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ABSTRACT: The onset of the bronchodilating effect of formoterol (12 mg by Tur-
buhaler1) was compared with that of salbutamol (50 mg by Turbuhaler), salmeterol
(50 mg by Diskhaler1) and placebo in methacholine-induced severe bronchoconstric-
tion.

Seventeen subjects with mild-to-moderate asthma completed this randomized, dou-
ble blind, cross-over, double-dummy study. On four study days, baseline forced
expiratory volume in one second (FEV1) was recorded and the subjects were chal-
lenged with methacholine until FEV1 fell by at least 30%. Immediately thereafter, the
study drugs were inhaled and lung function was assessed for 60 min.

The geometric mean time for FEV1 to return to 85% of baseline was 7.2 min with
formoterol, 6.5 min with salbutamol, 14.1 min with salmeterol and 34.7 min with
placebo (p=0.0001, overall ANOVA). The difference between formoterol and salmet-
erol was statistically significant (p=0.01); there was no difference between formoterol
and salbutamol (p=0.69).

In conclusion, formoterol reversed methacholine-induced severe bronchoconstric-
tion as rapidly as salbutamol and more rapidly than salmeterol. Classifying b2-agon-
ists as "fast"- and "slow"- acting may be supplemental to "short"- and "long"-acting.
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In the treatment of asthma, inhaled b2-agonists play an
important role due to their excellent bronchodilating effect.
For decades, the b2-agonists salbutamol and terbutaline
have proven to be life-saving in acute severe asthma and
are used in the maintenance treatment on an "as needed"
basis [1±3].

The newer b2-agonists, salmeterol and formoterol, have
a longer duration of action than the above-mentioned
agonists and are, therefore, classified as long-acting b2-
agonists. They have been shown to be effective and well-
tolerated as maintenance treatment in patients with asthma,
who despite optimal treatment with inhaled glucocorti-
costeroids have nocturnal asthma or require frequent use of
inhaled short-acting b2-agonists [2±7].

Salmeterol and formoterol both have a bronchodilating
effect that lasts for at least 12 h, but the onset of action of
formoterol is faster than that of salmeterol and comparable
to that of salbutamol [8±10]. Patients may be tempted to
use their long-acting b2-agonist on an "as needed" basis
instead of using a separate inhaler with a short-acting
bronchodilator. Thus, the present study was designed to
investigate the effects of formoterol and salmeterol in
acute and severe bronchoconstriction. The underlying hy-
pothesis is that bronchodilatory effects of formoterol are
as rapid as those of salbutamol, even in patients with
acute asthma.

In this study, the immediate bronchodilator responses to
formoterol, salbutamol, salmeterol and placebo were in-
vestigated in methacholine-induced severe bronchocon-
striction.

Materials and methods

Patients

Patients with a diagnosis of asthma according to the
American Thoracic Society guidelines were invited to
participate in the study [1]. Inclusion criteria were the
following: age 18±45 yrs; a forced expiratory volume in
one second (FEV1) >1.5 L and >60% of predicted; a
provocative concentration of methacholine causing a 20%
fall in FEV1 (PC20) <16 mg.mL-1; no concomitant dis-
eases or conditions that might interfere with the study; no
administration of long-acting b2-agonists, oral antihista-
mines or oral bronchodilators from 24 h before the en-
rolment visit until study completion; and no change in
inhaled glucocorticosteroid dosing or use of oral steroids
in the six weeks before the study.

The study was approved by the Medical Ethics Com-
mittee of the Martini Hospital, Groningen and was con-
ducted according to Good Clinical Practice guidelines.
Written informed consent was obtained from all patients.

Study design

The study was of a cross-over, randomized, double-
blind design and used a double-dummy technique for ad-
ministering study drugs. The initial visit and four test days
were each separated by 2±7 days. All examinations took
place in the afternoon, within 2 h of the time of the initial

Eur Respir J 1999; 13: 988±992
Printed in UK ± all rights reserved

Copyright #ERS Journals Ltd 1999
European Respiratory Journal

ISSN 0903-1936



visit. The patients withheld inhaled bronchodilators, in-
haled glucocorticosteroids and cromoglycate for 6 h before
and caffeine-containing beverages for 2 h before each visit.

