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ABSTRACT: The aim of this study was to compare the effects of formoterol,
ipratropium bromide and a placebo on walking distance, lung function, symptoms and
quality of life (QoL) in chronic obstructive pulmonary disease (COPD) patients.

A total of 183 patients (mean age 64 yrs, 86 female) with moderate-to-severe
nonreversible COPD participated in this randomised, double-blind, parallel-group
study. After a 2-week placebo run-in, patients were randomised to formoterol
Turbuhaler1 18 mg b.i.d. (delivered dose), ipratropium bromide 80 mg t.i.d. via a
pressurised metered dose inhaler, or placebo for 12 weeks. Inhaled short-acting b2-
agonists were allowed as relief medication and inhaled glucocorticosteroids were
allowed at a constant dose. The primary variable was walking distance in the shuttle
walking test (SWT). Baseline mean SWT distance was 325 m, mean forced expiratory
volume in one second (FEV1) was 40% predicted.

Clinically significant improvements in SWT (w30 m) were seen in 41, 38 and 30% of
formoterol, ipratropium and placebo patients, respectively (not significant). Mean
increases from run-in were 19, 17 and 5 m in the formoterol, ipratropium and placebo
groups, respectively. Both active treatments significantly improved FEV1, forced vital
capacity, peak expiratory flow and daytime dyspnoea score compared with placebo.
Formoterol reduced relief medication use compared with placebo. Neither active
treatment improved QoL.

Formoterol and ipratropium improved airway function and symptoms, without
significant improvements in the shuttle walking test.
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Chronic obstructive pulmonary disease (COPD) is
characterised by slowly developing airway obstruc-
tion, with increasing impairment of exercise perfor-
mance due to dyspnoea. The pharmacological therapy
of COPD is mainly focused on the use of broncho-
dilators such as anticholinergics and b2-agonists, and
the role of inhaled glucocorticosteroids (GCS) is
currently being discussed [1–5]. The goal of treatment
is to improve exercise capacity, lung function and
arterial blood gas tensions, and to reduce the symp-
toms of dyspnoea. However, studies have shown, that
the effects of bronchodilators on these different out-
come variables are not always well correlated [6, 7].

Long-acting bronchodilators are effective in the
treatment of asthma, reducing symptoms and decreas-
ing exacerbations [8]. In COPD, the long-acting
b2-agonists are less well studied. One study of sal-
meterol showed symptom reduction and lung function
improvement [9] and some improvement in quality of
life (QoL) when the drug was used in low doses [10].
Formoterol is a b2-agonist with a long-acting bronch-
odilating effect in asthma lasting 12 h but unlike
salmeterol, it has an onset of action as fast as

salbutamol [11]. However, formoterol has been sub-
ject to few long-term studies in COPD. Ipratropium
bromide has an established position in the treatment
of COPD and has been suggested as the first choice of
treatment for this condition [1, 3].

Exercise capacity of patients with COPD has been
studied using walking tests such as the 6- or 12-min
walking test. These tests are dependent on motivation
and encouragement and are therefore difficult to
standardise. The shuttle walking test (SWT) devel-
oped by SINGH and co-workers [12, 13] is externally
paced and is less dependent on encouragement from
the test leader. It is also incremental, pushing the
patient to a symptom-limited maximum performance.
A pilot study of the SWT in COPD patients,
comparing formoterol and placebo, showed good
reproducibility and an acute improvement in exercise
capacity after formoterol inhalation.

The primary aim of this study was to compare the
effect of formoterol, ipratropium bromide and pla-
cebo on walking distance using the SWT in patients
with advanced COPD, with no or little reversibility as
reflected by an acute reversibility test. The underlying

Eur Respir J 2002; 20: 1138–1146
DOI: 10.1183/09031936.02.00301702
Printed in UK – all rights reserved

Copyright #ERS Journals Ltd 2002
European Respiratory Journal

ISSN 0903-1936



hypothesis was that even a small bronchodilating
effect in these severely obstructive patients would
improve exercise capacity. Furthermore, it was assu-
med that even a small improvement in the exercise
capacity would affect the patients9 experience of
symptoms and QoL. Secondary aims were to evaluate
self-reported COPD symptoms and intake of relief
medication, arterial blood gases, and lung function
variables such as peak expiratory flow (PEF), forced
expiratory volume in one second (FEV1) and forced
vital capacity (FVC).

