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Introduction
!

In accordance with national [1] and international
recommendations [2], bronchodilators constitute
the mainstay of maintenance treatment for chro-
nic obstructive pulmonary disease (COPD). The
use of long-acting bronchodilators is recommend-
ed in patients with a forced expiratory volume in
1 second (FEV1) < 80% of the predicted value [2].
Long-acting bronchodilators, such as anticho-
linergic and sympathomimetic agents, not only
involve a simpler dosing regimen but also have a
superior clinical profile compared with short-
acting preparations. Clinical trials have confirm-
ed the advantage of long-acting substances in
respect to lung function, symptoms, quality of
life, and frequency of exacerbations.
Together with the long-acting beta-sympathomi-
metics salmeterol and formoterol, the long-

acting anticholinergic agent tiotropium bromide
is considered to be a bronchodilator of choice in
the treatment of COPD [2]. In major randomized
studies, tiotropium bromide produced an im-
provement in all clinically relevant end-points
compared with both ipratropium and placebo
[3, 4]. However, these studies mainly investigated
COPD patients with moderate or severe ob-
structive ventilatory dysfunction. The aim of the
study described in this article was to investigate
the efficacy and tolerability of tiotropium bro-
mide in a large population of patients with
COPD of different severities under “real life” con-
ditions in German pulmonology practices. The
primary end-points were the improvement in
lung function at 2 hours after inhalation of the
study medication and at 23– 24 hours post in-
halation (trough value). The reduction in COPD
exacerbations was also investigated.

Abstract
!

Background: Aim of this study was to evaluate
the efficacy of inhaled tiotropium bromide in
COPD patients of different severities in pneumo-
logical practices during a three month clinical
trial.
Methods: A randomized, double blind, placebo-
controlled study including COPD-patients
(FEV1/FVC < 70%, FEV1 70% predicted; age 40
years; smoking history 10 pack years) of different
severities was performed. The efficacy of 18 ìg
tiotropium bromide once daily on lung function
and exacerbations over 12 weeks was evaluated
by respective pulmonary function tests (spiro-
metry) before (trough value) and 2 hours after in-
halation of study medication.
Results: 1639 patients (1236 tiotropium bro-
mide, 403 placebo; FEV1 reversibility after 200 ìg
ipratropium bromide + 200 ìg fenoterol:

7.9 € 7.5% predicted [mean € sd]) were randomiz-
ed. After 12 weeks of treatment tiotropium bro-
mide led to significant increases of trough FEV1
(23 –24 h after last inhalation; + 79 € 17 ml), and
2 h after tiotropium bromide inhalation
(+ 128 € 19 ml) (all values vs. placebo, adjusted
mean € se, p < 0.0001). FVC and IVC were also im-
proved significantly. In mild COPD (FEV1 50 to
70%) improvements were most pronounced
(trough FEV1 + 113 € 29 ml, 2 h post-inhalation
+ 181 € 33 ml; all values vs. placebo, p < 0.0001).
14.6 % of patients treated with tiotropium bro-
mide had a COPD exacerbation vs. 19.9 % of pa-
tients treated with placebo (p = 0.0151). The time
to first exacerbation was prolonged (p = 0.0092
vs. placebo).
Conclusion: Tiotropium bromide 18 ìg once
daily led to a persistent improvement of lung
function and a reduction of exacerbations in pa-
tients with COPD of different severities.
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Materials and methods
!

Patients
This 12-week placebo-controlled study enrolled patients with
COPD of different severities. The multicentre study involved
294 pulmonology trial centres in Germany. These centres were
pulmonology practices or hospital pulmonology outpatient de-
partments, together with a small number of general medical
practices specialising in respiratory disorders (< 10). Patients
were required to have stable COPD with FEV1 70% of the pre-
dicted value and an FEV1/FVC ratio of < 0.7. Additionally, they
were required to have a smoking history of at least 10 pack years
and be at least 40 years of age. Patients with a history of asthma
or atopic conditions suggesting the existence of an asthmatic cli-
nical picture were excluded from participation in the study.
Other exclusion criteria included the use of long-term oxygen
therapy, a respiratory infection in the 6 weeks prior to screening,
or significant concomitant illnesses. Long-acting beta-mimetic
agents and other (short-acting) anticholinergic agents were dis-
continued at the start of the study as these constituted non-per-
mitted concomitant medications. Short-acting beta-mimetics
for inhalation were replaced by a fenoterol metered dose inhaler
for use as required.
Approvals were obtained from the relevant Ethics Committees
for all participating centres prior to the start of patient enrol-
ment.