A test day was postponed if baseline FEV1 was <85% or
>115% of the baseline FEV1 at enrolment. At the initial
visit, the patient's inhalation technique with Turbuhaler1
(Astra Draco, Lund, Sweden) and Diskhaler1 (Glaxo-
Wellcome, Zeist, The Netherlands) was optimalized
according to the instructions of the manufacturer. A me-
thacholine provocation test was performed in a standar-
dized manner, however, the methacholine challenge was
continued until a reduction of at least 30% in FEV1 was
reached [11]. In brief, methacholine challenges were
performed using a Wiesbadener Doppelinhalator giving
an output of 0.2 mL in 2 min. After saline, doubling con-
centrations of methacholine bromide from 0.125 to 64
mg.mL-1 dissolved in saline were inhaled at 5-min in-
tervals during 2 min of tidal breathing. Lung function
(FEV1 and forced mid-expiratory flow between 25 and
75% of forced vital capacity (FEF25±75%) was measured
with a daily calibrated dry spirometer (Schiller SP-100;
Schiller, Baar, Switzerland). Baseline values were as-
sessed in triplicate, the highest of these FEV1 values was
taken as the reference value for calculating all changes in
FEV1 on that test day. Thirty and 90 s after completing
each 2 min of tidal breathing with nebulized methacho-
line, single spirometry assessments were made. The low-
est of these two assessments was used for the analyses.
The methacholine provocation test was stopped if FEV1

fell $30% compared to baseline. The PC20 was cal-
culated by linear interpolation of log dose versus per-
centage response in FEV1. All provocation tests were
performed by the same technician. The study drugs were
inhaled within 1 min of reaching a 30% fall in FEV1.

A single dose of study drug was inhaled from each of
two blinded inhalers (Turbuhaler and Diskhaler) immedi-
ately after each other; patients with odd numbers inhaled
first through Turbuhaler, those with even numbers inhaled
first through Diskhaler on all test days. Turbuhaler con-
taining formoterol (blinded Oxis1 Turbuhaler, 12 mg
formoterol fumarate per metered-dose, mixed with lac-
tose), salbutamol (50 mg mixed with lactose) or placebo
(lactose) and Diskhalers containing salmeterol (blinded
Serevent1 Diskhaler, 50 mg salmeterol xinafoate, mixed
with lactose) or placebo (lactose) were provided by Astra
Draco. Single assessments of spirometry were made at 1, 3,
5, 10, 15, 20, 25, 30, 40, 50 and 60 min after inhaling the
first dose of the study drugs. After 1 h, the bronchocon-
strictor effects of methacholine were assumed to have
ended. If dyspnoea became too severe during the provo-
cation test, or within 60 min thereafter, as judged by the
subject or the technician, a bronchodilator could be given
and the test was to be repeated on another day. After 60
min, an inhaled bronchodilator could be given freely. A
doctor was always directly available. Nebulized salbuta-
mol was always in a standby position. Adverse events were
recorded at the end of each test day.

Data analysis

The primary parameter in the statistical analysis was the
time for FEV1 to return to exactly 85% of the baseline
value, i.e. when 15% fall remained. Secondary parameters

included changes in FEV1 at 3 and 60 min. FEV1 values
were expressed as percentage change from the baseline
FEV1 on that test day. This recovery time was calculated
by linear interpolation, with 0 min being the time of ad-
ministering the first study drug dose. In cases where FEV1

did not return to 85% of baseline within 60 min, an
arbitrary time of 75 min was used in the analyses. For the
statistical analysis of the recovery time, a base-2 log trans-
formation was made.

A two-way fixed effects analysis of variance (ANOVA)
test was used to determine treatment differences with
patient, period, treatment and carry-over effect (the ther-
apy/no therapy given in the previous test day) as factors.
An additional planned analysis of covariance was per-
formed using the highest methacholine dose given on test
days as a covariate, since it was foreseen that the dose of
inhaled methacholine could have a major influence on the
recovery time. After breaking the code, an unplanned an-
alysis of covariance was additionally performed using the
observed percentage change in FEV1, measured just before
administering the study medication, as covariate. Before-
hand, the observed percentage fall in FEV1 was foreseen to
be reproducible (30±40%) and, thus, less relevant as a co-
variate in the analysis of the recovery time than the me-
thacholine dose, which was anticipated to be less constant.
Thus, only one covariate analysis was planned. A two-
sided p-value <0.05 was considered significant. When
treatment was statistically significant in the ANOVA or
analysis of covariance (ANCOVA) model, Bonferroni-
corrected confidence intervals were calculated from the
least-squares means, but only for the differences between
formoterol and the other three study drugs; a difference
between two study drugs was regarded statistically signi-
ficant when p<0.017.

