Respiratory pathophysiologic responses

Airway responsiveness after a single dose of
salmeterol and during four months of
treatment in children with asthma
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Background: Inhalation of a single dose of the long-acting B,-adrenoceptor agonist
salmeterol protects against methacholine-induced airway obstruction and other
bronchoconstricting stimuli for at least 12 hours. Hypothetically, twice daily dosing of
salmeterol may result in continuous protection.

Objective: This study was designed to investigate the protective effect of a single dose of
salmeterol and of continuous twice daily treatment on airway responsiveness to. methacholine.
Methods: In a double-blind, parallel study, salmeterol 50 pg twice daily was compared with
salbutamol 200 pg twice daily. Thirty children with mild asthma, who had little or no
bronchial obstruction and were hyperresponsive to methacholine (PD,, = 150 ug) were
allocated to receive either salmeterol or salbutamol. Airway responsiveness was measured
before study entry, 12 hours after a single dose of drug was given, and monthly during 4
months of daily treatment. Measurements were always performed at the same time of the day,
12 hours after the last dose of medication was administered.

Results: No significant differences in FEV; were found between treatments at any time point.
PD,,, significantly increased after the first dose of salmeterol was given (geometric mean, 100
ug). Geometric mean PD,, values were significantly better during salmeterol treatment than
during salbutamol treatment, 52 and 25 ug, respectively (p = 0.005).

Conclusion: The protection provided by salmeterol during maintenance treatment was less
than that provided after the first dose (p < 0.001). However, protection did not diminish
during the 4-month treatment period and remained significant compared with baseline (p =

0.003). (] ALLERGY CLIN IMMUNOL 1996;97:938-46.) -
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Salmeterol xinafoate has a bronchodilating ef-
fect that lasts for at least 12 hours when adminis-
tered as a single dose of 50 g in adults and
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Abbreviations used
DD: Doubling dose
FVC: Forced vital capacity
PEFR: Peak expiratory flow rate

children with asthma.'** Protection against metha-
choline-induced®? and histamine-induced airway
obstruction lasts for 12 up to 24 hours. Single-dose
studies also show a prolonged protection against
other bronchoconstricting stimuli, such as exer-
cise,’ hyperventilation with dry cold air,® and aller-
gen.” Theoretically, twice daily dosing of salme-
terol can provide 24-hour protection against
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various bronchoconstricting stimuli and therefore
decrease symptoms in patients with asthma. Stud-
ies comparing salmeterol 50 pg twice daily with
salbutamol 200 p.g four times daily during 12 weeks
have indeed shown better symptom control in the
group treated with salmeterol.®!0 In patients with
mild asthma a reduction of the acute protective
effect of salmeterol against methacholine-induced
bronchoconstriction from a 3.3 doubling dose
(DD) after the first dose to a 1.0 DD after stopping
maintenance treatment at 4 and 8 weeks was
found.!! The bronchodilating effect did not change
during the study period. Another study in patients
with mild to moderate asthma, of whom the ma-
jority were treated with inhaled corticosteroids, did
not show this reduction in protection against
methacholine-induced airway obstruction.’> The
two studies differ in the time point at which
methacholine challenges were performed, 1 and 12
hours after salmeterol administration, respectively;
whereas in the study by Cheung et al.'' mainte-
nance treatment was also stopped for 36 hours. A
recent study in adult patients with symptomatic
asthma, who were already being treated with a low
dose of inhaled corticosteroids, showed a response
more favorable in symptoms and peak flow values
when salmeterol was added than when the inhaled
corticosteroid dose was increased.!* This study,
however, does not include data on airway respon-
siveness. We investigated the protective effect of
salmeterol against methacholine-induced broncho-
constriction after a single dose and during 4
months of maintenance treatment and compared
this with the effect of salbutamol.

