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Conclusion: Tiotropium is a first-line choice for the management of patients with COPD whose symptoms
are not adequately controlled by as-needed short-acting bronchodilators. It is currently the only long-acting
inhaled anticholinergic bronchodilator available for the maintenance treatment of COPD and its
introduction has heralded an important advance in the management of this devastating disease.
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COPD: A PERSPECTIVE 
COPD is a common condition caused by long-
term exposure to environmental pollutants,
particularly tobacco smoke. COPD is associated
with an enormous burden of mortality and
morbidity and has huge socioeconomic
implications. According to estimates from the
World Health Organization, about 80 million
people are living with moderate-to-severe COPD
across the globe. Amongst non-infectious chronic
diseases, COPD is the only cause of death that is
on the increase.1,2 In 2005, more than 3 million
people died of COPD, corresponding to about
5% of all deaths globally, establishing it as the fifth
leading cause of mortality. However, total deaths
from COPD are projected to increase by more
than 30% over the next 10 years, with estimates
showing that COPD will become the fourth
leading cause of death worldwide by 2030.3

The primary objectives of COPD
management are to improve patients’ symptoms,

reduce the decline in lung function, improve
quality of life and reduce disease exacerbations
and hospitalisations.4 Smoking cessation is the
most important intervention and can slow the
progressive decline in lung function in patients
with established disease. Pulmonary rehabilitation
programmes, which provide exercise training,
education and support, are also becoming
increasingly recognised as an effective
management strategy for COPD.
Pharmacological interventions, including inhaled
bronchodilators and corticosteroids, are central to
the management of patients with COPD and can
improve lung function, symptoms, quality of life
and reduce disease exacerbations. 

Bronchoconstriction and mucus hyper
secretion, two fundamental features of COPD,
are regulated by the autonomic nervous system.
The neurotransmitter involved in both processes
is acetylcholine, and its effects are mediated via
muscarinic receptors. The M1 and M3 receptors

SUMMARY

Inhaled anticholinergic bronchodilators are a treatment of choice for chronic obstructive pulmonary disease
(COPD). Tiotropium is currently the only long-acting inhaled anticholinergic bronchodilator available and
works by selectively inhibiting muscarinic receptors involved in mucus hypersecretion and
bronchoconstriction, two characteristic features of COPD. Clinical trials have demonstrated the efficacy of
tiotropium across all degrees of severity of stable COPD. Tiotropium improves airway function, symptoms
of dyspnoea, exercise endurance and health status. Treatment with tiotropium also reduces acute
exacerbations associated with COPD as well as associated hospitalisations. The clinical improvements
observed with tiotropium are associated with changes in airway volume, particularly inspiratory capacity,
which translate into improvements in patient-centred outcomes, such as breathlessness during exercise.
Emerging evidence indicates that tiotropium may exert additive effects when used in combination with the
long-acting β2-agonist (LABA), formoterol, consistent with the current recommendations for combination
therapy in patients who do not respond to a single bronchodilator. Encouraging results have also been
obtained with tiotropium in triple combination with salmeterol/fluticasone propionate. Furthermore, post hoc

analyses suggest that tiotropium may slow the rate of decline in lung function characteristic of COPD.
Recent studies indicate that combining tiotropium therapy with pulmonary rehabilitation programmes can
yield significant improvements in exercise endurance time. In safety evaluations, tiotropium was generally
well tolerated with a similar safety profile to ipratropium, a short-acting anticholinergic bronchodilator. Dry
mouth is the most common adverse event reported with tiotropium, although this is generally transient and
does not lead to treatment discontinuation. 

Key words: Chronic obstructive pulmonary disease; COPD; anticholinergic; tiotropium; Spiriva.
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minimal absorption from the respiratory mucosa.
Approximately 20% of an inhaled dose is
deposited in the lungs. Peak plasma concentrations
are reached within 5 minutes and then decline
rapidly within 1 hour. The terminal half-life of the
drug is 5–6 days.9 There is no evidence of
accumulation with repeated administration.10 As
tiotropium is excreted primarily through the
kidney, renal impairment can increase plasma
concentrations of the drug, and consequently
tiotropium should only be used in patients with
moderate-to-severe renal impairment if the
benefits outweigh the potential risks.11,12