In addition, the nonparametric Wilcoxon signed rank
test was performed on the recovery time values after for-
moterol and salmeterol treatment. The data are described in
the results section as means�SD, and for the log-trans-
formed data as geometric mean values (being the anti-log
of the means of log-transformed data).

The number of enrolled subjects needed was estimated
to be 20 to give at least 15 fully evaluable subjects. A
formal power calculation could not be performed, because
of lack of knowledge on the reproducibility of the primary
parameter, the recovery time.

Results

Twenty-one patients were enrolled. Two patients were
withdrawn from the study because of unstable asthma
(both had a baseline FEV1 on test days <85% of the
baseline FEV1 at the initial visit), one patient did not attend
an agreed visit and one patient repeatedly did not show a
fall in FEV1 of at least 30% after methacholine challenge.
All other patients completed the four test days without the
need for an inhaled bronchodilator during the tests. Thus,
17 patients were analysed according to the per protocol
approach. The four withdrawn patients were comparable to
the other 17 patients in baseline lung function and PC20

methacholine. Only the data of the 17 patients who com-
pleted all four test days are shown.
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The demographic data and baseline characteristics of the
patients are shown in table 1. The patients had mild-to-
moderate asthma with bronchial hyperresponsiveness.

Baseline lung function and the observed falls in FEV1

and FEF25±75% after methacholine challenge on the four
test days are shown in table 2. The results on the four test
days were comparable, with the exception of a larger fall
in FEV1 on the test days prior to formoterol inhalation.
The overall mean fall in FEV1 was 42.5% from baseline
(range 27±75%). In four of the 68 tests, the provocation
test was stopped before reaching a 30% fall in FEV1 due
to subjective dyspnoea or due to judgement of the tech-
nician; in all these cases, however, FEV1 fell by at least
25% and the data were used in the analyses. FEF25±75%

fell even more than FEV1, on average 56.7% from base-
line.

In figure 1, the geometric mean times of recovery in
FEV1 after the four treatments are shown; geometric
mean values for the time to recovery of FEV1 to 85% of
baseline were 7.2 min for formoterol, 6.5 min for sal-
butamol, 14.1 min for salmeterol and 34.7 min for place-
bo. There was a significant treatment effect (p=0.0001,
ANOVA). As the contribution of carry-over effect was
not statistically significant (p=0.48), it was omitted from
all further analyses. In the separate comparisons, formot-
erol led to a significantly faster recovery than salmeterol
(p=0.01) and placebo (p<0.0001), but not compared to
salbutamol (p=0.69). The difference between formoterol
and salmeterol was also statistically significant in the Wil-
coxon signed rank test (p=0.001). Recovery of FEF25±

75% took more time, but showed a similar profile for the
three study drugs with median values of 13.0, 13.8, 27.0

and 59.7 min after salbutamol, formoterol, salmeterol and
placebo, respectively (data not shown in figure).

In the ANCOVA, where the highest inhaled methacho-
line concentration was used as a covariate, significance for
the overall treatment effect (p=0.0001) was the same as in
the ANOVA without that covariate; the covariate itself was
not significant (p=0.58). ANCOVA, where the fall in FEV1

was used as a covariate, also yielded the same overall p-
value of 0.0001 for the treatment effect, but in this case the
covariate was shown to have a statistically significant con-
tribution (p=0.004). Correcting for the fall in FEV1 (which
was more pronounced before formoterol inhalation), the
difference between formoterol and salmeterol became
more significant (p=0.0006).

In six cases after placebo and in one case each after
salbutamol and salmeterol inhalation, FEV1 did not re-
cover to at least 85% of baseline within 60 min so an
arbitrary time of 75 min was used.