Patients and methods

Study design

This study was a double-blind, randomised,
placebo-controlled, parallel-group study carried out
at 14 centres in Sweden. An initial 2-week, single-
blind, run-in period, during which patients took
placebo, was followed by a 12-week, double-blind,
treatment period during which patients received either
formoterol, ipratropium bromide or placebo. In order
to have comparable groups, stratification was per-
formed according to the walking distance achieved at
the randomisation visit. Patients with a walking dis-
tance f300 m were sequentially assigned the lowest
randomisation number and patients with a walking
distance w300 m the highest available randomisation
number. The 300 m limit was chosen after perfor-
mance of the pilot study mentioned above. The trial
was approved by the Research Ethics Committee in
Lund and the Swedish Medical Products Agency, and
was conducted according to the principles of the
Declaration of Helsinki and Good Clinical Practice.
Written informed consent was obtained from all
patients before enrolment.

Patients

The study included male and female outpatients,
aged 40–75 yrs, current smokers or former smokers
with a history of w10 pack-yrs and with a diagnosis
of COPD as defined by the European Respiratory
Society [2]. Furthermore, the patients had to have a
history of reduced exercise capacity due to dyspnoea
on exertion. To be eligible for the study, the patients
had to have an FEV1v60% of predicted normal value
and a quotient FEV1/FVC v70%. Furthermore, the
reversibility had to be v12% of predicted normal
value, 45 min after inhalation of 120 mg ipratropium
bromide via pressurised metered dose inhaler (pMDI)
or 27 mg formoterol via Turbuhaler1 given on two
separate occasions 1–3 days apart. The oxygen tension
in arterial blood (Pa,O2) at rest at the second
enrolment needed to be w7.3 kPa. Patients with
adult asthma and patients on long-term oxygen
therapy were excluded.

Treatment

After a 2-week, single-blind, placebo run-in period,
eligible patients were randomised to one of the

following treatments for 12 weeks: formoterol Turbu-
haler1 18 mg b.i.d. and placebo pMDI t.i.d., or
ipratropium bromide pMDI 80 mg t.i.d. and placebo
Turbuhaler1 b.i.d., or placebo pMDI t.i.d. and
placebo Turbuhaler1 b.i.d. The inhalation from the
study drug inhalers was performed in accordance with
the manufacturers9 recommendations. The patient
practised inhalation techniques with placebo drug in
both study inhalers at each study visit under the
supervision of a study nurse.

An inhaled short-acting b2-agonist was used as
relief medication. No other bronchodilator medica-
tion was permitted during the study. Inhaled and oral
GCS as well as mucolytics were allowed if kept at
a constant dosage during the study. Other concomi-
tant medications considered necessary for each
patient9s well-being could be given at the investiga-
tor9s discretion.

Assessments

Demographic characteristics and medical history
were recorded at enrolment to the study. Clinical
assessments were performed at enrolment, 1 day after
enrolment, at the end of the run-in period, and after
4, 8 and 12 weeks of double-blind treatment. All
assessments were performed in the morning and using
the same equipment. The patient was advised not to
use b2-agonists and to avoid strenuous activity for 6 h
before the assessments. The patient was also instru-
cted not to smoke for 1 h before the clinic visit and
smoking was not allowed during the visits.

The SWT required the patient to walk up and down
a 10 m course. The course was identified by two cones
inset 0.5 m from either end. The speed at which the
patient walked was dictated by an audio signal played
on a cassette tape. Patients listened to taped standar-
dised instructions before starting. After each minute,
the speed of walking was increased by a small
increment. The test was discontinued if the patient
was too breathless to continue or failed to reach the
next cone in time [12]. The pulse was taken and the
Borg dyspnoea score [14] was recorded after a 5-min
rest, both before and immediately after the patient
had completed the SWT.

FEV1 and FVC were measured at each clinic visit
by means of a flow/volume spirometer (Vitalograph1
Alpha, Vitalograph Ltd, UK) with the patient wearing
a noseclip and seated for each measurement. Spiro-
metry was performed three times at each assessment
and the highest values for FEV1 and FVC were
recorded. The chosen values were not to exceed the
second best value by w200 mL. Spirometry was per-
formed before the SWT.

To assess blood gas tensions, Pa,O2, the carbon
dioxide tension in arterial blood, pH and base excess,
an arterial blood sample was drawn from the radial
artery after 20 min of rest following the SWT. Blood
gas tensions were assessed at enrolment, at randomi-
sation and after 12 weeks of treatment.

The St Georges Respiratory Questionnaire (SGRQ),
in Swedish, was used to assess health status [15]. This
self-administered questionnaire was filled in by the
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patient at the enrolment visit (as training), at
randomisation and after 12 weeks of treatment.

