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Background and objective: Treatments with inhaled corticosteroids yielded conflicting results 
in infants with severe asthma. The purpose of this study was to assess the efficacy of nebulized 
budesonide on the control of asthma in this age group. 
Methods: In a double-blind, placebo-controlled study, 40 infants with severe asthma received 
either nebulized budesonide (1 mg) or placebo twice daily for 12 weeks, followed by a follow- 
up period of up to 12 weeks..A jet nebulizer driven by an air compressor was used to 
administer budesonide and placebo. 
Results: Fewer patients in the budesonide group had an exacerbation during the treatment 
period (40%) compared with the placebo group (83%, p < 0.01). The duration of oral 
steroid therapy was shorter in the budesonide group than in the placebo group (median 
number of days of exacerbation as a proportion of the total treatment time, 0% vs 14.5%; 
p < 0.05). The incidence of daytime (p < 0.05) and nighttime wheezing (p < 0.01) was 
lower in the budesonide group than in the placebo group during the treatment period. The 
proportion of patients without an exacerbation of asthma during the entire 24 weeks was 28% 
for those patients who had received budesonide and 0% for those patients who had received 
placebo. -Asthma improved in more patients in the budesonide group (17 of 19, 89%) than in 
the placebo group (7 of 16, 44%;p < 0.005). These results should improve and modify the 
treatment of infants with severe asthma. 
Conclusion: Nebulized budesonide (1 mg twice daily) is a weU-tolerated and efficient 
treatment for severe infantile asthma. (J_Allergy Clin Immunol 1996;98.'14-20.) 
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Management of infantile asthma is difficult, in 
part because of the difficulty in defining the disease 
itself. Tabachnik and Levison 1 proposed in 1981 
that "any infant with three or more episodes of 
wheezing should be considered as having asthma, 
regardless of the age of onset, evidence of atopy, 
apparent precipitating cause of wheeze or fre- 
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quency of the wheeze." This definition does not 
permit distinction between those infants who 
wheeze only in response to viral infections and 
those who wheeze in response to additional pre- 
cipitating factors. 2 However, the wheezing in this 
age group is important because early treatment  
might influence the long-term outcome? More- 
over, whatever the cause, it is likely that wheezing 
and dyspnea reflect inflammatory disorders in the 
airways. 

Inhaled corticosteroids have been advocated to 
counteract the deleterious effects of bronchial in- 
flammation in diseases in which inflammatory dis- 
orders are involved, such as bronchopulmonary 
dysplasia with or without asthma. 4, 5 In children, as 
well as in adults, inhaled steroids are an effective 
and recommended prophylactic treatment for 
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modera te  to severe asthma, and they are advo- 
cated in t rea tment  of  infants with severe symp- 
toms. 6 However ,  in infants with asthma, therapeu-  
tic trials with inhaled cort icosteroids have provided 
conflicting results. 7-11 Some of  the discrepancy in 
results may be ascribed to differences in method-  
ology, differences in t rea tment  duration, severity of  
disease, age of  patients studied, and the specific 
drug delivery problems associated with this age 
group?2, 13 

We  have therefore  conducted  a double-blind, 
p lacebo-control led study with two parallel groups 
in infants younger  than 30 months  of  age with 
severe asthma. The  aim of  this study was to assess 
the effectiveness of  nebulized budesonide,  1 mg 
twice daily, during 12 weeks on the control  of  
as thma during the t rea tment  per iod and during a 
3-month  follow-up period. 

METHODS 
Infants were recruited for study from H6pital des 

Enfants Malades, Paris, France between December 1991 
and February 1992. 

Diagnosis of asthma was defined by at least three 
exacerbations of dyspnea associated with wheezing 
during the 12 months before the study. Severe asthma 
was defined as either one exacerbation per month 
requiring oral steroid administration during the 3 
months before inclusion in the study or persistent 
asthma with daily symptoms for at least 15 days before 
inclusion. Informed written consent was obtained 
from the parents, and the trial was approved by local 
ethical committees. 

Infants with other recognized respiratory disease, 
including cystic fibrosis and bronchopulmonary dyspla- 
sia, and those with other major concomitant disease 
were excluded from the study. 

The study had a double-blind, randomized, parallel- 
group design. Patients were randomly allocated to re- 
ceive either nebulized budesonide 1 mg (2 ml) or 
placebo (2 ml) twice a day (i.e., one nebulization each 
morning and evening for 12 weeks), followed by a 
follow-up period of up to 12 weeks. 

