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The effect of tiotropium on exacerbations
and airflow in patients with COPD
D. Dusser*, M-L. Bravo# and P. Iacono#, on behalf of the MISTRAL study group

ABSTRACT: This randomised, double-blind, parallel-group, 1-yr study compared the effect of
tiotropium 18 mg once daily (n5500) and placebo (n5510) on exacerbations, associated health
resource use (HRU) and airflow limitation in chronic obstructive pulmonary disease (COPD)
patients.
The mean¡SD number of exacerbations during the past year was 2.14¡1.40, the mean weekly
morning peak expiratory flow (PEF) was 259.6¡96.1 L?min-1 and the mean forced expiratory
volume in one second (FEV1) was 1.37¡0.45 L. Tiotropium significantly delayed the time to first
exacerbation by ,100 days, reduced the proportion of patients experiencing more than one
exacerbation by 17%, and decreased the number of exacerbations by 35% and exacerbation days
by 37% versus placebo. Tiotropium also decreased HRU versus placebo, as indicated by the
significant reductions in the use of concomitant respiratory medications, antibiotics and oral
steroids, and the number of unscheduled physician contacts. Mean weekly morning PEF
improved significantly with tiotropium versus placebo from week 1 until the end of the study. At
the end of the study, tiotropium significantly improved trough (pre-dose) FEV1, forced vital
capacity, slow vital capacity and inspiratory capacity versus placebo.
In conclusion, tiotropium reduced exacerbations and associated health resource use, and
improved airflow over 1 yr in chronic obstructive pulmonary disease patients.
KEYWORDS: Chronic obstructive pulmonary disease, exacerbations, health resource utilisation,
peak expiratory flow, tiotropium
xacerbations of chronic obstructive pulmonary disease (COPD) are a major cause
of morbidity and mortality [1]. They are
caused or triggered by a variety of factors,
including bacteria, viruses and air pollution [2],
and are characterised by acute worsening of
symptoms, increased airway inflammation and
deterioration of respiratory function [1]. As well
as the burden to the patient, additional medication and/or hospitalisation for exacerbations add
to the financial cost of treating COPD [3]. In
addition, frequent exacerbations are associated
with impaired health-related quality of life
(HRQL) and a more rapid decline in lung
function over time [4–6]. Interventions that
reduce the severity or frequency of exacerbations
and associated healthcare resource utilisation
(HRU) should have a significant impact on both
the patient’s HRQL and the cost of treatment.

