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Abstract

The present study was set up to investigate whether salmeterol in asthmatic
children already treated with inhaled corticosteroids (ICS) leads to a sustained
bronchodilator effect and decreased bronchial responsiveness, both during the day
and night. Furthermore, we investigated whether cessation of salmeterol leads to a
rebound increase in bronchial responsiveness. Forty asthmatic children (aged 7 to
15 yrs) using ICS participated in a randomized, double-blind, parallel study. They
received either twice daily 50 µg salmeterol xinafoate or placebo. Forced expiratory
volume in one second (FEV1) and provocation concentration of methacholine that
caused a 20% fall in FEV1 (PC20) were measured at 4:00 p.m. and 4:00 a.m. at
baseline and after 16 wk. The same measurements were performed at 4:00 p.m. at
8 h after the first dose, and after 1 and 8 wk. After cessation of the study drug,
FEV1 and PC20 were measured at 12 and 20 h, and after 1 wk. Overall mean FEV1

from 1 to 16 wk of treatment was significantly higher in the salmeterol group than
in the placebo group (difference, 4.9 ± 2.0%, p = 0.01). Evolution in time of FEV1

did not differ significantly between the two groups (p = 0.09). Overall mean PC20

from 1 to 16 wk of treatment was not significantly higher with salmeterol than
with placebo (difference, 0.7 ± 0.4 doubling dose [DD], p = 0.07); evolution in
time of PC20 did not differ significantly between the two groups (p = 0.58). The
increase of PC20 8 h after the start of the study was significantly higher with
salmeterol than with placebo (1.9 ± 0.3 DD versus 0.7 ± 0.3 DD, p < 0.01);
significance disappeared at 1 wk. At 16 wk, the circadian variation (day minus
night value) in FEV1 was significantly smaller with salmeterol than with placebo (-
0.9 ± 0.9% versus 2.2 ± 1.0%, p = 0.03); this was not the case for PC20. No
rebound worsening of FEV1 or PC20 methacholine was observed after cessation of
salmeterol. Sixteen weeks of treatment with salmeterol given to asthmatic children
on regular ICS leads to a sustained bronchodilator effect and improved circadian
variation in airway diameter. The initial significant decrease in bronchial
responsiveness dropped below significance after 1 wk, and no overall additive
beneficial effect of salmeterol on bronchial responsiveness was present. Finally,
cessation of salmeterol after 4 mo of treatment does not lead to a rebound increase
in bronchial responsiveness in asthmatic children treated with inhaled ICS.

Introduction

Despite maintenance medication with inhaled corticosteroids (ICS), a number of
asthmatic children may have a pronounced circadian variation in airway diameter.
This may cause interrupted sleep and early morning dyspnea, resulting in
diminished concentration and school performance (1). A single inhalation of
salmeterol induces bronchodilation for at least 12 h and may thus specifically
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7. Salmeterol added to inhaled corticosteroids

prevent the nocturnal dip in lung function when inhaled in the evening (2).
Salmeterol is also known to provide well-maintained bronchodilation in long-term
treatment (3-8). Moreover, it prevents airway narrowing induced by a number of
bronchoconstricting stimuli (9-12). Therefore salmeterol seems a good choice as
adjuvant therapy when ICS appear to be insufficient to stabilize asthma.
Recently it has been found that long-term monotherapy with salmeterol results in
tolerance to the bronchoprotection against methacholine (13) and exercise (14),
despite well-maintained bronchodilatory potential. Others could not confirm this
observation of tolerance after long-term treatment with salmeterol (15). Further
studies suggest that sudden withdrawal of short-acting ß-agonists may result in
rebound increase in bronchial responsiveness (16,17).
ICS are known to reduce the fall in lung function and bronchial responsiveness and
associated symptoms (18). Since salmeterol is effective for 12 h, it may be used as
an adjunct to ICS when e.g. nocturnal symptoms remain. We therefore investigated
in asthmatic children already treated with ICS whether 16 wk of treatment with
salmeterol leads to a sustained bronchodilator effect and decreased bronchial
responsiveness both during the day and night. Furthermore, we assessed whether
cessation of salmeterol after 4 mo, when added to a regimen of ICS, also leads to a
rebound increase in bronchial responsiveness.