METHODS
Subjects

Between July 1992 and January 1993, 30 children,
aged 7 to 16 years, with mild asthma according to the
American Thoracic Society’s criteria,'* were recruited
from the outpatient department for Pediatric Respira-
tory Medicine, Sophia Children’s Hospital, Rotterdam.
The patients had to be capable of performing lung
function tests reproducibly (i.e., a coefficient of variation
in three consecutive measurements of FEV, less than
5%). Because airway responsiveness is partly deter-
mined by the degree of bronchial smooth muscle con-
striction,'® we selected children who had a consistent
increase in airway responsiveness but little or no bron-
choconstriction. They had to meet the following criteria:
(1) a dose of methacholine that produced a 20% fall in
FEV, (PD,, methacholine) equal to or less than 150 pg
(this being more than 2 standard deviations below the
mean value in healthy children),'® (2) a baseline FEV,
and forced vital capacity (FVC) greater than 70% of
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predicted value (reference values according to Zapletal
et al.'”), and (3) an FEV /FVC greater than 70%. The
inclusion criteria had to be fulfilled at a prestudy visit.
All patients were atopic to one or more inhaled aller-
gens, as determined by measurement of specific IgE in
serum and/or positive skin test results. Their households
were adapted to reduce house dust mite exposure, and
keeping of domestic animals was discouraged. Asthma
treatment before the study consisted of an inhaled
B,-agonist on demand only or in combination with
maintenance treatment with disodium cromoglycate.
Inhaled corticosteroids and maintenance treatment with
oral corticosteroids were not allowed in the year preced-
ing the study. Disodium cromoglycate was stopped 2
weeks before the start of the run-in period. If during this
period the symptoms of asthma increased significantly,
the patient was excluded from the study. None of the
children had acute episodes of asthma or respiratory
tract infections for at least 1 month before entry into the
study.

Thirty children, 20 boys and 10 girls, were allocated
randomly to treatment groups (15 in each group). The
baseline characteristics were the same for each treat-
ment group (Table I). Nine children in each treatment
group had had disodium cromoglycate medication dis-
continued. The median duration of asthma was 5 and 6
years, respectively, for the salmeterol and salbutamol
groups. The exacerbation rate was low in both groups,
reflected by the mean number of prednisolone courses
per patient in the preceding year, respectively, 0.13 and
0.20. None of the children had been hospitalized for
treatment of asthma in the year before entering the
study.

Study design

The study had a double-blind, parallel-group design
and consisted of a 2-week run-in period, a 4-month
treatment period, and a 2-week follow-up period. The
study was based on an intention-to-treat principle. At
the first visit to the lung function laboratory, before the
start of the run-in period, children were randomly
allocated to receive either salmeterol 50 wg twice daily
or salbutamol 200 pg twice daily. During the run-in
period no medication was given, except for salbutamol in
case of symptoms. The first dose of the study drug was
taken at the end of the run-in period, 12 hours before
the second visit. Thereafter, the 4-month treatment
period started, and children took their study medication
two times a day with an interval of approximately 12
hours. For relief of acute asthma symptoms, salbutamol
was allowed at a maximum dose of 200 g six times daily.
Exacerbations of asthma were treated with a standard
short course of prednisolone (starting with 30 mg on the
first day and tapering off to 0 in 1 week according to a
scheme that depended on body weight). Salbutamol and
the study medication were administered as Rotadisks in
combination with a Diskhaler (Glaxo, Greenford, U.K.).
All children were instructed in use of this inhalation
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TABLE |. Patient characteristics at time of entry into the study
Age FEV, FVC FEV,/FVC  PDy,
Subject No.* Sex (yr) (% pred) (% pred) (%]} {ng)  Medication Atopy
Salmeterol group
1 M 9 93 97 80 34 B ~HD,C,D
2 F 13 90 112 68 6 B HD, Gr, D
3 M 7 106 107 84 23 BC HD
4 M 1 99 90 92 75 B HD, Gr
5 M 15 96 115 68 17 BC HD, Gr,C,D
6 F 12 104 107 82 4 BC HD, Gr,C,D
7 M 6 87 94 78 48 B HD, Gr,C
8 M 1 74 82 75 16 B Gr
9 M 7 84 79 90 92 BC HD, Gr
10 M 7 102 97 89 49 BC HD, Gr,C,D
11 F 10 94 95 85 66 BC HD, Gr,C,D
12 M 8 95 87 92 39 B HD,C,D
13 F 12 99 99 85 136 BC Gr
14 M 10 97 96 85 54 BC HD, Gr,C,D
15 M 10 76 77 83 25 BC C
Mean 10.3 93.0 95.5 82.5 32.4%
SD 25 9.5 11.6 7.6
Salbutamol group ,
16 F 11 103 106 82 101 B HD
17 M 7 111 121 80 28 BC HD, Gr, C
18 M 1 103 113 76 123 B HD, Gr
19 M 11 81 103 66 27 BC HD, Gr,C,D
20 F 7 96 11 75 14 BC HD, Gr,C
21 F 11 84 89 81 24 BC HD, Gr, C
22 M 12 91 84 90 83 BC HD,D
23 F 1 92 94 83 107 BC HD
24 F 7 103 103 86 25 B HD, Gr, C
25 F 7 87 81 93 20 BC HD, Gr,C,D
26 M 12 82 86 80 27 BC HD
27 M 12 77 82 78 26 B HD
28 M 10 73 73 83 45 B HD
29 M 8 96 88 91 41 B HD,C,D
30 M 10 89 97 78 21 BC HD
Mean 10.3 91.2 95.3 81.5 37.2%
SD 2.0 10.9 13.6 7.0