CLINICAL EFFICACY
Endpoint selection 

Most clinical trials of pharmacotherapy for
COPD assess improvements in spirometric
measures of lung function (e.g. forced expiratory
volume in 1 second [FEV1], forced vital capacity
[FVC] and peak expiratory flow rate [PEFR]).13

However, these measures correlate poorly with
patients’ symptoms and quality of life and
therefore other measures of efficacy should be
evaluated to determine the impact of drug
treatment on the clinical course of the disease.14

Such measures include exercise tolerance,
symptom relief, rescue medication usage,
prevention of exacerbations and hospitalisations,
and improvements in quality of life.13 

Placebo-controlled trials 
Short-term studies 

Initial evidence supporting the efficacy of
tiotropium in moderate-to-severe stable COPD
came from an interim report of a year long
double-blind, placebo-controlled clinical trial.15 A
total of 470 patients with moderate-to-severe
stable COPD received tiotropium, 18 μg, or
placebo, once daily via a dry-powder inhaler
(DPI) for 13 weeks. Patients also received
additional therapy as required. Tiotropium
treatment was associated with a significant

mediate bronchoconstriction and stimulate
mucus secretion whilst M2 controls the release of
acetylcholine from M1 and M3 receptors through
a negative feedback mechanism.5 Anticholinergic
bronchodilators (e.g. ipratropium and tiotropium)
act by blocking the action of acetylcholine at
muscarinic receptors and induce relaxation of
airway smooth muscle. Ipratropium is limited by
a relatively short duration of action (4–6 hours)
and by its non-selective binding to the M2

receptor, which may increase acetylcholine
release and thus overcome the blockade of
muscarinic receptors in bronchial muscle.
Tiotropium is the most recent anticholinergic
bronchodilator to be introduced and exhibits
long-lasting ‘kinetic selectivity’ for the M1 and M3

receptors over M2 receptors, a property which
translates into an extended duration of action
without the undesirable effect of increased
acetylcholine production.6

PHARMACOLOGY
Muscarinic receptor selectivity 

Bronchoconstriction and mucus hypersecretion
are mediated by the binding of acetylcholine to
muscarinic receptors. Tiotropium binds to the
M1, M2 and M3 muscarinic receptors with
subnanomolar affinities, with up to 10-times
greater potency than ipratropium.7,8

Furthermore, compared with ipratropium,
tiotropium dissociates over 100-times more slowly
from the M1 and M3 receptors and thus exerts a
longer lasting inhibitory effect on these receptor
subtypes. Tiotropium also dissociates more
rapidly from the M2 receptor than from the M1

and M3 receptors.7 These factors maximise the
bronchodilatory effects of the drug and minimise
the increased release of acetylcholine mediated
through the M2 receptor. 

Pharmacokinetics 

After inhalation, plasma concentrations of
tiotropium remain low as a consequence of
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improvement in trough FEV1 and FVC, which
averaged 12% above baseline by day 8 and was
maintained on days 50 and 92. All tiotropium-
related improvements in FEV1 and FVC were
significantly superior compared with placebo
(p<0.001 for all comparisons). Morning and
evening PEFR improved with tiotropium
compared with placebo (p<0.05 for 10 of the 13
weeks), whilst the use of rescue salbutamol fell by
30% within the first week and was significantly
different from placebo at all time points (p<0.001).
Tiotropium treatment was also associated with
improvements in the physician global assessment
(p<0.001) and a reduction in symptoms of
wheezing and shortness of breath (p<0.01). 

The SPRUCE study – SPiRiva Usual CarE –
was a 12-week, 44-centre study investigating
tiotropium in a population with COPD
representative of those seen in primary care.16 Of
the 374 patients enrolled, 48% had mild COPD
(FEV1 > 50% predicted, following the
classification of COPD advocated by the
National Institute for Health and Clinical
Excellence [NICE],17 and 3% had severe COPD
(FEV1 < 30% predicted). Patients were
randomised to tiotropium, 18 μg inhaled once
daily, or placebo, in addition to usual medication.
At baseline, 63% of patients were using inhaled
corticosteroid, 29% were using long-acting β-
agonists (LABA) and 25% were using LABA plus
inhaled corticosteroid. Tiotropium was
associated with a significantly greater
improvement in trough FEV1 than that achieved
with placebo across all patients (treatment effect
was 0.06 L, p = 0.0102). The median
improvement in FVC with tiotropium above that
achieved with placebo at weeks 2, 6 and 12 was
0.12 L (p<0.001). Subgroup analysis of patients
with mild COPD showed a trend towards
improved FEV1 response with titropium, but this
did not reach statistical significance. The
difference in FVC in patients with mild COPD
was small, but did reach significance (0.08 L at
day 85, p < 0.05). The use of rescue short-acting

β-agonists was significantly reduced in the group
receiving tiotropium compared with the placebo
group.