The mean FEV1 after methacholine challenge and study
drug inhalation are shown in figure 2. At three and 60 min

Table 2. ± Lung function on the four test days before and
after methacholine challenge

Baseline
FEV1

% pred

Baseline
FEF25±75%

L.s-1

Lowest
FEV1

% of
baseline

Lowest
FEF25±75%

% of
baseline

Formoterol 95.1�15.4 2.64�1.20 54.6�11.7 46.7�29.7
Salmeterol 93.5�16.2 2.58�1.07 61.1�8.8 46.4�12.8
Salbutamol 94.9�17.5 2.73�1.14 59.0�8.8 44.4�12.0
Placebo 95.0�15.2 2.80�1.25 55.3�11.2 39.8�13.2

Data are presented as mean�SD. FEV1: forced expiratory volume
in one second; FEF25±75%: forced mid-expiratory flow.
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Fig. 1. ± Geometric mean value and 95% confidence interval for the
time to recovery of forced expiratory volume in one second (FEV1) to
85% of baseline after a methacholine-induced fall in FEV1 of $30%
with formoterol, 12 mg via Turbuhaler1; salmeterol, 50 mg via Diskha-
ler1; salbutamol, 50 mg via Turbuhaler1 and placebo. *: significantly
different from formoterol (p<0.017).

Table 1. ± Characteristics of the patients who completed
the study

Characteristic Value

Sex F/M 12/5
Age yrs 30�7 (18±41)
FEV1 L 3.29�0.79 (2.09±5.17)
FEV1 % pred 96.4�15.6 (73±122)
PC20 methacholine mg.mL-1 0.70 (0.06±5.0)
Inhaled steroid use Users/nonusers 15/2
b2-agonist "if needed" use

Users/nonusers
17/0

Values are presented as absolute numbers or as mean�SD (range),
except PC20 where median (range) is given. F: female; M: male;
FEV1: forced expiratory volume in one second; PC20: provoca-
tive concentration of methacholine causing a 20% fall in FEV1.
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Fig. 2. ± Mean�SEM forced expiratory volume in one second (FEV1)
during the first 60 min following inhalation of formoterol, 12 mg via
Turbuhaler1; salmeterol, 50 mg via Diskhaler1; salbutamol, 50 mg via
Turbuhaler1 and placebo after methacholine-induced severe broncho-
constriction. ÐÐ : formoterol; : : : : : : : salmeterol; ± - ± - : salbutamol;
± ± ± : placebo.
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after inhalation, statistical comparisons of the increases in
FEV1 were undertaken. Both comparisons yielded a stat-
istically significant treatment effect (p=0.0001, ANOVA
at 3 min and p=0.0004, ANOVA at 60 min). The increase
in FEV1 3 min after inhaling formoterol (23.9% of base-
line) was significantly different from that after salmeterol
(8.0%, p<0.0001) and placebo (7.1%, p<0.0001), but not
different from the increase after salbutamol (22.0%,
p=0.48). The increase in FEV1 at 60 min after formoterol
(46.2% of baseline) was significantly different from the
value after placebo (31.5%, p<0.0001), but not from the
changes after salmeterol (41.2%, p=0.13) or salbutamol
(42.2%, p=0.24). At the end of the observation period,
FEV1 was on average 0.9% above baseline with formot-
erol, 2.3% above baseline with salmeterol, 1.2% above
baseline with salbutamol and still 13.2% below baseline
with placebo.

Discussion

The present study has shown a rapid onset of action of
formoterol (inhaled via Turbuhaler) in severe broncho-
constriction. At the time of formoterol inhalation, mean
FEV1 had fallen by 45.4% and FEF25±75% by 53.3%
compared to the baseline value. The onset of action of
formoterol was as fast as salbutamol and much faster than
salmeterol. One hour after administration of one of the
three b2-agonists at the end of the methacholine challenge,
FEV1 returned to baseline. Following placebo administra-
tion, however, some bronchoconstriction remained (FEV1

was on average 13.2% below baseline). The three b2-
agonists had a similar effect on FEV1 1 h after inhalation.

The doses of 12 mg for formoterol and of 50 mg for
salmeterol have been shown to be equipotent in a dose
response study when given as single doses to patients with
stable asthma [9]. The dose of 50 mg salbutamol (when
inhaled via Turbuhaler), has not been compared prev-
iously to the other two test drugs, but has been shown to
be equipotent with two- to four-fold higher doses of
salbutamol when given via other inhalation devices [12,
13]. A dose of 200 mg salbutamol via a pressurized
metered-dose inhaler has been shown to induce the same
maximal bronchodilating effect as both 24 mg formoterol
and 50 mg salmeterol, also inhaled via a metered-dose
inhaler [10].