B, Inhaled B,-agonist on demand; HD, house dust; C, cat; D, dog; Gr, grass; BC, inhaled B,-agonist and disodium cromoglycate.
*Subject numbers do not indicate the sequence of entry into the study.

TGeometric mean.

device before entry into the study, and technique was
checked at every visit. During the follow-up period after
the study medication was stopped, salbutamol was used
as needed. Children visited the lung function laboratory
at the start and at the end of the run-in period, monthly
during the treatment period, and at the end of the
follow-up period. At each visit heart rate, blood pres-
sure, FEV,, peak expiratory flow rate (PEFR), and
airway responsiveness to methacholine were measured.
All lung function measurements were performed be-
tween 8:30 and 9:30 aM, 12 hours after the last dose of
the study drug was given. To verify compliance with the
last dose, patients were asked for the exact time of drug
inhalation. If this was not 12 hours earlier, lung function

measurements were rescheduled. Rescue salbutamol
was allowed up to 8 hours before the measurements
were taken. No FEV, measurements or methacholine
provocation tests were performed within the first 4
weeks after prednisolone was taken. During the run-in
and follow-up periods and during the first 2 weeks of
every month of treatment, a record card was completed
daily. Separate daytime and nighttime scores from 0 to 3
were given for the presence and severity of cough,
wheezing, and dyspnea. PEFR was recorded in triplicate
twice daily before inhalation of the study drug with the
use of a mini-Wright peak flow meter (Clemente Clarke
International Ltd., Harlow, Essex, UXK.). The use of
rescue salbutamol was also recorded. At the start and
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end of the treatment period, blood samples were taken
and analyzed for hematologic and biochemical parame-
ters, and urine was analyzed for protein, glucose, and
blood.

The study was approved by the Medical Ethics Com-
mittee of the University Hospital/Sophia Children’s
Hospital Rotterdam. Written informed consent was
obtained from all patients and their parents.

Lung function measurements

FEV, was measured according to the European Com-
munity for Steel and Coal recommendations!® with a
water-sealed spirometer (Mijnhardt, Zeist, The Nether-
lands). The largest value from an envelope curve con-
sisting of three to five attempts was recorded. Reference
values of Zapletal et al.'? were used. PEFR was mea-
sured in triplicate, and the best value was recorded with
the use of the patient’s own mini-Wright peak flow
meter. Methacholine provocation tests were performed
with a modification of the dosimeter method of Chai, as
described previously.’® Nebulized methacholine bro-
mide in unbuffered saline solution was given in doubling
concentrations (0.125 to 32 mg/ml). The aerosol was
generated by a DeVilbiss 646 nebulizer (DeVilbiss Co.,
Somerset, Pa.), attached to a Rosenthal-French dosim-
eter (Laboratory for Applied Immunology, Fairfax, Va.)
and driven by air at 137.8 kPa (20 psi) with a timing
adjustment of 0.6 second. A total of 20 .l of aerosolized
solution was delivered to the mouth in four consecutive
breaths. Mouth doses were 2.5 to 640 pug of methacho-
line. Saline solution was inhaled before methacholine to
exclude a nonspecific response. The effect of each dose
was determined by measuring FEV, in triplicate 3
minutes after each administration. The PD,, methacho-
line was calculated from a log dose-response plot by
linear interpolation of data points.