E

Physiological changes (e.g. decreases in peak
expiratory flow (PEF) and forced expiratory
volume in one second (FEV1)) immediately prior
to an exacerbation are generally small and are
not useful in predicting exacerbations [1, 4].
However, improved knowledge of the time
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course and duration of these physiological changes
during an exacerbation could facilitate the administration of appropriate and timely care in the
community and thus avoid hospital admissions.
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Several studies have shown that maintenance
treatment with long-acting bronchodilators
(anticholinergics and b2-agonists) may provide a
protective effect against exacerbations [7]. Tiotropium is a once-daily anticholinergic bronchodilator that has been shown to improve FEV1,
forced vital capacity (FVC), lung volumes, dyspnoea, HRQL and exercise capacity [8–12]. It has
also been shown to reduce the incidence of
exacerbations and delay the time to first exacerbation compared with either ipratropium or
placebo [8–10]. In these studies, however, exacerbations were collected as adverse events. As a
different approach, the present authors chose to
solicit exacerbation data explicitly by the protocol,
using a graded definition that included symptom and treatment intervention elements, and
allowed sophisticated differentiation between the
various severities of exacerbations.
A recent prospectively designed trial has shown
that tiotropium reduces exacerbations in patients
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with moderate-to-severe COPD [13]. However, this trial was
restricted to a predominantly male sample study with severeto-very severe COPD and the follow-up period was only
6 months. Moreover, the various severities of exacerbations
were not differentiated.
Results from previous trials have also shown that tiotropium
reduced HRU compared with placebo and ipratropium, as
indicated by reductions in the number of hospital admissions,
days in hospital, unscheduled visits to healthcare providers
and concomitant medication use [8–10, 13–16]. However, it is
valuable to evaluate the impact of bronchodilators on HRU
outcomes in single healthcare settings directly, rather than
extrapolating data from multinational trials.
The objective of this analysis was to investigate the effects of
tiotropium on the incidence of exacerbations, HRU and airflow
limitation in patients with COPD in France. The relationship
between PEF and exacerbations was also examined.
METHODS
Study design
This was a 1-yr, multicentre, double-blind, parallel-group
study comparing the effect of tiotropium and placebo on
exacerbations and associated HRU, and on airflow limitation.
The trial (study protocol number 0205.214, assigned by
Boehringer Ingelheim, Reims, France) was performed at 177
centres in France. An Institutional Review Board (the Comité
Consultatif pour la Protection des Personnes dans les
Recherches Biomédicales, Hôpital Cochin, Paris, France)
approved the study protocol and all participants gave written,
informed consent.
Patients
Male and female patients aged o40 yrs old with a clinical
diagnosis of COPD (pre-bronchodilator FEV1 30–65% predicted and FEV1/slow vital capacity (SVC) f70% pred) [17]
were eligible for inclusion in the study. Participants were also
required to have a smoking history of o10 pack-yrs and one or
more exacerbations in the last year (as reported in the patient’s
medical file), but not within the 6 weeks prior to entering the
study. Exclusion criteria were: history of asthma, allergic
rhinitis or atopy; a recent lower respiratory tract infection or
any exacerbation (within the previous 6 weeks); regular use of
daytime oxygen therapy; oral corticosteroid use at unstable
doses 6 weeks prior to entering the study or at a dose
exceeding the equivalent of 10 mg prednisone daily. In
addition, those patients with a significant disease other than
COPD that would put the patient at risk because of participation in the study, or a disease that would influence the results
of the study, were not enrolled.
Study protocol
Following a 3-week screening visit, eligible patients were
randomised 1:1 to receive either tiotropium 18 mg once daily or
placebo, delivered via the HandiHaler1 (Boehringer Ingelheim,
Ingelheim am Rhein, Germany) for 48 weeks. The study was
concluded with a 2-week follow-up period. Patients were
permitted short-acting b2-agonists, as needed, for acute
symptom relief. Concomitant use of inhaled corticosteroids
(ICS) and oral steroids (at a dose of ,10 mg prednisone daily
or equivalent) was allowed if the dosage was stable for
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o6 weeks before study entry. To treat COPD exacerbations
during the trial, the investigators were permitted to administer
any additional medication deemed necessary (excluding anticholinergics and long-acting b2-agonists). During the treatment
period, patients were not allowed to use oral or inhaled longacting b2-agonists, inhaled anticholinergics (other than the
study drug) or theophylline.
Detailed information on exacerbations of COPD, hospital
admissions due to a COPD exacerbation, concomitant medications and non-scheduled contacts with physicians were
collected at randomisation (day 1) as well as after 6, 12, 24,
36 and 48 weeks of treatment. HRU data specifically related to
COPD were collected on a separate page of the case report
form. An exacerbation was defined as the onset of at least one
clinical descriptor (worsening of dyspnoea, cough or sputum
production; appearance of purulent sputum; fever (.38uC);
appearance of new chest radiograph abnormality) lasting
o2 days and requiring a new prescription or an increase in
the dose of b2-agonists, antibiotics, corticosteroids or bronchodilators. The severity of an exacerbation was defined as severe,
moderate or mild. A severe exacerbation was classified as an
exacerbation requiring hospitalisation or an exacerbation plus
one or more of the following criteria: FEV1 and/or PEF drop
.30% from baseline on o2 consecutive days; partial pressure
of oxygen (Pa,O2) drops o10 mmHg (o1.33 kPa) from baseline
or if Pa,O2 drops to f60 mmHg (f7.98 kPa); partial pressure
of carbon dioxide (Pa,CO2) increases o5 mmHg (o0.66 kPa)
from baseline or if Pa,CO2 increases to o45 mmHg (5.98 kPa).
(FEV1, PEF and arterial blood gases were monitored in patients
who were hospitalised with a severe exacerbation or if deemed
necessary by the investigator.) A moderate exacerbation was
classified as at least three clinical descriptors excluding severe
exacerbations. A mild exacerbation was classified as one or
two clinical descriptors.
In order to compare the results of this study more directly with
those from previous exacerbation trials, a post hoc analysis was
conducted, which used a more generalised classification of
exacerbation severity based on HRU and treatment use. A
severe exacerbation was classified as one requiring hospitalisation. A moderate exacerbation was defined as one requiring
treatment with systemic steroids and/or antibiotics. All
remaining events were classified as mild exacerbations.
Each patient performed daily PEF measurements in the
morning prior to inhalation of the study drug and recorded
the highest of three readings graphically on their diary card.
They also recorded the number of puffs of ‘‘as-needed’’ rescue
medication used in their diary and their respiratory condition
using a graduated numerical scale (0: poor; 10: excellent).
Patients were instructed to contact the investigator immediately if they experienced a negative change in their condition,
and adequate treatment was prescribed if the investigator
considered the patient to be having an exacerbation.
Spirometric tests were conducted at each clinic visit. FEV1,
FVC, SVC and inspiratory capacity (IC) were recorded 30 min
prior to dosing. All spirometric tests were conducted in
triplicate and the highest measurements were used in
subsequent analyses.
EUROPEAN RESPIRATORY JOURNAL