Patients were provided with a Vitalograph peak-
flow meter and asked to record PEF every day upon
waking and in the evening. These measurements were
made before inhalation of the study medication and, if
possible, at least 6 h after use of relief medication. The
daytime and night-time severity of COPD symptoms
was assessed separately and recorded in the diary cards.
The symptoms of dyspnoea, cough and disturbance
of sleep were rated on a 0–4 scale, where 0 was
no symptoms and 4 was severe symptoms. Intake of
study medication and use of relief medication were
also recorded.

Information about adverse events was obtained by
asking the patient "Have you had any health problems
or symptoms since the last visit?". The onset, duration,
severity and outcome of each adverse event were
recorded.

Statistics

The end-point for all statistical analyses was the
change from baseline to end-of-treatment. For vari-
ables scored at the clinic visits, baseline was the value
from the randomisation visit and end-of-treatment
the value after 12 weeks treatment. The last value
extended principle was used to replace missing values
for withdrawn patients who had performed at least
one post-randomisation visit. For diary card vari-
ables, baseline was the mean over the last 7 days of the
run-in period and end-of-treatment was the mean over
the last 60 days of the treatment period. Period means
were computed using data from all registered days
within the period.

Treatments were compared using an analysis of
variance model with fixed factors treatment, centre
and interaction treatment by centre. Baseline was used
as a covariate. Treatment effects were weighted over
centres according to precision. Multiplicative models
were used for FEV1 and FVC, and additive models for
all other variables. The influence of other baseline
characteristics was checked by including them as extra
covariates, one at a time. Subgroup analysis by
stratification according to walking distance at rando-
misation (f300 m or w300 m), sex, smoking habits
and use of inhaled GCS was performed as separate
analyses in each stratum. Time trends were investi-
gated by analysis of each successive point, assuming
equal variance over time. Withdrawal rates were
compared between treatments with a Pearson9s
Chi-squared test.

Bronchodilator effects in COPD are often small and
it could be questioned whether small changes in
physiological variables have any importance for the
patient. In an attempt to define a clinically significant
lower threshold for the differences found between
treatments in the main study variable "walking
distance" in the individual patients in this trial, the
differences o30 m from baseline were classified as
clinically significant in the study plan. The propor-
tion of patients with clinically significant changes in

walking distance were compared with a Pearson9s
Chi-squared test.

All analyses were performed according to the
intention-to-treat approach, i.e. included all patients
that took at least one dose of study drug and had data
from the relevant treatment period. All tests were two-
sided at a 5% significance level. A power calculation
regarding the measurement of SWT was performed
showing that with 45 patients in each group, there
would be an 80% chance of detecting a true difference
between two treatments of 30 m using a paired t-test
at a 5% significance level.

Results

A total of 183 patients were randomised: 61 patients
received formoterol, 62 patients ipratropium bro-
mide and 60 patients placebo. Patient characteristics
are shown in table 1. Treatment groups were well
matched with the exception of the numbers of current
smokers, who were fewer in the ipratropium bromide
group: 10 compared to 23 in the formoterol group and
18 in the placebo group. Some differences between
treatment groups were also seen in the use of pre-
study medication, fewer patients in the formoterol
group (61%) used inhaled GCS compared with both
the ipratropium bromide group (77%) and the placebo
group (75%).

The total number of withdrawals was 39 (21%):
there were 17 (28%) in the formoterol group, 6 (10%)
in the ipratropium bromide group and 16 (27%) in
the placebo group (table 2). The difference between
the formoterol and ipratropium bromide groups in the
number of withdrawals was statistically significant
(pv0.02). A point worth noting is that before entry
to the study, 13 of the withdrawn patients in the
formoterol group, three in the ipratropium bromide
group and 11 in the placebo group had used ipra-
tropium bromide.

Most of the patients who discontinued belonged to
the f300 m stratum: 13 patients (42%) of this stratum
in the formoterol group, one (3%) in the ipratropium
bromide group and 11 (34%) in the placebo group.
The difference in distribution of withdrawals in this
stratum between the groups was statistically signifi-
cant (pv0.002). In the other stratum, w300 m, the
distribution was more even, four patients (13%) in the
formoterol group, five (16%) in the ipratropium
bromide group and five (18%) in the placebo group,
without a statistically significant difference.

The shuttle walking test

The mean walking distance in the SWT at randomi-
sation was 325 m (60–710 m). Ninety-three patients
had a walking distance of f300 m and 90 patients
had a walking distance ofw300 m (table 3). The base-
line walking distance was similar in the three treat-
ment groups (table 1).