Clinical trial schedule
!

Screening
A bronchospasmolysis test with ipratropium bromide 200 ìg
plus fenoterol 200 ìg was conducted on the first day of the stu-
dy. This test was designed to determine the maximum possible
bronchodilatory potential of patients before admission to the
study; however, the result of this test was not an inclusion crite-
rion.

Randomization and treatment phase
After a one-week run-in phase patients were randomized and
assigned to one of two treatment groups (tiotropium bromide
or placebo, ratio 3 :1). The first dose was given in the test centre.
Lung function (FEV1, FVC and IVC) was measured 30 and 10 min-
utes before (baseline), and 2 hours after the inhalation of the
study medication. During the subsequent 12-week treatment
phase, patients inhaled each morning one capsule of tiotropium
bromide or placebo via a HandiHaler�. At the end of the treat-
ment phase, the study medication was administered in the test
centre in the morning and lung function was measured using
the same procedures employed at the start of the treatment
phase.
The following wash-out periods for bronchodilator preparations
were observed before the lung function tests. (a) Screening:
short-acting inhaled beta-mimetics, 8 hours; short-acting anti-
cholinergic agents, 12 hours; long-acting inhaled and oral beta-
mimetics, 24 hours; non-sustained-release theophylline, 12
hours; and sustained-release theophylline, 24 hours. (b) Treat-
ment phase: short-acting inhaled beta-mimetics, 8 hours; non-
sustained-release theophylline, 12 hours; and sustained-release
theophylline, 24 hours. The spirometric measurements were re-
corded according to the criteria of the American Thoracic Society
[5].

Statistical methods
!

Unless otherwise specified, all data are stated as arithmetic
means with standard deviations. The primary end-points of the
study were the initial morning (trough) FEV1 value 23– 24 hours
after the preceding inhalation of the study medication and the
FEV1 2 hours after inhalation following 12 weeks of treatment
with either tiotropium bromide 18 ìg or placebo. Statistical ana-
lysis of the primary outcome measures was performed using an
analysis of covariance (ANCOVA) model with terms for treat-
ment and centre and baseline as a covariate. In order to keep
the overall type I error below a significance level of 5%, the
Bonferroni-Holm correction was applied to the ANCOVA of both
primary end-points. A sample size of at least 612 tiotropium bro-
mide treated patients and 204 placebo treated patients was re-
quired to provide a 90 % power to detect a difference of 0.1 litre
in both primary outcome measures with a standard deviation of
0.35 litres. The number of exacerbations was subjected to the
chi-squared test and the time to onset of the first exacerbation
was subject to the log-rank test. An exacerbation was defined as
a respiratory event lasting for three or more days that required
treatment with, or a significant increase in the dosage of, COPD
drugs (bronchodilators and/or systemic corticosteroids) or treat-
ment with antibiotics.
Data were analysed according to the intent-to-treat principle
(ITT, as randomized) with the full-analysis-set (FAS) for the para-
meters of lung function and for the recording of exacerbations
for all treated patients (safety set). Other adverse events were
assigned to the treatment groups as treated and likewise analys-
ed for all treated patients.

Results
!

