) preferably

with challenge by exercise followed by bronchodilator

can be considered. In addition, significantly higher

exhaled nitric oxide fractions (FeNO) have been found

in preschool wheezers, as compared to the healthy

subjects. The exhaled air samples, at least 5 breaths

collected in an inert bag with a face mask tightly fitted

infants' nose and mouth during tidal breathing under

sedation, were analysed by a fast response NO

analyzer within 1 hour. Elevated FeNO is associated

with atopy with its implication of higher risk for

developing asthma.
35,36

 Detecting elevated FeNO can

help evaluating airway inflammation and hence guide

the optimisation of ICS therapy. However, there are

no reference values available for children aged below

4 years.
37

Few studies were published for bronchoalveolar

lavage (BAL) or bronchial biopsy in preschool

wheezers, with limited generalisability of findings.

Variable degree of inf lammation and inf i l trate

composition was found, with neutrophils dominating

in some studies while eosinophils dominating in

others.
38

 BAL and bronchial biopsy should be therefore

reserved for unusual cases.

Although gastro-esophageal reflux was reported to

be found in recurrent wheezers, no beneficial effect

of treating gastro-oesophageal reflux were shown on

recurrent wheezing.
39

Management

The management of recurrent wheezing disorder

consists of three parts, including general measures,

the treatment for acute wheezing episodes, and the

maintenance therapy (Figure 1).

Figure 1. Management of recurrent wheeze in preschool children.

A) General measures

1) Environmental manipulation
There is strong evidence that passive smoking is

deleterious to preschool wheezers in both induction and

exacerbation of wheeze and therefore should be firmly

discouraged.
40

 There is evidence that high allergen

exposure in early life is associated with poorer lung

function at 3 years of age, measured by specific airway

resistance with body plethysmograph.
41

 High allergen

exposure in preschool age was associated with

increased airway hyper-responsiveness, defined as

the histamine concentration causing 20% decrease

in FEV1 of less than 0.85 mg/ml in bronchial histamine

challenge test.
42

 Some studies suggested that

allergen avoidance at home was beneficial for school-

age asthmatic children,
43,44

 but there are no studies

for allergen avoidance performed in preschool

children.
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function and airway hyper-responsiveness.
55

 In a post
hoc analysis of 2 RCTs, better response to fluticasone

was shown in those with family history of asthma,

compared to those without family history of asthma.
56

Studies on systemic side-effects of ICS yielded

inconsistent results. A study of fluticasone (200 mcg/

day) in preschool showed similar height growth after

1 year compared with cromoglycate group.
57

 In

another study of fluticasone (200 mcg/day), height

growth was reduced by 1.1 cm after 2 years compared

with placebo.
58

 A meta-analysis suggested that

moderate doses of  inhaled bec lomethasone

dipropionate (BDP) and f lut icasone caused a

decrease in linear growth velocity of 1.51 cm/year and

0.43 cm/year respectively.
59

Although ICS is effective in preschool children with

multiple-trigger wheeze, its effect is smaller than in

older children. Therefore a more critical approach to

long-term ICS in preschool children is advised. It is

recommended to start with initial maintenance of

200 mcg/day BDP equivalent. The ICS equivalent

table is shown in Table 2.
15

 ICS should be withdrawn

if the response is good after giving ICS for 3 months,

2) Parent and patient education
Educational studies in preschool children showed that

those with multiple teaching sessions to parents had

more symptom-free days, better caregiver quality of

life and improved knowledge.
45-47

 One study found that

preschool children with appropriate education

themselves, including picture book and video tape,

showed better compliance and health.
48

 Therefore,

effective educational program for both parents and

children is beneficial.

B) Acute wheezing episode
Inhaled short-acting β2-agonist is the most effective

bronchodi lator for acute wheeze. RCTs have

demonstrated its bronchodilatory effect in preschool

children.
49-52

 Side-effects, such as muscle tremor and

hypokalaemia, are only seen when high doses are

used. Oral β2-agonist is limited by its systemic side-

effects.
53

 Addition of ipratropium bromide to short-

acting β2-agonists may be considered in patients with

severe wheeze.

Oral corticosteroid should also be considered for

severe wheezing attack in preschool children. Data

for preschool children are currently lacking although

a systematic review of systemic corticosteroids in

hospitalised children with acute asthma found that

corticosteroid-treated school-age children were 7

times more likely to be discharged early than placebo,

and 5 times less likely to relapse in 1-3 months.
54

C) Maintenance therapy
Maintenance therapy should be initiated for children

with recurrent wheezing episodes for at least 3 times

per year (Figure 2).