Statistical analysis

FEV, results were expressed as percent predicted
value according to reference values.!” All PD,, values
were logarithmically transformed before analysis. For
patients in whom a 20% fall in FEV, was not reached
after the maximum dose of 640 pug methacholine, PD,,
was considered to be 640 pg. Because this only occurred
in two patients, both in the salmeterol group, this has
resulted in a slight underestimation of the effect of
salmeterol. PD,, values were analyzed as geometric
mean, as well as changes from baseline, expressed in
DDs. Comparisons of PD,, and of FEV, between and
within treatment groups were done by using repeated-
measures analysis of variance.?® Comparisons of PD,,
and of FEV, at and between specific time points were
done by using the ¢ test and the paired ¢ test, respectively.
The percentage of days with symptoms and mean morn-
ing and evening PEFR for individual patients were
calculated from the daily record card for each study
period. If the number of days scored on the daily record
card was less than 7 (of the required 14 days), the
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percentage of days with symptoms or peak flow rates
were considered inestimable for that item in that period
and were not included in the analysis. Comparisons of
the percentages of days with symptoms in various study
periods were done by using the Mann-Whitney U test.
Comparisons of mean morning and mean evening
PEFRs at and between specific study periods were done
by using the ¢ test and the paired ¢ test, respectively. For
all analyses, a p value of 0.05 (two-sided) was considered
the limit of significance.

RESULTS

During the study, six prednisolone courses were
given: three during salmeterol treatment (subject
2, one course; and subject 7, two courses) and
three during salbutamol treatment (subjects 18, 19,
and 29). Two children (subjects 7 and 18), one in
each treatment group, withdrew during the treat-
ment period because of an increase in symptoms; it
was considered unethical to continue administra-
tion of blinded medication. After withdrawal, both
children began receiving inhaled corticosteroids.
Measurements obtained from these subjects were
included up to the last visit before withdrawal.
Compliance with treatment schedules were
checked by counting the used blister packs at each
visit. The compliance gradually improved during
the treatment period in both treatment groups:
from 1.11 to 1.76 blister packs/day for the group
treated with salmeterol and from 1.10 to 1.90
blister packs/day for the group treated with salbu-
tamol.

Airway caliber

Results of FEV,, expressed in liters and percent
predicted value, are listed in Table II. At the
beginning of the run-in period, FEV, was similar in
both groups. Twelve hours after the first dose of
either of the study drugs was administered, we
found no significant change in FEV, compared
with baseline values. At no time, either after the
first dose was given or during the treatment period,
were there any significant changes in FEV, within
or between the two treatment groups. Two weeks
after the discontinuation of salmeterol treatment,
a small but significant (p = 0.005) decrease in
FEV, occurred. However, the fall in FEV, after
continuous treatment was stopped did not differ
between the salmeterol and salbutamol groups
(p = 0.10).

Airway responsiveness

Baseline PD,, methacholine values were similar
in the salmeterol and salbutamol groups (geomet-
ric mean, 32 and 37 pg methacholine, respective-
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FIG. 1. PD,, methacholine (geometric mean + SEM) at all time points. Mean PD,, changes from
baseline in DDs (=SEM) for salmeterol and salbutamol treatment are listed below the time

points.

TABLE Il. Results of FEV, expressed in liters and as percent predicted for both treatment groups

at different time points

Salmeterol Salbutamol
L % pred L % pred
Baseline 1.98 £ 0.17 93.0 £2.5 2.00 +0.13 91.2 =238
Visit 2 (12 hr after 2.08 = 0.22 955 %42 1.99 = 0.12 903 =28
first dose)

Treatment period

1 mo 2.04 £0.19 943 +31 2.03 +0.14 90.3 £ 3.4

2 mo 1.97 £0.17 928 2.9 206 +0.12 920 £24

3 mo 207 £0.19 932 = 3.0 1.98 = 0.12 88.0 = 2.1

4 mo 202 +0.19 90.5 £ 4.1 1.96 = 0.15 8§73 +3.1
Follow-up 1.95 £0.18 85.7x3.1 1.97 = 0.14 86.2+21

Values are expressed as means = SEM.

ly). There was a strong correlation between PD,,
values at the different time points and baseline
values of PD,, within treatment groups. Therefore
to reduce the variation caused by interindividual
differences in baseline PD,,, not only geometric
mean PD,, values were analyzed but also changes
in PD,, from baseline. The results of these analy-
ses were similar. Fig. 1 shows both geometric mean
PD,, values and PD,, changes in DDs. Table III
shows individual data at each time point.

At the end of the run-in period, 12 hours after
the first 50 pg dose of salmeterol was given, PD,,
methacholine increased by 1.66 DD compared

with baseline. After administration of 200 ug of
salbutamol, PD,q fell with a 0.54 DD (p < 0.001
salmeterol vs salbutamol). Geometric mean PD,,
values at this time point were 100 and 26 pg
methacholine, respectively, for salmeterol and sal-
butamol (p = 0.001). The individual results are
plotted in Fig. 2.