A total of 1838 patients were enrolled, of whom 1639 were ran-
domised to the double-blind treatment phase (n = 1236 tiotropi-
um bromide and n = 403 placebo). The patients’ baseline charac-
teristics and demographic details are listed in l" Table 1. Patients
were uniformly distributed over three levels of severity accord-

Table 1 Demographic and lung function data at the start of the study. The
findings are stated as means (standard deviation)

Total

(n = 1639)

Tiotropium

bromide

(n = 1236)

Placebo

(n = 403)

Age (years) 62.2 (8.7) 62.1 (8.6) 62.2 (8.7)

Male (%) 75.5 75.1 76.7

Smoking history
(pack years)

35.8 (19.5) 36.1 (19.5) 35.0 (19.4)

Duration of COPD
(years)

9.7 (7.8) 9.7 (7.9) 9.9 (7.6)

FEV1 (L) 1.33 (0.49) 1.32 (0.48) 1.36 (0.50)

FEV1 (% of pred.) 45.4 (14.9) 45.3 (14.9) 45.7 (15.0)

FVC (L) 2.35 (0.74) 2.33 (0.74) 2.41 (0.76)

FEV1/FVC (%) 57.1 (12.1) 57.2 (12.2) 56.8 (12.0)

IVC (L) 2.50 (0.77) 2.49 (0.76) 2.55 (0.77)

Inhaled steroids (%) 42.2 41.9 43.7

BMI 25.9 (4.6) 25.9 (4.7) 25.7 (4.3)
" mild 26.8 (4.5) 26.9 (4.6) 26.5 (4.2)
" moderate 25.9 (4.4) 26.0 (4.5) 25.7 (4.1)
" severe 24.4 (4.5) 24.4 (4.6) 24.6 (4.0)
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ing to the classification recommended by the American Thoracic
Society [6]: severe (FEV1 < 35% of predicted), 439 patients; mo-
derate (FEV1 35– < 50 % of predicted), 586 patients; mild
(50– 70% of predicted), 530 patients (81 patients with an FEV1
> 70% of predicted were evaluated separately as patients with
very mild COPD; the measurements required for severity classi-
fication were lacking in three patients).
The reversibility in the initial bronchospasmolysis test with
200 ìg ipratropium bromide plus 200 ìg fenoterol, as determin-
ed according to the ERS criteria [7], was 7.9 € 7.5% (mean € sd) of
predicted for all patients (severe COPD: 6.6 %, moderate: 7.5 %,
mild: 9.6 % and very mild: 11.8%).
After 12 weeks, the once-daily treatment with tiotropium bro-
mide 18 ìg produced significant increases in both trough FEV1
(23 –24 hours after the last inhalation of the study medication)
and FEV1 2 hours post-inhalation, compared with placebo. The
trough FEV1 values increased by an average of 79 € 17 ml versus
placebo (p < 0.0001). At 2 hours post-inhalation FEV1 increased
by 128 € 19 ml versus placebo (p < 0.0001). By comparison, on
the first day of treatment, tiotropium bromide produced an in-
crease in FEV1 of 122 € 14 ml (p < 0.0001) compared with place-
bo, i. e. the response to the repeated inhalation of tiotropium
bromide was fully maintained even after 12 weeks of continuous
treatment. The improvement in lung function, stratified accord-
ing to the severity of the COPD is presented in l" Fig. 1.
A similar trend in results was observed for both forced vital ca-
pacity (FVC) and inspiratory vital capacity (IVC). The trough FVC
increased by 116 € 27 ml compared with placebo (p < 0.0001).
Additionally, the value for FVC 2 hours post-inhalation increased
by 176 € 29 ml compared with placebo (p < 0.0001). The corre-
sponding figures for IVC were 92 € 27 ml (p = 0.0008) and
196 € 30 ml (p < 0.0001) for trough IVC and 2 hours post-inhala-
tion, respectively. Improvements in lung function were observed
on the first day of treatment – improvements 2 hours after inha-
lation were, for FVC, 186 € 22 ml (p < 0.0001) and, for IVC,
190 € 22 ml (p < 0.0001).
Overall there was a positive correlation between initial reversi-
bility in the bronchospasmolysis test and the improvement ob-
served during treatment with tiotropium bromide. The increases
in the post-inhalation FEV1 values versus baseline for patients
with reversibility results in the initial reversibility test of < 10%,
10 –< 20 % and 20 % were 88, 103 and 187 ml, respectively
(p < 0.05 for all versus placebo). For the trough values 41, 84 and
56% of the post-inhalation values were reached.