Patients and methods

Subjects
Forty children with a history of allergic asthma (23 boys, 17 girls), aged 7 to 15
yrs, participated in this study. The children were selected from our outpatient
department. All children were characterized by an increased total serum IgE and
specific IgE to one or more common inhalation allergens (RAST≥ 2, Diephuis
Laboratories, the Netherlands), forced expiratory volume in one second (FEV1) as
percentage of the predicted value≥ 70%, and increased bronchial responsiveness
(histamine provocation concentration < 8 mg/ml (2 min tidal breathing inhalation; 5
min interval) causing a fall of 20% or more in FEV1 from baseline (19). Symptoms
were well-controlled for at least 4 mo before the study with maintenance ICS
(twice daily 200 or 400 µg beclomethasone dipropionate rotadisk) and ß2-adrenergic
drugs if needed (salbutamol rotadisk). Informed consent from all children and their
parents was obtained. The study was approved by the Medical Ethics Committee of
the University Hospital of Groningen.

Study Design
The study had a randomized, double-blind, placebo-controlled, parallel design.
There were three phases: a baseline period (screening and entry-day), regular
treatment (16 wk), and cessation of treatment (1 wk). At the end of the baseline
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period, the subjects were randomly assigned to one of the two groups, using either
a dry powder inhaler (diskhaler) salmeterol xinafoate, 50 µg per inhalation, or a
matched placebo at 8:00 a.m. and 8:00 p.m. First and last inhalations (after 16 wk
of treatment) of the drug were supervised. Tests of FEV1 and provocative
concentration of methacholine that caused a 20% fall in FEV1 (PC20) were
performed at 4:00 p.m. and thereafter at 4:00 a.m. at entry day. During regular
treatment FEV1 and PC20 were performed 8 h after the first inhalation of the first
study medication (4:00 p.m.), after 8 wk of regular treatment (4:00 p.m.) and after
16 wk of regular treatment (4:00 p.m. and therafter at 4:00 a.m.). During cessation
of treatment FEV1 and PC20 were performed 12 and 20 h (8:00 a.m. and 4:00 p.m.)
and 1 wk after the last study medication (4:00 p.m.). Time points of measurement
(8 h after inhalation of the drug) were deliberately chosen since they reflect a more
day-to-day control of the disease than measurements 1 h after inhalation, at the
functional optimum of salmeterol. The time points of measuring bronchial
responsiveness are within the period of action of salmeterol. Patients remained in
hospital during the nocturnal measurements and the measurements on the day
thereafter. Symptoms (wheezing, dyspnea, coughing, and phlegm production) (18)
and rescue medication, during both day and night, were recorded (yes or no) for 1
wk during base-line period, the last wk of regular treatment period, and during
cessation of treatment. Compliance of the study medication was checked after the
study by counting the returned powder disks. The children were allowed to use a
dry powder inhaler (diskhaler) delivering salbutamol with a maximum of 1,600 µg
daily as rescue medication. Rescue medication was stopped for at least 8 h before
the measurements.
Power analysis before the study estimated that 40 participating children were
sufficient to detect 1 doubling dose (DD) improvement in PC20 methacholine.