During the treatment period no significant
changes in geometric mean PD,, were found
within ‘both groups from 1 to 4 months. The
geometric mean PD,, during the treatment period
was 52 ug methacholine for the salmeterol group,
compared with 25 pg methacholine for the salbu-
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TABLE Ill. Individual data for PD,, (in micrograms of methacholine) at different time points

Treatment period (mo)

Single Follow
Subject No. Baseline dose 1 2 3 4 up
Salmeterol group
1 34 89 127 73 24 21 11
2 6 14 * * 13 12 11
3 23 13 20 26 41 35 13
4 75 >640 428 504 103 221 199
5 17 410 169 179 56 216 51
6 4 32 18 28 21 11 8
7 48 55 * 201 * * *
8 16 20 19 19 * 21 32
9 92 338 142 118 50 101 105
10 49 208 59 51 63 68 48
11 66 167 35 31 28 136 20
12 39 108 10 101 65 13 50
13 136 >640 101 117 >640 >640 69
14 54 99 51 50 54 44 20
15 25 97 23 46 44 * *
Geometric mean 32 100 52 71 50 54 32
Salbutamol group
16 101 36 77 31 29 52 90
17 28 13 35 11 34 60 58
18 123 28 30 31 23 * *
19 27 28 123 62 45 * 43
20 14 9 10 9 10 10 16
21 24 29 7 55 33 19 21
22 83 80 174 183 140 37 75
23 107 52 56 31 72 26 33
24 25 37 29 17 16 13 13
25 20 24 7 11 13 10 12
26 27 28 20 12 16 24 16
27 26 20 20 15 21 51 22
28 45 32 47 67 7 11 24
29 41 9 * 11 8 9 20
30 21 25 30 36 50 104 44
Geometric mean 37 26 31 26 25 24 28

*No measurements.

tamol group (p = 0.005). The geometric mean
PD,, was less during maintenance treatment with
salmeterol than after the first dose was given (p <
0.001) but still significant compared with baseline
(p = 0.003). Two weeks after maintenance treat-
ment was stopped, geometric mean PD,, values
were not significantly different between groups.
For both treatment groups these values did not
differ significantly from the values at the time of
entry into the study.

Daily record cards

Symptom scores were generally low. Mean per-
centages of days with at least one symptom were
46% and 40%, respectively, for the salbutamol and

salmeterol groups during the run-in period. For
the group treated with salmeterol, these percent-
ages were 32%, 25%, 22%, and 23%, respectively
during the four consecutive treatment periods.
These percentages did not significantly differ from
the percentages for the group treated with salbu-
tamol, which were 35%, 34%, 30%, and 25%,
respectively (all p > 0.59). No significant differ-
ences were found when the various symptoms—
cough, wheezing, and shortness of breath—were
analyzed separately. This also applied to the sep-
arate morning and evening symptom scores. Morn-
ing and evening PEFRs did not differ significantly
within or between groups, although both tended to
increase during salmeterol treatment.
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FIG. 2. Individual results of PD,, methacholine for both treatment groups at baseline period
{visit 1) and 12 hours after the first dose of the study drug was given (visit 2).

Adverse events

During salmeterol treatment 17 adverse events
were reported in 10 patients; during salbutamol
treatment 36 adverse events were reported in 12
patients. Most adverse events were upper respira-
tory tract symptoms. Headache occurred slightly
more often during salbutamol treatment (eight
periods of headache in four patients) than during
salmeterol treatment (one headache). There were
no significant changes in systolic and diastolic
blood pressure or heart rate in any group during
treatment.

DISCUSSION

The results of this study show that twice daily
treatment with salmeterol in children with mild
asthma results in continuous, stable protection
against methacholine-induced bronchoconstric-
tion. This protection, however, is less than the
protection provided after a first single dose. After
maintenance treatment was stopped for 2 weeks,
no residual protection remained, indicating that
there was no sustained reduction of airway respon-
siveness.

Salbutamol instead of placebo was used in the
control group; otherwise, because of its bronchodi-
latory effect salmeterol could be recognized as the

effective treatment. Twice daily treatment with
salbutamol resulted in a slight but not significant
decrease (p = 0.06) in PD,, during the 4-month
period compared with baseline measurements; this
was probably the result of withdrawal of disodium
cromoglycate in more than half of the children
before they entered the study. Some authors have
suggested an increase in airway responsiveness and
a deterioration of asthma as a result of regular
B,-agonist treatment.?22 Tt is unlikely, however,
that regular use of salbutamol is the explanation
for the decrease of PD, in the salbutamol group in
our study, because the decrease in PD,;, was al-
ready present at the end of the run-in period in
which children used salbutamol “as needed.”