Long-term studies 
The long-term efficacy of tiotropium was
investigated in a year-long, randomised, double
blind, placebo-controlled study of 921 patients
with stable COPD. Patients were randomised to
inhaled tiotropium, 18 μg once daily, or placebo,
over a 1-year period.18 Tiotropium led to
sustained improvements in patients’ lung function
compared with placebo, as demonstrated by a
trough FEV1 response (~12% improvement from
baseline; p<0.01 at all time points) and a mean
FEV1 response during the 3 hours following
dosing (~22% improvement over baseline;
p<0.001 at all time points). No tachyphylaxis was
observed for the bronchodilatory effect.
Compared with placebo, tiotropium also
improved PEFR (p<0.05 at all time points) and
reported less dyspnoea (p<0.001 at all time
points), superior health status (p<0.05), fewer
exacerbations (20% reduction; p<0.05) and fewer
hospitalisations (41% reduction; p<0.05).
Tiotropium also significantly improved shortness
of breath and wheezing (p<0.05). 

Smoking cessation is widely accepted as the
only intervention that can alter the natural course
of COPD. However, emerging evidence suggests
that pharmacotherapy may also reduce the
progressive decline in lung function that
characterises COPD.19 An important post hoc

analysis of the above study has evaluated the
effects of long-term tiotropium therapy on the
accelerated rate of decline in lung function in
COPD patients.20 This analysis reported that the
mean annual decline in trough FEV1 was 58 and
12 mL/year in the placebo and tiotropium
groups, respectively (p=0.005 vs placebo). The
corresponding decline in FEV1 from 6 weeks to 1
year was 59 and 19 mL/year (p=0.036 vs

placebo). Thus, long-term tiotropium treatment
was associated with a reduced rate of decline in
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lung function compared with patients treated
with placebo (Figure 1).

Comparative clinical studies 
Tiotropium vs ipratropium 

Tiotropium was compared with the short-acting
anticholinergic, ipratropium, in a 13-week study of
288 patients with stable COPD.21 Patients received
either tiotropium, 18 μg once daily administered
via a DPI, or ipratropium, 40 μg four-times daily
via  metered-dose inhaler (MDI). By day 8, the
mean increase in trough FEV1 over baseline was
13% for tiotropium, an increase which was
maintained on days 50 and 92. Moreover,
compared with ipratropium, tiotropium produced
significantly greater improvements in trough,
average and peak FEV1 values (Figure 2), and in
trough and average FVC values (p<0.05 for all
comparisons). Weekly mean morning and evening
PEFR was also significantly improved by a greater
extent with tiotropium than with ipratropium
(p<0.05), and patients receiving tiotropium also
required less rescue salbutamol (p<0.05).

In a randomised, double-blind, comparative
study, 535 patients were randomised to either
tiotropium, 18 μg once daily from a DPI, or
ipratropium, 40 μg four-times daily from an

MDI, for 1 year.22 Tiotropium produced
significantly greater improvements in lung
function, exacerbations and health-related
quality of life. Thus, trough FEV1 at 1 year
increased by 0.12±0.01 L with tiotropium but fell
by 0.03±0.02 L with ipratropium (p<0.001).
Compared with ipratropium, tiotropium elicited
a significant improvement in PEFR (p<0.01 at all
time points), dyspnoea (p<0.05 at all time points),
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Figure 2. Mean forced expiratory volume in 1 second
(FEV1) values before and 6 hours after inhalation of
tiotropium or ipratropium in patients with stable
chronic obstructive pulmonary disease.21 Data shown
are for the final study evaluation on day 92. 
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health status scores (p<0.05 on day 364), the
number of exacerbations (reduced by 24%;
p<0.01), the time to first exacerbation (p<0.01),
the time to first hospitalisation for an
exacerbation (p<0.05) and rescue salbutamol use
(p<0.05 for 40 of the 52 weeks). 

