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Bronchodilators are the mainstay of therapy for patients

with established chronic obstructive pulmonary disease (COPD)

but, at present, the majority of patients use short-acting agents.

There is increasing evidence that long-acting agents, such as

the b2-adrenoceptor agonists salmeterol and formeterol, and

the new anticholinergic tiotropium bromide provide a better

therapeutic option. In the treatment of COPD, long-acting

b2-adrenoceptor agonists (LABAs) given twice daily cause the

same degree of bronchodilation as tiotropium bromide given

once daily. Combined use of an inhaled LABA with tiotropium

bromide should provide important therapeutic benefits, as these

drugs have distinct and complementary pharmacological actions

in the airways. Although clinical trials of this combination have

not been performed, clinical experience with Combivent, a

combination of a short-acting b2-adrenoceptor agonist

(salbutamol) and a short-acting anticholinergic (ipratropium

bromide), in COPD is encouraging because the bronchodilation

produced is of a magnitude greater than that of either component

alone. However, because LABAs are given twice daily but

tiotropium bromide is required only once daily, the challenge

is to develop a combined inhaler that can be employed on

a daily basis.
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Abbreviations
COPD chronic obstructive pulmonary disease

FEV1 forced expiratory volume in one second

LABA long-acting b2-adrenoceptor agonist

Introduction
Chronic obstructive pulmonary disease (COPD) is a major

cause of ill health and mortality world wide, and is the only

leading cause of death predicted to increase over the

coming years. The hallmark of the disease is an accelerated

loss of lung function, usually measured as a decrease in

the forced expiratory volume in one second (FEV1). At

present, smoking cessation is the only therapeutic inter-

vention known to alter the natural progression of COPD.

Pharmacological therapies are therefore aimed at reliev-

ing symptoms and reducing exacerbations of the disease.

Inhaled bronchodilators are the mainstay of treatment

and, at present, short-acting agents (e.g. salbutamol and

ipratropium bromide) given four times daily are the most

commonly used. Longer acting agents, however, have

been shown to be beneficial in COPD. As well as being

more convenient for the patient, there are increased

benefits in terms of lung function, exercise performance

and health status.

This review summarises the pharmological actions of the

long-acting b2-adrenoceptor agonists (LABAs) and a

novel long-acting muscarinic antagonist (tiotropium bro-

mide). These actions include bronchodilator effects, anti-

inflammatory effects and a reduction in mucus hyper-

secretion. This review also evaluates the major clinical

studies investigating long-acting bronchodilators, and

discusses the possible benefits of combination therapies

in the treatment of COPD. Combination therapy with

inhaled corticosteroids and LABAs are now established

as the treatment of choice for moderate persistent

asthma, and recent clinical trials have shown that this

combination in a single inhaler is beneficial in defined

populations of patients with asthma and COPD. Hence,

an interesting potential therapy for patients with COPD

is a combination of tiotropium bromide and a long-

acting corticosteroid in a single inhaler that could be

used once daily.

Pharmacology of long-acting
b2-adrenoceptor agonists and
tiotropium bromide
Formoterol and salmeterol are sympathomimetic bronch-

odilators that differ markedly in their molecular structures,

with salmeterol containing a lipophilic twelve carbon side-

chain. The molecular basis of the interaction between

b2-adrenoceptor agonists and their active site on the sur-

face membrane of airway smooth muscle cells has been

determined [1,2]. Salmeterol interacts with both the active

site and an exosite of the b2-adrenoceptor, and the mole-

cular basis of this interaction is termed the salmeterol hinge

(charniére) theory [1,3]. Formoterol is partially lipophilic

and forms a membrane depot. In addition, formoterol has a

more rapid onset of action than salmeterol [2].
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Tiotropium bromide was licensed in most of the

European Union in 2002, and a licence in the USA is

anticipated this year [4–6]. Tiotropium is a long-acting

anticholinergic drug that has unique kinetic selectivity for

M1 and M3 muscarinic receptors [7,8]. The drug dissoci-

ates slowly from M1 and M3 receptors but rapidly from M2

receptors, producing long-term blockade of cholinergic

neural bronchoconstriction in human airway smooth mus-

cle [9–11]. The details of cell signalling through muscari-

nic M3 receptors in airway smooth muscle cells are well

documented at a molecular level, and are distinct to those

of b2-adrenoceptor agonists. Thus, there is potential for

the two drugs to have a synergistic effect when used

together [1,12]. Tiotropium bromide contains a quatern-

ary ammonium structure and is poorly absorbed from

respiratory or pharyngeal mucosal surfaces. Therefore,

oral bioavailability is low, which ensures that systemic

anti-cholinergic effects are kept to a minimum.