D. DUSSER ET AL.

Adverse events were monitored throughout the treatment
period.
Statistical analysis
Analysis of covariance with terms for treatment was used for
PEF and spirometric end-points, with baseline data as
covariates. For PEF, the means of the measurements taken
during the week before the treatment period were used as
baseline data. An intent-to-treat (ITT), last-observation-carriedforward (LOCF) method was used for spirometric end-point
analyses, except when patients discontinued due to worsening
COPD, when the least favourable data prior to discontinuation
were carried forward. All randomised patients with baseline
and post-treatment data who took at least one capsule of study
drug were included in the primary data set. An ITT, imputed
method was used for analysis of PEF, whereby linear
interpolation was used to estimate missing measurements.
However, if data were not available on adjacent weeks, the
LOCF method was used, and if patients discontinued due to
worsening COPD, the least favourable data prior to discontinuation were carried forward.
The percentages of patients with one or more COPD exacerbation or hospital admission due to a COPD exacerbation over
the 1-yr study period were analysed using Fisher’s exact test.
The number of COPD exacerbations, exacerbation days,
hospital admissions, hospital days, physician visits, phone
calls, oral steroid courses and antibiotic courses were analysed
using the Wilcoxon–Mann–Whitney test. The duration of oral
steroid and antibiotic courses were also analysed using the
Wilcoxon–Mann–Whitney test. The time to first COPD exacerbation was analysed using the log-rank test. The percentage of
patients requiring additional respiratory medication during
an exacerbation was analysed using the Chi-squared test.
Statistical significance was considered to be p,0.05. Summary
data are expressed as mean¡SE, unless otherwise stated. Prior
to calculating descriptive statistics per group, quantitative
descriptors of events were divided by the treatment exposure
for each patient (and expressed as events per patient per yr by
applying a multiplication factor of 365.25).
A sample size of 459 patients per group was calculated as
adequate to detect a difference of 15 L?min-1 in mean weekly
morning PEF based on an SD of 70 L?min-1. To ensure adequate
safety exposure, a sample size of 1,000 patients (500 patients
per group) was selected.
RESULTS
A total of 1,010 patients from 177 centres in France were
randomised and treated, with 500 receiving tiotropium and 510
receiving placebo. More patients in the tiotropium group
completed the trial than those in the placebo group (76.6%
versus 71.2%). The two treatment groups were well matched at
baseline (table 1). The mean¡SD number of exacerbations
during the past year was 2.14¡1.40. As per protocol, all
patients had an exacerbation in the previous year (60.7% of
patients had two or more exacerbations) and 16.9% of patients
had been hospitalised.
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TABLE 1