Tiotropium vs LABAs 

Tiotropium vs salmeterol 

The efficacy of tiotropium has been compared
with salmeterol in a randomised, double-blind,
placebo-controlled trial.23 A total of 623 patients
received placebo, tiotropium, 18 μg once daily via
DPI, or salmeterol, 50 μg twice daily via MDI.
After 6 months’ treatment, the mean pre-dose
morning FEV1 was higher in patients receiving
tiotropium (0.14 L) than in those who received
salmeterol (0.09 L; p<0.01), whilst the average
FEV1 over a 12-hour assessment was also higher
(between-group difference 0.08 L; p<0.001). Both
active treatments were superior to placebo in
improving weekly mean morning and evening
PEFR (p<0.001 for all comparisons), with no
significant difference between active treatments for

these parameters. Dyspnoea improved more with
tiotropium compared with both placebo (p=0.01)
and salmeterol (p<0.05), with salmeterol having no
significant effect (p=0.56). Both tiotropium and
salmeterol reduced the need for rescue salbutamol
therapy (both p<0.0001 vs placebo), although only
tiotropium significantly improved patients’ health
status (p<0.05 vs placebo). Fewer patients
experienced exacerbations with tiotropium than
with salmeterol, although this difference did not
reach statistical significance.24 The advantages of
tiotropium over salmeterol in lung function were
corroborated in a more a recent study of 653
patients.25 Thus, after 12 weeks’ treatment, the
average post-dose FEV1 recorded over 12 hours
was significantly higher with tiotropium than with
salmeterol (167 vs 130 mL; p=0.03) as was peak
FEV1 (262 vs 216 mL, respectively; p=0.01 [Figure
3]). Average FEV1 responses from 0 to 6 hours and
from 6 to 12 hours were also higher with
tiotropium compared with salmeterol (p<0.01).

COPD exacerbations and healthcare
consumption were significantly reduced with
tiotropium compared with salmeterol in a pooled
analysis of data from the study described
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Figure 3. Mean forced expiratory volume in 1 second (FEV1) over 12 hours after 12 weeks’ treatment with

tiotropium and salmeterol.25
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previously23 and an identical 6-month study.26

Thus, tiotropium, but not salmeterol, significantly
delayed the time to first exacerbation compared
with placebo (p≤0.01). In addition, tiotropium
also reduced the incidence of COPD
exacerbations compared with both placebo and
salmeterol (1.07, 1.49 and 1.23 exacerbations per
patient year, respectively; p=0.025 for tiotropium
vs placebo; p>0.05 for salmeterol vs placebo).
Although hospital admissions for COPD
exacerbations did not significantly differ between
the treatment groups, treatment with both
tiotropium and salmeterol resulted in fewer days
in hospital than placebo (p<0.05). Patients
receiving tiotropium also experienced fewer days
where their usual daily activities were severely
compromised compared with those who received
placebo (p<0.05). Finally, tiotropium was also
associated with improvements in health-related
quality of life, dyspnoea and lung function. 

Tiotropium vs formoterol 

A crossover study compared the bronchodilatory
effects of tiotropium and the LABA, formoterol, as
maintenance therapy for COPD.27 The
combination of both bronchodilators was also
evaluated. A total of 71 patients with moderate-to-
severe COPD were randomised to treatment with
one of three regimens for three consecutive 6-week
treatment periods: tiotropium, 18 μg once daily;
formoterol, 12 μg twice daily; or once-daily
combination therapy with both drugs. Compared
with formoterol, tiotropium was associated with
significantly greater improvements in average
daytime FEV1 (127 vs 86 mL; p<0.03), although
night-time FEV1 values did not differ between 
the two groups (43 vs 38 mL; p=0.77). The greatest
improvements in FEV1 were seen in the
tiotropium/formoterol combination group (234
mL and 86 mL for day and night-time FEV1,
respectively), which were statistically significant in
favour of the combination regimen when
compared with either agent given as monotherapy.
The effects on lung function in the combination

group were also additive. Similar trends were also
reported in terms of FVC. A reduced requirement
for rescue salbutamol use was reported amongst
recipients of the combination compared with
those who received either inhaled drug as
monotherapy. No additional safety concerns arose
when tiotropium and formoterol were
coadministered. These data support the current
recommendations that a combination of two long-
acting bronchodilators with distinct mechanisms of
action should be considered when treating patients
with moderate-to-severe stable COPD.