For at least the 15 days before the first visit and 
throughout the study, patients received oral salbutamol 
solution 100 ~g/kg three times daily. The placebo and 
budesonide suspensions were administered in identical 
brown bottles to make the study double-blind. It was 
randomized by Astra Draco AB (Lund, Sweden) and 
was administered to each patient by means of a De 
Vilbiss 646 jet nebulizer (De Vilbiss, Arcueil, France) 
with an open face mask (Europe M6dical, Bourgen 
Bresse, France), driven by a CR60 air compressor (Med- 
ic Aid, Pagham, U.K.). The choice of air compressor and 
jet nebulizer was based on results of a previous study, 14 
which showed an adequate mass median droplet diam- 
eter and drug output. Parents were instructed to hold 

the mask close to their child's face. The duration of a 
nebulization was not to exceed 5 minutes. 

On referral, parents were instructed to keep a symp- 
tom diary during the study. Every day they recorded 
asthma symptoms (yes or no): wheezing, cough, and 
bronchial secretions; nighttime and daytime symptoms; 
and treatment other than study medication. In case of 
exacerbation, the parents were instructed to adminis- 
ter nebulized 0.5% salbutamol (0.03 ml/kg, minimum 
0.3 ml). Oral corticosteroids were administered if the 
infant failed to respond to two salbutamol nebulJiza- 
tions. 15 

The children were seen as outpatients during weeks 
4, 8, and 12 of treatment and also every 4 weeks during 
the follow-up period until the first exacerbation oc- 
curred or 12 weeks had passed. Budesonide suspen- 
sion was dispensed at visits 1, 2, and 3 in bottles of 140 
ml (70 doses) from which budesonide was dispensed 
into nebulizers with syringes. All bottles were re- 
turned at the next visit. 

At each visit, the daily diary cards were colleclEed; 
and weight, height, results of a chest examination, and 
any oral thrush or facial skin irritation were recorded. 
Nebulization technique and compliance with use of 
the nebulizer were checked. At the end of the treat- 
ment period, asthma status was assessed by the par- 
ents as "improved" or "unchanged." 

Statistical analysis 
An "all patients treated" approach to the analysis is 

reported. Of the 40 patients treated, 38 (including three 
of the patients who dropped out) recorded some data 
after the initial visit and were included in this analysis. A 
"per protocol" approach was also used, and it provided 
similar results and the same conclusions. 

Comparisons between the two treatment groups 
were made by using information from diary cards. 
Intake of oral corticosteroids on 2 or more consecu- 
tive days was used as an indicator of asthma exacer- 
bation. The number of exacerbations for each patient 
was compared by means of the Wilcoxon rank sum 
test. The number of patients with at least one exacer- 
bation in each group during the treatment period was 
compared by using the chi square test. The proportion 
of the total days of exacerbation out of the total 
treatment time for each patient was compared be- 
tween the treatment groups by using the Wilcoxon 
rank sum test. The proportion of patients who were 
free of exacerbation of asthma at 12 and 24 weeks 
(using time between randomization and the first exac- 
erbation of asthma) was calculated by the Kaplan- 
Meier product limit technique. The log-rank test was 
used to compare the treatment groups. 

An analysis of the possible influence of type of asthma 
(i.e., persistent or recurrent) and atopy of parent (i.e., 
atopic or nonatopic) was performed by using a Cox 
regression analysis. This analysis examined the treat- 
ment effects adjusted for any significant prognostic in- 
fluence of these factors. 
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TABLE I. Demographic data for the 38 
patients analyzed 

Budesonide Placebo 
group group 

(n = 20) (n = 18) 

Mean age (mo) 16.4 18.1 
Range (too) 6-30 8-28 

Sex (male/female) 16/4 17/1 
Passive tobacco smoking 12 9 
Atopic father or mother 7 11 
Persistent asthma 6 5 
Recurrent asthma 14 13 
Mean weight (kg) 11.2 11.6 
Mean height (cm) 78.8 81.6 

Other efficacy variables were proportion of days with 
each symptom and proportion of days when nebulized 
salbutamol was administered during the treatment pe- 
riod for each patient; treatment groups were compared 
by using the Wilcoxon rank sum test. 