Patient characteristics at baseline
Tiotropium

Placebo

Subjects n

500

510

Males %

89

87

Age yrs

64.5¡9.1

65.0¡9.5

8.2¡7.8

8.5¡7.7

27

24

261.5¡96.1

257.7¡96.0

Duration of COPD yrs
Current smokers %
Baseline spirometry
PEF L?min-1
FEV1 L

1.38¡0.45

1.36¡0.44

FEV1 % pred

48.2¡12.8

47.6¡12.5

FVC L

2.57¡0.75

2.54¡0.77

FEV1/FVC

0.55¡0.12

0.54¡0.12

2.84¡0.78

2.82¡0.85

Exacerbations in last year

SVC L

2.16¡1.43

2.12¡1.36

Hospitalisations due to exacerbation

0.18¡0.45

0.21¡0.50

in last year
Pre-study medication for COPD %
Any pulmonary medication

97.0

96.9

Short-acting anticholinergics

36.0

40.0

b2-Agonist, oral

5.0

4.3

Short-acting b2-agonist, inhaled

93.4

93.5
32.5

Long-acting b2-agonist, inhaled

31.0

Leukotriene receptor antagonist

0.8

0.8

Oxygen

3.0

3.3

65.0

61.6

ICS
Steroids, oral

2.4

2.0

Steroids, IV/IM

0.0

0.6

Xanthines

6.0

7.5

Data are expressed as mean¡SD unless otherwise stated. COPD: chronic
obstructive pulmonary disease; PEF: peak expiratory flow; FEV1: forced
expiratory volume in one second; % pred: percentage of predicted value;
FVC: forced vital capacity; SVC: slow vital capacity; ICS: inhaled corticosteroids; IV/IM: intravenous/intramuscular.

in the tiotropium group than in the placebo group (17%
reduction; p,0.01) (fig. 1a). Patients treated with tiotropium
had significantly fewer COPD exacerbations (35% reduction;
p,0.001) and exacerbation days (37% reduction; p,0.001) than
those treated with placebo (fig. 1b and c). In addition,
tiotropium significantly delayed the time to first COPD
exacerbation by ,100 days compared with placebo (p,0.001;
fig. 2).
Severe exacerbations were observed in only 104 cases (85 of
which fulfilled the hospitalisation criteria and 19, the arterial
blood gas criteria). A sensitivity analysis for moderate and
severe exacerbations was conducted. Tiotropium reduced the
proportion of patients experiencing one or more moderate-tosevere exacerbation (by 30%; p,0.0001), and decreased the
number of both moderate-to-severe exacerbations (by 36%;
p,0.0001) and moderate-to-severe exacerbation days (by 34%;
p,0.0001) compared with placebo (fig. 1).

Exacerbations
The proportion of patients experiencing one or more exacerbation during the 1-yr treatment period was significantly lower

The post hoc analysis, using a more generalised classification of
exacerbations, revealed similar results (table 2). Tiotropium
reduced the proportion of patients experiencing one or more
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TABLE 2

Kaplan–Meier estimates of the probability of remaining

Percentage of patients with one or more
exacerbation and mean number of
exacerbations per patient per year according to
the post hoc classification of exacerbation
severity

40

Tiotropium Placebo p-value

All severities

30

Patients with one or more exacerbations %
Exacerbations per patient per yr

***

60.3
2.41

,0.01
,0.001

Moderate-to-severe

#

Patients with one or more exacerbations %

10

42.5
1.10

53.4
1.69

,0.001
,0.001

Mild
Patients with one or more exacerbations %
Number of exacerbations per patient per yr

All severities

Moderate to severe

Mild

NS:

13.1
0.47

15.6
0.72

NS
NS

nonsignificant.

a) Percentage of patients suffering more than exacerbation in the

1-yr treatment period. Mean number of b) chronic obstructive pulmonary disease
(COPD) exacerbations and c) exacerbation days. Means are adjusted for treatment
#

exposure. &: tiotropium, n5497; h: placebo, n5506. **: p,0.01; ***: p,0.001; :
p,0.0001 versus placebo).

