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Controlled trial of budesonide given by the Nebuhaler in
preschool children with asthma

J G A Gleeson, J F Price

Abstract
Objective-To determine whether the inhaled

corticosteroid budesonide, given by a Nebuhaler
spacing device, was effective in prophylaxis of
asthma in preschool children.
Design-Double blind, placebo controlled,

random order crossover trial with two week practice
run in period.
Setting-Outpatient clinic referrals in secondary

referral centre.
Patients-39 children aged 2-6 years selected for

the following: able to use Nebuhaler; parents able to
complete record card; poorly controlled asthma
(defined); not already on systemic or inhaled steroids.
Eleven withdrew for various reasons not connected
with intolerance to budesonide. Age, sex, other
atopies, and symptoms during run in period were
similar in the 28 children who completed the trial and
in the 11 who withdrew.
Interventions-Budesonide 200 [tg or placebo

(both one puff) given twice daily during 6-week
treatment or control periods, using Nebuhaler after
prior training. Three week "washout" at crossover.
Compliance monitored by weighing canisters.
Patients withdrawn if their acute attacks required
treatment with systemic steroids.
End point-Control of asthma.
Measurements and main results-Peak expiratory

flow rate measured twice daily where cooperation
allowed. Diary of symptoms and concomitant drug
use kept daily. Results showed mean peak flow sig-
nificantly higher (12% in mornings, 14% in evenings)
in second three weeks of intervention compared with
control period (95% confidence intervals 6-3-17-3%
and 7.2-21-0%). Supplementary bronchodilator
drugs reduced by 50% during intervention periods.
Conclusions-Budesonide given by Nebuhaler is

effective prophylaxis for preschool children with
frequent asthma.

Introduction
Prophylaxis against asthma in preschool children is

difficult. Slow release theophylline given orally may be
beneficial,' but compliance is poor and side effects are
common.2 The other orally active agent, ketotifen, has
proved ineffective in young children with asthma.'
Children under 5 years cannot use unmodified metered
dose aerosols and have difficulty using powder inhalers
correctly. Sodium cromoglycate by nebuliser may
benefit some children but is tedious and time con-
suming to give.4
The efficacy of inhaled corticosteroids given by

pressurised aerosol or by powder inhaler is well
established in older children,`7 but only two placebo
controlled trials have been done in preschool children
with asthma, both of nebulised beclomethasone dipro-
pionate. They showed either marginal' or no benefit9

from the nebulised suspension of this inhaled steroid.
Trials of a comparatively new inhaled corticosteroid,

budesonide, have indicated that it is at least as effective
as beclomethasone in older children"'" and can be
given by the Nebuhaler, a 750 ml pear shaped spacer
device with a one way valve (Astra). In previous studies
we showed that a simple method of taking five breaths
sufficient to move the one way valve after actuation of
the canister containing the drug was an effective way
to give treatment for asthma with the Nebuhaler and
can be achieved by nearly all children from the age
of 2 years.'2 1" We therefore conducted a placebo
controlled trial of budesonide inhaled with the
Nebuhaler in preschool children with asthma.

Patients and methods
We obtained informed parental consent, and the

trial was approved by the hospital's ethical committee.
Patients-Children aged 2 to 6 years who could use a

Nebuhaler and whose parents could reliably fill in a
daily record card were selected if their asthma was
poorly controlled (at least one attack a month in each of
the previous three months or symptoms on most days,
or both). Children were excluded if they were already
taking steroids systemically or by inhalation or if
they had received a short course of corticosteroids
systemically during the previous four weeks. Thirty
nine children (26 boys and 13 girls) aged 26-71 months
(median 51 months) entered the study. All had
perennial asthma, which dated from infancy in
21 children. Fifteen children also had eczema and eight
had allergic rhinitis. One child taking nebulised
sodium cromoglycate, 11 theophylline, and 13 regular
[I agonists continued taking these drugs in a fixed
dosage throughout the study. The parents of each child
were asked to give extra doses of bronchodilator
whenever necessary throughout the trial.