We selected children with mild asthma, who
were hyperresponsive but had little or no broncho-
constriction, to avoid interference with airway cal-
iber and PD,;,. We chose to measure airway re-
sponsiveness 12 hours after the last dose of the
study drug was administered, which is the normal
dose interval during maintenance treatment with
salmeterol and therefore clinically relevant. Fur-
thermore, a longer interval might introduce a
rebound increase in airway responsiveness, as has
been shown for up to 59 hours after stopping
regular treatment with the short-acting 3,-agonists
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terbutaline® and salbutamol.?* Until now, a re-
bound increase in PD,, after stopping regular
treatment with salmeterol has not been demon-
Strated.“' 12, 25,26

In our study the protective effect of salmeterol
was probably caused by the prolonged effect of the
drug on airway smooth muscle. This is functional
antagonism, a well-known phenomenon associated
with other B,-adrenoceptor agonists.?’” In vitro
experiments show evidence of an interaction of
B,-agonists and methacholine at the level of intra-
cellular signal transduction through phosphoinosi-
tide metabolism.?

After the first dose of salmeterol was given, we
found an improvement in PD,, of 1.7 DD, which is
comparable with the results of previous studies.? 2
During the treatment period from 1 to 4 months, this
protection was constant but reduced to 0.7 DD.

Two studies in adult patients with asthma inves-
tigated the immediate protective effect of salmet-
erol and the effect during regular twice daily
treatment.'" 12 Booth et al.!2 examined 26 patients
with mild to moderate asthma in a parallel-group,
placebo controlled study. The majority of their
patients were also receiving inhaled corticosteroid
treatment. As in our study, the interval between
salmeterol administration and measurement of
airway responsiveness to methacholine was 12
hours. They found a small but significant protec-
tion during 8 weeks of salmeterol treatment, which
did not differ from the single dose effect.!? A
reduction in protection during regular twice daily
treatment with salmeterol was found by Cheung et
al.!* They reported a reduction in protection from
3.3 DD after the single dose of salmeterol was
given to 1.0 DD after 4 and 8 weeks of treatment.
Airway responsiveness was measured 1 hour after
salmeterol administration, and maintenance treat-
ment was stopped for 36 hours. Although unlikely
from the data at the end of their study, a possible
rebound increase in airway responsiveness could
not be excluded. As in our study, Cheung et al.!!
selected subjects with mild asthma who were not
treated with inhaled corticosteroids. The reduction
in protection occurred within 4 weeks after the
start of maintenance treatment and remained at
the same level after 8 weeks of treatment. The
explanation for this tolerance remains unclear but
may be the result of receptor downregulation.
Tachyphylaxis to nonpulmonary effects (e.g.,
tremor, increased QTc interval, and elevated blood
glucose levels) has been found after 2 weeks of
treatment with salmeterol in healthy subjects.
The use of inhaled corticosteroids may protect
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against the development of tachyphylaxis to pul-
monary effects of B,-agonists and may explain the
different results obtained by Booth et al.!?> Rever-
sal of tachyphylaxis by systemic corticosteroids has
been shown in vitro and in vivo.*!

In our study significant, stable protection re-
mained throughout the 4 months of treatment
with salmeterol. So, if any downregulation of the
f,-receptors occurs, this seems incomplete. Be-
cause we selected children with little or no
bronchoconstriction, the effect could not be ex-
plained by an improvement in airway caliber.!*
This is supported by the fact that no significant
changes occurred in FEV, and that no correla-
tion was found between the changes in PD,, and
in FEV,. Although the protection after 4 weeks
of treatment was less than that after the first
dose was given, our data do not indicate an
ongoing increase in airway responsiveness. A
significant degree of protection remained during
treatment, and this may be of clinical relevance,
because a decrease in airway responsiveness will
improve the tolerance to other exogenous stim-
uli. A direct correlation has been found between
the degree of airway responsiveness to a nonspe-
cific stimulus and the amount of allergen that
can be tolerated.’> 33 In our study the changes in
airway responsiveness were not reflected by
changes in symptom scores. However, this may
be the result of selecting patients with mild
asthma who already have very low symptom
scores before the start of the study.

We conclude that the protective effect of salme-
terol against methacholine-induced airway ob-
struction during 4 months of treatment is lower
than the protection offered by a single dose. How-
ever, twice daily administration of salmeterol pro-
vides significant, stable protection compared with
baseline and salbutamol treatment.

