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Abstract
Background—Previous studies suggest
that recurrent episodes of coughing and
wheezing occur in up to 75% of infants
after acute viral bronchiolitis.
Aim—To assess the eYcacy of budesonide
given by means of a metered dose inhaler,
spacer, and face mask in reducing the
incidence of coughing and wheezing epi-
sodes up to 12 months after acute viral
bronchiolitis.
Methods—Children under the age of 12
months admitted to hospital with acute
viral bronchiolitis were randomised to
receive either budesonide or placebo
(200 µg or one puV twice daily) for the next
eight weeks. Parents kept a diary card
record of all episodes of coughing and
wheezing over the next 12 months.
Results—Full follow up data were col-
lected for 49 infants. There were no
significant diVerences between the two
study groups for the number of infants
with symptom episodes up to six months
after hospital discharge. At 12 months, 21
infants in the budesonide group had
symptom episodes compared with 12 of 24
in the placebo group. The median number
of symptom episodes was 2 (range, 0–13)
in those who received budesonide and 1
(range, 0–11) in those who received pla-
cebo. Because there is no pharmacological
explanation for these results, they are
likely to be caused by a type 1 error, possi-
bly exacerbated by there being more boys
in the treatment group.
Conclusion—Routine administration of
budesonide by means of a metered dose
inhaler, spacer, and face mask system
immediately after acute viral bronchiolitis
cannot be recommended.
(Arch Dis Child 1999;80:343–347)
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Acute viral bronchiolitis is the most common
lower respiratory tract infection in infancy and
up to 2.5% of all infants require hospital
admission during winter epidemics.1 Although
mortality is low and largely confined to those
with congenital heart disease and other pulmo-
nary diseases, subsequent respiratory problems
are common.2–18 Follow up studies have sug-
gested that in the two years after admission to
hospital with acute viral bronchiolitis, the inci-
dence of recurrent episodes of coughing and
wheezing may be as high as 75%.9 These prob-
lems become less common over the subsequent

three years,19–22 but it has been estimated that
they may account for ∼ 20% of all wheezing in
preschool children.23

The results of randomised controlled trials
assessing changes in symptomatology in infants
with acute bronchiolitis suggest a variable
response to both â2 agonists and ipratropium
bromide. A recent meta-analysis of these stud-
ies suggests a modest, short term improvement
only.24 Theophylline has not been shown to be
of benefit in acute bronchiolitis.25 The role of
nebulised ribavirin also appears to be uncer-
tain, with earlier studies suggesting a faster
clinical improvement and shortening of the
period of viral shedding.26–28 However, a meta-
analysis of all suitable randomised controlled
trials showed no significant improvement for
clinically important outcomes.29 An initial,
small, randomised controlled trial of systemic
corticosteroids in acute bronchiolitis suggested
significant short term benefit of this
treatment.30 All but one subsequent larger
studies failed to demonstrate this same positive
eVect.30–38 None of these studies of intervention
in the acute phase of the illness included infor-
mation on long term outcomes. Therefore,
there is currently no evidence that systemic
steroids or any other treatment reduce the inci-
dence of subsequent respiratory problems,
common after acute viral bronchiolitis.

Three randomised controlled trials have
examined the role of inhaled steroids for the
prevention of recurrent wheezing after acute
viral bronchiolitis.39–41 All of these studies con-
cluded that nebulised steroids may be benefi-
cial in this situation. However, problems with
the eYcacy and convenience of delivering
inhaled steroids by means of a nebuliser have
been noted.42 43 An alternative system that has
been shown to be an eVective and convenient
device for use in this age group is a metered
dose inhaler with a modified spacer and face
mask.44 45

The aim of our study was to assess the
eYcacy of inhaled budesonide by means of a
metered dose inhaler with a modified spacer
and face mask system in reducing the incidence
of coughing and wheezing episodes during the
first year after acute viral bronchiolitis.

Methods
The trial was a randomised, double blind, pla-
cebo controlled study and was approved by the
ethics committee for each hospital. Written
parental consent was obtained before inclu-
sion.