Exacerbations
Tiotropium bromide 18 ìg significantly reduced the number of
exacerbations and significantly prolonged the time to the onset
of the first exacerbation compared with placebo. In the placebo
group, 19.9 % of patients suffered an exacerbation. In compari-
son, the corresponding figure in the tiotropium bromide group
was 14.6 % (l" Fig. 2), which corresponds to a reduction of 26%
(p = 0.0151). The time to the first COPD-exacerbation was also
significantly prolonged in the patients treated with tiotropium
bromide 18 ìg (p = 0.0092). l" Fig. 3 shows a Kaplan-Meier plot
for the probability of not suffering an exacerbation during the
course of the study. The profiles for placebo and tiotropium bro-
mide show that the difference relating to the onset of the first
exacerbation increases steadily over time between tiotropium
bromide and placebo. Thus, the first exacerbations were not
just postponed across the whole study period, but their occur-
rence was actually prevented.

The proportion of patients who discontinued the study due to a
worsening in their COPD was lower in the tiotropium bromide
group. In the placebo group, 13.6 % of patients withdrew due to
a worsening of their COPD, compared with only 8.8 % in the tio-
tropium bromide group.

Tolerability
Adverse events occurred in 29.9 % of patients receiving placebo,
compared with 26.0 % of patients in the tiotropium bromide
group. The frequency of serious adverse events was comparable
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in both treatment groups (tiotropium bromide 5.3 %, placebo
5.9 %). Fewer patients in the tiotropium bromide group (11.4%)
withdrew from the study due to adverse events compared with
the placebo group (16.4 %).
Adverse effects over and above the hitherto known extent of side
effects were not observed in this study.

Discussion
!

Tiotropium bromide is an inhaled anticholinergic agent that pro-
duces its effect by means of sustained binding to the M3 receptor
[8]. The bronchodilation induced by this drug is sustained over a
24 hour period, making tiotropium bromide suitable for once-
daily administration. Clinical studies [9,10] have confirmed, by
means of lung function tests, that the efficacy is in fact sustained
for more than 24 hours. The peak bronchodilatory effect of tio-
tropium bromide in these studies was reached during the first 3
hours after inhalation. The bronchodilation produced by tiotro-
pium bromide gradually declined over the course of the follow-
ing day and night until the next morning inhalation, after 24
hours. However, comparison of the maximum (peak) bronchodi-
lation with the effect after 24 hours (trough) shows that tiotropi-
um bromide in the long-term therapy of COPD possesses an ex-
cellent “peak-to-trough” ratio [3, 4], i. e. the improvement in lung
function is maintained over a sustained period.
To date, long-term studies have primarily enrolled patients with
moderate or severe COPD. Consequently, limited data are availa-
ble on patients with mild COPD. In order to confirm the efficacy
of tiotropium bromide under “real life” conditions, this multi-
centre study was conducted in 294 German pulmonology trial
centres. The improvements observed in trough FEV1 and FEV1 at
2 hours post-inhalation confirm that tiotropium bromide pro-
duces sustained bronchodilation at a high level, even in a large
population of patients with COPD of different severities, includ-
ing mild COPD (defined using ATS criteria [6]). The results also
demonstrate that the individual response to repeated tiotro-
pium bromide inhalation was fully maintained after continuous
treatment over 12 weeks. The peak bronchodilation measured 2
hours post-inhalation at the end of the study did not differ from
that measured on the first day of treatment. This observation
concurs with the results of previously published long-term
studies relating to the efficacy of tiotropium bromide, in which
no decline in response was observed during continuous treat-
ment over 6 months [11] and 1 year [3, 4].
As with the results for FEV1, improvements were also noted for
forced vital capacity (FVC) and inspiratory vital capacity (IVC).
This is of particular interest given the increasing attention paid
in recent years to the significance of alternative lung function
parameters for the evaluation of treatment effects in COPD
[12,13]. For example, several studies have demonstrated that in-
spiratory parameters such as IC play an important role in the
evaluation of the therapeutic effect of drugs in COPD, since they
appear to correlate more closely than FEV1 with the dominant
symptom of dyspnoea [14,15]. A distinct reduction in dyspnoea
has been demonstrated in previous studies during treatment
with tiotropium bromide [3, 4,11,16], which may be attributable
to the increase in inspiratory reserve. This hypothesis is support-
ed by more recent studies that have investigated the effects of
bronchodilators on exercise tolerance and hyperinflation in
COPD [17,16].

