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Abstract
Objective—To investigate the eYcacy of
an increased dose of inhaled steroid used
within the context of an asthma self man-
agement plan for treating exacerbations of
asthma.
Design—Randomised, double blind, pla-
cebo controlled, crossover trial.
Methods—Twenty eight children aged
6–14 years with asthma of mild to moder-
ate severity were studied for six months.
Eighteen pairs of exacerbations were
available for analysis, during which sub-
jects took an increased dose of inhaled
steroids or continued on the same dose.
Results—There was no significant diVer-
ence between increasing inhaled steroids
or placebo on morning or evening peak
expiratory flow rates (PEFRs), diurnal
peak flow variability, or symptom scores
in the two weeks following an asthma
exacerbation. DiVerence (95% confidence
intervals) in baseline PEFR on days 1–3
were 3.4% (−3.5% to 10.4%) and −0.9%
(−4.7% to 2.9%) for inhaled steroid and
placebo, respectively. Spirometric func-
tion and the parents’ opinion of the eVec-
tiveness of asthma medications at each
exacerbation were also not significantly
diVerent between inhaled steroid or pla-
cebo.
Conclusion—This study suggests that in-
creasing the dose of inhaled steroids at the
onset of an exacerbation of asthma is inef-
fective and should not be included in
asthma self management plans.
(Arch Dis Child 1998;79:12–17)
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The 1993 British Thoracic Society asthma
management guidelines1 stated that although
patients might be advised to increase their dose
of inhaled steroids at the first sign of a cold or
of asthma deterioration, there was no corrobo-
rative evidence from trials for the eVectiveness
of such an approach. A 1995 review of these
guidelines2 reiterated the lack of published tri-
als showing any benefit from this action. This
observation has been made in other consensus
documents.3

Although no trials have specifically investi-
gated the use of an increased dose of inhaled
steroids in the context of an asthma self
management plan, three groups have looked at
using intermittent courses of inhaled steroids
for treating a deterioration of asthma. Wilson
and Silverman4 found that treating acute

attacks of asthma in 24 preschool children with
2.25 mg of beclomethasone dipropionate each
day for five days resulted in decreased severity
but not decreased duration of asthma symp-
toms. Parents of children in the study showed a
blinded preference for steroid treatment over
placebo. Only five of the children in this trial
were taking inhaled steroid prophylaxis on
recruitment, four used sodium cromoglycate,
and 15 had no prophylactic asthma medica-
tions. Connett and Lenney5 examined the
eVectiveness of inhaled budesonide at prevent-
ing virus induced asthma attacks in 32
preschool children. The children took inhaled
budesonide (800 µg) twice a day (increased to
1600 µg if taken via a spacer) at the onset of
upper respiratory symptoms, which usually
precipitated an asthma attack. Treatment con-
tinued until the child was asymptomatic, or for
seven days. This resulted in a significant reduc-
tion in the day and night time symptom scores
for wheeze in the week following the onset of
the attack. Once again, parents indicated a
blinded preference for the active treatment.
There was no reduction in the severity of
cough, duration of any of the asthma symp-
toms, or in bronchodilator usage. None of the
children in this trial had received previous pro-
phylactic treatment. More recently, Svedmyr et
al examined the eVect of using a nine day
reducing dose of inhaled budesonide to treat
acute deterioration of asthma caused by upper
respiratory tract infections in 26 children aged
between 3 and 10 years.6 Active treatment
resulted in significantly higher peak expiratory
flow rates (PEFRs) in the period following an
exacerbation.None of the children in this study
used regular inhaled steroid prophylaxis.
Despite the lack of published evidence, a

step involving an increased dose of inhaled
steroids is a common component of asthma self
management plans. It has been shown that
95% of general practitioners and 57% of
paediatricians and paediatric registrars use
such a treatment approach.7

