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Clinical review

Recent developments in inhaled therapy in stable chronic
obstructive pulmonary disease
C B Cooper, D P Tashkin

Chronic obstructive pulmonary disease (COPD)
causes around 1 million deaths annually.1 Guidelines
for the diagnosis, management, and prevention of
COPD have been published by the Global Initiative for
Chronic Obstructive Lung Disease (GOLD)2 and
regional bodies such as the American Thoracic Society
and the European Respiratory Society (ATS/ERS),3

the United Kingdom’s National Institute for Clinical
Excellence (NICE),4 and the Canadian Thoracic
Society.5 Although such guidelines are updated
regularly, they lag behind developments in clinical
research. Furthermore, adherence to guidelines by
practising doctors is often poor.6

On the basis of a review of recent medical develop-
ments, we describe a practical, patient oriented
approach to the hierarchical implementation of phar-
macotherapy in COPD. Published guidelines and
many recent articles have acknowledged that modern
management should embrace long acting bronchodi-
lators and consider the potential role of inhaled corti-
costeroids and the stage at which they should be
introduced. We have developed an algorithm that
includes these important treatments.

Sources and search criteria
We reviewed the most recent guidelines from GOLD
(August 2004), NICE (February 2004), and ATS/ERS
(June 2004), and supplemented these by searching
PubMed, using the criteria (“COPD” or “chronic
obstructive pulmonary disease”) and “bronchodilator”
for publications between January 2002 and March
2004. We found 21 recent clinical trials not cited in the
GOLD guidelines, which covered combination therapy
(inhaled corticosteroid plus �2 agonist), the anticholin-
ergic tiotropium taken once daily, and several
meta-analyses of use of inhaled corticosteroid.7–10 w1-w17

Diagnosis and staging
Since therapeutic strategies in COPD and asthma
differ markedly, differential diagnosis is key to optimal
management. Asthma should be suspected in patients
with a childhood history of asthma, recurrent
respiratory infections or episodes of “bronchitis,” or a
family history of asthma or atopy (hay fever, allergic
rhinitis, and eczema). COPD should be suspected in
patients with a history of harmful exposure, most com-
monly a smoking history of 20 pack years or more but

also exposure to environmental and occupational pol-
lutants. The diagnostic criterion for COPD is now a
ratio of forced expiratory volume at 1 second (FEV1) to
forced vital capacity (FVC) of less than 70% after using
a bronchodilator.

Historically, severity of COPD has been classified
according to FEV1, which may not correlate directly
with symptoms. A symptomatic approach to therapy
using clinical stages may be more useful (fig 1).

The role of inhaled therapy
Inhaled therapy, including bronchodilators and ster-
oids, is one of several, often complementary,
approaches to COPD treatment, as shown in figure 1.
Inhaled bronchodilators comprise anticholinergics,
which relax airway smooth muscle by blocking cholin-
ergic tone (the primary reversible component in
COPD), and �2 agonists, which are non-specific,
functional bronchodilators that work via the sympa-
thetic pathway. Short acting inhaled bronchodilators
are the traditional basis of COPD pharmacotherapy.
However, newer long acting bronchodilators are more
suitable for maintenance treatment because they are
more effective and convenient.2

Recent developments

Tiotropium is now available as a once daily long
acting anticholinergic bronchodilator

Formoterol and salmeterol are available as
choices of long acting � adrenoreceptor agonists

Pulmonary rehabilitation is advantageous to
reverse physical deconditioning

Supplemental oxygen should be prescribed as a
portable system to enhance physical activity

Lung volume reduction surgery can be
considered for patients with upper lobe
predominant emphysema and lower exercise
capacity

Additional references w1-w18 are on bmj.com

Division of
Pulmonary and
Critical Care
Medicine, David
Geffen School of
Medicine at UCLA,
Los Angeles, CA
90095-1690, USA
C B Cooper
professor of medicine
and physiology
D P Tashkin
professor of medicine

Correspondence to:
C B Cooper
ccooper@
mednet.ucla.edu

BMJ 2005;330:640–4

640 BMJ VOLUME 330 19 MARCH 2005 bmj.com

 on 20 March 2005 bmj.comDownloaded from 

http://bmj.com


Short acting inhaled bronchodilators
These include the anticholinergics ipratropium and
oxitropium and the �2 agonists salbutamol, terbutaline,
and pirbuterol.2 Short acting bronchodilators improve
lung function, although their effect on symptoms,
exercise capacity, exacerbations, and health status is less
clear.11 12 They are generally well tolerated. Quick acting
�2 agonists are recommended for use as needed to
relieve intermittent symptoms, alone for patients with
mild COPD and intermittent symptoms, and together
with other agents in patients with severe disease.