moderate-to-severe exacerbation (by 20%, p,0.001) and
reduced the number of moderate-to-severe exacerbations (by
35%, p,0.001) compared with placebo.
Compared with placebo, tiotropium reduced the number of
exacerbations, irrespective of COPD severity (based on FEV1 %
pred) at baseline (table 3). Tiotropium also provided a
numerical reduction in the number of exacerbations, irrespective of ICS use during the trial and exacerbation history (based
on number of exacerbations in the previous year) at baseline,
compared with placebo (table 3). The improvement with
tiotropium did not reach statistical significance in patients
not receiving ICS during the trial or in patients with infrequent
exacerbations in the previous year. The study was not
550

49.9
1.57

Number of exacerbations per patient per yr

FIGURE 1.

350

exacerbation: p,0.001 versus placebo (calculated using the log-rank test).
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adequately powered to detect differences between these
subpopulations. However, in the subgroup of patients with
moderate-to-severe exacerbations not receiving ICS during the
trial, the difference between the placebo and tiotropium
groups approached statistical significance (p50.06; table 3).
Healthcare resource utilisation
This study was not powered to detect a reduction in
hospitalisations due to COPD exacerbations. However, compared with placebo, tiotropium resulted in numerically fewer
hospitalisations and hospital days caused by COPD, but the
differences between the groups were not statistically significant
(table 4). Patients treated with tiotropium had significantly fewer
unscheduled physician visits and phone calls than those
treated with placebo (p,0.05 for both; table 4). There was no
major difference in the range of medications used to manage
exacerbations. However, fewer patients in the tiotropium
group required additional respiratory medication during an
EUROPEAN RESPIRATORY JOURNAL
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TABLE 3

EFFECT OF TIOTROPIUM ON EXACERBATIONS IN COPD

Number of exacerbations per patient per year
according to chronic obstructive pulmonary
disease (COPD) severity and exacerbation
history at baseline, and ICS use during the trial
Tiotropium

Placebo

p-value

COPD severity
FEV1 .50% pred*

1.21 (0.27)

1.97 (0.50)

,0.01

FEV1 f50% pred#

1.83 (0.22)

2.70 (0.35)

,0.05

One exacerbation in the past yr"

1.24 (0.23)

1.75 (0.34)

Two exacerbations in the past yr+

1.57 (0.21)

2.19 (0.39)

NS

At least three exacerbations in the

2.01 (0.44)

3.47 (0.76)

,0.001

Receiving ICS1

1.77 (0.25)

2.50 (0.29)

,0.01

Not receiving ICS**

1.24 (0.18)

2.24 (0.61)

Exacerbation history
NS

past yre
ICS use: all exacerbation severities
NS

ICS use: moderate-to-severe exacerbations
Receiving ICS1

1.31 (0.24)

1.58 (0.22)

,0.01

Not receiving ICS**

0.63 (0.12)

1.78 (0.58)

0.06

Data are presented as mean (SE). FEV1: forced expiratory volume in one
second; % pred: percentage of predicted value; NS: nonsignificant; ICS: inhaled

after the start of the exacerbation in both groups. Baseline
respiratory condition score was defined as the mean daily
score from day -28 to -14 prior to the start of the first
exacerbation. Similarly, respiratory condition score declined
rapidly in the week preceding the exacerbation in both groups
(fig. 3b). In contrast to PEF, however, pre-exacerbation
respiratory condition score values were not reached, even
after 8 weeks.
Peak expiratory flow and spirometry
Weekly morning PEF was significantly higher in the tiotropium group compared with the placebo group from week 1
until the end of the study (p,0.0001 for all weekly intervals).
The mean difference between the groups over the 1-yr study
period was 25 L?min-1.
At the end of the treatment period, tiotropium improved
trough FEV1 by 0.12¡0.02 L (p,0.0001), FVC by 0.17¡0.03 L
(p,0.0001), SVC by 0.17¡0.03 L (p,0.0001) and IC by
0.14¡0.04 L (p,0.001) compared with placebo.
Use of rescue medication
Patients receiving tiotropium self-administered approximately
five fewer inhalations of rescue medication per week compared with those receiving placebo (p,0.01 at all time points).

