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ABSTRACT: The optimal dose of salmeterol in infants and preschool children is not
known. The aim of this study was to assess the bronchoprotective effect of different
doses of salmeterol using methacholine-induced wheeze in children aged <4 yrs.

Children <4 yrs old with a history of recurrent wheeze underwent two methacho-
line challenges within 7 days. One hour before each challenge they were pretreated in
double-blind fashion using a metered-dose inhaler and BabyhalerTM spacer. Placebo
was given before one challenge, and either 25, 50 or 100 mg of salmeterol before the
other. Both the dose and treatment order were random. The provocative concentra-
tion of methacholine causing wheeze (PCwheeze) was measured on each occasion. Stu-
dies were terminated when wheeze occurred or arterial oxygen saturation (Sa,O2) fell
below 91%.

Of the 42 children enrolled, 33 completed the study. Two subjects refused the chal-
lenge test, two failed to return and five developed upper respiratory tract infections
or wheeze between the two tests. The mean (range) age of the population was 27 (8±
46) months. Ratios of PCwheeze between treatment and placebo challenges were calcu-
lated for each dosage group. The treatment/placebo ratios (95% confidence intervals)
were 1.2 (0.6±2.4) for 25 mg, 2.5 (1.4±4.6) for 50 mg (p<0.01), and 4.0 (2.1±7.4) (p<
0.001) for 100 mg doses.

In recurrently wheezy children aged <4 yrs a single dose of salmeterol between 25
and 100 mg has a dose-dependent effect on methacholine-induced wheeze, and this is
significantly different from placebo at 50 and 100 mg. This study suggests that the
Babyhaler effectively delivers salmeterol to children <4 yrs of age and that doses
between 50±100 mg are efficacious.
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Salmeterol is a long-acting b2-agonist which has recen-
tly been added to the therapeutic options available to treat
asthma. It has been shown to reduce symptoms and im-
prove lung function and quality of life in adults and chil-
dren with asthma [1±5]. It has been recommended as
supplementary treatment in adults and children over the
age of 4 yrs when anti-inflammatory treatment is inade-
quate [6]. Its efficacy in children under the age of 4 yrs has
not previously been assessed, and the optimum dosage has
not been determined.

The aim of this dose ranging study was to assess the
bronchoprotective effect of single doses of salmeterol giv-
en through a BabyhalerTM spacer device against metha-
choline challenge in recurrently wheezy children aged <4
yrs.

Methods

Patients

Children were recruited from the respiratory clinic pop-
ulation at the Children's Hospital, Sheffield. A child was
eligible for the study if aged <48 months, with a physician-

documented recurrent wheeze of at least one month dura-
tion, and without respiratory symptoms for at least one
week prior to the first visit. Children were excluded from
the study if they had suffered a serious respiratory tract in-
fection in the preceding month, if they were receiving
treatment for another systemic disorder, requiring main-
tenance oral corticosteroid treatment, or had congenital
heart disease. Children receiving inhaled sodium cromo-
glycate or inhaled steroids were eligible for the study, but
those receiving methylxanthines, ketotifen or antihista-
mines were excluded. Informed parental consent was ob-
tained in all cases, and the study was approved by the
South Sheffield Research Ethics Committee.

Study design

The study was designed as a double blind, randomized,
two period, four treatment investigation. Each child was
randomized to receive one of three possible doses of
salmeterol, either 25, 50 or 100 mg, as well as placebo. The
child attended for two visits 2±7 days apart. In one visit the
child received salmeterol in the assigned dose by metered-
dose inhaler (MDI) through a new BabyhalerTM spacer
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device and face mask (Allen & Hanburys, Uxbridge, UK),
and in the other visit placebo was given in the same man-
ner. Four puffs of placebo, salmeterol 25 mg, or a mixture
of the two were given, with the child breathing from the
device for at least 15 s after each puff. The order of active±
placebo dosage and the dose administered were determined
randomly using a code generated by a Glaxo Wellcome
Research and Development computer program (PACT).
Both the investigators and the parents were blind to the
dosage and active±placebo information. Children who dev-
eloped an intercurrent respiratory illness in the period bet-
ween the two visits were excluded from analysis, as were
children who defaulted on the second visit.