Long acting inhaled bronchodilators
Long acting inhaled bronchodilators include the anti-
cholinergic tiotropium, given once daily, and the �2

agonists salmeterol and formoterol, given twice daily.2

All improve lung function, although they differ in their
mechanisms and duration of effect. Compared with
salmeterol twice daily, tiotropium once daily provides
superior bronchodilation for 24 hours13 14; also,
salmeterol may lose efficacy over time.14

Long acting bronchodilators also improve patient
centred outcomes such as exercise capacity, dyspnoea,
and health related quality of life.13 Both tiotropium and
formoterol improve health related quality of life more
than ipratropium.13 Tiotropium also reduces the time
to first exacerbation compared with placebo (fig 2).7

The reduction of lung hyperinflation with tiotro-
pium is likely to contribute to the improvements in
dyspnoea seen in COPD patients.15 Since long acting
bronchodilators provide more effective and longer
lasting relief of symptoms than short acting bronchodi-
lators they should be used for patients who have
persistent symptoms that require frequent use of
medication.13

Inhaled corticosteroids
Inhaled corticosteroids include fluticasone propionate,
budesonide, and beclomethasone dipropionate.
Although commonly used in asthma, they seem to be
ineffective as a maintenance treatment for mild to
moderate COPD,2 because of the different nature of
the underlying inflammation.16 Meta-analysis shows
that inhaled corticosteroids reduce the rate of
exacerbations.17 Another recent, but controversial,
meta-analysis shows that inhaled corticosteroids may
slow the rate of decline in FEV1.

18 Although the effect
was small and possibly of little clinical importance (the
rate of decline fell by 9 ml/year), a trend was obvious
towards a greater effect in patients with more severe
airflow limitation (FEV1 ≤ 50% predicted) and at

0At risk Smoking cessation
Avoidance of exposure

GOLD stage
(approximate)

Non-pharmacological therapyClinical stage Inhaled therapy

I

II

III

IV

Intermittent symptoms

Persistent symptoms ‡

Frequent exacerbations ¶

* Four step algorithm for the implementation of inhaled treatment
† Pathway on left is recommended; pathway on right side is a valid alternative
‡ Defined as need for rescue medication on more than two occasions per week
§ A short acting bronchodilator can be used for rescue. Low dose methylxanthines can be prescribed if the response to inhaled bronchodilator therapy is insufficient
¶ Defined as two or more exacerbations per year

Respiratory failure

Vaccination
(influenza, pneumococcal)

Pulmonary rehabilitation
(exercise prescription)

* Tiotropium +
salbutamol

Salmeterol or formoterol +
ipratropium, salbutamol,

or combination

Supplemental oxygen
Lung volume reduction surgery

Lung transplantation

* Tiotropium +
salmeterol or formoterol §

Salmeterol or formoterol +
tiotropium §

* Short acting bronchodilator as needed
(for example, ipratropium, salbutamol, or combination)

* Tiotropium + salmeterol or formoterol +
inhaled corticosteroid §

†

Fig 1 Clinical algorithm for the treatment of chronic obstructive pulmonary disease (COPD). Clinical stages are defined symptomatically (see
footnote). GOLD stage refers to the classification of COPD on the basis of spirometry after using a bronchodilator
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Fig 2 Kaplan-Meier estimates of the probability of no exacerbations
of chronic obstructive pulmonary disease (COPD) in patients
receiving tiotropium 18 �g once a day, salmeterol 50 �g twice a day,
or placebo for six months7
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higher doses. A further meta-analysis of the results of
six randomised, placebo controlled trials of inhaled
corticosteroids in 3571 patients with COPD followed
from 24 to 54 months did not find a significant
association between inhaled corticosteroids and the
rate of decline in FEV1.

19

It is important, moreover, to take into account the
adverse effects of inhaled corticosteroids, such as loss
of bone mineral density and development of cataracts
and glaucoma, particularly at higher doses.20 Because
of the equivocal evidence of efficacy and the potential
for side effects, inhaled corticosteroids are not
approved for use in COPD in many countries, and
their use should be considered only in patients with a
history of frequent exacerbations.

Combination therapy
Since anticholinergics and �2 agonists have differing
mechanisms of action, combination therapy can
provide additive effects, as has been shown for the
combination of a short acting anticholinergic with
either a short acting or a long acting �2 agonist.21 w18

Maintenance treatment with a combination of anti-
cholinergic and �2 agonist bronchodilators is suitable
for patients who have more severe symptoms,
especially those with a history of frequent exacerba-
tions.2 The combination of a long acting anticholiner-
gic and a long acting �2 agonist should also provide
additive effects,22 although this has been tested only in
one small study.23

Recently, five clinical trials have been published on
the combination of a long acting �2 agonist with an
inhaled corticosteroid in patients with moderate to
severe COPD.8 9 10 24 25 Four of these studies found
that combination therapy improved lung function
compared with either component alone. 8 9 10 24–25