Design of trial-The trial was preceded by a two
week run in when the children practised using the
Nebuhaler. The severity of asthma was documented,
and the parents' ability to keep daily record cards was
assessed. The trial was a double blind, crossover
design with budesonide 200 [tg (one puff) or placebo
given twice daily with the Nebuhaler; placebo and
budesonide were given in random order each for six
weeks. The medicines for the trial were in identical
canisters. The technique of inhalation of five breaths
of sufficient size to trigger the Nebuhaler's valve'2 was
used to give each dose of trial medicine. The two
periods of treatment were separated by a washout
phase of three weeks, when the children continued to
take their usual drugs. Acute asthma attacks that did
not respond to treatment with bronchodilators were
treated with systemic corticosteroids and the child was
withdrawn but allowed to re-enter provided that at
least four weeks had elapsed after completing the
course of steroids.
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Evaluation of patients-The parents were asked to
keep a daily record on diary cards of (a) morning
and evening peak expiratory flow rates, which were
recorded three times before treatment if the child could
use a Wright peak flow minimeter; (b) all drugs given;
and (c) symptoms, which were cough and wheeze at
night, daytime cough, daytime wheeze, and breath-
lessness on exertion and were allocated a score of 0 to 3.
The children were seen every three weeks and on
demand during the trial. At each visit they were
examined, their technique in using the Nebuhaler was
checked, compliance was monitored; by weighing the
trial canister, and diary cards were reviewed.
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At the end of each period of treatment the children
were assessed in the laboratory between 8 am and
10 am; the trial drug was not given that morning and no
bronchodilator was inhaled for at least two hours. Peak
expiratory flow rate was recorded (best of three values)
before taking 500 [tg of terbutaline with the Nebuhaler
and 10 minutes afterwards. Blood was taken for
estimation of plasma cortisol concentration and counts
of eosinophils and neutrophils. During the trial any
possible side effects were recorded.
Analysis-The data were analysed with independent

and paired t tests, and crossover analysis was per-
formed according to the guidelines given by Pocock for
this type of trial.'4 As prophylactic drugs given before
the trial were not discontinued during it only the extra
doses of bronchodilator (score of 1 per dose) were used
to calculate the score for concomitant drug treatment.
The best of the three recordings ofpeak expiratory flow
rate at each time was used in the analysis, all such data
being expressed as percentages of predicted normal
values.I'61 Average daily morning and evening peak
expiratory flow rates and scores for concomitant drug
treatment and symptoms were calculated for the two
week run in, the first three weeks of treatment, the
second three weeks of treatment, and the three week
washout. The results in the two groups were analysed
separately (group 1, treatment with budesonide then
placebo; group 2, treatment with placebo then
budesonide) and overall effects of treatment and carry
over calculated. If carry over effects were significant
(p<O 1) for any variable, the variable was analysed in a
parallel group fashion in only the first period of
treatment.

Results
Twenty eight children completed the trial satis-

factorily. Five were withdrawn because of acute
asthma attacks, for which they were admitted to
hospital and given corticosteroids systemically; one of
these children was withdrawn on day 8 of treatment
with budesonide and the four others were withdrawn
on days 14, 26, 37, and 42 of treatment with placebo.
One child was withdrawn during treatment with
budesonide because of poor compliance as judged by
the canister's weight loss. Five children failed to keep
follow up appointments, three while taking placebo
and two while taking budesonide. Four of these
children have since been traced, and their withdrawal
was for social reasons unrelated to the trial. The
characteristics of those who completed the study and
those who did not were similar in terms of age,
distribution of sex, concomitant atopic disorders, and
symptoms recorded on diary cards during the run in
period.

OBJECTIVE ASSESSMENT

Diary card records of peak expiratory flow rate were
kept by the parents of 25 of the 28 children who
completed the study. Morning and evening peak
expiratory flow rates were similar before each period
of treatment (mean difference in morning peak
expiratory flow rate 2% and in evening peak expiratory
flow rate 4%; p>0 1). Peak expiratory flow rates
recorded on diary cards tended to rise during the first
three weeks of both treatments. During the second
three weeks of treatment morning and evening peak
expiratory flow rates were significantly higher with
budesonide than with placebo (p=0-0001 for mean
morning peak expiratory flow rate, p=0 0004 for the
mean evening peak expiratory flow rate). The mean
difference between treatment with budesonide and

h treatent placebo in the mean morning peak expiratory flow rate
kexpiratoy during the second three weeks of treatment was 12%

interval (95% confidence interval 6-3 to 17 3%) and that in the
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interval 0 09 to 095) (fig 3). Daily scores for symptoms
were similar before each period of treatment. The