Bronchodilator effects
Bronchodilator efficacy is generally assessed as the increase

in the FEV1 measured by spirometry. However, this might

not be the most useful measure in COPD, as effects are

generally small (<10%) [13]. LABAs cause bronchodilation

for 12 hours [14,15], but there is increasing evidence that

LABAs also have a range of other activities in COPD [16].

Formoterol causes rapid bronchodilation in patients with

stable COPD [17,18] and, because of its fast onset of

action compared with salmeterol [19], it can be used ‘as

required’ for rescue bronchodilation [20].

Normal airways have a small degree of vagal cholinergic

tone but, because the airways are patent, this has no

perceptible effect and does not reduce airflow. When

the airways are irreversibly narrowed in COPD, vagal

cholinergic tone has a much greater effect on airway

resistance for geometric reasons. Hence, when an anti-

cholinergic drug relieves this increased constriction, there

is a perceptible improvement in airflow. In COPD patients,

this anticholinergic bronchodilation is similar in magnitude

to that caused by b2-adrenoceptor stimulation, although

the mechanisms differ between the two. Tiotropium

bromide causes significant and prolonged bronchodilation

in COPD patients; the peak response is at one to four

hours, with a duration of action of up to 32 hours [21]. As

with b2-adrenoceptor agonists, there is no evidence that

anticholinergic bronchodilators modify the rate of decline

in lung function (FEV1) in COPD [22] and, therefore, they

do not alter the natural history of the disease.

Exercise tolerance and quality of life
Exercise tolerance is reduced in COPD partially through

dynamic hyperinflation, which causes an increase in resi-

dual volume and functional residual capacity. Part of

the symptomatic benefit of LABAs might be mediated

through the reduction of dynamic hyperinflation [16,23], as

this makes breathing more comfortable and dyspnoea is

lessened [24,25]. Improved exercise performance can be a

conspicuous feature of bronchodilator usage in COPD [25],

and is often used to assess bronchodilator efficacy [13].

LABAs have been shown to be beneficial in improving

exercise performance [26,27�,28]. Salmeterol increases the

distance patients with COPD can walk on a treadmill [29],

and there is less perceived exertion on walking the same

distance in six minutes [30,31]. Salmeterol (50 mg twice

daily) has been shown to cause a significant improvement

in health status [26,27�,28,32].

Symptomatic improvement with tiotropium bromide can

be greater than changes in FEV1, especially in moderate

to severe COPD [33��,34��]. Tiotropium bromide causes

an improvement in dyspnoea and a reduction in the need

for rescue therapy [33��]. Significant improvements in

health status (assessed by the St George’s Respiratory

Questionnaire) as well as decreased exacerbations are

seen over one year when compared with either ipratro-

pium [34��] or placebo [33��].

In the future, it will be particularly important to perform

direct comparative studies to assess the effects of tiotro-

pium bromide, LABAs and the two drugs in combination

on exercise tolerance and health status.

Anti-inflammatory effects
LABAs have alternative mechanisms of action in addition

to bronchodilation [35]; this is partially because of the

widespread cellular distribution of b2-adrenoceptors.

b2-adrenoceptor agonists reduce plasma exudation in

the airway by closing the gaps induced by inflammatory

mediators between endothelial cells of post-capillary

venules [36–39]. Salmeterol is known to be effective at

inhibiting neutrophil recruitment and activation in

patients with COPD [40], and this activity might increase

in the presence of corticosteroids [41,42]. In contrast, there

is less potential for anticholinergic therapy to be anti-

inflammatory because of the restricted expression of rele-

vant muscarinic receptors.

Mucus hypersecretion
The role of increased mucus secretion in COPD has been

questioned by a recent study, which found that the pre-

sence of chronic simple bronchitis (GOLD stage O) did not

identify patients that subsequently developed airway

obstruction [43]. Anticholinergic compounds have promi-

nent activity in reducing neurogenic control of mucus

hypersecretion [44], whereas LABAs may increase muco-

ciliary clearance and ciliary beat frequency [35]. These

different mechanisms might prove to be complementary if

tiotropium bromide was combined with a LABA.

Clinical studies
Pivotal clinical studies using salmeterol and formoterol in

patients with COPD are summarized in Table 1, whereas

those using tiotropium bromide are summarized in
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Table 2. These involve single-dose studies in both COPD

and asthma, and include one to four week studies of the

effect of tiotropium bromide on lung function. A pair of

phase III one-year studies in moderate to severe COPD

have demonstrated significant improvements in lung func-

tion and symptoms following tiotropium bromide treat-

ment [33��,34��]. These studies confirm that tolerance to

tiotropium bromide does not occur during this period [45].