According to international consensus reports,
asthma therapy should be directed against air-
way inflammation, and inhaled corticosteroids
are now the mainstay of asthma treatment.* It is
unlikely from the data now available that salme-
terol in itself influences chronic airway wall
inflammation.?® Addition of salmeterol to in-
haled corticosteroid treatment may have benefi-
cial effects on symptom scores and airway re-
sponsiveness.'* Studies are now being performed
in children with asthma to evaluate the effect of
addition of salmeterol to treatment with a con-
ventional dose of an inhaled corticosteroid, as
compared with increasing the dose of an inhaled
corticosteroid.



946

Verberne et al.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Ullman A, Svedmyr N. Salmeterol, a new long acting
inhaled B,-adrenoceptor agonist: a comparison with salbu-
tamol. Thorax 1988;43:674-8.

. Derom EY, Pauwels RA, Van Der Stracten MEF. The

effect of inhaled salmeterol on methacholine responsive-
ness in subjects with asthma up to 12 hours. J ALLERGY
CLiN IMMUNOL 1992;89:811-5.

. Verberne AAPH, Hop WCJ, Bos AB, Kerrebijn KF. Effect of

a single dose of inhaled salmeterol on baseline airway calibre
and methacholine-induced airway obstructiori in asthmatic
children. J ALLERGY CLIN IMMUNOL 1993:91:127-34.

. Campos Gongora H, Wishiewski AFZ, Tattersfiels AE. A

single-dose comparison of inhaled albuterol and two for-
mulations of salmeterol on airway reactivity in asthmatic
subjects. Am Rev Respir Dis 1991;144:626-9.

. Anderson SD, Todwell LT, DuToit J. Duration of protec-

tion by inhaled salmeterol in exercise-induced asthma.
CHest 1991;100:1254-60.

. Malo JL, Ghezzo H, Trudeau C, L’Archevéque J, Cartier

A, Salmeterol, a new inhaled B;-adrenergic agonist, has a
longer blocking effect than albuterol on hyperventilation-
induced bronchoconstriction. J ALLERGY CLIN IMMUNOL
1992;89:567-74.

. Twentyman OP, Finnerty JP, Harris A, Palmer J,. Holgate

ST. Protcction against allergen-induced asthma by salmet-
erol. Lancet 1990;1:1338-42.

. Britton MG, Earnshaw JS, Palmer JBD. A twelve motith

comparison of salmeterol with salbutamol in asthmatic
patients. Bur Respir J 1992;5:1062-7.

. Pearlman DS, Chervinsky P, LaForce C, et al. A compari-

son of salmeterol with albuterol in the treatment of mild-
to-moderate asthma. N Engl J Med 1992;327:1420-5.
Lundback B, Rawlinson DW, Palmer JBD. Twelve-month
comparison of salmeterol and salbutamol as dry powder
formulations in asthmatic patients. Thorax 1993;48:148-53.
Cheung D, Timmers MC, Zwinderman AH, Bel EH,
Dijkman JH, Sterk PJ. Long-term effects of a long-acting
f3,-adrenoceptor 'agonist, salmeterol, on airway hyperre-
sponsiveness in patients with mild asthma. N Engl J Med
1992;327:1198-203.

Booth H, Fishwick K, Harkawat R, Devereux G, Hendrick
DF, Walters EH. Changes in methacholine induced broncho-
constriction with the long acting B,-agonist salmeterol in mild
to moderate asthmatic patients. Thorax 1993;48:1121-4.
Greening AP, Ind PW, Northfield M, Shaw G. Added
salmeterol versus higher-dose corticosteroid in asthma pa-
tients with symptoms on existing inhaled corticosteroid.
Lancet 1994;344:219-24. )

American Thoracic Society. Standards for the diagnosis and
care of patients with chronic obstructive pulmonary diseases
(COPD) and asthma. Am Rev Respir Dis 1987;136:225-44.
Ryan G, Latimer KM, Dolovich S; Hargreave FE. Bron-
chial responsiveness to histamine in relatiofiship to diurnal
variation of peak flow rate, improvement after bronchodi-
lator, and airway calibre. Thorax 1982;37:423-9.
Duiverman EJ, Neijens HJ, Van Sirik R, Affourtit MJ,
Kerrebijn KF. Lung function and bronchial responsiveness
in children who had infantile bronchiolitis. Pediatr Pulmo-
nol 1987;3:38-44.