1) Multiple-trigger wheeze
Inhaled corticosteroid (ICS) is recommended as

maintenance therapy for preschool children with

multiple-trigger wheeze. A systematic review of RCTs

of inhaled corticosteroids in preschool children

with multiple-trigger wheeze showed significant

improvement in symptoms, exacerbation rates, lung

Figure 2. Maintenance therapy to preschool wheeze.

R e v i e w  A r t i c l e
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to judge whether symptoms resolve or continuous

treatment is needed. ICS may be resumed i f

symptoms recur after withdrawal. If no improvement

is seen after giving low dose ICS for 3 months, risk

factors for poor control such as poor drug compliance,

inappropriate inhalation technique, smokers at home,

etc. should be evaluated before stepping up to

400 mcg/day BDP or equivalent. An option would be

to add leucotriene modifier such as montelukast, a

usefu l  add-on  therapy  w i th  a  d i f fe ren t  and

complimentary mechanism of action from ICS.
60

 Two

studies showed that montelukast provided protection

against bronchoconstriction caused by cold air in

multiple-trigger wheeze.
61,62

 One study showed that

montelukast improved symptoms and reduced

exacerbations by 30%.
63

For long-acting beta-2 agonist, such as salmeterol,

its efficacy is not well documented in children. Safety

concerns have been raised recently, suggesting the

use to be restricted to add-on therapy to ICS when

indicated.
64

 Due to the lack of supporting evidence,

other alternatives including cromones, ketotifen,

xanthines and immunotherapy are not recommended

for preschool children with wheeze. For treatment

resistant cases, referral to specialist for further

investigation should be considered.

2) Episodic (viral) wheeze
Montelukast is recommended as maintenance therapy

for preschool children with episodic (viral) wheeze,

with a daily dose of 2-5 mg, depending on age. It has

Table 2. Estimated equipotent daily doses of inhaled

corticosteroids

Drug Daily dose Relative

(microgram) potency

Beclomethasone dipropionate 200-500 1

Budesonide* 200-400 1

Mometasone furoate* 200-400  1

Fluticasone 100-250 2

Ciclesonide* 80-160 2.5

* Approved for once-daily dosing in mild patients.

been shown to provide bronchoprotection and reduce

airway inflammation.
61,63,65,66

 Daily use for 1 year was

shown to reduce the rate of episodic (viral) wheeze

by 32% compared to placebo.
67

 A trial of intermittent

montelukast for episodic wheeze, given for a minimum

of 7 days or until symptoms resolved for 2 days,

showed 30% reduction in health visits.
68

 However,

in another RCT, montelukast given for 24 weeks

did not improve post-RSV bronchiolitic respiratory

symptoms.
69

After giving montelukast for 3 months for those with

good response, it is recommended to stop the

medication to judge whether symptoms have resolved

or continuous treatment is needed. If the response is

poor after 3 months, add-on therapy with ICS should

be considered especially for those with personal or

family history of atopy. Systematic reviews concluded

that intermittent high-dose ICS (1.6-3.2 mg/day

budesonide) provided some benefit, with 50%

reduction in requirement for oral steroids in episodic

wheeze.
55,70

 A recent study on intermittent fluticasone

(1.5 mg/day) for less than ten days for episodic

wheeze has shown a reduced severity and duration

of symptoms.
71

 For treatment resistant cases, referral

to specialist for further investigation should be

considered.

Treatment devices

Dry powder inhalers should not be used in preschool

children because they cannot generate sufficiently

high inspiratory flows. Meter dose inhaler (MDI)-

spacer combination or nebuliser can be considered.

A systematic review has shown that the delivery of

inhaled β2-agonists by MDI-spacer in acutely

wheezing preschool children is more effective than

nebuliser, with quicker recovery and reduced risk of

hospital admission by 60%.
72

 Therefore, an MDI-

spacer combination is recommended to deliver

inhalation therapy in preschool children. For preschool

children, a small volume spacer with the least dead

space from the mask, e.g. aerochamber, should be

used. One should choose the smallest mask that fits
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the face and can be readily compressed to minimise

the dead space in the mask as shown in Figure 3.

