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Prednisolone and salbutamol in the hospital
treatment of acute asthma
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Abstract
The use of oral prednisolone (2 mg/kg) to
treat children admitted to hospital with
acute asthma was assessed in a placebo
controlled study. Children were further
randomised to receive either 0-15 mg/kg
salbutamol every 30 minutes for the
first three hours of admission, or 5 mg
salbutamol every one to four hours as
needed. Treatment was double blind and
the assessor was unaware of the nebuliser
regimen given. Children were examined
before and after treatment with salbuta-
mol on arrival and reassessed four hours
after admission. Seventy children com-
pleted the study. Seventeen (46%) of 37
children receiving prednisolone and six
(9%) of 33 receiving placebo were fit for
discharge after four hours of treatment.
There was no significant difference
between the two nebuliser regimens.
Clinical parameters indicative of asthma
severity were improved in all groups.
Between group comparisons at reassess-
ment showed higher peak flows in those
receiving prednisolone and nebulisers
every 30 minutes but differences were not
significant for other parameters. Objec-
tive parameters indicating steroid efficacy
over placebo were minimal. Despite
this, those receiving prednisolone were
more readily identifiable as being fit for
discharge within four hours of treatment.
(Arch Dis Child 1994; 70: 170-173)
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Systemic corticosteroids are often prescribed for
the treatment of acute asthma. Although most
paediatricians perceive these drugs as beneficial,
the reported studies attempting to verify this
have produced conflicting data. The inconsis-
tencies between studies have been attributed to
differences in study populations.' It has been
suggested that many of the negative studies
include large numbers of patients with asthma
improving spontaneously and so the benefits
from additional steroid usage are not apparent.
This hypothesis is contradicted by several good
studies providing evidence for the benefit of
steroids in the treatment of asthma exacerba-
tions at home in children2 3 and adults.6 It is in
the more severe cases requiring admission to
hospital that the evidence is less consistent.
Although some studies have suggested that
steroids are beneficial in this context,7 8 there

are several showing minimal or no benefit.9-14

Other studies in acute asthma have sought to
optimise 12 agonist treatment.15-17 Results
suggest that high dose, frequent nebulisations,
exceeding current licensing recommendations,
are safe and more effective than less intensive
regimens. It might be that the conflicting results
from inpatient studies of steroid usage are due
to differences in the extent to which con-
comitant bronchodilator treatment approaches
the optimum dose.

Studies showing steroids to be ofbenefit have
reported a wide timescale for the onset of clini-
cal response. The effects of corticosteroids that
are likely to benefit children with acute asthma
are most commonly attributed to changes in
protein synthesis mediated by RNA transcrip-
tion. Although this might imply that effects
would not be apparent until some time after
initiating treatment, some studies have shown
improvements within three to four hours.4 7 8

This study reassesses the early effects of a
single dose of prednisolone in the treatment of
acute asthma.7 The benefits of prednisolone
over placebo were assessed with two different
nebuliser regimens: our own practice of giving
5 mg salbutamol every one to four hours as
thought necessary by nursing staff and 0-15
mg/kg salbutamol every 30 minutes for the first
three hours of admission. (This latter regimen
approximated to the maximum dose schedule
used routinely that we were aware of when
planning this study. 17) Responses to treatment
were assessed four hours after starting treat-
ment. The study was designed to determine
whether the benefits of steroids could be
identified when nebuliser treatment was inten-
sified with these alternative regimens and to
find out how the subsequent need for inpatient
treatment was affected.

Patients and methods
The study was conducted at the Royal
Alexandra Hospital for Sick Children in
Brighton. The hospital admits 500-600 child-
ren annually with acute asthma of whom two
thirds are self referred. Over a four month
period (October 1990-January 1991) children
aged over 18 months with acute asthma were
considered for entry into the study depending
on the availability of a single observer (GJC) to
see each child within 30 minutes of arrival.
Each child was assessed before and 10 minutes
after 5 mg salbutamol (1 ml respirator solution
diluted in 2 ml normal saline) driven by oxygen
at 8 1/minute. Children requiring admission
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were considered for entry into the study.
Those entered received 2 mg/kg soluble
prednisolone or an identical placebo prepared
by Glaxo Pharmaceuticals. Treatments were

numbered by a pharmacist in random order
before the start of the study. After receiving the
drug by mouth children were transferred to the
paediatric ward where they were randomised
in blocks of 10 to receive either 5 mg nebulised
salbutamol every one to four hours as neces-

sary or 0d15 mg/kg nebulised salbutamol
(maximum 5 mg) every 30 minutes for three
hours. Treatment by mouth was double blind
and the assessor was unaware which nebuliser
regimen had been given.