There were also convincing effects on health-related

quality of life, expressed as the St George’s Respiratory

Questionnaire score.

In a six month randomized, double-blind, double-dummy,

parallel group study, tiotropium bromide (18 mg once

daily) was compared with salmeterol (50 mg twice daily)

[46��]. Tiotropium bromide caused superior effects on

average FEV1, transition dyspnoea index and health-

related quality of life. This study could be underpowered,

but it did seem to show a loss in activity of salmeterol

(possibly through tolerance) during the study period. The

results of a second study comparing tiotropium bromide

with salmeterol are to be published in the future, and are

awaited with interest.

It is possible that individual COPD patients will respond

better to either LABAs or tiotropium bromide, and it might

be that an acute bronchodilator test would help to guide the

choice of therapy. The possibility that patients could be

subdivided according to bronchodilator responses is of

direct therapeutic relevance. Alternatively, it is likely that

some patients will benefit to a greater extent from a

combination of tiotropium bromide and a LABA than from

either agent alone.

Combination therapies
Unfortunately, no combination studies with tiotropium

bromide and LABAs have been published, although

additive effects of salmeterol and theophylline have

been described [47,48]. In addition, a study found addi-

tive effects of salmeterol and ipratropium bromide [15];

Table 1

Clinical studies with salmeterol and formoterol in COPD.

Study design Study conclusions References

16 week study in 674 COPD patients Salmeterol offers positive improvement on addition to existing regimens [28]
Salmeterol 50 mg bid Clinical improvement was similar to 50 mg and 100 mg bid.

Salmeterol 100 mg bid 50 mg bid was better tolerated

Placebo

12 week study in 411 symptomatic COPD patients Salmeterol was significantly better than ipratropium bromide in

improving lung function

[26]

Salmeterol 42 mg bid

Ipratropium bromide 36 mg qid

Placebo

12 week study in 405 patients with COPD
Salmeterol 42 mg bid

Ipratropium bromide 36 mg qid

Placebo

Salmeterol provided similar maximum bronchodilation but had a

longer duration and a more constant bronchodilator effect

[27�]

There was no evidence of tolerance to bronchodilation

with ipratropium bromide

12 week study in 144 patients with COPD In patients with severe stable COPD, the combination of salmeterol

plus ipratropium bromide improved airway obstruction, but did not

improve symptom control or the need for rescue salbutamol

[15]

Salmeterol 50 mg bid

Salmeterol 50 mg bid plus

ipratropium bromide 36 mg qid

Placebo

FICOPD 1 study group Formoterol is more effective than ipratropium bromide in the

treatment of COPD

[68]

12 week study in 780 patients with COPD

Formeterol 12 or 24 mg bid

Ipratropium bromide 40 mg qid

Placebo

FICOPD II study group Formoterol is more effective and better tolerated than slow-release

theophylline

[69�]

12 month study in 854 patients with COPD

Formoterol 12 mg bid

Formoterol 24 mg bid
Slow-release theophylline (individual doses)

Placebo

12 week study in 692 patients with COPD Formoterol improved lung function in a dose-dependent

manner in COPD

[70]

Formoterol 4.5 mg bid

Formoterol 9 mg bid

Formoterol 18 mg bid

Placebo

Bid, twice daily; qid, four times daily.

272 Respiratory

Current Opinion in Pharmacology 2003, 3:270–276 www.current-opinion.com



however, the combination has not been found to be more

effective than salmeterol alone in patients with COPD

[49]. Pretreatment with formoterol, salmeterol or oxitro-

pium bromide still allows for further bronchodilation with

salbutamol [50]. Effects of formoterol combined with

either ipratropium bromide [51] or oxitropium bromide

[52,53] are greater than that with each drug alone.

Furthermore, it is significant that formoterol with ipra-

tropium bromide is more effective than salbutamol with

ipratropium bromide [51,54].

Although the combination of tiotropium bromide with a

LABA has not been investigated, the experience with

short-acting b2-adrenoceptor agonists and anticholiner-

gics suggests that this could prove to be efficacious.

There are three large-scale clinical studies with Com-

bivent that demonstrate the superiority of the combina-

tion (ipratropium bromide with salbutamol) over the

individual drugs (ipratropium bromide and salbutamol

alone) [55–57]. Available LABAs are usually given twice

daily but several novel LABAs with a longer duration of

action that would be suitable for inhalation once daily

are now in development; these would be appropriate for

combination with tiotropium bromide in a once daily

combined inhaler.