There is consensus that cooperative children should

use spacers with mouthpiece, while uncooperative

children should use spacers with tight-fitting face

mask. Plastic spacers should be treated and cleansed

with detergent followed by drip-dry before use to

reduce their electrostatic charge.

Monitoring

Monitoring the signs and symptoms of wheezing

disorders involves parents, children and physicians.

Symptoms diary like asthma diary should be given to

parents for better documentation of the frequency and

severity of respiratory symptoms. Drug compliance

as well as inhaler technique should be checked,

especially if symptom control is poor.

Conclusion

Recurrent wheezing disorder is commonly found in

preschool children. A systematic outcome-based

approach supported by current evidence would help

optimise management in this common disorder.

References

1. 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.

2. Bacharier LB, Boner A, Carlsen KH, Eigenmann PA, Frischer

T, Götz M, et al. European Pediatric Asthma Group.

Diagnosis and treatment of asthma in childhood: a

PRACTALL consensus report. Allergy 2008;63:5-34.

3. Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen

M, Morgan WJ. Asthma and wheezing in the first six years

R e v i e w  A r t i c l e

Figure 3. Effect of different pressure levels on different masks (Note the difference of mask rigidity

and pressure impacting on mask volume or dead space).



17

Journal of Paediatric Respirology and Critical Care

of life. The Group Health Medical Associates. N Eng J Med

1995;332:133-8.

4. Bisgaard H, Szefler S. Prevalence of asthma-like symptoms

in young children. Pediatr Pulmonol 2007;42:723-8.

5. Kurukulaaratchy RJ, Fenn MH, Waterhouse LM, Matthews

SM, Holgate ST, Arshad SH. Characterization of wheezing

phenotypes in the first 10 years of life. Clin Exp Allergy

2003; 33:573-8.

6. Lau S, Illi S, Sommerfeld C, Niggemann B, Völkel K,

Madloch C, et al. Transient early wheeze is not associated

with impaired lung function in 7-yr-old children. Eur Respir

J 2003;21:834-41.

7. Hess J, De Jongste JC. Epidemiological aspects of

paediatric asthma. Clin Exp Allergy 2004;34:680-5.

8. Goksor E, Amark M, Alm B, Gustafsson PM, Wennergren

G. Asthma symptoms in early childhood - what happens

then? Acta Paediatr 2006;95:471-8.

9. Wennergren G, Hansson S, Engstrom I, Jodal U, Amark M,

Brolin I, et al. Characteristics and prognosis of hospital-

treated obstructive bronchitis in children aged less than two

years. Acta Paediatr 1992;81:40-5.

10. Piippo-Savolainen E, Remes S, Kannisto S, Korhonen K,

Korppi M. Asthma and lung function 20 years after wheezing

in infancy: results from a prospective follow-up study. Arch

Pediatr Adolesc Med 2004;158:1070-6.

11. Narang I, Baraldi E, Silverman M, Bush A. Airway function

measurements and the long-term follow-up of survivors of

preterm birth with and without chronic lung disease. Pediatr

Pulmonol 2006;41:497-508.

12. Northway WH Jr, Moss RB, Carlisle KB, Parker BR, Popp

RL, Pi t l ick PT, et  al .  Late pulmonary sequelae of

bronchopulmonary dysplasia. N Engl J Med 1990;323:

1793-9.

13. Halvorsen T, Skadberg BT, Edie GE, Roksund OD, Carlsen

KH, Bakke P. Pulmonary outcome in adolescents of very

low birth weight. Arch Dis Child 2006; 88:135-8.

14. Koumbourlis AC, Motoyama EK, Mutich RL, Mallory GB,

Walczak SA, Fertal K. Longitudinal follow-up of lung function

from childhood to adolescence in prematurely born patients

with neonatal chronic lung disease. Pediatr Pulmonol 1996;

21:28-34.

15. Global Initiative for Asthma. Global Strategy for Asthma

Management and Prevent ion. www.ginasthma.org/

Guidelineitem.asp??l1=2&12=1&intId=60. Date last

updated: 2007. Date last accessed: July 27, 2008.

16. Saglani S, Malmström K, Pelkonen AS, Malmberg LP,

Lindahl H, Kajosaari M, et al. Airway remodeling and

inflammation in symptomatic infants with reversible airway

obstruction. Am J Respir Crit Care Med 2005;171:722-7.