The individual distance walked, varied greatly
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among patients (tables 1 and 3). There was no statisti-
cally significant difference between the treatment
groups after 12 weeks, although the distance was
numerically lower in the placebo group (table 4). A
small numerical improvement in walking distance was
found compared with baseline: the distance increased
by 19.2 m (95% confidence interval (CI): 3.5–34.9)
in the formoterol group, 17.5 m (2.2–32.8) in the
ipratropium bromide group and 5.1 m (-10.9–21.0) in
the placebo group (table 4). The percentage of
patients in each group reaching a clinically significant
improvement of o30 m after 12 weeks compared with
baseline was 41% in the formoterol group, 38% in the

ipratropium bromide group and 30% in the placebo
group.

In an ad hoc analysis 4 and 8 weeks after
randomisation, there was a statistically significant
difference of 29.9 m (95% CI: 8.8–50.9) between the
formoterol and placebo groups seen after 4 weeks
of treatment. Thereafter, no significant differences
between the treatment groups were seen.

The influence of the stratification with regard to
walking distance at randomisation is shown in
figure 1. The numbers of patients in the f300 m and
w300 m strata were similar. Numerically, the mean
improvement in walking distance covered was

Table 2. – Number of patients and number of adverse events leading to withdrawal

Withdrawal cause Placebo Formoterol Turbuhaler1 Ipratropium bromide pMDI

Withdrawing patients 17 16 6
Patients withdrawing due to adverse event 15 16 6
Adverse events 18 19 6
Deterioration of COPD 6 3 3
Dyspnoea 5 5 1
Pneumonia 2 0 0
Coughing 1 1 0
Respiratory tract infection 0 2 0
Bronchitis 0 0 1
Viral infection 1 0 0
Infection 1 0 0
Pharyngitis 1 0 0
Fracture 1 0 0
Pneumothorax 0 1 0
Pruritus 0 1 0
Rash 0 1 0
Gastroenteritis 0 1 0
Diarrhoea 0 1 0
Abdominal pain 0 1 0
Leucocytosis 0 1 0
Rheumatoid arthritis 0 1 0
Atrial fibrillation 0 0 1

Data are presented as n; COPD: chronic obstructive pulmonary disease; pMDI: pressurised metered dose inhaler. More than
one reason for withdrawal could be recorded.

Table 1. – Patient characteristics by treatment

Variable Placebo Formoterol
Turbuhaler1

Iptratropium bromide
pMDI

Patients n 60 61 62
Sex male/female 30/30 33/28 34/28
Age yrs 63.6 (47–74) 63.6 (48–74) 64.8 (50–74)
BMI kg?m-2 24.2 (17–36) 24.1 (17–35) 24.3 (14–43)
Smoking habits current/former 18/41 23/37 10/51
COPD symptoms yrs 11.1 (2–30) 9.7 (1–34) 10.0 (1–23)
FEV1 % PN 32.6 (11.9–56.4) 33.3 (14.6–60.8) 33.6 (14.8–57.8)
FVC % PN 59.4 (14.6–90.7) 60.7 (32.9–88.2) 60.7 (22.6–107.8)
Reversibility after ipratropium bromide % PN 6.27 (-0.6–11.4) 5.52 (-12.9–11.9) 5.58 (-11.0–11.7)
Reversibility after formoterol % PN 5.99 (-0.5–11.9) 5.75 (-2.4–11.3) 6.68 (0.4–12.0)
Pa,O2 kPa 9.5 (7.5–11.5) 9.6 (7.8–12.7) 9.4 (7.7–12.3)
IgE kU?L-1 30 (1–593) 31 (1–789) 45 (1–347)
Walking distance at randomisation m 333 (60–670) 319 (70–670) 324 (90–710)
Mean dyspnoea score 1.1 (0–3) 0.9 (0–3) 1.5 (0–4)
Daytime dyspnoea score 1.6 (0.0–3.7) 1.6 (0.0–3.6) 1.8 (0.0–3.3)
Daytime cough score 1.2 (0.0–3.0) 1.3 (0.0–3.7) 1.2 (0.0–2.6)

Data are presented as mean value (range) unless otherwise stated. pMDI: pressurised metered dose inhaler; BMI: body mass
index; COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume in one second; FVC: forced vital
capacity; % PN: % of predicted normal value; Pa,O2: oxygen tension in arterial blood; IgE: immunoglobulin E.
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approximately twice as large in the actively treated
groups in the f300 m stratum, but this difference was
not statistically significant. Thus, the main difference
between active treatments and placebo was seen in
patients walking v300 m at baseline.