RESULTS 
Forty patients, 35 boys and 5 girls, with a mean 

age of 17 months (range, 6 to 30 months) were 
recruited for study. Thirty-five patients completed 
the 12-week treatment period; three patients were 
withdrawn prematurely: one was withdrawn be- 
cause of lack of etficacy (placebo group), one was 
lost to follow-up (placebo group), and one could 
not tolerate the device (budesonide group). Two 
patients in the placebo group were excluded from 
the analysis because they had no data apart from 
the data recorded at the initial visit. 

Demographic data for the 38 infants analyzed are 
reported in Table I. Twenty-seven infants were con- 
sidered as having recurrent asthma (13 in the placebo 
group and 14 in the budesonide group), and 11 as 
having persistent asthma (five and six, respectively). 

Treatment period 

The number of exacerbations of asthma for each 
patient was lower in the budesonide group but did 
not reach significance (p = 0.13) (Table lI). How- 
ever, significantly fewer patients in the budesonide 
group had at least one exacerbation (40%) com- 
pared with the placebo group (83%) (difference, 
43%; confidence interval, 16% to 71%; p < 0.01). 
Duration of exacerbations was also significantly 
shorter in the budesonide group, as shown by the 
significantly lower median duration of oral corti- 
costeroid therapy compared with the placebo 
group (median duration, expressed as the percent- 
age of the total treatment time, 0% vs 14.5%; p < 
0.05). The median duration of nebulized salbuta- 

tool was slightly lower in the budesonide group 
than in the placebo group, but the difference did 
not reach significance (5.2% vs 8.8%, p = 0.27). At 
12 weeks, the proportion of patients who were free 
of exacerbation of asthma was significantly higher 
in the budesonide group (55%) than in the placebo 
group (8%) (difference, 47%; confidence interval, 
21% to 73%) (Fig. 1). For asthma symptoms (Fig. 
2), a significantly lower incidence of daytime 
wheezing (p < 0.05) and nighttime wheezing (p < 
0.01) was observed in the budesonide group com- 
pared with the placebo group. Asthma, assessed by 
the parents, was improved in significantly more 
patients in the budesonide group (17 of 19, 89%) 
than in the placebo group (7 of 16, 44%; p < 
0.005). 

Entire study 

At 24 weeks, 28% of patients in the budesonide 
group and 0% of patients in the placebo group 
were still free of exacerbation of asthma (differ- 
ence, 28%; confidence interval, 7% to 48%) (Fig. 
1). 

There was no significant prognostic influence of 
atopy of a parent on the time that the patients were 
free of exacerbations (Cox regression analysis). 
There was a significant influence of the type of 
asthma (p = 0.0005). Patients with persistent 
asthma were more likely (hazard ratio, 4.47) to 
have an exacerbation sooner than patients with 
recurrent asthma. After adjusting for this influ- 
ence, there was still a significant effect of budes- 
onide (p = 0.01) compared with placebo. 

For 11 patients in the budesonide group and for 
15 in the placebo group at least one adverse event 
was reported during the treatment period. Eight 
patients in the placebo group and three in the 
budesonide group had upper airway infection. No 
facial skin reaction was observed. One patient in 
the budesonide group had oral candidiasis, and 
another had transient hyperexcitability. Mean in- 
creases in height and weight for each age range 
were similar between the treatment groups. Nei- 
ther bronchoconstriction nor coughing were re- 
ported after nebulized budesonide was adminis- 
tered. 

DISCUSSION 

Our results provide evidence that the adminis- 
tration of i mg of nebulized budesonide twice daily 
for 12 weeks was an effective treatment for severe 
asthma in children younger than 30 months of age. 
Significantly fewer patients in the budesonide 
group had exacerbations requiring administration 
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FIG. 1. Percentage of patients without exacerbation of asthma in budesonide and placebo 
groups during treatment and follow-up periods. 

TABLE II. Efficacy of nebulized budesonide (1 mg twice daily) and placebo on control of asthma 

Placebo group Budesonide group p Value 

No. of exacerbations per patient* 1 (0-3) 
Patients with at least 1 exacerbation (%) 83 
Duration of oral corticosteroid therapy (%) 14.5 
Patients without exacerbation of asthma at 12 wk (%) 8 
Improvement of asthma, parent's assessment (%) 44 
Incidence of daytime wheezing (%)* 11.6 (0-91) 
Incidence of nighttime wheezing (%)* 6.5 (0-24) 

0 (0-4) =0.13 
40 <0.01 

0 <0.05 
55 <0.05 
89 <0.005 

2.2 (0-56) <0.05 
0.6 (0-30) <0.01 

*Median values are given with ranges in parentheses. 

of oral corticosteroids, and for those who had such 
exacerbations, the durat ion of oral corticosteroid 
therapy decreased. The incidence of daytime and 
nighttime wheezing was lower in the budesonide 
group than in the placebo group. Furthermore,  
significantly more parents in the budesonide group 
than in the placebo group believed that their 

children experienced improvement as a result of 
the treatment. 