FEV1 and Methacholine Responsiveness
FEV1 was measured with a water-sealed spirometer (Lode BV, Groningen, the
Netherlands). At least three reproducible values (i.e. < 5% difference between the
recordings) were obtained; the highest was used for analysis.
Bronchial challenge tests were performed with a gauged DeVilbiss 646 nebulizer
(DeVilbiss, Somerset, MA, USA), with an output of 0.13 ml/min (19). A 0.9%
phosphate-buffered saline solution and doubling methacholine-bromide
concentrations ranging from 0.038 to 19.6 mg/ml (equipotent to 0.03 to 16 mg/ml
methacholine chloride) were inhaled for 2 min, with the nose clipped, at 5 min
intervals, until FEV1 had fallen by 20% from baseline FEV1. PC20 was assessed by
linear interpolation of the last two points of the log concentration response curve.
Short-acting ß2-agonists were withdrawn 8 h before the measurements, ICS were
continued.
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Data Analysis
FEV1 values were expressed as percentage of the predicted value (% pred) (20).
PC20 values were used after logarithmic transformation (base 2). In subjects who
did not reach a 20% fall in FEV1 after the maximum dose methacholine, PC20 was
considered to be one DD higher (39.2 mg/ml).
Distributions of variables with a Gaussian-shaped distribution were summarized by
mean and standard deviation. Precision of estimated means and effects was
presented by standard error of mean (SEM). For variables with a non-Gaussian-
shaped distribution, the median and range (minimum, maximum) were used.
Groups were compared by using the unpairedt test (Gaussian-shaped variables),
the Mann-WhitneyU test (non-Gaussian-shaped or ordinal variables), Chi-square
test, or Fisher’s exact test (categorical nominal variables). Treatment effects were
estimated by applying rmANOVA to the relevant outcome variable, with treatment
as between-patient grouping factor, time as within-patient factor, and the baseline
measurement of the outcome variable as a fixed covariate. In a special analysis we
added the interaction of time and treatment to the model to test constancy of the
treatment effect over time, with time either as a factor or a quantitative trend
variable. A p value less than 0.05 was considered to denote statistical significance.
All analyses were performed with the packages SPSS/PC+ and BMDP (module
5V).

Results

Baseline period
One subject in the placebo group did not complete the study because of reasons
unrelated to the study, but was included in the analyses up to his last visit (at 8 wk
of treatment). Characteristics of the subjects in the baseline period were well in
balance between the salmeterol and placebo groups (Table 1), daily dosages of
inhaled corticosteroids were not significantly different between both treatment
groups (p = 0.06). Daytime FEV1 values of the total study group were significantly
higher than at night (93.7 ± 14.3% and 90.3 ± 16.0% respectively, p < 0.01). This
was not found for the PC20 values (geometric mean PC20 day, 1.0 mg/ml; night, 1.2
mg/ml, p = 0.28). Daytime values of FEV1 and PC20 were higher but not
significantly different in those who received 200 µg versus those who received 400
µg beclomethasone twice daily (FEV1: 95.3 ± 13.1% versus 88.4 ± 17.6%, p =
0.21; geometric mean PC20 1.2 mg/ml versus 0.5 mg/ml, p = 0.18). Compliance
was comparable between the two groups.

Regular Treatment
LUNG FUNCTION: Overall mean FEV1 (Figure 1) from 8 h after the first study
medication up to 16 wk of treatment, was significantly higher in the salmeterol
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group than in the placebo group, the difference being 5.4 ± 2.0% (p < 0.01);
difference in time behavior of FEV1 between the two groups, i.e., the course of
FEV1 during the study, was not significant (p = 0.16). Overall mean FEV1 from 1
to 16 wk of treatment was significantly higher in the salmeterol group than in the
placebo group, the difference being 4.9 ± 2.0% (p = 0.01). Difference in time
behavior between the two groups was not significant (p = 0.09).
The increase in FEV1 8 h and 1 wk after the start of the study (Figure 1) was
significantly higher in the salmeterol than in the placebo group (5.7 ± 2.3%
versus -1.4 ± 1.7%, p=0.02 after 8 h, and 4.7 ± 1.7% versus -3.3 ± 2.0%, p = 0.01
after 1 wk). Thereafter, differences between the two groups decreased and became
insignificant (2.9 ± 2.0% versus -0.3 ± 2.5%, p = 0.3 after 8 wk, and 5.8 ± 2.6%
versus 2.2 ± 2.1%, p = 0.3 after 16 wk).