The faster onset of action of formoterol compared to
salmeterol has been described in previous studies con-
cerning patients with asthma in a stable condition [8±10].
In two separate studies, the effects of salmeterol and
formoterol were studied after previous inhalation of
methacholine up to a $20% fall in FEV1 [14, 15]. In one
study, the recovery time with salmeterol was two-fold
longer than with salbutamol [14]. In the other study,
similar recovery times for formoterol and salbutamol
were observed [15]. These two studies are, however, not
completely comparable with the present one, as the b2-
agonists were administered after a $20% fall in FEV1

rather than after a $30%, and a different definition of
recovery time was used.

It was anticipated that the dose of methacholine given
would have a significant impact on the time of recovery.
However, the doses given on the four test days showed
little variation and, therefore, methacholine dose as a co-

variate in the statistical analysis did not have a significant
effect. In contrast, the day-to-day variation in the observed
fall in FEV1 (with almost identical methacholine doses)
was greater than expected and was found to be a stat-
istically significant covariate. In the subsequent ANCOVA
with this covariate, the difference between formoterol and
salmeterol became more pronounced due to a larger
observed fall in FEV1 prior to formoterol inhalation than
prior to salmeterol inhalation.

In eight out of 68 provocation tests (six after placebo,
one each after salmeterol and salbutamol administration),
FEV1 did not recover to 85% of baseline within 60 min so
an arbitrary recovery time was used in the analysis. This is
considered to have had no relevant effect on the statistical
analysis. In addition, a nonparametric Wilcoxon signed
rank test also showed a highly significant difference in
recovery time.

A possible lack of effect of one of the study drugs might
have been a consequence of inadequate inhalation of the
study medication or an inadequate distribution of the med-
ication into the peripheral airways, both owing to a lack of
inspiratory flow rate. The present study, however, confirms
earlier clinical studies showing the effectiveness of Tur-
buhaler in acute asthma, including one study that spe-
cifically measured flow rates through the inhaler [16, 17].

The present model with methacholine-induced bron-
choconstriction may mimic an acute episode of asthma. The
extent of bronchoconstriction achieved in some patients
(up to -75% compared to baseline) was surprising and
therefore it is thought that additional safeguards are need-
ed, if this model is used in future studies. The introduction
of a threshold of 1 L for FEV1 is thought to be useful. If
FEV1 falls below 1 L at any moment during or after the
challenge, nebulized salbutamol should be given right
away.

Patients with asthma may be tempted to use their long-
acting bronchodilator on an "as needed" basis instead of
using a separate inhaler with a short-acting bronchodilator.
The results of the present study show that formoterol might
be an alternative for salbutamol in acute asthma attacks,
but that salmeterol is of less use. The use of formoterol as a
rescue medication is in contrast to international guidelines,
where "long-acting" bronchodilators are advised to be used
twice daily and "short-acting" bronchodilators on an "as
needed" basis [1±3]. In addition to its slower onset of
action, the use of salmeterol as a rescue therapy has also
been discouraged because of its supposed partial b2-
agonist properties, which may lead to b2-blockade during
overdosing [18, 19].

On the basis of the present study, classification of b2-
agonists may need to be reconsidered: "fast"- and "slow"-
acting agonists could supplement that of "short"- and
"long"-acting, in terms of reversing acute bronchoconstric-
tion. A severe acute episode of asthma may lead to taking
high-doses of b2-agonists over a short time. A previous
tolerability study showed no difference in safety between
equivalent high doses of formoterol and salbutamol [20].
Clinically relevant cardiovascular and hypokalaemic
side-effects were not observed during administration of
high-doses of formoterol (up to 228 mg) and salbutamol
(up to 3,800 mg) [20]. However, additional safety studies
with long-term treatment of formoterol "as needed" are
required, before considering changing asthma manage-
ment strategies.
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The results of this study show that formoterol via Tur-
buhaler is as fast as salbutamol via Turbuhaler and faster
than salmeterol via Diskhaler in reversing methacholine-
induced severe bronchoconstriction.
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