17. Martinez FD, Godfrey S. Wheezing Disorders in the

Preschool Child: Epidemiology, Diagnosis and Treatment.

London, Martin Dunitz, 2003.

18. Doull IJ, Lampe FC, Smith S, Schreiber J, Freezer NJ,

Holgate ST. Effect of inhaled corticosteroids on episodes

of wheezing associated with viral infection in school age

children: randomized double blind placebo controlled trial.

BMJ 1997;315:858-62.

19. Papadopoulos NG, Kalobatsou A. Respiratory viruses in

childhood asthma. Curr Opin Allergy Clin Immunol 2007;7:

91-5.

20. Hyvärinen MK, Kotaniemi-Syrjänen A, Reijonen TM,

Korhonen K, Korppi MO. Teenage asthma after severe early

childhood wheezing: an 11-year prospective follow-up.

Pediatr Pulmonol 2005;40:316-23.

21. Bradley JP, Bacharier LB, Bonfiglio J, Schechtman KB,

Strunk R, Storch G, et al. Severity of respiratory syncytial

virus bronchiolitis is affected by cigarette smoke exposure

and atopy. Pediatrics 2005;115:e7-e14.

22. Horn SD, Smout RJ. Effect of prematurity on respiratory

syncytial virus hospital resource use and outcomes.

J Pediatr 2003;143:S133-S141.

23. Lannero E, Wickman M, Pershagen G, Nordvall l. Maternal

smoking during pregnancy increases the risk of recurrent

wheezing during the first years of life (BAMSE). Respir Res

2006;7:3.

24. Mertsola J, Ziegler T, Ruuskanen O, Vanto T, Koivikko A,

Halonen P. Recurrent wheezy bronchitis and viral respiratory

infections. Arch Dis Child 1991;66:124-9.

25. Rylander E, Eriksson M, Freyschuss U. Risk factors for

occasional and recurrent wheezing after RSV infection in

infancy. Acta Paediatr Scand 1988;77:711-5.

26. Simoes EA, King SJ, Lehr MV, Groothuis JR. Preterm twins

and triplets. A high-risk group for severe respiratory syncytial

virus infection. Am J Dis Child 1993;147:303-6.

27. Chan EY, Dundas I, Bridge PD, Healy MJ, McKenzie SA.

Skin-prick testing as a diagnostic aid for childhood asthma.

Pediatr Pulmonol 2005;39:558-62.

28. Eysink PE, ter Riet G, Aalberse RC, van Aalderen WM, Roos

CM, van der Zee JS, et al. Accuracy of specific IgE in the

prediction of asthma: development of a scoring formula for

general practice. Br J Gen Pract 2005;55:125-31.

29. Koller DY, Wojnarowski C, Herkner KR, Weinlander G,

Raderer M, Eichler I, et al. High levels of eosinophil cationic

pretein in wheezing infants predict the development of

asthma. J Allergy Clin Immunol 1997;99:752-6.

30. Rusconi F, Patria MF, Cislaghi GU, Sideri S, Gagliardi L.

Total serum IgE and outcome in infants with recurrent

wheezing. Arch Dis Child 2001;85:23-5.

31. Hofhuis W, van der Wiel EC, Tiddens HA, Brinkhorst G,

Holland WP, de Jongste JC, et al. Bronchodilation in infants

with malacia or recurrent wheeze. Arch Dis Child 2003;88:

246-9.

32. Saito J, Harris WT, Gelfond J, Noah TL, Leigh MW, Johnson

R, et al. Physiologic, bronchoscopic, and bronchoalveolar

lavage fluid findings in young children with recurrent wheeze

and cough. Pediatr Pulmonol 2006;41:709-19.

33. Néve V, Edmé JL, Devos P, Deschildre A, Thumerelle C,

Santos C, Methl in CM, Matran M, Matran R, et al.



18

Volume 4 No. 4, December 2008

Spirometry in 3-5-year-old children with asthma. Pediatr

Pulmonol 2006;41:735-43.

34. Young S, Arnott J, O'Keeffe PT, Le Souef PN, Landau LI.

The association between early life lung function and

wheezing during the first 2 years of life. Eur Respir J 2000;

15:151-7.

35. Gabriele C, Nieuwhof EM, Van Der Wiel EC, Hofhuis W,

Moll HA, Merkus PJ, et al. Exhaled nitric oxide differentiates

airway diseases in the first two years of life. Pediatr Res

2006;60:461-5.