BRONCHIAL RESPONSIVENESS: Overall mean PC20 (Figure 1) from 8 h after
the first study medication, up to 16 wk of treatment, was significantly higher in the
salmeterol group than in the placebo group (0.9 ± 0.4 DD, p = 0.02), when
simultaneously tested over all time points. Overall mean PC20 from 1 to 16 wk of
treatment was not significantly higher in the salmeterol group than in the placebo
group (0.7 ± 0.4 DD, p = 0.07) when simultaneously tested over all but the first
time points. Testing constancy of the treatment effect over time did not reach
significance, neither over all time points (p = 0.32), nor over all but the first time
points (p = 0.58). Using time as a quantitative trend variable (instead of factor)
also did not lead to a significant time by treatment interaction.
The increase in PC20 8 h after the start of the study was significantly higher in the
salmeterol group than in the placebo group (1.9 ± 0.3 DD and 0.7 ± 0.3 DD, p <
0.01). Thereafter, differences in mean PC20 between the two groups became smaller
and lost their statistical significance when tested seperately on each of the three
later time points.
Both the salmeterol and the placebo group showed a significant increase in PC20

from baseline after 1 wk of treatment (salmeterol: 1.7 ± 0.3 DD, p < 0.01, and
placebo: 0.9 ± 0.4 DD, p=0.04). This remained significant in the salmeterol group
(1.2 ± 0.4 DD, p = <0.01 after 8 wk, and 1.1 ± 0.4 DD, p = 0.01 after 16 wk).
This increase was not significant after 8 wk of treatment in the placebo group (0.6
± 0.3 DD, p = 0.11), but it was significant after 16 wk of treatment (0.8 ± 0.4 DD,
p = 0.05).
No significant differences in PC20 between those who received twice daily 200 or
400 µg beclomethasone could be observed within the salmeterol group.

CIRCADIAN VARIATION: Day-night differences in FEV1 at baseline were
comparable in the salmeterol and the placebo groups (2.0 ± 1.3% versus 4.7 ±
1.2%, p = 0.12), but at 16 wk this difference was significantly smaller with
salmeterol than with placebo (-0.9 ± 0.9% versus 2.2 ± 1.0%, p = 0.03) (Figure 2).
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Improvement in nocturnal FEV1 during 16 wk of treatment with salmeterol was not
significantly higher than with placebo (8.7 ± 2.5% versus 4.9 ± 2.1%, p = 0.25).
The day-night differences in PC20 were both at baseline and after 16 wk of
treatment not significantly different between the two study groups (p = 0.8) (Figure
2).

Cessation of Treatment
LUNG FUNCTION, BRONCHIAL RESPONSIVENESS: No significant
differences in FEV1 and PC20 methacholine values could be observed between the
two study groups at 12 h, 20 h and 1 wk after cessation of the study medication
(Figure 3), neither when compared to the placebo nor when compared to baseline
values.

Subjective Aspects
Daytime and nighttime symptoms and the use of rescue medication (Table 2) were
low and not sinificantly different between the salmeterol and placebo group during
the baseline period, treatment period, and after cessation of the study medication.
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TABLE 1 Characteristics of the study subjects by group, means (SD)

ICS + SLM ICS + PLA

No. of patients 20 20
Male/female 11/9 12/8
Age (yrs) 11.4 (2.4) 11.4 (2.8)
Weight (kg) 41.2 (10.6) 39.6 (13)
Height (cm) 149 (15) 147 (18)
ICS 400/800 µg daily 13/7 18/2
Duration of asthma (yrs) 8.9 (2.3) 7.7 (3.0)

Daytime
FEV1 % (pred) 93.6 (12.9) 93.8 (15.9)
FEV1 / VC (%) 81.7 (8.7) 85.2 (9.0)
PEF (l/min) 365 (91) 369 (107)
Log2 PC20 (mg/ml) 0.26 (1.97) -0.25 (2.35)
Geometric mean PC20 (mg/ml) 1.20 0.84