All children were reassessed about four
hours after admission. Assessments included
measurements of heart and respiratory rate,
peak expiratory flow rate (PEFR) oxygen
saturation, and a severity score. This was

performed at least 30 minutes after each
child's most recent nebuliser treatment. The
best ofthree blows through a mini-Wright peak
flow meter was recorded and expressed as a
percentage of each child's documented 'best
ever' PEFR (in some children this value was

obtained at follow up after hospital admission).
Point value saturation measurements were

recorded at specified times using a Nellcor
N200 meter and disposable finger transducers.
Heart and respiratory rates were obtained by
brachial palpation and chest auscultation over

30 seconds respectively.
The severity score assessed degree of

auscultatory findings, patient distress, and
respiratory effort on scales of 0 to 6 and has
been described in a previous study.'8 Total
scores were calculated at each assessment. All
of the assessments were carried out by the
same doctor. After reassessment at four hours
after admission, a decision was made about the
need for continued admission. This was based
on each child's history, physical findings, and
response to inpatient treatment without using
the severity score or other clinical parameters
according to specific criteria.

Parents of children sent home were asked to
keep a diary of coughing and wheezing using a

severity scale of 0 to 3 for the two weeks after
discharge and scores were compared with
those from children sent home after more
prolonged admissions during the study.
Ethical committee approval was obtained for
the study and all parents gave informed written
consent.

STATISTICS
A sample size was calculated to obtain suffi-
cient numbers to detect a difference of 15% in
peak flow values expressed as a percentage of
'best ever' with 80% certainty. Peak flow data
from previous admissions to our hospital were

used to estimate a standard deviation of 15,
and the age range of previous admissions
suggested that 400/o of children entering the
study would be able to provide peak flow data.
Using these figures, a total of 120 children,
spread evenly between the four groups, was
necessary. Unfortunately, recruitment was less
than anticipated because the study assessor
deemed that fewer referrals required admission
than in previous years when this decision had
been made by a more junior member of staff. 19
Between group differences in the number of
children sent home were analysed by relative
risk ratios expressed as the relative likelihood
of discharge. Children receiving placebo plus
nebulisations every one to four hours were
used as a reference group (that is a relative
likelihood of discharge ratio of 1:1) with which
to compare the likelihood of discharge in the
other three treatment groups. The effects of
prednisolone over placebo and nebulised
salbutamol every 30 minutes over every one to
four hours in determining the relative likeli-
hood of discharge were also calculated. This
was performed by combining groups in which
these treatments were the same for the respec-
tive analyses. Analysis of between and within
group differences of interval scale variables was
performed using two sided Student's t tests
after testing the data for normality using the
Shapiro-Wilk test. Differences in severity
scored were analysed using the Mann-Whitney
U test. Analyses were carried out using SAS.

Results
Of 197 referrals during the study period, 158
(80%) were assessed and 105 admitted. Twelve
were excluded because they received steroids in
the two weeks before the study, three were not
included because of additional croupy symp-
toms, and two parents refused to give consent.
Ten other children were excluded because
symptoms were mild; they were admitted for
predominantly social reasons. Of the remaining
78 children entering the study, there were eight
withdrawals. One child receiving nebulisers
every 30 minutes plus prednisolone and another
receiving this regimen plus placebo improved

Table 1 Demographic data

Prednisolone+ Prednisolone+ Placebo+ Placebo+
salbutamol every salbutamol every salbutamol every salbutamol every
30 minutes 1-4 hours 30 minutes 1-4 hours
(n= 18) (n= 19) (n= 15) (n= 18)

Mean (range) age (years) 4-7 (1-6 -12-2) 4-7 (1-8-12-6) 5-5 (1-5-13-4) 4-6 (1-5-14-2)
Male:female ratio 13:5 13:6 10:5 13:5
No (%) with family history of asthma

in parents or siblings 9 (50) 8 (42) 7 (47) 10 (56)
No (%) with family history of atopy

in parents or siblings 17 (94) 14 (74) 11 (73) 14 (78)
No (%) parental smoking 8 (44) 11 (58) 7 (47) 9 (50)
Mean (range) duration of attack

before arrival (hours) 22 (6-120) 25 (8-144) 37 (6-240) 28 (5-96)
Use of inhaled prophylaxis

cromolyn:steroids (%/o) 0:6 (28) 2:4 (31) 1:5 (41) 2:5 (39)
No (O/o) previous use of bronchodilators 16 (89) 17 (89) 14 (93) 17 (94)
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Table 2 Outcome when reassessed at approximately four hours after admission