Infants less than 12 completed months old
with a clinical diagnosis of acute viral bron-
chiolitis requiring hospital admission were
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considered for enrolment into our study. The
clinical diagnosis was based on the presence of
tachypnoea (a respiratory rate > 40/min),
chest hyperinflation, soft tissue recession, and
bilateral crackles, with or without wheezes.
Patients with underlying cardiopulmonary
disease, including congenital heart disease,
bronchopulmonary dysplasia, and cystic fibro-
sis, along with those who had experienced res-
piratory problems in the neonatal period were
excluded from our study. Any infant requiring
mechanical ventilation during the present
illness was also excluded.

On admission to hospital, a full history was
recorded, including family history of atopy,
parental smoking habits, and details of any
previous respiratory symptoms. A nasopharyn-
geal aspirate was taken for respiratory syncytial
virus immunoflourescence. Daily clinical as-
sessment was made for each day of hospital
admission. The remainder of the medical and
nursing care provided during the stay in hospi-
tal was routine and any decisions regarding
clinical care were made by medical and nursing
staV not associated with our study.

When infants were considered to be ready
for discharge from hospital they were ran-
domised to receive either budesonide or
placebo by means of a metered dose inhaler
and modified spacer and face mask system,
200 µg or one puV twice daily for the next eight
weeks. This delivery system has been described
previously for use in infants of similar age using
the same medication.44 45 Parents of infants
recruited to our study received instruction on
the use of this device on the day of discharge
from hospital and were asked to start treatment
immediately after arrival home. They were also
instructed to keep a diary card record of all
respiratory symptoms, general practitioner and
hospital visits, and medication prescribed and
used over the next 12 months.

Outpatient clinic assessments were carried
out 1, 2, 6, and 12 months after the initial hos-
pital discharge date. At the first of these
appointments, the parents’ technique for ad-
ministration of the budesonide or placebo via
the delivery system was assessed as well as col-
lection of diary card records and clinical exam-
ination. Subsequent appointments were for the
purpose of diary card record collection and
clinical examination only.

SAMPLE SIZE CALCULATION

A previous study in a similar population of
infants with acute bronchiolitis found that 65%
had episodes of cough and wheeze during the

first year of follow up.22 To reduce this by
40–25% we calculated that 40 infants (20 in
each study group) needed to be fully followed
up for one year for the study to have 80%
power at the 5% significance level. To ensure
that full follow up data were collected from this
number of patients, we planned to recruit 60
patients in total, allowing for follow up failures
as a result of non-attendance and other
possible violations of protocol.

STATISTICAL ANALYSIS

Demographic data and follow up data between
the two study groups were compared using the
Mann-Whitney U test for continuous vari-
ables. The ÷2 test with Yates’s correction was
used for categorical variables, and Fisher’s
exact test was used when the expected
frequency for any cell was less than five. To
eliminate more trivial symptoms, only episodes
of cough and wheeze that required either treat-
ment by a general practitioner or in a hospital
accident and emergency department were
included in the statistical analysis.

Results
Sixty patients aged 1–42 weeks (median, 11
weeks) were initially randomised to receive
either budesonide or placebo (30 to each
group). Eight infants had been born prema-
turely, between 32 and 37 completed weeks’
gestation. Although six of these infants were
randomised to the placebo group and only two
to the budesonide group, this diVerence was
not significant (Fisher’s exact p value = 0.25).

Full follow up data were available for 49 of
the 60 infants initially randomised. Of the
other 11 patients, one was excluded after
randomisation, but before receiving any trial
medication, because he required mechanical
ventilation during the acute phase of the initial
bronchiolitic illness. Another patient was ex-
cluded at the time of the first follow up
appointment for poor compliance. Four pa-
tients failed to attend any follow up appoint-
ment, one patient attended for two months,
and four patients attended for six months only.
All possible eVorts were made to trace these
cases. Of the 49 patients with full follow up,
diary card entries were complete in 32 and
partial in the other 17 cases.

Two adverse events were recorded during
the treatment part of our study and neither of
these were considered serious enough to
consider breaking the randomisation code.
One infant in the placebo group was admitted

Table 1 Demographic data and details of initial hospital admission

Placebo
(n = 28)

Budesonide
(n = 26) % diVerence (95% CI) ÷2 p Value

Median (range) age (weeks) 10 (1–38) 11 (3–42) — — 0.70
Boys (n) 14 20 26.9 (1.1 to 52.7) 3.12 0.08
Family history of atopy (n) 19 15 10.2 (−15.6 to 36.0) 0.24 0.62
Number with household smokers 21 17 9.6 (−14.8 to 34.0) 0.23 0.63
Median (range) days in hospital 4 (1–14) 3 (1–13) — — 0.75
RSV positive on NPA (n) 21* 14† 8.95 (−12.5 to 30.4) 0.13 0.72
Requiring oxygen (n) 10 11 6.59 (−19.4 to 32.6) 0.05 0.83
Requiring NG feeds (n) 15 13 3.57 (−23.1 to 30.3) 0.07 0.79