Subgroup analyses were also performed to evaluate
if sex, smoking habits and use of GCS had any

influence on the outcome of the SWT. No statisti-
cally significant influence was found. The influence
of continuous variables such as age, duration of
COPD, FEV1 and dyspnoea score at randomisation,
reversibility to formoterol and ipratropium bromide
respectively, and diurnal variation in PEF values
during the last 7 days of run-in were also examined

Table 3. – Patient characteristics by treatment and walking distance at randomisation (f300 m and w300 m)

Characteristic Placebo Formoterol Turbuhaler1 Ipratropium bromide pMDI

f300 m w300 m v300 m w300 m v300 m w300 m
Patients n 32 28 31 30 30 32
Sex males/females 13/19 17/11 16/15 17/13 13/17 21/11
Age yrs 64 (51–74) 63 (47–74) 65 (53–74) 62 (48–74) 67 (57–74) 62 (50–74)
BMI kg?m-2 24 (17–36) 24 (17–31) 24 (17–35) 25 (19–33) 25 (14–43) 24 (17–32)
Smoking habits

current/former
7/25 12/16 11/20 13/17 7/23 4/28

FEV1 % PN 30 (12–55) 36 (17–56) 29 (15–46) 37 (18–61) 32 (16–58) 35 (15–54)
FVC % PN 56 (15–88) 64 (33–91) 59 (33–86) 63 (39–88) 57 (23–96) 64 (34–108)
Reversibility after

ipratropium
bromide % PN

6 (1–11) 6 (-1–11) 6 (-3–12) 5 (-13–12) 4 (-11–12) 7 (0–11)

Reversibility after
formoterol % PN

6 (-1–12) 7 (1–12) 5 (-2–11) 6 (-2–11) 7 (2–10) 7 (0–12)

Pa,O2 kPa 9.3 (7.5–10.9) 9.7 (8.0–11.5) 9.4 (7.8–11.3) 9.9 (8.3–12.7) 9.2 (7.8–12.3) 9.6 (7.7–11.9)
Walking distance m 225 (60–300) 456 (310–670) 216 (70–300) 426 (330–670) 199 (90–300) 442 (320–710)

Data are presented as mean value (range) unless otherwise stated. pMDI: pressurised metered dose inhaler; BMI: body mass
index; FEV1: forced expiratory volume in one second; FVC: forced vital capacity; % PN: % of predicted normal value; Pa,O2:
oxygen tension in arterial blood.

Table 4. – Differences in study variables from baseline (randomisation) to 4, 8 and 12 weeks after randomisation, and
adjusted mean changes from baseline to end-of-treatment, by treatment group

Variable Raw means (LVE) Adjusted means#

4 weeks 8 weeks 12 weeks End-of-treatment

Walking distance m
Placebo 2.5 7.0 6.0 5.1
Formoterol 27.5 18.0 20.4 19.2
Ipratropium bromide 17.7 19.3 15.3 17.5

Dyspnoea after exercise (Borg)
Placebo 0.25 0.32 0.47 0.55
Formoterol -0.25 -0.14 -0.04 0.08
Ipratropium bromide -0.08 -0.22 0.18 0.25

FEV1 % of baseline
Placebo 2.7 4.2 4.7 3.1
Formoterol 19.5 19.1 16.7 16.9*
Ipratropium bromide 11.3 12.5 10.1 10.7*

FVC % of baseline
Placebo 3.2 6.6 6.6 4.4
Formoterol 14.5 13.5 11.7 12.4*
Ipratropium bromide 10.9 12.7 11.8 12.8*

Daytime breathlessness (0–4)
Placebo -0.08 -0.04 -0.08 0.00
Formoterol -0.35 -0.25 -0.22 -0.21*
Ipratropium bromide -0.39 -0.42 -0.35 -0.29*

Daytime cough (0–4)
Placebo -0.09 -0.10 -0.12 -0.07
Formoterol -0.27 -0.24 -0.13 -0.18
Ipratropium bromide -0.21 -0.33 -0.24 -0.26*

#: adjusted for centre and baseline effects. LVE: last value extended; FEV1: forced expiratory volume in one second; FVC:
forced vital capacity. *: significant difference versus placebo, pv0.05.
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using these measures as covariates. None of these
variables was found to have a statistically significant
influence on the results.

Dyspnoea during the shuttle walking test

There was a wide variation in the Borg dyspnoea
score after the SWT, indicating a great variance in
individual perception of dyspnoea after exertion. No
significant differences were seen between the treatment
groups. In the placebo group only, there was a slight
but significant increase in the score at the end of
treatment compared with the randomisation visit
(table 4). This indicates that the patients experienced
almost the same degree of dyspnoea after the SWT
throughout the study.