It should be noted that nebulized budesonide 
was more effective in infants with recurrent asthma 
than in infants with persistent daily symptoms, 
mainly persistent wheezing. However, even in this 
latter group, nebulized budesonide was more el- 
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FIG. 2. Proportion of days and nights with symptoms during the treatment period in the 
budesonide group (E) and in the placebo group (E3). (Values are expressed as means _+ SD.) NS, 
Not significant. 

fective than placebo. In contrast, analysis of the 
possible influence of parent status (atopic or non- 
atopic) did not reveal any significant prognostic 
influence. This is in agreement with several epide- 
miologic studies, which failed to show a link be- 
tween early wheezing in infancy (almost always 
caused by a viral infection) and familial atopy. 16-1a 
Familial predisposition to allergy seems unlikely to 
be of major importance. 

In our study nighttime and daytime wheezing 
were significantly reduced in the budesonide 
group, whereas cough and bronchial secretions did 
not differ in the budesonide and placebo groups. 
Although cough is an important symptom of respi- 
ratory disease, particularly of asthma, assessment 
of cough may be difficult; and assessment of bron- 
chial secretions may be even more difficult. 
Falconer et al. 19 showed that in 15 children with 
asthma, there was poor agreement between re- 
ported and recorded nocturnal cough. Moreover, 
in infants upper respiratory tract infections and 
colds are common and may contribute to cough 
and bronchial secretions. 

Only few therapeutic trials have been carried out 
in infants with asthma. Some uncontrolled studies 
have shown beneficial effects of inhaled corticoste- 
roids. 2°-24 The few controlled studies have yielded 
conflicting results. 5-9 In their controlled study, 

Carlsen et al. 7 administered nebulized beclometha- 
sone dipropionate during 8 weeks to 22 of 44 
children with recurrent wheezing after an episode 
of acute bronchiolitis. Beclomethasone dipropi- 
onate was effective in reducing the number of 
episodes of wheezing, but there was no change in 
the severity of individual exacerbation. In contrast, 
the study of Van Bever et al. 8 was unable to 
demonstrate a significant improvement when neb- 
ulized budesonide was used. In this crossover 
study, 23 infants received nebulized budesonide 
suspension, 0.5 mg, twice daily for 1 month or 
placebo. Daily wheezing, rhinitis score, and lung 
auscultation demonstrated improvement after 1 
month of budesonide nebulization, but the differ- 
ence with placebo was not statistically significant. 
There might be several explanations for the lack of 
efficacy of budesonide in that study: the low dose 
of nebulized budesonide (0.5 mg twice daily), the 
short treatment duration (1 month), the crossover 
design without a washout period, and the selection 
of children with mild asthma as evidenced by the 
low asthma symptom scores at inclusion. 

In our study the methodology, the dose of 
budesonide, and the material used are likely to 
contribute to the observed favorable results. Our 
study is the first double-blind, randomized, paral- 
lel-group study to include such a large number of 
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infants with severe asthma. All of them were 
recruited during autumn and winter and treated 
for a long period (3 months) with budesonide 
administered through an adapted nebulizer driven 
by an appropriate compressor. 

The analysis of Fig. 2 shows that the difference 
between the two groups occurred after 1 month 
and was maintained for the budesonide group 
during several weeks of the follow-up period, 
suggesting a prolonged protective effect. This dem- 
onstrates that both short-term treatment and 
crossover study design are not suitable for a com- 
parison of inhaled corticosteroids. This prolonged 
effect is similar to that observed in older children 
and adults with asthma. Juniper et al. 25 and Haah- 
tela et al. 26 showed that when inhaled steroid is 
withdrawn after regular use, improvement may 
persist for at least 3 months and that clinical 
deterioration precedes an increase in bronchial 
hyperreactivity. 