*n = 23; †n = 17.
RSV, respiratory syncitial virus; NPA, nasopharyngeal aspirate; NG, nasogastric.
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to hospital with viral gastroenteritis and
another infant, in the budesonide group, was
readmitted to hospital with mild coughing and
wheezing.

Demographic data were assessed for the 54
cases with any follow up data. Comparison
between the two study groups for this is
summarised in table 1. There were no
significant diVerences between those in the
placebo group and those in the budesonide
group for age, sex, family history of atopy (in
first degree relatives), and prevalence of
parents (or other household members) who
smoked. The severity of the initial acute bron-
chiolitic illness was estimated by the length of
stay in hospital along with the need for
nasogastric feeding and supplementary oxy-
gen. There were also no significant diVerences
between the two study groups for any of these
parameters.

The number of infants in each study group
with symptoms of cough and wheeze that
required treatment by the general practitioner
or in a hospital accident and emergency
department during the first 1, 2, and 6 months
of follow up is shown in table 2. Medications
prescribed included cough suppressants, oral
and inhaled bronchodilators, and inhaled and
systemic steroids. During this part of the follow
up period, there were no significant differences
between infants randomised to receive placebo
after acute viral bronchiolitis and those who
were given budesonide.

Table 3 shows follow up data for the full 12
month follow up period. Significantly more
infants in the budesonide group had episodes
of cough and wheeze that required treatment

by the general practitioner or in a hospital acci-
dent and emergency department. The number
of these symptom episodes was also greater in
the budesonide group, but no significant
diVerence was found for the number in each
group with three or more episodes. The
number of infants with episodes of cough and
wheeze that were severe enough to merit
hospital admission is also shown in table 3.
Again, no significant diVerences were found
between the two study groups.

During randomisation there was no stratifi-
cation for possible confounding variables such
as the sex of the infant. Although there was no
significant diVerence between the two groups
for sex at the time of randomisation, a greater
number of boys received budesonide and were
then fully followed up and included in the final
analysis. There were 24 of 30 boys, but only
nine of 19 females with appreciable symptoms
during the year of follow up. We therefore
carried out a logistic regression analysis to
assess whether receiving budesonide predicted
having symptoms during the year of follow up,
independent of being a boy. This analysis
suggested that infants in the budesonide group
did not have a significant increase in
symptoms over the year of follow up
(p = 0.051).

Discussion
Our results suggest that budesonide given
by means of a metered dose inhaler, spacer,
and face mask system to infants with bronchi-
olitis immediately after hospital discharge is
not eVective for the prevention of subsequent
episodes of coughing and wheezing. It is

Table 2 Follow up data for months 1, 2, and 6 after acute bronchiolitis

Placebo
(n = 28)

Budesonide
(n = 26) % diVerence (95% CI) ÷2 p Value

Number with symptoms at
One month 5 4 2.5 (−17.4 to 22.3) — 1.00
Two months 11 11 3.0 (−23.2 to 29.2) 0.05 0.82
Six months 12* 15 13.3 (−13.4 to 39.9) 0.48 0.49

*n = 27.

Table 3 Data for follow up 12 months after acute bronchiolitis

Placebo
(n = 24)

Budesonide
(n = 25) % diVerence (95% CI) ÷2 p Value

Number with symptoms 12 21 34.0 (9.37 to 58.6) 4.98 0.03
Number with hospital admissions 6 5 5.0 (−18.6 to 28.4) 0.01 0.94
Number with > 3 symptom episodes 6 11 19.0 (−7.7 to 45.7) 1.20 0.27
Median (range) symptom episodes 1 (0–11) 2 (0–13) — — 0.02
Median (range) symptom days 9 (0–90) 18 (0–106) — — 0.08

Table 4 Previously published randomised controlled trials of inhaled steroids for the reduction of wheezing after bronchiolitis