Relative 95%
No No (%) likelihood Confidence

Treatment assessed discharged of discharge interval

Prednisolone+salbutamol
every 30 minutes 18 11 (61) 3-67 1-02 to 13-14

Prednisolone+salbutamol
every 1-4hours 19 6 (32) 1-89 0-47 to7-58

Placebo+salbutamol
every 30 minutes 15 3 (20) 1-20 0-24 to 5 94

Placebo+salbutamol
every l-4hours 18 3 (17) 1-00 -

Table 3 Relative likelihood of discharge after prednisolone
compared with placebo

Relative 95%
No No (%) likelihood Confidence

Treatment assessed discharged of discharge interval

Prednisolone 37 27 (46) 2-53 1-12 to 6-10
Placebo 33 6 (18) 1 -

rapidly and did not require further nebulisers.
Two children receiving placebo plus nebulisers
every 30 minutes were withdrawn after vomiting
back their study drug, and two further children
in each of the placebo groups deteriorated and
required intravenous treatment within the four
hour period. This left 70 children completing
the study. Table 1 shows that important
covariates were well balanced between the four
treatment groups.

Table 2 shows the number of children in
each treatment group who could be discharged
when reassessed at four hours. Children receiv-
ing prednisolone plus nebulisers every 30
minutes were significantly more likely to be
sent home than the reference group. This dif-
ference was significant at the 5%/o level. When
the data from the four groups were combined,
the effect of prednisolone in increasing the
number of children that could be discharged is

Table 4 Relative likelihood of discharge after salbutamol every 30 minutes compared with
salbutamol every 1-4 hours

Relative 95%
No No (%o) likelihood Confidence

Treatment assessed discharged of discharge interval

Salbutamol every 30 minutes 33 14 (42) 1-74 0-87 to 3-60
Salbutamol every 1-4 hours 37 9 (24) 1 -

Connett, Warde, Wooler, Lenney

significant with p<005 (table 3). Suggestive
benefits of the more intensive nebuliser
regimen did not achieve statistical significance
(table 4). There was no identifiable factor
within the groups that could be used to predict
which children would respond to treatment at
presentation.

Table 5 gives the clinical assessments before
and after initial nebulisation and at reassess-

ment at four hours. Asthma severity was

comparable in all four groups at presentation
using the variables listed, and there were

similar responses to the initial nebuliser. Forty
one per cent of children provided peak flow
data. Increases in peak flow between arrival
and reassessment were significant (p<005) in
all groups except placebo plus nebulisers
every one to four hours (p=006). Between
group comparisons at reassessment showed
that the PEFR was significantly higher in the
prednisolone plus nebulisers every 30 minutes
group compared with any other group. Oxygen
saturations tended to improve and differences
between values at arrival and reassessment
were significant (p<0 05) in all except the
prednisolone plus nebuliser every one to four
hours group. There was no difference between
groups at reassessment. Total severity scores

improved significantly in all groups (p<0-01)
and there was a trend towards lower scores in
children receiving more intensive regimens at
reassessment. There was no significant change
in heart and respiratory rates throughout the
study period, though there was a trend towards
decreasing tachypnoea in all four groups.

Table 6 gives the side effects considered
attributable to asthma treatment. Tremor and
hyperactivity were more commonly reported in
those children receiving the more intensive
nebuliser regimen but symptoms were mild
and self limiting in most instances. Vomiting
was more a feature of disease severity than any

particular treatment group. Diary cards were

given to the parents of the 23 children sent
home. These were returned by all except three
from children receiving prednisolone plus
nebulisers every 30 minutes and one receiving
prednisolone plus nebulisers every one to four
hours. Mean scores for cough and wheeze in

Table S Clinical assessments

After Reassessment
Clinical parameter On arrival nebulisation after treatment

Mean (SE) percentage of 'best ever' PEFR*
Prednisolone+salbutamol every 30 minutes (9)* 29-6 (5 4) 44-3 (4 4) 74-3 (4 0)
Prednisolone+salbutamol 1-4 hours (7)* 26-0 (5 3) 41-0 (4 8) 52-8 (4-6)
Placebo+salbutamol every 30 minutes (7)* 28-5 (5-1) 44-3 (3 5) 48-6 (6 3)
Placebo+salbutamol 1-4 hours (8)* 30-0 (5 6) 42-7 (3 7) 44-7 (4 8)

Mean (SE) percentage oxygen saturation
Prednisolone+salbutamol every 30 minutes 93 5 (0-59) 93-1 (0 35) 95-3 (0 38)
Prednisolone+salbutamol 1-4 hours 93 7 (0.62) 93-4 (0 78) 94-5 (0 62)
Placebo+salbutamol every 30 minutes 92-6 (0-72) 93-2 (0-72) 94-7 (0-62)
Placebo+salbutamol 1-4 hours 92-8 (0 85) 93 4 (0 80) 95-0 (0-61)