36. Baraldi E, Dario C, Ongaro R, Scollo M, Azzolin NM, Panza

N, et al. Exhaled nitric oxide concentrations during treatment

of wheezing exacerbation in infants and young children.

Am J Respir Crit Care Med 1999;159:1284-8.

37. Buchvald F, Baraldi E, Carraro S, Gaston B, De Jongste J,

Pijnenburg MW, et al. Measurements of exhaled nitric oxide

in healthy subjects age 4 to 17 years. J Allergy Clin Immunol

2005;115:1130-6.

38. Wildhaber JH, Sennhauser FH, Brand PLP. Asthma in

school-aged children and adolescents. In: Frey U, Gerritsen

J, eds. Respiratory Diseases in Infants and Children. Eur

Respir Mon 2006;11:191-216.

39. Sheikh S, Stephen T, Howell L, Eid N. Gastroesophageal

reflux in infants with wheezing. Pediatr Pulmonol 1999;28:

181-6.

40. Strachan DP, Cook DG. Parental smoking and lower

respiratory illness in infancy and early childhood. Thorax

1997; 52:905-14.

41. Lowe LA, Woodcock A, Murray CS, Morris J, Simpson A,

Custovic A. Lung function at age 3 years: effect of pet

ownership and exposure to indoor allergens. Arch Pediatr

Adolesc Med 2004;158:996-1001.

42. Illi S, von Mutius E, Lau S, Niggemann B, Grüber C, Wahn

U, et al. Perennial allergen sensitization early in life and

chronic asthma in children: a birth cohort study. Lancet

2006;368:763-70.

43. Custovic A, Wijk RG. The effectiveness of measures to

change the indoor environment in the treatment of allergic

rhinitis and asthma: ARIA update (in collaboration with GA

(2)LEN). Allergy 2005;60:1112-5.

44. Morgan WJ, Crain EF, Gruchalla RS, O'Connor GT,

Kattan M, Evans R 3rd, et al. Results of a home-based

environmental intervention among urban children with

asthma. N Engl J Med 2004;351:1068-80.

45. Wilson SR, Latini D, Starr NJ, Fish L, Loes LM, Page A, et

al. Education of parents of infants and very young children

with asthma: a developmental evaluation of the Wee

Wheezers program. J Asthma 1996;33:239-54.

46. Brown JV, Bakeman R, Celano MP, Demi AS, Kobrynski L,

Wilson SR. Home-based asthma education of young low-

income children and their families. J Pediatr Psychol 2002;

27:677-88.

47. Mesters I, Meertens R, Kok G, Parcel GS. Effectiveness of

a multidisciplinary education protocol in children with asthma

(0-4 years) in primary health care. J Asthma 1994;31:347-

59.

48. Holzheimer L, Mohay H, Masters IB. Educating young

children about asthma: comparing the effectiveness of a

developmentally appropriate asthma education video tape

and picture book. Child Care Health Dev 1998;24:85-99.

49. Holmgren D, Bjure J,  Engstrom I,  Sixt  R, Sten G,

Wennergren G. Transcutaneous blood gas monitoring during

salbutamol inhalations in young children with acute

asthmatic symptoms. Pediatr Pulmonol 1992;14:75-9.

50. Kraemer R, Frey U, Sommer CW, Russi E. Short-term effect

of albuterol, delivered via a new auxiliary device, in wheezy

infants. Am Rev Respir Dis 1991;144:347-51.

51. Conner WT, Dolovich MB, Frame RA, Newhouse MT.

Reliable salbutamol administration in 6- to 36-month-old

chi ldren by means of a metered dose inhaler and

Aerochamber with mask. Pediatr Pulmonol 1989;6:263-7.

52. Pool JB, Greenough A, Gleeson JG, Price JF. Inhaled

bronchodilator treatment via the nebuhaler in young

asthmatic patients. Arch Dis Child 1988;63:288-91.

53. Fox GF, Marsh MJ, Milner AD. Treatment of recurrent acute

wheezing episodes in infancy with oral salbutamol and

prednisolone. Eur J Pediatr 1996;155:512-6.

54. Smith M, Iqbal S, Ell iott TM, Ecerard M, Rowe BH.

Corticosteroids for hospitalised children with acute asthma.

Cochrane Database Syst Rev 2003;CD002886.