Similarly, the combination of corticosteroids and LABAs

has proved useful, and an investigation is needed into the

combined effects of steroids and tiotropium bromide.

Inhaled corticosteroids have been shown to have no effect

on the rate of lung function decline, as assessed by post

bronchodilator FEV1 in four long-term studies in COPD

[58–61]. However, they might be effective in the pre-

vention of exacerbations in COPD [60,62], as there is a

more rapid onset of exacerbations following discontinua-

tion of inhaled corticosteroids [63]. Several corticosteroids

appear to be effective when given once daily, including

budesonide, mometasone and ciclesonide, and would

therefore be suitable as a fixed combination with tiotro-

pium bromide.

Table 2

Clinical studies with tiotropium bromide in COPD.

Study design Study conclusions References

Dose-escalation study in 6 COPD patients Tiotropium bromide safe with prolonged bronchodilatory activity in COPD [71]
Nebulised tiotropium bromide 10–160 mcg

No placebo

Dose-response study in 35 COPD patients Tiotropium bromide has significant bronchodilatory effect in COPD [21]

Tiotropium bromide (DPI) 10–80 mcg Peak response at 1–4 h, duration 32 h

Placebo Clear dose-response relationship

Dose-response study in 12 atopic asthmatics Significant dose-dependent protection against methacholine

challenge in asthma

[72]

Tiotropium bromide (DPI) 10–80 mcg

Placebo

1 week study in 31 patients with COPD FEV1 steady state reached within 48 h [73]

Tiotropium bromide 18 mcg od Improvements in forced vital capacity continue beyond one week

Ipratropium bromide 40 mcg qds

4 week study in 169 patients with COPD Optimal dose 18 mcg od [74]

Tiotropium bromide at 0, 4.5, 9,18 or 36 mcg od.

Placebo

13 week study in 288 patients with COPD Tiotropium bromide significantly more effective than ipratropium bromide

in improving trough, average and peak lung function

[75]

Tiotropium bromide18 mcg od

Ipratropium bromide 40 mcg qds

13 week study in 470 patients with COPD Tiotropium bromide produced significant improvements in lung function,

reductions in use of rescue therapy and reductions of symptoms

in comparison with placebo

[76]

Tiotropium bromide 18 mcg od

Placebo

1 year study in 356 patients with COPD Tiotropium bromide effective in improving dyspnoea, exacerbations,

health-related quality of life and lung function, with benefits exceeding

those seen with ipratropium bromide

[34��]

Tiotropium bromide 18 mcg od

Ipratropium bromide 40 mcg qds

1 year study in 921 patients with COPD Tiotropium bromide effective in reducing dyspnoea, reducing

exacerbations, improving lung function and improving health status

[33��]

Tiotropium bromide 18 mcg od

Placebo

6 month study in 623 patients with COPD Tiotropium bromide once daily produces superior bronchodilation,

improvements in dyspnoea, and an increased proportion of patients

achieving meaningful changes in health-related quality of life compared

with twice-daily salmeterol in patients with COPD

[46��]

Tiotropium bromide 18 mcg od

Salmeterol 50 mcg bid

Placebo

Bid, twice daily; DPI, dry powder inhaler, od, once daily; qds, four times daily.
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Recently, it has been noted that the combination of

fluticasone and salmeterol in a single inhaler improved

lung function and severity of dypsnoea in patients with

COPD [64]. The TRISTAN study (Trial of Inhaled

Steroids And Long-acting b2-agonist) investigating the

combination of fluticasone and salmeterol has just been

published [65�,66]. It demonstrated that the combination

improved pre-treatment FEV1 over a one-year period by

133 ml compared with placebo. Salmeterol alone caused a

73 ml improvement, whereas fluticasone caused a 95 ml

improvement. It is also encouraging that combined bude-

sonide and formoterol was superior to the individual

components over a one-year period in decreasing the

number of severe exacerbations of COPD [67].

Conclusions
It is likely that tiotropium bromide, used alone and in

combination with LABAs, will emerge as an important

maintenance treatment for patients with moderate

(stage II) and severe (stage III) COPD. However, it will

be important to perform further comparative studies using

tiotropium bromide and LABAs from separate inhalers, as

well as in combination within a single inhaler. Further-

more, it is likely to be beneficial to develop a single inhaler

containing tiotropium bromide combined with a long-act-

ing corticosteroid selected to enable once daily dosing. As

with the current treatment of asthma using combined

inhaled corticosteroids and LABAs, inhaled combination

therapies involving tiotropium bromide are likely to pro-

vide effective therapies for patients with COPD.
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