Nighttime
FEV1 (% pred) 91.6 (13.5) 89.0 (18.4)
FEV1 / VC (%) 80.2 (9.7) 82.5 (10.1)
PEF (l/min) 361 (90) 360 (106)
Log2 PC20 (mg/ml) 0.49 (2.65) 0.06 (2.29)
Geometric mean PC20 (mg/ml) 1.41 1.04

ICS: inhaled corticosteroids; SLM: salmeterol; PLA: placebo. 400/800: number receiving
200 µg or 400 µg beclomethasone twice daily.
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Figure 1 Mean (SEM) change in 4:00 p.m. FEV1 % pred values (upper panel) and mean (SEM)
change in 4:00 p.m. PC20 methacholine doubling doses (DD) values (lower panel) from baseline,
of those who used inhaled corticosteroids with salmeterol (closed circles) and those who used
inhaled corticosteroids with placebo (open circles). * : p < 0.05 between the two groups (t tests).
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7. Salmeterol added to inhaled corticosteroids

Figure 2 Mean (SEM) change in FEV1 % pred values (upper panel) and mean (SEM) change in
PC20 methacholine doubling dose (DD) values (lower panel) from baseline at 4:00 p.m. and 4:00
a.m. during baseline and after 16 wk of treatment of those who used inhaled corticosteroids with
salmeterol (closed circles) and those who used inhaled corticosteroids with placebo (open circles).
* : p < 0.05 for circadian variation between the two study groups at post-treatment period (t test).
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Figure 3 Mean (SEM) change in FEV1 % pred values (upper panel) and mean (SEM) change in
PC20 methacholine doubling dose (DD) values (lower panel) from baseline during wash-out period
(12 h, 20 h and 1 wk after the last study medication) of those who used inhaled corticosteroids
with salmeterol (closed circles) and those who used inhaled corticosteroids with placebo (open
circles).
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Discussion