Spirometry

Spirometry (FEV1 and FVC) was assessed before
the SWT at each clinic visit. FEV1 and FVC values
were significantly higher with both formoterol and
ipratropium bromide than with placebo after 12 weeks
(table 4). After 4 weeks, formoterol gave a signifi-
cantly greater improvement in FEV1 than ipratropium
bromide but after 12 weeks there was no longer a
statistically significant difference. For FVC, there was
no significant difference between the active treatments
at any time point.

Arterial blood gas tensions

For Pa,O2 values after 12 weeks, neither formoterol
nor ipratropium bromide differed statistically signifi-
cantly from placebo. However, there was a significant
difference in favour of formoterol compared with the
ipratropium bromide treatment (difference 0.6 kPa,
95% CI: 0.06–0.66).

Diary cards

Patients measured PEF twice daily, morning and
evening, before taking their study medication. Change
in morning PEF was significantly greater with both
active treatments than with placebo: the mean
increase compared with placebo was 16.2 L?min-1

(95% CI: 8.4–23.9) after formoterol and 8.0 L?min-1

(0.3–15.7) after ipratropium bromide. Additionally,
formoterol caused a significantly higher increase than
ipratropium bromide, the difference being 8.2 L?min-1

(0.5–15.8). For evening PEF, both active treatments
showed significantly higher values than placebo:
formoterol 14.3 L?min-1 (5.7–22.9) and ipratropium
bromide 15.7 L?min-1 (7.2–24.3), with no difference
between the active treatments.

As relief medication the patient could use any short-
acting b2-agonist, which means that the number of
inhalations is not dose-adjusted. The mean total daily
relief consumption during the last 2 months of treat-
ment was 3.6 inhalations in the formoterol group, 3.9
inhalations in the ipratropium bromide group and 4.7
inhalations in the placebo group. Less than 20% was
consumed during night-time. Formoterol caused a
significant reduction in daytime use compared with
placebo, but no significant difference in night-time
use.

COPD symptoms, dyspnoea and cough were
recorded in the morning and evening; sleep distur-
bances were also recorded. Both formoterol and
ipratropium bromide caused a significant reduction
in daytime dyspnoea compared with placebo (table 4).
Daytime cough was significantly reduced in the ipra-
tropium bromide group (table 4) relative to placebo.
For night-time symptoms, no statistically significant
differences were found.

Quality of life

There were no significant differences between the
treatment groups in the changes from baseline in total
SGRQ score. The difference between baseline and
the 3 monthy assessment was 1.5% units (95% CI
-0.8–3.7) for placebo, 0.0 % units (95% CI -2.2–2.2) for
formoterol and -0.5 % units (95% CI -2.8–1.7) for
ipratropium bromide. Among the three subdomains,
only the symptom domain showed a significant differ-
ence between the treatment groups, ipratropium
bromide being 9.9% units (4.2–15.7) better than placebo
and 5.7% units (0.04–11.4) better than formoterol.

Adverse events

A total of 253 adverse events were reported during
randomised treatment: 74 in the placebo group, 85 in
the formoterol group and 94 in the ipratropium
bromide group (NS). The number of patients reporting
adverse events classified as related to COPD were 23
in the placebo group, 23 in the formoterol group and
22 in the ipratropium bromide group. In general, the
reported adverse events had a similar distribution
between the treatment groups, though some symptoms
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Fig. 1. – Mean change from baseline to 3 months in distance
covered in the shuttle walking test. Mean baseline value in the
f300 m stratum was 203 m and mean baseline in the w300 m
stratum was 414 m. h: formoterol; p: ipratropium; k: placebo.
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like coughing and headache were only reported for
formoterol and ipratropium bromide. There were
seven serious adverse events in the placebo group
(pneumonia (two), COPD deterioration (two), frac-
ture (one), viral infection (one), infection (one)), three
in the formoterol group (pneumothorax (one), COPD
deterioration (one), retinal detachment (one)) and
three in the ipratropium bromide group (pneumonia
(two), hepatic neoplasm (one)). In 37 cases, the
adverse event led to withdrawal from the trial, in 24
cases due to deterioration in COPD as assessed by the
investigator. Withdrawals due to adverse events other
than deterioration in COPD were fracture (one),
coughing (one), pneumonia (one), viral infection
(one) in the placebo group, erythematous rash and
pruritus (one), gastroenteritis (one), abdominal pain
(one), diarrhoea (one), rheumatoid arthritis (one),
respiratory infection, leucocytosis and COPD (one),
pneumothorax (one) in the formoterol group, and
in the ipratropium bromide group artial fibrillation
(one), bronchitis (one). In all, 13 patients discontinued
the trial due to adverse advents other than COPD
deterioration, seven in the formoterol group, four in
the placebo group and two in the ipratropium
bromide group.