Tiotropium vs combination treatment 

The INSPIRE study – Investigating New
Standards for Prophylaxis in Reduction of
Exacerbations – compared the effects of
tiotropium, 18 μg once daily with those of
salmeterol, 50 μg/fluticasone propionate, 500 μg,
in combination (SFC) twice daily, on COPD
exacerbations in 1323 patients with severe or very
severe COPD. The first results were presented at
the European Respiratory Society Annual
Congress 2007. The two treatments had a similar
impact on the overall rate of exacerbations
(defined as exacerbations requiring extra use of
healthcare resources): 1.32 in the group receiving
tiotropium and 1.28 in the SFC group.28 However,
there were differences in the type of exacerbation
reported in each group. Exacerbations requiring
antibiotics were significantly more common with
SFC (relative risk [RR] 1.19, p=0.028), while
exacerbations requiring oral corticosteroids were
significantly more common in the tiotropium
group (RR 0.81, p=0.039). The rates of symptom-
based exacerbations were similar in the two
treatment groups.

Patients receiving SFC had better survival and
health status and were less likely to withdraw from
the study than those receiving tiotropium.29 But
adverse events were slightly more common in
those receiving SFC: 66% of those in the SFC
group experienced an adverse event compared
with 62% in the tiotropium group, with the most
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common event being exacerbation of COPD
symptoms.30 The study investigators suggested
that some of the differences favouring SFC could
be attributed to the anti-inflammatory properties
of this combination. 

Tiotropium in combination 

A small-scale, randomised double-blind crossover
study involving 41 patients with COPD
compared the effects of tiotropium, 18 μg once
daily, plus salmeterol, 50 μg/fluticasone
propionate, 500 μg, with the effects of each drug
taken individually.31 Triple therapy significantly
improved trough FEV1 compared with
tiotropium alone (212 mL, p<0.001) and SFC
alone (110mL, p=0.017) on day 14. Triple
therapy was also associated with significantly
improved measurements of inspiratory capacity
compared with individual components. Patients
receiving triple therapy had clinically relevant
improvements in transition dyspnoea index (TDI)
total score compared with tiotropium alone (2.2,
p<0.001), but not compared with SFC alone (0.7;
non-significant). Rescue medication was used less
often by patients taking the triple combination:
1.0 occasion fewer per day than patients taking
tiotropium only (p<0.001), and 0.6 occasions
fewer per day than patients taking SFC (p=0.01).

The Canadian Optimal Therapy of COPD
Trial randomly assigned 449 adults with
moderate or severe COPD to receive tiotropium
and placebo, tiotropium and salmeterol, or
tiotropium and SFC for 1 year.32 There were no
differences in the proportion of patients who
experienced an exacerbation between the groups:
tiotropium plus placebo, 62.8%; tiotropium plus
salmeterol group, 64.8%; tiotropium plus SFC
group, 60.0%. Triple therapy with tiotropium
plus SFC improved lung function (p=0.049) and
disease-specific quality of life (p=0.01) and
reduced the number of hospitalizations for
COPD exacerbation (incidence rate ratio, 0.53
[CI, 0.33 to 0.86]) and all-cause hospitalisations

(incidence rate ratio, 0.67 [CI, 0.45 to 0.99])
compared with tiotropium plus placebo.
Tiotropium plus salmeterol did not statistically
improve lung function or hospitalization rates
compared with tiotropium plus placebo. 

In the SPRUCE study, the proportion of
patients on LABAs with inhaled corticosteroid
was higher than expected, leading the authors to
speculate on a possible influence on outcomes.16

Although the additional bronchodilatatory effect
of tiotropium when added to LABAs could not
be formally assessed because of the high numbers
of patients taking LABA plus inhaled
corticosteroid, the authors noted that the
response to tiotropium was maintained with
concomitant LABA with or without inhaled
corticosteroid, supporting the findings of the
Canadian study and those of the formoterol
crossover study described earlier.

Meta-analyses 

A meta-analysis of 14 large double-blind,
randomised clinical trials of long-acting
bronchodilators (i.e. salmeterol, formoterol and
tiotropium) examined their relative efficacy in the
management of COPD within the framework of
treatment goals outlined in published
guidelines.33 Although all agents were considered
effective in improving lung function compared
with placebo, some significant differences
emerged in their relative effects on outcomes
other than bronchodilation. Tiotropium provided
most consistent and reproducible improvements
across these outcomes. These differences may
reflect mechanistic differences between the
different classes of agents or may relate to
tiotropium’s duration of action.