A predictable finding in this 12-week study was a correlation
between the improvements in FEV1 values and the degree of re-
versibility in the initial reversibility test. An analysis of the cor-
responding patients from 1-year studies with tiotropium bro-
mide has shown, however, that even patients with an initially
low level of reversibility can achieve significantly better lung
function results during long-term treatment with tiotropium
bromide [18].
In addition to improvements in pulmonary function, a reduction
in the number of exacerbations was observed despite the relati-
vely short treatment period. Furthermore, the time to the onset
of the first exacerbation was prolonged in the tiotropium bro-
mide group. This effect increased steadily during the course of
treatment. A comparable phenomenon has also been observed
in other studies with tiotropium bromide conducted over 6
months [11] and 1 year [3, 4], indicating that exacerbations
were not only postponed but actually prevented.
An interesting aspect of this study is the fact that patients with
mild COPD (according to ATS criteria, [6]) or mild-to-moderate
COPD (according to GOLD [2]) also suffered COPD exacerbations
even within a relatively short observation period and that these
patients profited from treatment with tiotropium bromide in re-
spect to exacerbations [19]. This observation supports the early
use of long-acting bronchodilators in COPD proposed by more
recent treatment recommendations [2,20] and calls into ques-
tion the idea of demand-based bronchodilator treatment, as in
the placebo group, at least for patients with a FEV1 value of
< 70% of predicted.
The mechanisms whereby bronchodilators are able to prevent
COPD exacerbations are still not fully understood. Studies inves-
tigating lung function during exacerbations have shown that tio-
tropium bromide reduces the decline of peak flow values during
a COPD exacerbation [21,22]. Given the effect of tiotropium bro-
mide on both static and dynamic pulmonary hyperinflation in
COPD [16,17], it is conceivable that the sustained bronchodila-
tion provided by tiotropium bromide reduces dyspnoea, the key
symptom associated with a COPD exacerbation. Recent in vitro
studies have also indicated that tiotropium bromide may down
regulate cholinergically-mediated inflammatory activity in
some cell types [23]; human neutrophils express muscarinic re-
ceptors, the stimulation of which leads to the release of proin-
flammatory mediators [24]. However, whether these mecha-
nisms are also relevant in COPD patients in the context of exacer-
bations has not been adequately investigated up to now.
As in other studies, the question of a universally accepted defini-
tion of an exacerbation also arises in this case. The definition
used in this investigation was essentially based on symptoms
and interventions (respiratory event lasting for 3 or more days
and requiring treatment or a significant increase in the dosage
of COPD drugs, i. e. bronchodilators and/or systemic corticoste-
roids or treatment with antibiotics) and also concurs with the
popular definitions by GOLD, the German Airways League
(Atemwegsliga) and consensus guidelines of the ATS and ERS
[1, 2, 25].
This study, using over 1200 patients with COPD of different seve-
rities and treated with tiotropium bromide (including over 300
patients with severe COPD), supports the results on tolerability
reported in previously published 6-month [11] and 1-year stud-
ies [3,4]. Specific adverse events over and above the hitherto
known extent of side effects were not documented in this large-
scale investigation.
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In our view, the new aspects of this study, compared to the pub-
lished data, are a) the demonstration of an exacerbation-prevent-
ing effect of tiotropium bromide after just a few weeks’ treatment,
b) the wide spread of patients (from mild COPD to very severe
COPD), and c) the large number of enrolled patients under “real
life” conditions.
In conclusion, this study confirms that the once-daily adminis-
tration of tiotropium bromide 18 ìg produces a significant im-
provement in inspiratory and expiratory lung function parame-
ters, both 2 and 24 hours after inhalation. The effect is largely
maintained over the 24-hour dosage interval. Tiotropium bro-
mide also reduces the number of COPD exacerbations and signi-
ficantly prolongs the time to the onset of the first exacerbation.
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