Several trials have shown that self manage-
ment plans are eVective in the management of
both adult8–10 and childhood11 12 asthma and
most of these have used an action plan with a
step involving an increased dose of inhaled
steroid. However, it is not possible to deter-
mine from these studies the relative contribu-
tion of individual components of a self
management plan. The objective of our study
was to determine the eVect of an increased
dose of inhaled steroids on acute exacerbations
of asthma in children, within the context of an
asthma self management plan.
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Patients and methods
This study was a randomised, double blind,
placebo controlled, crossover trial.We aimed to
recruit a sample of 30 children with asthma of
mild to moderate severity. To be eligible, a
child had to be aged between 6 and 14 years
and currently on inhaled steroid prophylaxis
(not exceeding 800 µg/day). Children were
excluded if any of the following applied: (1)
they were taking oral steroids, sodium cromo-
glycate, or long acting â2 agonists; (2) they had
had any previous intensive care unit admis-
sions, recent inpatient care for asthma, or any
change in their dose of inhaled steroids in the
past two months; or (3) they had any
concurrent illness. Subjects were recruited
through the paediatric outpatient department,
the department of respiratory medicine, and a
local general practice.
Following recruitment, participants entered

a two week run in period during which they
were required to use beclomethasone dipropi-
onate via a metered dose inhaler and spacer
(Volumatic; Allen and Hanburys, Middlesex,
UK) and a salbutamol metered dose inhaler.
This necessitated a change for those children
not already using these agents or delivery
devices. Because beclomethasone dipropionate
and budesonide have been shown to be of
similar eYcacy,13 14 the child’s daily dose of
inhaled steroids was not changed. During the
second week of the run in period, the children
completed a daily asthma diary in which they
recorded morning and evening PEFRs meas-
ured on a mini-Wright peak flow meter,
daytime and night time symptom scores of
cough and wheeze, a daily activities symptom
score, daily asthma medication use, and infor-

mation about the presence of an upper respira-
tory tract infection or any other illness. Symp-
tom scores were recorded on a scale from 0 to
3 (table 1). Participants were instructed to
record their PEFR as the best of three
prebronchodilator standing attempts. Infor-
mation from the diary was used to calculate
baseline PEFR and bronchodilator require-
ment. Spirometry measurements were made at
the end of the run in period using a portable
spirometer (Vitalograph-Compact; Vitalo-
graph Ltd, Buckingham, UK), which was
calibrated before each test with a 1 litre syringe
(Vitalograph Precision Calibrating Syringe;
Vitalograph Ltd). Forced expiratory volume in
one second (FEV1), forced vital capacity
(FVC), and forced expiratory fraction (FEF25–

75) were recorded as the best of three attempts
performed with the subject standing.
Each child received a three zone asthma

action plan that was individualised according
to the baseline values obtained during the run
in period. In the “green zone” represented by a
PEFR above 80% of baseline and an absence
of symptoms, the child used only their

Table 1 Symptom scoring explanation as provided to
study participants

Symptom Score Description

Night wheeze 0 None
1 Slight—slept well but slightly

wheezy
2 Moderate—sleep disturbed by

wheeze
3 Severe—awake most of the

night
Night cough 0 None

1 Slight—slept well but cough at
times

2 Moderate—sleep disturbed by
cough

3 Severe—awake most of the
night

Day wheeze 0 None
1 Less than 3 times a day, brief

and helped by inhalers
2 More than 3 times a day, brief

and helped by inhalers
3 Persistent symptoms lasting

longer than 2 hours
Day cough 0 None

1 Less than 3 times a day, brief
and helped by inhalers

2 More than 3 times a day, brief
and helped by inhalers

3 Persistent symptoms lasting
longer than 2 hours

Activities 0 No limitation
1 Any limitation—for example,

exercise induced wheeze or
cough

2 Daily routine modified—for
example, missed school or
exercise

Table 2 Demographic and baseline data for study
participants

28 children
recruited

18 children in the
final analysis

Age (years) 9.3 (2.6) 8.2 (2.0)
Sex (male/female) 19/9 12/6
Height (cm) 134.3 (13.6) 129.3 (11.6)
Weight (kg) 33.0 (9.7) 29.9 (7.4)
Baseline PEFR
(% predicted) 100 (11) 99 (10)

Baseline FEV1 (% predicted) 99 (12) 99 (13)
Baseline FVC (% predicted) 110 (15) 108 (15)
Baseline FEF25-75

(% predicted) 89 (21) 93 (23)

Values are mean (SD) except for sex.