55. Kadit is AG, Winnie G, Syrogiannopoulos GA. Anti-

inflammatory pharmacotherapy for wheezing in pre-school

children. Pediatr Pulmonol 2007;42:407-20.

56. Roorda RJ, Mezei G, Bisgaard H, Maden C. Response of

preschool children with asthma symptoms to fluticasone

propionate. J Allergy Clin Immunol 2001;108:540-6.

57. Bisgaard H, Allen D, Milanowski J, Kalev I, Willits L, Davies

P. Twelve-month safety and efficacy of inhaled fluticasone

propionate in children aged 1 to 3 years with recurrent

wheezing. Pediatrics 2004;113:e87-e94.

58. Guilbert TW, Morgan WJ, Zeiger RS, Mauger DT, Boehmer

SJ, Szefler SJ, et al. Long-term inhaled corticosteroids in

preschool children at high risk for asthma. N Engl J Med

2006; 354:1985-97.

59. Sharek PJ, Bergman DA. The effect of inhaled steroids on

the linear growth of children with asthma: a meta-analysis.

Pediatrics 2000;106:e8.

60. Simons FE, Villa JR, Lee BW, Teper AM, Lyttle B, Aristizabal

G, et al. Montelukast added to budesonide in children with

persistent asthma: a randomized, double-blind, crossover

study. J Pediatr 2001;138:694-8.

61. Bisgaard H, Nielsen KG. Bronchoprotect ion with a

leukotriene receptor antagonist in asthmatic preschool

children. Am J Respir Crit Care Med 2000;162:187-90.

R e v i e w  A r t i c l e



19

Journal of Paediatric Respirology and Critical Care

62. Hakim F, Vilozni D, Adler A, Livnat G, Tal A, Bentur L. The

effect of montelukast on bronchial hyperreactivity in

preschool children. Chest 2007;131:180-6.

63. Knorr B, Franchi LM, Bisgaard H, Vermeulen JH, LeSouef

P, Santanello N, et al. Montelukast, a leukotriene receptor

antagonist, for the treatment of persistent asthma in children

aged 2 to 5 years. Pediatrics 2001;108:e48.

64. Salpeter SR, Buckley NS, Ormiston TM, Salpeter EE. Meta-

analysis: effect of long-acting beta-agonists on severe

asthma exacerbations and asthma-related deaths. Ann

Intern Med 2006;144:904-12.

65. Straub DA, Minocchieri S, Moeller A, Hamacher J, Wildhaber

JH. The effect of montelukast on exhaled nitric oxide and

lung function in asthmatic children 2 to 5 years old. Chest

2005;127:509-14.

66. Straub DA, Moeller A, Minocchieri  S, Hamacher J,

Sennhauser FH, Hall GL, et al. The effect of montelukast

on lung function and exhaled nitric oxide in infants with early

childhood asthma. Eur Respir J 2005;25:289-94.

67. Bisgaard H, Zielen S, Garcia-Garcia ML, Johnston SL,

Gilles L, Menten J, et al. Montelukast reduces asthma

exacerbations in 2- to 5-year-old children with intermittent

asthma. Am J Respir Crit Care Med 2005;171:315-22.

68. Robertson CF, Price D, Henry R, Mellis C, Glasgow N,

Fitzgerald D, et al. Short-course montelukast for intermittent

asthma in children: a randomized controlled trial. Am J

Respir Crit Care Med 2007;175:323-9.

69. Bisgaard H, Flores-Nunez A, Goh A, Azimi P, Halkas A,

Malice MP, et al. Study of montelukast for the treatment of

respiratory symptoms of post-respiratory syncytial virus

bronchiolitis in children. Am J Respir Crit Care Med 2008;

178:854-60.

70. McKean M, Ducharme F. Inhaled steroids for episodic viral

wheeze of childhood. Cochrane Database Syst Rev 2000;

CD001107.

71. Ducharme FM, Lemire C, Nova FJ, et al. Randomized

controlled trial of intermittent high dose fluticasone versus

placebo in young children with viral-induced asthma. Am J

Respir Crit Care Med 2007;175(Suppl 1):A958.

72. Castro-Rodriguez JA, Rodrigo GJ. Beta-agonists through

metered-dose inhaler with valved holding chamber versus

nebulizer for acute exacerbation of wheezing or asthma in

children under 5 years of age: a systematic review with

meta-analysis. J Pediatr 2004;145:172-7.