A further systematic review recently evaluated
data from nine randomised controlled trials
(n=6,584) in an effort to determine the relative
efficacy of tiotropium and other bronchodilators
with regard to outcomes such as disease
exacerbations and hospitalisations, symptoms and
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lung function.34 Compared with either placebo or
ipratropium, tiotropium reduced the odds of an
exacerbation (odds ratio [OR]: 0.74, 95%
confidence interval [CI]: 0.66–0.83) and related
hospitalisations (OR: 0.64, 95% CI: 0.51–0.82).
From these data, the number needed to treat
(NTT) with tiotropium for 1 year to prevent one
exacerbation was 14 (95% CI: 11–22) whilst the
NNT to prevent one hospitalisation was 30 (95%
CI: 22–61). However, the reductions in these
endpoints did not significantly differ from those
afforded by LABAs. Similar trends were reported
in quality of life and symptom scales. In terms of
lung function, tiotropium treatment was
associated with significantly larger increases in
FEV1 and FVC compared with placebo,
ipratropium and both LABAs. Moreover, the
annual decline in FEV1 was reportedly less with
tiotropium compared with placebo or
ipratropium, though no data were available for
the long-acting β2-agonists with regard to this
parameter.

Exercise tolerance

One double-blind, placebo-controlled trial has
reported that tiotropium increased patients’
inspiratory capacity compared with placebo after
4 weeks’ treatment (p<0.001). This is an
important observation given that inspiratory
capacity has a higher correlation with patient-
focused outcomes (e.g. dyspnoea upon exercise)
than other markers of pulmonary function, and
may reflect reductions in hyperinflation.
Tiotropium provided sustained reduction in lung
hyperinflation with increases in inspiratory
capacity leading to improvements in exertional
dyspnoea and exercise tolerance as demonstrated
in a double blind, placebo-controlled trial
evaluated in 187 patients with COPD.35 This was
the first large-scale study to employ exercise
testing within a clinical trial setting. Patients were
randomly assigned to 6 weeks’ treatment with
once-daily inhaled tiotropium, 18 μg, or placebo.
By the end of the 6 weeks, tiotropium improved

measurements of lung volume and air flow,
consistent with the earlier tiotropium studies.
Tiotropium was associated with increases in
inspiratory capacity and decreases in residual
volume and functional residual capacity. Exercise
duration (determined by constant-load cycle
exercise endurance testing at 75% of patients’
maximal work capacity 2.25 hours after drug
dosing), was increased by 105 seconds in patients
receiving tiotropium compared with placebo, an
increase of 21% (p<0.02 vs placebo).
Improvements in lung function and exercise
tolerance were associated with a reduction in
exertional dyspnoea rated by patients on a
dyspnoea rating scale (the Borg scale), which was
sustained over the duration of the study. A further
double-blind, placebo-controlled trial attempted
to determine the duration of tiotropium-related
improvements in lung hyperinflation, exertional
dyspnoea and exercise tolerance.36 Six weeks’
tiotropium treatment was associated with an
improvement in symptom-limited exercise
tolerance, which was sustained for up to 8 hours
after dosing over the 6-week study period. Again,
tiotropium also reduced lung hyperinflation at
rest and during exercise, and exertional
dyspnoea. Finally, a 12-week study of 100
patients reported significant improvements in
inspiratory capacity compared with placebo on
days 42 and 84 (p<0.05 for both). Tiotropium
increased the mean distance walked during the
shuttle walking test by day 42 and day 84
compared with placebo (p<0.05 for both
comparisons). By the end of the study more
patients in the tiotropium group had significant
and clinically meaningful improvements in the
health-related quality of life (as determined by
the St George’s Respiratory Questionnaire
[SGRQ]).