Figure 1 Morning peak expiratory flow (PEF) rates for
patients taking increased dose of inhaled steroid or placebo.
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Figure 2 Evening peak expiratory flow (PEF) rates for
patients taking increased dose of inhaled steroid or placebo.
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maintenance medications. Entry into the “or-
ange zone” occurred if the child’s PEFR
dropped below 80% of baseline for 24 hours or
more, or they were woken at night with a cough
or wheeze, or their bronchodilator requirement
doubled. Meeting any one of these three crite-
ria constituted an asthmatic exacerbation.
When this occurred, the child used a study
inhaler in addition to their maintenance
beclomethasone. This blinded inhaler con-
tained either beclomethasone or placebo, so
that the child received either a double dose of
beclomethasone or continued on their mainte-
nance dose. The study inhaler was used for
three days and during this time the child was
visited at home, where their condition was
checked and spirometry was performed. After
three days, the child either returned to the
“green zone” of their asthma action plan, or

received definitive treatment following examin-
ation by a paediatrician if their exacerbation
had not resolved. One week after the start of
the exacerbation, the child was reviewed in the
paediatric outpatients department and spiro-
metry was repeated. If at any time during the
study, the child’s PEFR dropped below 60% of
baseline, the child entered the “red zone” of
their action plan, they were seen by a paediatri-
cian, and received definitive treatment for their
asthma. Each child followed this action plan for
six months or until they had four exacerba-
tions, all the time filling out the daily asthma
diary. After stratification for age and sex, the
children were randomised by the hospital
pharmacist to one of two possible treatment
sequences for serial exacerbations, placebo
then steroid, or steroid then placebo. The
investigators were blinded to this allocation.
Ethical approval was granted by the South-

ern Regional Health Authority ethics
committee and all participants and their
parents gave informed consent to participation.

ANALYSIS

The outcome measures used in the study were
morning and evening PEFR; diurnal PEFR
variability, calculated as the (highest−lowest)
PEFR/highest PEFR; morning and evening
symptom scores of cough and wheeze; an
activity symptom score; and spirometric func-
tion including FEV1, FVC, and FEF25–75

recorded during the run in period, during the
exacerbation home visit, and one week after an
exacerbation. Parents recorded an opinion
score of the eVectiveness of the study inhaler
on a visual analogue scale that ranged from −3
(made asthma worse) through to +3 (made
asthma better). Adverse events such as hospi-
talisation or oral steroid requirement were
recorded.
Data from the two week period immediately

following an exacerbation were analysed. For
the PEFR and symptom scores the data were
divided into three periods: days 1–3 of the
exacerbation, during which time the study
inhaler was being used, days 4–10, and days
11–14, and the mean values for each outcome
measure were calculated. A comparison be-
tween inhaled steroid and placebo treatment
was made using the SAS procedure general
linear models15 and the method described by
Senn.16 DiVerences and 95% confidence inter-
vals are presented for each period. Spirometric
function was analysed in a similar way to the
PEFR and symptom score data. Parent’s opin-
ion scores for each treatment were compared
using the Student’s t test. The data were
analysed for a period eVect.

Results
Twenty eight children were recruited, with the
demographic and baseline spirometric charac-
teristics as outlined in table 2. During the
study, there were 49 asthma exacerbations:
seven children had no exacerbations, three
children had one exacerbation, nine children
had two exacerbations, eight children had three
exacerbations, and one child had four exacer-
bations. Only those with completed pairs of

Figure 3 DiVerence (steroid − placebo) and 95% CI for
mean morning peak expiratory flow rates (PEFR)
expressed as a percentage of baseline PEFR (n = 18).
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Figure 4 DiVerence (steroid − placebo) and 95% CI for
mean evening peak expiratory flow rates (PEFR) expressed
as a percentage of baseline PEFR (n = 18).
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exacerbations were included in the final analy-
sis (18). In those children having three exacer-
bations the third was not analysed. For the two
week period following an exacerbation, the
mean diary completion rate, expressed as the
percentage of expected entries that were
actually present, was 95%. In 31 exacerbations
(86%), the study protocol was followed cor-
rectly. The five deviations from the protocol
involved the study inhaler being used for an
incorrect number of days.No significant period
eVect was detected.

PEAK EXPIRATORY FLOW RATE

The mean morning and mean evening PEFRs
were similar for steroid and placebo treatments
in the two weeks following an exacerbation
(figs 1 and 2). A reduction in PEFR at the time
of the exacerbation was evident, and showed a
return towards baseline with time.
When the data were analysed for the three

time periods, the diVerences between the treat-
ments were not significant (figs 3 and 4). The
diurnal variation in PEFR was similar for both
groups (table 3).