Mean (SE) total severity scoret
Prednisolone+salbutamol every 30 minutes 11-7 (0-64) 8-8 (0 52) 5-0 (0-75)
Prednisolone+salbutamol 1-4 hours 12-1 (0 60) 9 4 (0-48) 6-5 (0 66)
Placebo+salbutamol every 30 minutes 11-8 (0-49) 8-7 (0 36) 6-8 (0 75)
Placebo+salbutamol 1-4 hours 11-7 (0 45) 8-2 (0-45) 7-3 (0 68)

Mean (SE) respiratory rate (breaths/minute)
Prednisolone+salbutamol every 30 minutes 48 (2.5) 45 (2 4) 40 (3 3)
Prednisolone+salbutamol 1-4 hours 53 (3-1) 46 (2 3) 40 (1-9)
Placebo+salbutamol every 30 minutes 46 (3 5) 42 (2-9) 38 (3-1)
Placebo+salbutamol 1-4 hours 44 (2 6) 42 (2 5) 40 (2-8)

*PEFR=peak expiratory flow rate; values in parentheses refer to the number of children in each group who were able to provide
peak flow data. tRange 1-18.
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Table 6 Side effects of drug treatment in the 76 children entering the study. Values are
number (%/o) of children

Prednisolone+ Prednisolone+ Placebo+ Placebo+
salbutamol salbutamol salbutamol salbutamol
every every every every

Side effect 30 minutes 1-4 hours 30 minutes 1-4 hours

Tremor and hyperactivity 7 (37) 2 (10) 5 (25) 2 (10)
Vomiting 1 (5) 4 (20) 1 (5)
Headache 1 (5)

the first week after discharge were similar (1 60
and 1-54 respectively) and were comparable
with mean scores obtained from diary cards
returned by 25 parents of children for the
week after discharge from more prolonged
admissions (1P76 and 1-57). There were no

re-referrals within two weeks of discharge.

Discussion
The results of this study help to reconcile some
of the contradictions published about steroid
treatment. Most of the children studied
improved with treatment after hospital admis-
sion. Children in the group receiving pred-
nisolone and more intensive treatment with
bronchodilators had significantly higher PEFRs
at four hours compared with other study
groups and this treatment regimen significantly
increased the likelihood of discharge compared
with the use of placebo and nebulisers every
one to four hours. More intensive bronchodi-
latation alone did not improve outcome unless
additional steroids were used and the 30
minute regimen placed excessive demands on

nursing staff precluding its routine use.
Our main findings were that when steroids

are used with high doses of bronchodilators
there is little evidence for their benefit using
objective measurements of asthma severity, but
the subjective decision of 'fitness for discharge'
significantly favours prednisolone use. These
results are consistent with previously reported
studies on the use of steroids to decrease the
need for inpatient treatment.4 7 8 It is difficult
to elucidate on what basis these studies have
perceived steroid treatment as beneficial, but
the use of a dichotomous variable such as

discharge or continued admission reveals quali-
tative steroid induced changes that are difficult
to quantify. The effect is present within four
hours, and can still be appreciated when maxi-
mum amounts ofbronchodilators are used. It is
possible that steroids produce an appearance of
wellbeing in children that is independent of
therapeutic effects on the asthmatic airway.
Although this might have influenced decisions
about whether sufficient recovery has occurred
to allow children to be sent home, the similarity
in diary card data in these children to that from
children discharged after more prolonged
admissions (and who received further daily
doses of prednisolone) suggests that the
decisions were appropriate. This was further
suggested by the absence of re-referrals.
The doses of bronchodilators given to the

two study groups were fairly intensive and we
were unable to determine whether objective
steroid effects can be identified when the use of
P2 agonists is suboptimal. Studies on patients
with asthma assessed as outpatients and receiv-

ing considerably less bronchodilator than in
hospitals suggests that this does occur.3-6

Studies of patients with severe asthma,
refractory to large doses of bronchodilators by
inhalation and intravenously, have also shown
the additional benefit of steroids with signifi-
cant changes in lung function.20 21 It appears
that during severe asthma attacks broncho-
dilatation by P2 agonists is limited and the
addition of steroids in this setting produces
an independent quantifiable effect on lung
function.

Like most inpatient studies, with more inten-
sive bronchodilator treatment and comparable
disease severity, our objective measurements of
improvement after steroid treatment are
minimal.4 9 14 We have shown that despite this
the beneficial effects of steroids are readily
appreciable. The more immediate and quantifi-
able benefits of bronchodilators should not
preclude steroid use. Routine steroid treatment
for all asthma admissions can facilitate the safe
discharge of an increased number of children
within a short period of treatment.
Dr Gary Connett and Sisters Warde and Wooler are supported
by the Royal Alexandra Hospital Rocking Horse Appeal.
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