* mean values for each symptom favoured budesonide
* during the second three weeks of treatment but none

reached significance at the 5% level (table I). Nocturnal
cough and wheeze had a significant carry over effect,

I and when these symptoms were analysed in a parallel
group fashion for the first period of treatment alone
they were significantly higher with placebo, the mean
difference being 0 38 (95% confidence interval 0 11 to
0 65; p<0 01).

,1±_- Adverse effects-No differences were found in early
morning plasma cortisol concentrations and eosinophil

_ ~ and neutrophil counts at the end of six weeks of
treatment with budesonide and placebo (table II). Two

* patients complained that the trial medicine made them
* cough; in one the cough was more severe with placebo

and in the other it occurred only with placebo.

0

0

Treatment (weeks)
FIG 3-(a) Mean daily scores for concomitant drug treatment in 28 children before and during each.
treatment. (b) Individual differences between treatment with budesonide and placebo in mean daily scorefor
concomitant drug treatment during second halfof treatment. Vertical bar shows mean and 95% confidence
interval

mean evening peak expiratory flow rate 14% (95%
confidence interval 7-2 to 21-0%) (figs 1 and 2). The
analysis did not show any order or carry over effect.
The responsiveness to bronchodilators as measured

by the change in peak expiratory flow rate 10 minutes
after inhaling terbutaline was the same after six weeks
of treatment with budesonide (mean change 16%) and
six weeks of treatment with placebo (mean change
17%). Peak expiratory flow rates after treatment with
budesonide, however, were higher (mean 112%) than
those after placebo (mean 101%), the mean difference
being 12% (95% confidence interval 1-6 to 22-0%;
p<005).

SUBJECTIVE ASSESSMENT

During the last three weeks of treatment with
budesonide the need for additional treatment with
bronchodilators was about half that required during
the last three weeks of treatment with placebo (p=
0-022 1). The mean difference between treatment with
budesonide and placebo in the mean daily score for
concomitant drug treatment was 0-52 (95% confidence

TABLE i-Mean (SEM) daily scores of symptoms during second three
weeks of each treatment in 28 children

Treatment

Placebo Budesonide

Nocturnal cough and wheeze 0-48 (0-08) 0-35 (0-08)
Daytime cough 0-48 (0 07) 0-36 (0-09)
Daytime wheeze 0 22 (0 06) 0 13 (0-04)
Breathlessness on exertion 0-26 (0-09) 0-15 (0-05)

TABLE II-Mean (SEM) plasma cortisol concentrations and
eosinophil and neutrophil counts at end ofeach treatment in 28 children

Treatment

Placebo Budesonide

Early morning cortisol (nmol/l) 231 (17) 260 (21)
Eosinophil count (x 106/1) 643 (108) 616 (110)
Neutrophil count (x 106l1,) 3123 (394) 3148 (315)

Discussion
This trial indicates that budesonide inhaled twice

daily by means of the Nebuhaler is beneficial to
preschool children with moderately severe perennial
asthma. The beneficial effect was most apparent from
peak expiratory flow rates measured at home and
recorded on diary cards. Many of the children achieved
quite high flow rates even on entering the study, when
the control of asthma was poor, and the average
morning and evening flow rates towards the end of the
treatment with budesonide were well above predicted
values. This apparent discrepancy has been noted in
previous studies.'7 1 Peak expiratory flow rate depends
on effort and most ofour patients were well trained and
probably had better developed accessory muscles of
respiration than the children on whom the data
for normal subjects are based. The optimal peak
expiratory flow rate for a child with asthma may well be
on average higher than that for a child without asthma,
particularly if the child without asthma performs the
test on a single occasion for the purpose of obtaining
data on normal children.

Corticosteroids may enhance adrenergic responsive-
ness and increase the bronchodilator action of (3
agonists," although clinical trials have failed to confirm
this effect.202' We tried to study the effects of a single
dose of bronchodilator at the end of both periods of
treatment, but the much higher values after treatment
with budesonide before inhaling terbutaline almost
certainly invalidate any comparison of responsiveness
to bronchodilator drugs.