Our results are in agreement with those of 
Ilangovan et al. 11 who enrolled 1- to 5-year-old 
children. There were 17 infants younger than 2 
years. All had severe asthma requiring oral corti- 
costeroids for treatment of acute dyspneic epi- 
sodes. Duration of oral corticosteroid use was 
significantly reduced in the budesonide group. 

Our results are also in agreement with those of 
studies in which corticosteroids were delivered by 
spacers with face masks attached to them. The 
study by Bisgaard et al. 9 included infants who were 
treated successfully with budesonide, 400 Ixg ad- 
ministered twice daily by pressurized metered-dose 
inhaler (Nebuhaler; ASTRA Pharmaceuticals, 
Lund, Sweden) for 12 weeks. Noble et al. 1° showed 
that the administration of budesonide 150 p,g twice 
daily by pressurized metered-dose inhaler with 
Nebuhaler attached to a Laerdal face mask 
(Staranger, Norway) significantly improved both 
daytime cough and wheezing and daytime and 
nighttime breathlessness. In contrast, only daytime 
and nighttime cough significantly decreased during 
a 6-month study with budesonide, 400 to 800 
Ixg/day, performed by Connet et alY In this study 
budesonide was also administered through Nebu- 
haler and Laerdal face mask. Wheezing and use of 
bronchodilator and oral corticosteroids were less 
important during budesonide treatment, but dif- 
ferences did not reach significance. 

The inhalation system in which the spacer and 
face mask are used might seem more convenient 
by allowing easier, cheaper, less time-consuming, 
and more reliable administration than nebulizers. 
However, comparison of these two techniques is 

difficult. Comparison has been performed in chil- 
dren with acute asthma 28 but has not been done in 
infants with acute asthma or infants receiving 
long-term treatment. Using this inhalation system 
may prove difficult: in the study by Noble et al. 1° 
three of 20 infants were able to tolerate the face 
mask only while asleep, and four others did not 
accept the device, even when asleep, and had to be 
withdrawn from the study. In contrast, only two of 
40 infants in our study did not accept the nebul~er. 
This may be because the face mask must be 
applied tighter to the child's face when spacers are 
used in order to provide an airtight seal. 

It should be noted that studies with spacer 
devices with face masks enrolled infants with less 
severe asthma than infants of our study?, 10 In the 
study by Bisgaard et al. 9 infants who had received 
oral corticosteroids during the month before the 
study were excluded, and requirement of oral 
prednisolone during the trial in the placebo group 
was only 7% of the days. Another advantage of 
nebulization, as compared with the use of a pres- 
surized metered-dose inhaler, is the avoidance of 
chlorofluorocarbon propellants, which is a growing 
necessity. 29 

Performances of compressors and nebulizers are 
highly variable. 3°,31 However, nebulization is a 
very suitable inhalation technique in infants, pro- 
vided that several conditions are fulfilled: delivery 
of particules smaller than 5 txm, short nebulizing 
time (<10 minutes), and sufficient drug out- 
put. 14, 32 

The adequate dose of nebulized corticosteroids 
has yet to be determined. We did not observe any 
adverse clinical effects of nebulized budesonide, 
but our study did not address possible systemic 
effects. Our daily dose of 2 mg of budesonide was 
clinically efficient, as in the study by Ilangovan et 
al. 11 In contrast the study by Van Bever et al. 8 
showed no benefits with 1 mg of budesonide per 
day. A 2 mg daily dose of nebulized budesonide 
may seem high, but the delivered dose of budes- 
onide is only 10% of the nominal dose. 26 More- 
over, the fraction of active drug reaching the lungs 
is unknown. 12 However, because of the potential 
side effects, the lowest dose required to maintain 
control is necessaryY 

In conclusion, this study demonstrates the effi- 
cacy of nebulized budesonide as a treatment for 
severe infantile asthma. These results should im- 
prove and modify the treatment of infants with 
severe asthma. Recent studies suggest that in older 
children, early introduction of inhaled steroid im- 
proves long-term control of asthma and reduces 
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the risk of irreversible airway obstruction. 34 Fur- 
ther studies are necessary to assess the implica- 
tions of early inhaled steroid use in infants, in 
terms of both control of asthma and safety. The 
delivery system must also be improved to permit 
more accurate determination of safe and effective 
doses of the drug. 

We thank Madeline Frame, of ASTRA International 
Medical Services, Hemel Hempstead, England, for re- 
viewing the manuscript. 
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