corticosteroids. *: n5426; #: n5573; ": n5393; +: n5317; e: n5293; 1: n5615;
**: n5388.

exacerbation than in the placebo group (p,0.0001; table 4).
In addition, patients treated with tiotropium required
significantly fewer, and shorter, courses of both oral steroids
(p,0.01 for both) and antibiotics (p,0.001 for both) for the
treatment of COPD exacerbations than those treated with
placebo (table 4).
Morning PEF and respiratory condition score were analysed
for 15 days prior to, and for 8 weeks after, an exacerbation.
Baseline PEF was defined as the mean morning PEF from day
-28 to -14 prior to the start of the first exacerbation. Morning
PEF declined rapidly , 3–4 days prior to the reported start of
an exacerbation in both the tiotropium and placebo groups
(fig. 3a). The pre-exacerbation PEF was reached ,4 weeks

TABLE 4

Respiratory condition score
Patients receiving tiotropium had higher respiratory condition
scores compared with those receiving placebo (p,0.05 for 50 of
the 52 weeks).
Adverse events
The proportion of patients experiencing an adverse event over
the course of the 1-yr study was similar in both the tiotropium
(46.4%) and placebo (45.1%) groups. The proportion of patients
experiencing an adverse event leading to discontinuation was
3.0% and 3.5% in the tiotropium and placebo groups,
respectively. The only adverse event consistently reported as
possibly related to tiotropium was dry mouth, which was
noted more frequently with tiotropium (4.0%) than with
placebo (1.4%). Dry mouth led to discontinuation in one
patient who was receiving tiotropium and in two patients who
were receiving placebo.

Healthcare resource utilisation during the study period
Tiotropium

Patients with at least one hospitalisation %

Placebo

p-value

5.6

6.5

NS

Hospitalisations per patient per yr

0.11 (0.03)

0.15 (0.05)

NS

Hospital days per patient per yr

1.53 (0.54)

1.68 (0.54)

Unscheduled physician visits per patient per yr

1.3 (0.1)

2.2 (0.3)

Phone calls per patient per yr

0.9 (0.2)

1.9 (0.4)

30.5

42.5

0.93 (0.13)

1.22 (0.15)

5.9 (0.8)

8.2 (1.0)

,0.01

Antibiotic courses per patient per yr

1.32 (0.13)

2.01 (0.22)

,0.001

Antibiotic course duration days per patient per yr

11.0 (1.1)

16.6 (1.8)

,0.001

Patients requiring additional medication during exacerbation %
Oral steroid courses per patient per yr
Oral steroid course duration days per patient per yr

Data are presented as mean (SE).

NS:

EUROPEAN RESPIRATORY JOURNAL

NS

,0.05
,0.05
,0.0001
,0.01

c

nonsignificant.

VOLUME 27 NUMBER 3

551

EFFECT OF TIOTROPIUM ON EXACERBATIONS IN COPD

a)

D. DUSSER ET AL.

any deterioration in their condition may be detected and
treated sooner. However, the rate of exacerbations was
comparable in the placebo group with the year before trial
entry and during the trial (2.12 and 2.41 events per yr,
respectively).

PEF change from baseline L·min-1

10

0

Previous observations from long-term studies have shown that
tiotropium significantly reduced the number of exacerbations
and delayed the time to first exacerbation, compared with
placebo or ipratropium [8–10]. Whereas in these former studies
exacerbations were captured as adverse events, this study
solicited exacerbation data using a grading system distinguishing events by severity. The overall incidence of exacerbations
in this trial was higher compared with these previous studies
(2.0 versus 0.8–1.3 exacerbations per patient per year) [8–10].
This is probably because only patients with at least one
exacerbation in the previous year were eligible to enrol in the
study. As the number of exacerbations in the previous year
predicts exacerbation frequency [6], the patients enrolled in
this trial may have been more prone to exacerbations than
those in the previous studies.