Several possible reasons exist to explain why the
observed improvement in lung function was not
matched by a similar reduction in recorded symptoms.
Inaccurate estimation of the severity of asthma is
common and the discrepancy between objective and
subjective assessments is probably greater in young
children as they often do not complain of symptoms
and doctors rely on their parents' perception of their
asthma.2 This view is supported by a recent nocturnal
study of children with asthma in which the number of
coughs from a tape recording (objective assessment)
correlated poorly with the number recorded on a diary
card.2' We used a scale of 0-3 to assess symptoms;
others have used wider ranges or visual analogue scales
and it may be that our scoring system was not
sufficiently discriminatory. We continued other forms
of prophylactic treatment without changing the dose
during the trial but asked parents to give additional
doses of a bronchodilator when necessary. Notably,
parents gave significantly more bronchodilator when
the child was receiving placebo, implying that the
control of asthma was not as good as the scores for
symptoms suggested.
An important aspect of prophylaxis is preventing
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severe attacks of asthma. In the study by Storr et al
many children were withdrawn for medical reasons,
but nebulised beclomethasone did not reduce the
number of children withdrawn.' Withdrawals from
our study because of acute attacks of asthma requiring
treatment with systemic corticosteroids were un-
common but more often seen during treatment with
placebo. The one child who was withdrawn while
taking budesonide had completed only one week of
treatment. Although budesonide improves pulmonary
function fairly rapidly,2" its beneficial effects on asthma
induced by exercise2' and in preventing the immediate
allergic reaction24 take some time to develop. Perhaps
one week's treatment with budesonide is insufficient to
prevent severe attacks of asthma.
The difference in efficacy of budesonide aerosol with

the Nebuhaler and beclomethasone suspension with
the nebuliser probably lies in the mode of presentation
rather than in any fundamental difference between the
drugs. In vitro studies and clinical trials with similar
routes of administration suggest that these two inhaled
steroids are similar in their action.'0 The Nebuhaler is
a comparatively cheap and convenient way to give
drugs and after a short tuition period most preschool
children can manage the inhalation technique we have
described under parental supervision. The average age
of the children in our trial was just over 4 years, which
accounts for the high proportion of children who were
able to give reproducible peak expiratory flow rates.
In our experience nearly all 3 year old children of
average intelligence can master the technique we
have described for the Nebuhaler. We studied
comparatively few children under the age of 3 years but
have found in this and in a previous study'3 that, with
patience, many children even this young can be taught
to use the Nebuhaler effectively.
The absence of oropharyngeal complications in our

study is not surprising as spacers diminish the amount
of drug deposited there. The systemic effects of
budesonide may be largely due to its absorption from
the distal non-ciliated airways and alveoli26 because any
active drug swallowed and absorbed from the gut is
largely inactivated on its first pass through the liver.2
In adults with asthma the drug's effect is dependent on
dose and is to raise the neutrophil count and lower
the eosinophil count and early morning cortisol
concentrations,26 implying some systemic effect with
high doses of treatment. That our results showed
improved pulmonary function without such evidence
of absorption of corticosteroid systemically is
reassuring and suggests preferential or at least
predominant deposition in the conducting airways
where inhaled corticosteroids are thought to act,6
rather than in the periphery of the lung. We did not test
hypothalmopituitary-adrenal function in our patients,
but the results of tests with tetracosactrin in older
children taking similar'"2' and larger29 doses of
budesonide have been reassuring. A recent study of
children with asthma found that beclomethasone
reduces nocturnal cortisol secretion and early morning
cortisol concentrations, these effects being dependent
on dose.30 In older children long term use of regularly
inhaled corticosteroids has not produced clinically
important systemic effects."3-` We used a com-
paratively high dose of budesonide and its potential for
systemic corticosteroid effects in preschool children
needs to be assessed for longer. In practice we suggest
using as low a dose as possible of budesonide to control
asthma.
We conclude that budesonide given by the Nebu-

haler is beneficial for preschool children with asthma
who need prophylaxis in that it improves pulmonary

function and reduces the need for concomitant
treatment with bronchodilators.
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