The mean changes were small for all laboratory
variables and there was no indication of any influence
of the investigational products. The changes in heart
rate, pulse rate, systolic and diastolic blood pressures
and electrocardiogram were small and no clinically
important pattern was discernible.

Discussion

This study investigated the effects of formoterol and
ipratropium bromide in patients with moderate-to-
severe COPD, characterised by very low reversibility.
The selected patients had a mean FEV1 of 40%
predicted normal after bronchodilatation, and their
mean walking distance in SWT wasy300 m, i.e. they
were considered to be in a moderately to severely
impaired state [2, 12, 13]. Their mean bronchodilator
reversibility was 6% of predicted normal value,
showing that the likelihood of a response to bronch-
odilators was very low. The rationale for choosing the
patient group, with the smallest possible bronchodi-
lator response, was to evaluate whether these patients
benefit from a medication they are often prescribed
with little knowledge of what impact to expect on
exercise capacity and symptoms or if bronchodilator
treatment should be discouraged.

As expected, both formoterol and ipratropium
bromide had significant effects on lung function
measurements and symptoms. However, although
41% of formoterol-treated patients and 38% of the
ipratropium bromide group achieved a clinically
significant improvement o30 m in exercise capacity
as measured by the SWT (which was defined as a
clinically significant change for this study), the effect
was not statistically significant.

The exercise outcome chosen in this study was
the SWT, which has been useful for assessment of
improvement in COPD rehabilitation programmes

[13]. Furthermore, in a previous pilot study of 20
patients, significant immediate effects on exercise
capacity were seen in a parallel-group comparison
between formoterol and placebo. Using data from
that study, a residual SD of 50 m could be expected. A
power calculation was performed showing that with
45 patients in each group, there would be an 80%
chance of detecting a true difference between two
treatments of 30 m using a t-test at a 5% significance
level. In the present study, the residual SD was some-
what higher, i.e. 56 m, and the mean difference
between active and placebo treatment was y20 m.
The expectation of finding an improvement of 30 m
was based on findings in rehabilitation studies. Some
recent studies have found that rehabilitation can
increase the mean shuttle walking distance 50–70 m
in moderate-to-severe COPD [16, 17]. The less than
expected increase in walking distance in this study
made it impossible to find a significant effect on exer-
cise capacity.

Analysis after stratification of the patients in the
study shows that a change in mean walking distance
was seen only in those with low exercise capacity at
entry (f300 m); patients with a higher capacity did
not show any improvement. This is in agreement with
recent data, which showed patients with more severe
COPD (baseline SWT of 191 m) to increase their
walking distance by 88 m whereas patients with better
capacity or very severe COPD showed no improve-
ment after rehabilitation [17]. Thus, the window for
demonstrating an effect with this test appears small,
and it also seems probable that the effect achieved
in a long-term study using a bronchodilator is less
pronounced on the exercise capacity than in a reha-
bilitation programme. In addition, a similar study of
salmeterol showed no significant effect on the 6-min
walking test compared with placebo [9]. A possible
explanation for this difference between the two types
of intervention is that, with rehabilitation, there is also
the training of muscles, balance etc., needed to
significantly improve exercise capacity.

In this study, the only significant difference seen in
the SWT was the difference in favour of formoterol
compared with placebo after 4 weeks of treatment.
Later in the study, this difference was not significant.
It is unlikely that the explanation for this would be
development of tolerance to formoterol as the time
trend with a remaining effect after 4 weeks, but not
after 8 weeks, fits poorly with the small tolerance
development seen with b2-agonists in protection
against provocations and possibly bronchodilation
[8, 18, 19]. In this situation, tolerance is fully developed
after a few days for up to 2 weeks. A more plausible
explanation would be decreasing compliance with
formoterol, which was given at a relatively high dose.
This is supported by reduced improvement in FEV1

and the increased number of drop-outs in the
formoterol group.

At the end of the SWT, the mean level of the Borg
score, used to evaluate the severity of dyspnoea, was
y6, and remained unchanged throughout the study
for all treatments. Hence, the patients worked with the
same level of exertion at the different exercise tests, a
prerequisite for evaluation of this test. Pulse rates
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were also similar after the different treatments, with a
mean level ofy105 beats?min-1.