SYMPTOM SCORES

There was no significant diVerence between
treatments for any of the symptom scores,
apart from days 11–14 in the activities score,
where a diVerence in favour of placebo
treatment was seen (table 4). Asthma symp-
toms were most prevalent at the start of the
exacerbation and then returned towards the
symptom free state with time. It was noted that,
while not being significant, the symptom scores
for wheeze were consistently in favour of the

steroid, and those for cough were consistently
in favour of the placebo.

SPIROMETRY

At the time of an exacerbation, spirometric
function was reduced for both treatments for
FEV1, FVC, and FEF25–75 when compared with
the baseline recordings. One week after the
exacerbation, all measures returned towards
baseline levels. There was no significant diVer-
ence between the treatments for any of the
spirometric parameters measured (fig 5).

PARENT’S OPINION SCORE

The mean parent’s opinion score was 1.12 for
the steroid and 1.18 for the placebo
(p = 0.177). This is a positive opinion score for
both treatments, although they did not diVer.

ADVERSE EVENTS

During the study, two children required oral
steroids for exacerbations of their asthma and
on both occasions the study inhaler contained
steroid. This number of events is too small to
be significant. None of the children was hospi-
talised during the study.
In summary, there were small but not

significant diVerences between steroid or pla-
cebo treatment for any of the outcome
measures used, apart from the daily activities
score on days 11–14 of the exacerbation. We
observed a deterioration in PEFR, symptoms,
and spirometric function at the time of an
exacerbation, which all returned towards base-
line.

Discussion
We have conducted a trial investigating the role
of an increased dose of inhaled steroids within
the context of an asthma action plan. In our
study a double dose of inhaled beclomethasone
had no beneficial eVect on an asthma exacerba-
tion compared with placebo, and this is
evidence against using such an approach in
asthma management. This finding has several
implications, but these should be applied with
due consideration to the limitations of this
study.

Table 3 Diurnal variation diVerence, expressed as steroid − placebo

Mean diurnal variation

Days postexacerbation Steroid Placebo DiVerence % (95% CI) p value

1–3 8.2 11.5 −3.3 (−7.7 to 1.1) 0.13
4–10 9.0 7.2 1.8 (−0.5 to 4.1) 0.13
11–14 5.5 4.5 1.0 (−1.0 to 3.0) 0.38

Diurnal variation is (highest − lowest)/highest PEFR.

Table 4 Symptom scores for steroid and placebo treatment with the diVerence (steroid −
placebo) and 95% confidence intervals of the diVerence

Mean score

Symptom Steroid Placebo DiVerence (95% CI) p value

Night wheeze
Days 1–3 0.59 0.65 −0.06 (−0.39 to 0.27) 0.80
Days 4–10 0.22 0.33 −0.11 (−0.32 to 0.10) 0.34
Days 11–14* 0.19 0.21 −0.02 (−0.21 to 0.17) 0.97

Night cough
Days 1–3 1.20 0.97 0.23 (−0.14 to 0.60) 0.24
Days 4–10 0.61 0.45 0.17 (−0.19 to 0.53) 0.33
Days 11–14 0.39 0.26 0.13 (−0.19 to 0.45) 0.34

Day wheeze
Days 1–3 0.65 0.82 −0.17 (−0.55 to 0.21) 0.41
Days 4–10 0.23 0.32 −0.09 (−0.26 to 0.08) 0.36
Days 11–14 0.21 0.17 0.04 (−0.16 to 0.24) 0.57

Day cough
Days 1–3 1.20 0.97 0.23 (−0.36 to 0.82) 0.42
Days 4–10 0.61 0.45 0.16 (−0.26 to 0.58) 0.43
Days 11–14 0.56 0.26 0.30 (−0.02 to 0.62) 0.06

Activities
Days 1–3* 0.50 0.69 −0.10 (−0.48 to 0.28) 0.27
Days 4–10* 0.22 0.21 0.01 (−0.25 to 0.27) 0.96
Days 11–14 0.24 0.06 0.18 (0.07 to 0.29) 0.05

*Based on 17 pairs of observations.