Methacholine challenge

One hour after receiving the salmeterol dose the child
underwent a methacholine challenge using the method of
AVITAL et al. [7] to measure the provocative concentration
of methacholine causing wheeze (PCwheeze). Arterial oxy-
gen saturation (Sa,O2) was monitored throughout with a
Nellcor N-200 pulse oximeter (Nellcor, Bicester, UK), and
auscultation of the chest and trachea was performed at the
end of each stage. After baseline observations the child
was given isotonic saline by nebulizer, then increasing
concentrations of methacholine, starting at 0.03 mg.mL-1,
and increasing in doubling dilutions to a maximum pos-
sible concentration of 8 mg.mL-1, given at 5-min intervals.
Each dose was given through a Hudson nebulizer (Teme-
cula, CA, USA) connected to a compressed air source at 8
L.min-1 for 2 min tidal breathing by face mask. The study
was terminated if wheezing was heard over the trachea or
chest, or if the Sa,O2 fell below 91%. If crepitations or
intercostal retractions were detected, subsequent doses
were given for only 1 min each. The PCwheeze was taken as
the concentration of methacholine at which wheeze or
desaturation was observed.

Statistics

To allow for variation in the baseline PCwheeze between
children, the efficacy of salmeterol was expressed as a ratio
of active PCwheeze to placebo PCwheeze for each child. The
ratios were log transformed to normalize them, and geo-
metric means and 95% confidence intervals were calcu-
lated. The effect of order of treatment was assessed prior
to treatment group comparisons. The study was designed
to have 80% power to detect a possible difference of two
doubling doses of methacholine at 5% significance. It was
calculated that 18 patients would be needed in each arm of
the study (54 evaluable patients).

Results

Forty-two eligible children were enrolled, of whom 33
completed the study. Two subjects refused the first chal-
lenge test, two refused the second challenge and five dev-
eloped upper respiratory infection or wheeze in the interval
between the two challenges. Because of the difficulty in
recruitment it was decided to curtail the study at this point,

and the data were analysed, accepting the risk of inade-
quate power.

The median age of the patients was 27 (8±46) months,
and 28 (85%) were male. Twenty-five children were re-
ceiving regular inhaled steroids, the median daily dose
being 400 mg (range 200±1,000 mg). All patients had mea-
surable PCwheeze below or at 8 mg.mL-1 methacholine on
both occasions. In 10% of occasions the test was ter-
minated because Sa,O2 fell below 91% before wheeze
occurred. In one child there was clinically evident cyanosis
which was transient, responding rapidly to oxygen-driven
nebulized salbutamol.

There was no effect of order of treatment on outcome.
The treatment/placebo ratios for the three treatment groups
are shown in table 1. There was an incremental broncho-
protective effect with increasing dose of salmeterol, which
was not significantly different from placebo at 25 mg, but
was significant at 50 (p<0.01) and 100 mg (p<0.001). Ex-
amination of the log ratios by age did not suggest a cut-off
below which the effect was lost, or any consistent relation-
ship with age. Individual responses plotted by treatment
group are shown in figure 1.

Discussion

Salmeterol is a long-acting b2-agonist bronchodilator
which has been used widely in adults and older children
with asthma. It is particularly effective in the treatment of

Table 1. ± Treatment:placebo ratio of provocative concen-
tration of methacholine causing wheeze (PCwheeze) in chil-
dren receiving different doses of salmeterol

Dose

25 mg 50 mg 100 mg

n 10 12 11
Male n 8 10 10
Age months* 21 35 24

(8±41) (9±45) (19±45)
PCwheeze ratio{ 1.2 2.5 4.0

(0.6±2.4) (1.4±4.6) (2.1±7.4)

*: median (range). {: geometric mean (95% confidence inter-
vals).

10

1

0.1

0.01

a)

PC
w

he
ez

e 
 m

g·
m

L-
1

b) c)

P S P S P S

Fig. 1. ± Individual changes in provocative concentration of metha-
choline causing wheeze (PCwheeze) between placebo (P) and salmeterol
(S) plotted by salmeterol dosage. a) 25 mg; b) 50 mg; and c) 100 mg. Note
the logarithmic scale for PCwheeze.
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nocturnal symptoms [3, 8], exercise-induced asthma [1, 9],
and as an alternative to increasing the dose of inhaled ster-
oids in symptomatic patients [10]. It has not been studied
in infants and young children. A model of a methacholine
challenge was used to assess the effective bronchoprotec-
tive dose when administered through a BabyhalerTM spa-
cer device.