-10

-20

-30

Respiratory condition score change
from baseline

b)

0.2
0.0

-0.2

-0.4

-0.6
-0.8
-20

0

20

40

60

Days

FIGURE 3.

Mean change from baseline of a) peak expiratory flow (PEF) and b)

respiratory condition score, from 2 weeks before to 8 weeks after an exacerbation.
Data taken from all patients presenting with an exacerbation. ———: tiotropium;
---------: placebo; ???????????????: start of exacerbation.

DISCUSSION
The goals of maintenance therapy in COPD include the relief of
symptoms and the reduction of the number of exacerbations
[18]. Exacerbations, especially those resulting in hospitalisation, are the main cost driver in COPD and frequent
exacerbations are associated with impaired health status and
a more rapid decline in lung function over time [4–6]. This 1-yr
study found that maintenance treatment with once-daily
tiotropium 18 mg reduced exacerbations and associated HRU,
and improved airflow limitation compared with placebo. As
this study was conducted in a single healthcare system, any
potential bias due to combining data from different systems
was avoided. Surprisingly, relatively few females were
included in this trial (13%); however, this is probably a
French phenomenon as a similar male:female ratio was
observed in a recent randomised controlled trial [19] and in a
‘‘real world’’ study of patients with COPD in France [20].
Prevention and more effective treatment of exacerbations of
COPD are the desirable outcomes, as the economic and social
burden of exacerbations is extremely high. In this study,
tiotropium significantly delayed the time to first exacerbation,
reduced the proportion of patients experiencing an exacerbation and decreased the number of both exacerbations and
exacerbation days compared with placebo. Patients enrolled in
clinical trials may experience fewer exacerbations than usual as
552
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Another potential reason for this finding is that the definition
of an exacerbation used in this study differs somewhat from
that reported in earlier publications, since the minimum
duration of worsened symptoms was o2 days as opposed to
o3 days and some additional clinical descriptors (i.e. appearance of purulent sputum, fever and appearance of new chest
radiograph abnormality) were used to characterise exacerbations. The rationale for using a longer time-frame was to avoid
simple fluctuations in the underlying disease being reported as
exacerbations. However, a consensus definition of COPD
exacerbations (which was published after the MISTRAL
(Mesure de l’Influence de Spiriva1 sur les Troubles
Respiratoires Aigus à Long terme) trial was underway) states
that the patient’s respiratory and systemic symptoms should
normally be worsened from the stable state and beyond
normal day-to-day variation [21]. Further, the consensus
document recommended assessing systemic clinical descriptors (i.e. increased body temperature, raised pulse/heart rate
and impaired mental status) as well as respiratory ones when
an exacerbation is suspected [21]. A more lenient definition of
an exacerbation was used in this study to capture mild
exacerbations. Despite this, the relative reduction in the
number of exacerbations was similar in all severity groups
and in the moderate-to-severe exacerbation subgroup.
In order to compare the results of this study more directly with
those from previous exacerbation trials, a post hoc analysis was
conducted, which used a more generalised classification of
exacerbation severity based on HRU and treatment use. Using
this classification, tiotropium significantly reduced both the
proportion of patients experiencing a moderate-to-severe
exacerbation and the number of moderate-to-severe exacerbations compared with placebo.
Tiotropium also reduced the number of exacerbations, irrespective of COPD severity (based on FEV1) at baseline.
Furthermore, tiotropium lowered the number of exacerbations
in patients who had frequent exacerbations in the previous
year and in those receiving ICS during the trial. The
improvement with tiotropium did not reach statistical
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significance in patients who had infrequent exacerbations in
the previous year and in those not receiving ICS during the
trial, but the study was not adequately powered to detect these
differences. However, the results indicate that treatment with
tiotropium is beneficial even in patients with less severe COPD
(FEV1 .50% pred), as well as patients with more severe
disease (FEV1 f50% pred and/or frequent exacerbations).
Moreover, the observed benefits may be independent of
concomitant ICS use, as in the subgroup of patients with
moderate-to-severe exacerbations not receiving ICS during the
trial, the difference between the treatment groups was p,0.10,
indicating a trend in favour of tiotropium.
The mechanisms by which tiotropium reduces exacerbations
remain to be identified. Tiotropium may have a direct antiinflammatory effect [22]. Alternatively, the reduction in
exacerbations may be explained, in part, by the sustained
bronchodilation and consequent reduction in lung hyperinflation afforded by maintenance tiotropium treatment.
Airflow limitation (the most prominent physiological impairment in COPD) causes hyperinflation when there is insufficient expiratory time for adequate lung emptying. This causes
the patient to feel dyspnoeic very quickly when the respiration
rate is increased, for example, during exercise or an exacerbation. In this study, treatment with tiotropium led to significant
improvements in PEF, FEV1, FVC, SVC and IC compared with
placebo. These findings confirm previous observations from
large-scale studies demonstrating that tiotropium provided
significant improvements in airflow and lung volume parameters [8–12]. The present authors propose that the sustained
reduction in hyperinflation (as indicated by a significant
reduction in IC) may allow patients to withstand an insult
for longer before experiencing intolerable dyspnoea (a key
symptom during an exacerbation [23]). In other words,
whereas patients may previously have perceived an acute
deterioration in their condition as an exacerbation, after
recalibration of their operating lung volumes with tiotropium
treatment, their symptoms become better tolerated.