This study in asthmatic children demonstrates that addition of salmeterol for 16 wk
to maintenance treatment with inhaled corticosteroids (ICS) results in a sustained
bronchodilator effect and a reduced circadian variation in FEV1. Addition of
salmeterol to ICS leads to a direct improvement of PC20 methacholine.
Nevertheless, the mean change in PC20 after its first effect (from 1 to 16 wk of
treatment with salmeterol) was not significantly different from placebo. This
suggests that the combination of salmeterol and ICS does not seem to provide a
clinically relevant supplementary gain with regard to bronchial responsiveness.
Cessation of salmeterol after 4 mo of treatment showed no rebound worsening in
FEV1 or PC20 in this group of asthmatic children treated with ICS.
Several other studies in adults and children describe the maintained bronchodilating
effect of salmeterol during long-term treatment (3-8,13,21,22). In some of these
studies salmeterol has been investigated as monotherapy (8,13); in other studies
part of the population used other anti-asthma medication, including ICS
(3-7,21,22). In our studyall children regularly used ICS. Our results show that
salmeterol added to ICS provides a more pronounced bronchodilation than ICS
alone, which effect did not appear to be significantly modified for 4 mo. We found
that the overall mean FEV1 value in the salmeterol group is significantly higher
than in the placebo group. By including and testing a treatment by time interaction
term in the model, a significant decrement of the bronchodilating effect of
salmeterol could not be demonstrated, which is in agreement with d’Alonzo and
colleagues (22) and Pearlman and colleagues (6).
Fitzpatrick and coworkers (23) showed the importance of a well-maintained
nocturnal bronchodilation by salmeterol, as electroencephalography-controlled sleep
quality improved significantly. Furthermore, salmeterol has been proven to reduce
the number of nightly awakenings due to symptoms as well as sleep-related quality
of life (23,24). ICS may also reduce nocturnal airway obstruction (25,26) along
with reduction in diurnal PEF variation (3,4,6,21,22,27,28). Since salmeterol is
effective for 12 h, it might also be used as an adjunct to ICS when nocturnal
symptoms remain. Our results show for the first time that salmeterol exerts a
beneficial effect, even in children with well-controlled asthma, both on daytime
FEV1, and on the circadian variation in FEV1 when given on top of ICS. This
indicates that salmeterol, in the long term, provides a more pronounced
bronchodilating effect than a regimen with an ICS alone. The children included in
this study, however, had a small circadian variation in lung function with values in
the normal range; therefore, the opportunity to improve with salmeterol was
limited. The clinical relevance of this study is that even in this group of children a
sustained bronchodilator effect of salmeterol can be shown. However, salmeterol
would not be the first choice of bronchodilator at present for this group of
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asthmatic children.
We have observed an increase in PC20 during the 2 d the patients stayed in hospital
in both the salmeterol and the placebo group. This improvement is most likely a
consequence of staying in an allergen-free environment (29) and has been observed
during earlier studies on nocturnal asthma (19,26). We found an increase in PC20 of
almost one doubling dose during 16 wk of placebo inhalation, suggestive for an
increased compliance with ICS. This shows once more the need for placebo-
controlled investigations, when studying bronchodilating and bronchoprotective
effects of drugs.
Wempe and coworkers (26) compared the effects of budesonide and bambuterol
and found that both drugs improved bronchial responsiveness during the day and
night. However, the effect of budesonide was stronger than that of the long-acting
bronchodilator. We show in asthmatic children with only limited airway obstruction
during both day and night, that salmeterol does provide limited improvement in
FEV1, most likely due to a ceiling effect. Even though they had limited airway
obstruction and a small circadian variation in FEV1, the children had moderate to
severe bronchial responsiveness, which did not improve during the day or overnight
when salmeterol was added to ICS. The latter lack of improvement cannot,
however, be explained by a ceiling effect, since there was still enough room for
improvement in PC20.
Our patients were at the start of the study well controlled, with a mean FEV1 >
93% of the predicted value. This seems to be the explanation for the absence of
improvement in subjective aspects after addition of salmeterol to maintenance
therapy with ICS.
Some studies in adults (13,14) and in children (8) with asthma have suggested that
regular treatment with long-acting ß2-agonists may lead to tolerance to its
protective effects against bronchoconstrictor stimuli, such as methacholine (8,13)
and exercise (14). Patients in these studies did not use ICS. In our study we
observed that the mean difference of PC20 between the group receiving salmeterol
and the control group decreased over three consecutive time intervals during 16 wk
of treatment. Although this may easily happen by chance (two sided p = 0.25), it is
not inconsistent with the phenomenon of tolerance. A more formal analysis for
testing the treatment by time interaction did not yield any significance. Hence, this
study, like others (15), did not show tolerance to methacholine provocation. This
study was not designed to study this phenomenon, neither by its measurement
scheme nor by its sample size.
A small rebound effect in bronchial responsiveness has been observed after
cessation of treatment with short-acting ß2-agonists (16,17). Although the clinical
relevance of this finding is dubious, it may be possible that long-term treatment
with long-acting ß2-agonists induces a more pronounced rebound effect. We did not
observe a rebound effect at 12 and 20 h or 1 wk after cessation of salmeterol with
regard to bronchodilation and bronchial responsiveness. This confirms the results of
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others who did not observe a rebound increase in bronchial responsiveness after 5 d
up to 14.5 d after withdrawal of salmeterol (8,13,15,30,31).
We conclude that 16 wk of treatment with salmeterol in asthmatic children treated
with maintenance therapy with ICS leads to a sustained bronchodilator effect
during the day and improved circadian variation in airway diameter. The initial
significant decrease in bronchial responsiveness disappeared, however, after 1 wk.
Salmeterol has no additive beneficial effect on bronchial responsiveness, as no
significant difference in PC20 methacholine or reduction in circadian variation of
PC20 methacholine was observed from 1 wk up to 16 wk of treatment. Finally,
cessation of salmeterol after 4 mo of treatment does not lead to a rebound increase
in bronchial responsiveness in asthmatic children treated with ICS.
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