The PCwheeze was chosen as the outcome measure be-
cause it was a relatively simple test to use, and was gener-
ally acceptable to parents and children. It has been shown
to correlate well with provocative concentration causing a
20% fall in forced expiratory volume in one second (PC20)
in older children [7, 11]. At the time of commencement of
the study doubts were raised about the safety of the test,
and in particular the risk of hypoxia [12]. As a safety pre-
caution an Sa,O2 below 91% was incorporated as an alter-
native end-point, and it was found that with this proviso the
test was safe and sensitive in the population studied.

Children below the age of 12±24 months with recurrent
wheeze do not respond predictably to b-agonists in clini-
cal settings. In these acutely wheezy infants some authors
have found little or no clinical or physiological benefit
from b-agonists [13±15], while others have observed more
convincing effects [16±20]. If there is a reduced efficacy it
is not because of a lack of either b-receptors or of smooth
muscle, as bronchial reactivity to histamine, methacholine
or distilled water can be attenuated in this age group by
pretreatment with a b-agonist [21±25]. In keeping with
these findings the present study did not observe any age
effect on salmeterol efficacy within the study group, al-
though the numbers were too small to exclude one with
certainty. It is possible that the mechanism of wheeze in
some young children is related more to inflammation and
mucosal swelling than to smooth muscle constriction, ex-
plaining the inconsistency of observed response to b-
agonists.

The Babyhaler has been evaluated in a number of clini-
cal studies. Salbutamol delivered via the Babyhaler has
been shown to protect against methacholine-induced bron-
chial reactivity in wheezy children aged 8±23 months [23]
and 2±5 yrs [24]. In addition, significant improvement in
lung function was shown in 29 out of 39 wheezy infants
treated with salbutamol via the Babyhaler [26]. The present
study confirms the usefulness of the Babyhaler as a del-
ivery device for inhaled asthma therapy in young children,
in that salmeterol given through a Babyhaler is protective
against methacholine-induced bronchoconstriction in chil-
dren aged between 8 months and 4 yrs. There appears to be
a dose±response relationship, with a dose of 25 mg giving
only a 20% increase in PCwheeze (not significant) while the
highest dose of 100 mg caused a four-fold increase in
PCwheeze. It is unlikely that this dose response was related
to other confounders. There was no consistent age trend
between the three groups, and the sex distribution was sim-
ilar between groups.

No previous studies have looked at bronchoprotection
with salmeterol in children <4 yrs of age, although there
are a number of studies in adults and older children. The
treatment/placebo ratios which were observed in the pre-
sent study were lower than those observed for PD20 in
adults by HIGHAM et al. [27]. However, such comparisons
can only be cautious due to a number of important dif-
ferences including lung size, disease severity, concomitant
medications and baseline level of bronchial reactivity of

the two populations. At least two studies have been con-
ducted in children with salmeterol [28, 29] which offer a
more direct comparison. In a study by VERBERNE et al. [28]
in children aged 7±16 yrs a bronchoprotective effect of 1.7
doubling doses was observed with salmeterol 50 mg b.d.
compared with salbutamol 200 mg b.d. when studied 12 h
post-dose. This is similar to the increase observed in the
present study.

SIMONS et al. [29] compared the bronchoprotective ef-
fects of salmeterol 25 and 50 mg, salbutamol 200 mg and
placebo 12 h post-treatment in children between 6 and 12
yrs of age. Both salmeterol 25 and 50 mg produced a sig-
nificant increase in PC20 compared with placebo (4.9-fold
and 7.1-fold increases, respectively) 3 h post-treatment.
The 50 mg dose provided significantly better protection
than the lower dose from 30 min to 12 h afterwards. These
results support the current findings in that 50 and 100 mg
produced increased bronchoprotection compared with the
25 mg dose, the effect 12 h post-dose was not examined.

The results of the present study should be interpreted
with caution in terms of clinical efficacy, since evidence of
bronchoprotection against methacholine does not mean
that the drug will be effective in blocking episodes of
wheeze due to other agents and stimuli. Clinical studies are
indicated in this age group, and it is anticipated that doses
of 50±100 mg would be appropriate for further assessment.
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