EFFECT OF TIOTROPIUM ON EXACERBATIONS IN COPD

A reduction in the frequency of exacerbations or in the time to
exacerbation is likely to reduce HRU, which, in turn, should
reduce the cost of COPD management. In the present study,
tiotropium significantly reduced HRU, as indicated by a
significant decrease in the use of concomitant respiratory
medication, antibiotics and oral steroids, as well as the number
of unscheduled physician contacts. The inclusion criteria in
this study were such that HRU focused mainly on outpatient
treatment. Nevertheless, patients treated with tiotropium had
numerically fewer hospitalisations and hospital days compared with those treated with placebo. Although the differences between groups were not statistically significant, the
results are in agreement with those from previous studies,
which have shown that tiotropium significantly delayed the
time to first hospitalisation compared with ipratropium [9],
and reduced the number of both hospitalisations and
hospitalisation days compared with placebo [8, 9]. As
hospitalisation is a large contributor to the cost of COPD, the
addition of tiotropium to usual care therapy may reduce the
economic burden of this disease (excluding the acquisition cost
of the drug) [14]. Reducing physician visits and the use of
concomitant medications are also of economic benefit.
In conclusion, this study found that, compared with placebo,
administration of tiotropium 18 mg once daily for 48 weeks
reduced the frequency of exacerbations, with concomitant
benefits in healthcare resource utilisation and improved
airflow limitation. The beneficial effect of treatment with
tiotropium was observed irrespective of inhaled corticosteroid
use during the trial, chronic obstructive pulmonary disease
severity and exacerbation history at baseline.
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Improved knowledge of the time course and duration of
physiological changes during an exacerbation would facilitate
the administration of appropriate and timely care. In this
study, PEF declined ,3–4 days prior to an exacerbation and
did not recover to pre-exacerbation levels for ,4 weeks in both
groups. Respiratory condition score also declined rapidly in
the week preceding an exacerbation, but did not return to
baseline values even after 8 weeks. In agreement with a recent
study [24], decline in PEF is of limited use in predicting COPD
exacerbations, as it occurred after the decline in symptoms
(respiratory condition score). The 3–4-day delay between the
start of the decline in PEF and the official start of the
exacerbation (as defined by the investigator) may be the time
required for the patient’s condition to deteriorate enough to
warrant contacting their physician. The finding that PEF (as
well as perceived respiratory condition) took several weeks to
return to baseline levels may have implications for the
management of patients with COPD, as incomplete recovery
of lung function and symptoms after an exacerbation may
contribute to the gradual decline in lung function and
symptoms that characterise COPD [1]. Therefore, it might be
of value to monitor patients for several weeks after onset of
even a mild exacerbation until recovery.
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