COPD symptoms were recorded in diary cards.
Daytime dyspnoea symptoms decreased significantly
with both active treatments, with no difference
between them. It therefore seems logical to use these
bronchodilating drugs for decreasing levels of dys-
pnoea. For night-time symptoms, formoterol had a
numerically more pronounced effect than ipratropium
bromide, which can probably be explained by the
longer duration of effect for formoterol.

As expected, no improvement in the total score of
the QoL measurements in such impaired patients was
seen. A similar study with salmeterol (50 mg and
100 mg b.i.d.) only showed an improved QoL, using
the SGRQ, for the low dose of salmeterol compared
with placebo. This was not the case for the high dose
[10]. The high dose of salmeterol had a similar potency
to the dose of formoterol given in this study [20, 21].
Likewise, in a study with formoterol 12 mg and 24 mg
b.i.d the lower formoterol dose had a better impact on
QoL [22]. Hence, the lack of effect on QoL with the
high dose of formoterol may have been due to side-
effects. The present trial thus confirms the lack of
effect or smaller effect of a high dose of long-acting
b2-agonists in COPD on QoL [10, 22]. The authors
decided to dose ipratropium bromide three- times
daily although a four-times daily regimen represents
a better adjustment to its short duration of action
[22, 23]. It is difficult to adhere to a four-dose daily
regimen and the selected dosing scheme with a double
dose (80 mg) t.i.d was considered an adaptation to
current practice in order to obtain a better patient
compliance.

One surprise finding in this study was the difference
between formoterol and ipratropium bromide regard-
ing withdrawals. This difference was mainly seen in
the patients with the lowest exercise capacity (f300 m
walking distance). Factors to be considered are the
choice of a relatively high dose of formoterol, which
might possibly result in more side-effects and the
effect of discontinuation of ipratropium bromide from
the start of the trial.

Lung function measurements showed improve-
ments with the active treatments despite very low
reversibility in the patients. Similar findings have been
described in short-term studies of salmeterol, formo-
terol and anticholinergics in COPD [24, 25]. Also, in
long-term studies with salmeterol and formoterol,
there were significant effects on spirometry measure-
ments [9, 22, 23, 26]. In fact, the statistically strongest
difference between active and placebo treatments was
seen for these variables in the present study, even
though the differences in absolute terms were small:
increases of 4.6% and 2.4% of predicted FEV1 normal
value in the formoterol and ipratropium bromide
groups, respectively, compared with placebo. More-
over, PEF measurements from the diary cards clearly
showed significantly higher values after active
treatments, with mean differences between active
and placebo treatments of up to 16 L?min-1. For
morning PEF, there was a significant difference
between the active treatments in favour of formoterol,
probably as a carry-over from the evening dose due to

the longer duration of effect. There were no differ-
ences in evening PEF, possibly because the measure-
ment was taken closer to the last inhaled dose. In a
recent study of COPD patients, salmeterol showed
better improvement in FEV1 than ipratropium bro-
mide but the difference occurred in the more reversible
patients only; no difference was observed between
treatments in the least reversible patients [26].

Treatments with b2-agonists can increase ventila-
tion/perfusion mismatch, especially with systemic treat-
ment, so blood gases were measured in this study
[27]. There was no significant difference for either
of the active treatments compared with placebo.
Oxygen tension was significantly higher after formo-
terol than ipratropium bromide, providing further
evidence that inhaled treatment with formoterol does
not cause any deterioration in blood gases in patients
with COPD.

To conclude, this study shows that in moderate-to-
severe chronic obstructive pulmonary disease patients,
formoterol and ipratropium bromide have similar
beneficial effects on lung function measurements and
symptoms, with the formoterol group showing a
somewhat longer duration of bronchodilation. The
limited effect on exercise capacity of bronchodilators
in chronic obstructive pulmonary disease underlines
the fact that rehabilitation is the major means to
obtain improvement in exercise capacity. The high
dose of formoterol given in this study, and possibly
reduced compliance, could explain the difference in
withdrawal rate compared with ipratropium bromide.
The lack of effect on quality of life for either treatment
might at least partially be explained by the severity
of chronic obstructive pulmonary disease with little
or no reversibility in these patients. The high dose of
formoterol could also be an explanation for its lack of
effect on quality of life. The trial showed that despite
the fact that some improvement in exercise capacity
was found in patients with the lowest exercise capacity
only, as a whole this group improved in symptoms
and lung function. Even in this patient group a trial of
either bronchodilator can thus be considered justified.
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