COPD exacerbations 
COPD exacerbations are relatively common and
have significant clinical and economic
consequences. Few studies have prospectively
evaluated the effect of tiotropium on the frequency
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of exacerbations and the time to first exacerbation.
A large US study randomised 1,829 patients with
moderate-to-severe COPD to either tiotropium, 18
μg once daily, or placebo, for a period of 6
months.37 Patients also received standard care,
including home oxygen where indicated and other
respiratory medications, and consequently this
study reflects standard community practice.
Tiotropium significantly reduced the proportion of
patients who experienced at least one COPD
exacerbation compared with placebo (27.9 vs

32.3%, respectively; p=0.037). In addition, fewer
tiotropium-treated patients were hospitalised as a
result of COPD exacerbations, though this
difference was only on the borderline of statistical
significance (7.0 vs 9.5%; p=0.056). Analysis of
secondary endpoints demonstrated that, compared
with placebo, tiotropium lengthened the time to the
first disease exacerbation (p=0.028) and reduced
healthcare utilisation for exacerbations, including
the frequency of hospitalisations (p=0.047),
unscheduled clinic visits (p=0.019) and days where
antibiotics were required (p=0.015). A further
double-blind study of 1 year in duration compared
the effects of tiotropium on disease exacerbations
and healthcare resource consumption in 1,110
patients with COPD.38 Compared with placebo,
tiotropium significantly delayed the time to first
exacerbation by approximately 100 days, reduced
the proportion of patients experiencing more than
one exacerbation by 17%, decreased the number of
exacerbations by 35% and exacerbation days by
37%. Tiotropium also decreased healthcare
consumption as evidenced by a significant
reduction in the use of inhaled rescue therapy 
and in the use of antibiotics and oral
corticosteroids. The number of unscheduled
physician visits was also significantly reduced with
tiotropium treatment.

Exacerbation of COPD (complex of
respiratory symptoms/events of > 3 days’
duration requiring a change in treatment) was a
secondary endpoint in the SPRUCE study
described previously.16 The proportion of

patients experiencing one or more exacerbations
was significantly reduced with tiotropium
compared with placebo, independent of disease
severity (9.5% of those receiving tiotropium had
> 1 exacerbation compared with 17.9% of the
placebo group, p=0.0147).

Pulmonary rehabilitation 
Lung hyperinflation and reduced inspiratory
capacity can significantly limit the duration of
physical activity undertaken by patients with
COPD.39 However, the sustained 24-hour
bronchodilation afforded by tiotropium
treatment translates into greater exercise
tolerance and reduced lung hyperinflation in
patients with COPD.35,36 Therefore, treatment
with tiotropium has the potential to improve
outcomes of patients engaging in pulmonary
rehabilitation programmes. Pulmonary
rehabilitation programmes are an effective
intervention for patients with COPD and are
becoming increasingly recognised as a
component of standard COPD care. 

One placebo-controlled study has shown that
tiotropium treatment amplifies the benefits of
pulmonary rehabilitation alone.40 This study
followed 91 patients who participated in 8 weeks
of pulmonary rehabilitation (the recommend
duration of these programmes). Tiotropium or
placebo was administered 5 weeks before
engaging in the programme and was continued
throughout the programme and for 12 weeks after
its completion. The post-rehabilitation treatment
period evaluated whether the benefits of
pulmonary rehabilitation were better maintained
with tiotropium than with placebo. Tiotropium in
combination significantly improved patients’
exercise endurance at the conclusion of the
exercise programme compared with placebo, and
these improvements were sustained 12 weeks after
conclusion of pulmonary rehabilitation. The
respective mean endurance exercise times (values
expressed as tiotropium minus placebo) prior to
pulmonary rehabilitation, at the end of
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pulmonary rehabilitation and 12 weeks after
conclusion of the programme were 1.65 minutes
(p=0.183), 5.35 minutes (p=0.025) and 6.60
minutes (p=0.018). Pulmonary rehabilitation
induced improvements in exercise tolerance in
both treatment groups, but the tiotropium group
obtained significantly greater benefit. Tiotropium
also produced clinically significant improvements
in dyspnoea as determined by the transition
dyspnoea index (TDI). Prior to pulmonary
rehabilitation, the respective mean TDI focal
scores were 1.75 and 0.91 for tiotropium and
placebo (p>0.05), but 12 weeks after completion of
the programme the TDI score had declined in the
placebo group but was maintained in the
tiotropium group (1.75 vs 0.08; p<0.05). Health
status (as determined by the SGRQ) was improved
by a greater extent with tiotropium compared
with placebo. Mean use of rescue salbutamol also
declined in the tiotropium group.