Reference Inclusion criteria Study groups Sample size Results Comments

Maayan et al 198639 Recurrent wheeze after
bronchiolitis in infants aged
3–9 months (mean 4
months) after bronchiolitis

Nebulised
beclomethasone—100 µg tid
for two weeks or placebo

9 (crossover) Decreased respiratory rate,
clinical score, and improved
pulmonary mechanics in
steroid treated group

May have included patients
with atopic asthma rather
than acute bronchiolitis

Carlsen et al 198840 Age 6 months to 2 years.
Previous hospitalisation
with bronchiolitis and at
least one subsequent
episode of wheezing

Nebulised
beclomethasone—100 µg qid
for two weeks then 100 µg bid
for six weeks or placebo

44 (two
groups)

Decreased number of
symptom episodes and
reduced requirement for
treatment in steroid treated
group

May have included patients
with atopic asthma rather
than acute bronchiolitis

Reijonen et al 199641 < 2 years old. Hospitalised
with bronchiolitis

Nebulised budesonide—500
µg bid for eight weeks then
250 µg bid for eight weeks, or
sodium cromoglycate, or
placebo

100 (three
groups)

Decreased number of
symptom episodes and
reduced numbers of hospital
admissions in steroid treated
group

No significant diVerences
between study groups if
atopic patients removed
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possible that inhaled budesonide may have
even worsened outcomes, but this becomes
less likely once the eVect of sex is taken into
account. Other confounding variables could
also have influenced the results or, alterna-
tively, a type 1 error may have occurred. A true
diVerence between the budesonide and pla-
cebo groups cannot be excluded, however, but
this seems unlikely in view of the results of
other studies of inhaled steroids during or after
acute viral bronchiolitis.

Parent kept diary card data collection for
infants and children with symptoms of cough-
ing and wheezing has been criticised previ-
ously, because of poor correlation with less
subjective methods of symptom assessment.46

Therefore, we attempted to improve objectivity
in this study by only including symptom
episodes that had been assessed and treated by
a physician. This appears to have been justified
by the fact that only 65% of patients with full
follow up attendance had reliably completed
diary cards.

Table 4 shows details of the three previous
randomised controlled trials assessing the eY-
cacy of inhaled steroids in this situation, which
all had positive results.39–41 Inclusion criteria
and the timing, method of delivery, and dose of
inhaled steroids varied between all three
studies and our own, and these diVerences
might explain the conflicting results. Two of
these studies based the initial diagnosis of acute
viral bronchiolitis on the presence of acute
tachypnoea, wheezing, cyanosis, and the use of
accessory muscles. This is likely to lead to the
inclusion of infants presenting with atopic
asthma, rather than bronchiolitis. It has been
suggested that if the diagnosis of acute viral
bronchiolitis is limited to infants with fine
crackles, with or without wheeze, the relation
between atopy and bronchiolitis
disappears.15 16 29 When the atopic infants are
removed from the analysis of the study by Rei-
jonen et al,41 the improvements on inhaled
budesonide become non-significant, thus sup-
porting this hypothesis. Further studies of the
response to inhaled steroids in atopic infants
admitted to hospital with bronchiolitis may
help to clarify this.

Both Carlsen and colleagues40 and Reijonen
and colleagues41 recruited patients up to 24
months of age, whereas our study only
included infants up to 12 months old. It is pos-
sible that the response to inhaled steroids may
be better in older children.

The timing of starting inhaled steroids also
varied considerably between the studies.
Maayan and colleagues39 and Carlsen and
colleagues40 recruited patients who already had
recurrent episodes of coughing and wheezing
after bronchiolitis (that is, several months after
acute bronchiolitis), whereas Reijonen and
colleagues41 initiated treatment on the second
day of hospital admission and we did so imme-
diately after hospital discharge.

Delivery of both bronchodilators and in-
haled steroids to infants by means of the
metered dose inhaler and modified spacer and
face mask system has been shown previously to
be safe, well tolerated, and eVective.44 45 There-

fore, it seems unlikely that the negative findings
of our study can be explained by inadequate
delivery of medication. However, previous
studies with positive results39–41 have all as-
sessed the eYcacy of nebulised steroids, and
better delivery with this system cannot be ruled
out.

In summary, our study suggests that the rou-
tine administration of budesonide by means of
a metered dose inhaler, spacer, and face mask
to all infants after hospitalisation with acute
viral bronchiolitis cannot be recommended.
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