Zapletal A, Samanek M, Paul T. Lung function in children
and adolescents: methods, reference values. In: Zapletal A,
ed. Progress in respiration research. Basel: Karger, 1987;22:
114-218.

18.

19.

20.

21.

22

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

J ALLERGY CLIN IMMUNOL
APRIL 1996

Quanjer PhH, Tammeling GJ, Cotes JE, Pedersen OF,
Peslin R, Yernault YC. Lung volumes and forced ventila-
tory flows. Report. Working Party Standardization of Lung
Function Test European Community for Steel and Coal.
Official statement of the European Respiratory Society.
Eur Respir J 1993;6(suppl 16):5-40.

Birnie D, Thoe Schwartzenberg GWS, Hop WCJ, Van
Essen-Zandvliet EEM, Kerrebijn KF. Does the outcome of
the tidal breathing and dosimeter method for the assess-
ment of bronchial responsiveness in children with asthma
depend on age? Thorax 1990;45:199-202.

Schluchter MD. Unbalanced repeated measure models
with structured covariance matrices. In: Dixon WJ, ed.
BMDP statistical software manual: Volume 2. Berkeley:
University of California Press, 1990:1207-44.

Sears MR, Taylor RD, Print CG, et al. Regular inhaled
beta-agonist treatment in bronchial asthma. Lancet 1990;
336:1391-6.

van Schayck CP, Dompeling E, van Herwaarden CLA, et al.
Bronchodilator treatment in moderate asthma or chronic
bronchitis: Continuous or on demand? A randomised con-
trolled study. BMJ 1991;303:1426-31.

Vathenen AS, Knox AJ, Higgins BG, Britton JR, Tattersfield
AE. Rebound increase in bronchial responsiveness after treat-
ment with inhaled terbutaline. Lancet 1988;1:554-8.
Wahedna I, Wong CS, Wisnieuwski AFZ; Pavord AD,
Tattersfield AE. Asthma control during and after cessation
of regular B,-agonist treatment. Am Rev Respir Dis 1993;
148:707-12.

Beach JR, Young CL, Harkawat R, et al. Effect on airway
responsiveness of six weeks treatment with salmeterol.
Pulm Pharmacot 1993;6:155-7. ‘
Roberts JA, Bradding P, Holgate ST, Howarth PH. Effects
of a six week course of salmeterol on bronchial reactivity
[Abstract]. Thorax 1992;47:230P.

Ariens EJ. Pharmacology of airway smooth muscle. In: Nadel
JA, Pauwels R, Snashall PD, eds. Bronchial hyperresponsive-
ness, normal and abnormal control, assessment and therapy.
Oxford, England: Blackwell Scientific, 1987:7-22.

Van Amsterdam RGM, Meurs H, Ten Berge REF, Ven-
inga NCM, Brouwer F, Zaagsma J. Role of phosphoinosi-
tide metabolism in human bronchial smooth muscle con-
traction and in functional antagonism by beta-adrenoceptor
agonists. Am Rev Respir Dis 1990;142:1124-8. )
Verberne AAPH, Kerrebijn KF. Effects of B2-receptor ago-
nists on airway responsiveness. Life Sci 1993;52:2181-91.
Maconochie JG, Minton NA, Chilton JE, Keene ON. Does
tachyphylaxis occur to the non-pulmonary effects of salme-
terol? Br J Clin Pharmacol 1994;37:199-204.

Svedmyr N. Actiori of corticosteroids on beta-adrenergic recep-
tors: clinical aspects: Am Rev Respir Dis 1990;141:531-8.
De Baets FM, Goeteyn M, Kerrebijn KF. The effect of two
months of treatment with inhaled budesonide on bronchial
responsiveness to histamine and house-dust mite antigen in
asthmatic children. Am Rev Respir Dis 1990;142:581-6.
Neijens HJ, Degenhart HJ, Raatgreep HC, Kerrebijn KF.
Study on the significance of bronchial hyperreactivity in the
bronchus obstruction after inhalation of cat dander aller-
gen. J ALLERGY CLIN IMMUNOL 1979;64:507-15.

British Thoracic Society, Woodhead M, ed. Guidelines on
the management of asthma. Thorax 1993;48(suppl):S1-24.
Roberts JA, Bradding P, Walls AF, et al. The influence of
salmeterol xinafoate on mucosal inflammation in asthma
fAbstract]. Am Rev Respir Dis 1992;145:A418.