Treatment persistence 

Persistence with tiotropium therapy appears to be
higher compared with other inhaled drugs that
are widely used to manage COPD in clinical
practice.41,42 Patients’ persistence with tiotropium
has been evaluated using a large database of
drug-dispensing and hospital discharge records
for 2 million patients in the Netherlands.41 About
37% of tiotropium-treated individuals persisted
with tiotropium treatment for 1 year, compared
with 14% for ipratropium, 13% for LABAs and
17% for combined LABA/inhaled corticosteroid
treatment. In patients with a prior hospitalisation
for COPD, 1-year persistence rates increased for
all treatments, and increased to up to 61% for
patients using tiotropium. A Canadian study of
persistence with inhaled medications for COPD
using prescription claims data reported generally
low persistence with inhaled treatment, although
more patients remained on tiotropium therapy
for significantly longer compared with other
medications. Thus, at 12 months, 53% of

patients taking tiotropium remained on treatment
with 7–30% remaining on treatment with other
therapies (all comparisons p<0.0001). There were
also fewer switches to alternative medications in
the tiotropium group. 

SAFETY AND TOLERABILITY 

Tiotropium was generally well tolerated over the
short- (13 weeks) and long-term (1 year), with a
safety profile comparable with that of
ipratropium (Table 1).15,18,21,22 No systemic
adverse events were observed with the exception
of an increased incidence of dry mouth, which
occurred in approximately 14% of patients, and
which was generally mild in severity, resolved
with continuing treatment and did not necessitate
treatment discontinuation.13 A pooled analysis of
adverse event data from 19 double-blind,
placebo-controlled trials encompassing 4,435
tiotropium-treated patients and 3,384 placebo-
treated patients reported a higher relative risk
(RR) of dry mouth in the tiotropium group (RR:
3.60; 95% CI: 2.56–5.05).43 However, tiotropium
was associated with a lower risk of dyspnoea (RR:
0.64; 95% CI: 0.50–0.81) and COPD
exacerbations (RR: 0.72; 95% CI: 0.64–0.82)
compared with placebo. As discussed previously
the low incidence of systemic adverse events
associated with tiotropium treatment reflects the
limited absorption of the drug through the
respiratory and gastrointestinal mucosa.44

PHARMACOECONOMICS 

The reduction in hospitalisations and
exacerbations associated with tiotropium may
translate into reduced consumption of healthcare
resources which may offset the acquisition cost of
the drug. Using data from clinical trials
comparing tiotropium and ipratropium,
Bandolier calculated that the number needed to
treat (NNT) with tiotropium to prevent one
patient from having at least one admission in a
year was 25.22,40,45 Tiotropium treatment was
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estimated to save at least 0.6 of a hospital day per
year compared with an average number of
hospital days of 1–2 for patients in control
groups.45 Extrapolating these data to the entire
UK population, tiotropium therapy could result
in a potential net saving of 528,000 bed-days or
the equivalent of four 400-bed hospitals.45

Pharmacoeconomic analyses of data from a year-
long study which compared tiotropium plus usual
care with usual care alone,16 showed that the

significant reduction in exacerbations,
hospitalisations and days spent in hospital
associated with the addition of tiotropium,
translated into significant economic savings.46 A
similar analysis reported that the number of
hospital admissions, hospital days and
unscheduled visits to healthcare providers was
reduced by 46, 42 and 36% in tiotropium-
compared with ipratropium-treated patients.47
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Table 1. Incidence of adverse events (%) with tiotropium reported in two clinical trials.15,21

Casaburi et al., 200015 Van Noord et al., 200021

Tiotropium Placebo Tiotropium Ipratropium

Any adverse event 61.6 66.5 67.5 63.9

General

Chest pain 3.2 1.6 2.6 0

Back pain 2.5 3.1 –

Fatigue – – 2.1 1.0

Headache 5.4 7.3 5.2 10.3

Influenza-like symptoms – – 3.1 8.2

Nervous system

Dizziness 3.2 3.7 – –

Hypoaesthesia 2.2 0 – –

Gastrointestinal system

Abdominal pain 9.3 0.5 – –

Constipation 2.9 1.0 – –

Diarrhoea 3.6 3.1 – –

Upper respiratory system

Dry mouth 9.3 1.6 14.7 10.3

Pharyngitis 2.9 1.6 3.1 0

Sinusitis 3.6 3.1 – –

Upper respiratory tract infection 15.8 15.2 18.3 11.3

Lower respiratory system

COPD exacerbation 16.1 21.5 11.0 12.4

Cough – – 2.6 5.2

Pneumonia – – 2.6 2.1
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