Figure 5 Spirometric function during steroid (solid line)
and placebo (dashed line) treatment. Squares, FVC;Circles,
FEV1; Triangles, FEF25-75 (n = 18).
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The first criticism directed at many studies
resulting in a negative outcome is that they
lacked the power to detect an eVect. Before
commencing our study, we were unable to find
any good data on which to perform power cal-
culations and estimate sample size require-
ments and so we performed retrospective
power calculations. Using the baseline PEFR
data we can say that a sample of 28 children
gave us an 80% chance of detecting a
diVerence of 0.55 SD (5% of baseline PEFR)
at the 5% level of significance. The 18 pairs of
exacerbations available for analysis were too
few to detect the diVerences in any of the out-
comes in our study. However, many of the dif-
ferences between steroid and placebo treat-
ment were small and below what we would
regard as clinically significant. If we say that a
clinically significant PEFR diVerence between
a double dose of inhaled steroid and placebo is
10% of baseline PEFR then, according to our
data, 17 pairs of exacerbation’s would give an
80% chance of detecting this diVerence at the
5% level of significance. To detect a diVerence
in symptom scores of 0.5 with similar power
would require 23 pairs of exacerbations. We
have been able to rule out a clinically
significant diVerence between the two treat-
ments. This information will be useful for the
design of future studies.
In addition to enhancing power, larger num-

bers of children would have provided a more
comprehensive sample of children with
asthma. This study included only children with
mild to moderate asthma, and we do not know
whether exacerbations in children with severe
asthma would respond diVerently to an in-
creased dose of inhaled steroid. The natural
history of an asthma exacerbation might diVer
with both the severity of the underlying condi-
tion and the trigger of the exacerbation, and
more information about this could be gained
from a larger study involving a variety of
children with asthma.
The use of a double dose of inhaled steroids

administered for only three days was a
compromise between common practice and
safety considerations. In New Zealand, it is
most common for the dose of inhaled steroids
to be doubled until the child’s condition
returns to normal. However, during this study
the children were potentially receiving placebo
treatment for an exacerbation. Continuing this
treatment until they returned to baseline levels
would have been inappropriate, and a period of
three days was chosen to avoid compromising
the childrens’ safety. We do not know if a larger
increase in inhaled steroids for a longer period
would have been more eVective, although sev-
eral observations suggest that there would be
no improvement in outcome. Three studies
that investigated an increased dose of inhaled
steroid4–6 used larger increases for longer dura-
tions than we did, with only minimal benefit.
We could not detect any diVerence between the
two treatments during the first three days of the
exacerbation, when the study inhaler was being
used, and the maintenance of improvement
shown after stopping either inhaled steroid or
placebo suggests that extending the duration of

treatment would have no eVect on the natural
history of an exacerbation. Oral steroids are
known to be eVective for treating acute severe
exacerbations of asthma,17 and there is some
evidence that high dose inhaled corticosteroid
may be as eVective as a course of oral cortico-
steroid in acute exacerbations of asthma in
adults.18 However, the required dose in chil-
dren may not be reliably achievable by the
inhaled route, and would need to be shown to
be superior in terms of side eVects and cost
eVectiveness.
In our study, 95% of all the diary entries dur-

ing an exacerbation period were completed and
the study protocol was followed correctly in all
but five exacerbations. We feel that these figures
are reasonable, in that this was a practical study
that was designed to reflect the reality of asthma
treatment, in which compliance is often less than
perfect. For this reason, we included the data
from the five exacerbations where the protocol
was not followed in the analysis. We did not
scrutinise each exacerbation to determine
whether the criteria for starting the study inhaler
had beenmet, but allowed the children and their
parents to make this decision based on the
explanation they were given at the start of the
study and the written information contained in
their asthma action plan.
Although our study was placebo controlled,

we do not know what eVect no treatment would
have on an asthma exacerbation. There might
be a significant placebo eVect involved.
Examination of the children’s asthma diaries
for “missed” exacerbations in our study was
not helpful in answering this question, but it
would be useful to include a “no treatment
arm” in future studies, although this would
involve the institution of measures to ensure
the safety of participants.
Our study suggests that the outcome from an

acute asthmatic exacerbation is not improved
by administration of an increased dose of
inhaled steroids and that, therefore, this
increase should not be included as a step in an
asthma self management plan. This conclusion
should be confirmed by a larger study, in which
it would be appropriate to include a “no treat-
ment” arm, in addition to the active and
placebo treatment. There remains a need to
investigate the most eVective way to treat an
asthma exacerbation and how to incorporate
this into an action plan.
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