The additive effect on FEV1 of the combination over the
monoproducts in one of these trials is illustrated in
figure 3.24 Additive effects of treatment with an inhaled
corticosteroid or long acting anticholinergic and a long
acting �2 agonist over those of both monocomponents
for other outcomes were less consistent: two studies
showed additive effects for improvement in health
status8 10 and for reduction in dyspnoea,8 24 and one
study each for a decrease in rescue use of a �2 agonist24

and for improvement in exacerbations.10

Implementing treatment
The GOLD, ATS/ERS, NICE, and Canadian Thoracic
Society guidelines provide general approaches to the
implementation of inhaled therapy to treat COPD.2 We
have proposed a more explicit algorithm (fig 1).13 For
practising clinicians, however, therapeutic choices are
rarely so clear. To help decision making, we have devel-
oped short case scenarios that illustrate the implemen-
tation of an evidence based treatment algorithm.

Case 1: A 47 year old man presenting for a routine
history and physical examination
Initially the patient had no complaints, but then he
admitted that for the past few months he had noticed a
morning cough productive of a little clear sputum. He
denied breathlessness but, when asked if he engaged in
any vigorous physical activity, he said he was a little
more short of breath than earlier in life. He has never
taken regular medication. He started smoking at the
age of 15 and quickly built up to a pack per day, which
he continued until his 40th birthday. Because of his
smoking history the patient had a spirometry test.
FEV1 was normal at 82% of predicted, but the ratio of
FEV1 to FVC was 67% (GOLD stage I). The clinical
stage is “intermittent symptoms” (fig 1).

Management: Salbutamol or albuterol and ipratro-
pium (Combivent), administered by metered dose
inhaler, can be prescribed on an “as needed” basis—for
example, with physical activity. The patient can be
anticipated to use the inhaler every few days. He
should be encouraged to maintain a healthy level of
physical activity and should remain relatively stable for
about five years.

Case 2: A 52 year old woman with shortness of
breath on exertion and occasional productive cough
The patient is inclined to downplay her symptoms
but has apparently modified her lifestyle to compen-
sate for them. She was given a salbutamol metered
dose inhaler, which she used occasionally to begin
with, but now she takes at least two puffs every day. Her
FEV1 is mildly reduced at 78% predicted, as is her
FEV1:FVC ratio, at 67% (GOLD stage II). She has never
been admitted to hospital with respiratory problems.
The stage is “persistent symptoms” (fig 1).

Management: Maintenance therapy should be
introduced with a long acting bronchodilator, such as
tiotropium dry powder inhaler, 18 �g once a day; salm-
eterol dry powder inhaler, 50 �g twice a day; or
formoterol dry powder inhaler, 12 �g twice a day. The
patient’s need for salbutamol should lessen.

Case 3: A 56 year old man with symptoms of COPD
who has been taking albuterol and ipratropium
metered dose inhaler, two puffs four times per day,
for about three years
The patient complains of daily intermittent wheezing
and chest tightness. He is short of breath when climb-
ing hills and is now able to play only nine holes of golf.
His ratio of FEV1 to FVC is 57%, and his FEV1 is 65%
of predicted (GOLD stage II). The clinical stage is again
“persistent symptoms” (fig 1).

Management: Tiotropium dry powder inhaler, 18
�g once a day, can be substituted for the albuterol and
ipratropium metered dose inhaler, with the provision
of a salbutamol metered dose inhaler for use as
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needed. After an interval of adjustment, the patient’s
requirement for salbutamol should be assessed to
determine whether a prolonged action (12 hour)
inhaled �2 agonist is needed twice daily in addition to
the long acting (24 hour) anticholinergic bronchodila-
tor once daily.

Case 4: A 63 year old man who has known that he
has COPD for 10 years
The patient’s illness has been characterised by produc-
tive cough during the winter, but he has never been
admitted to hospital. Four months ago he began using
tiotropium dry powder inhaler, 18 �g once a day, and
his symptoms improved. However, lately he has experi-
enced intermittent chest tightness and wheezing,
which have been particularly troublesome at night.
These symptoms have required him to use a
salbutamol metered dose inhaler up to five times dur-
ing the day and also when he has woken up at night.
His ratio of FEV1 to FVC was 48%, and his FEV1 was
47% of predicted (GOLD stage III). The clinical stage is
again “persistent symptoms” despite long acting
monotherapy (fig 1 and summary).

Management: Tiotropium dry powder inhaler, 18
�g once a day, should be continued. A �2-agonist with
prolonged action (salmeterol dry powder inhaler, 50
�g twice a day, or formoterol dry powder inhaler, 12 �g
twice a day) should be added to optimise bronchodila-
tion. The patient’s intermittent chest tightness and
wheezing should diminish, thereby decreasing the
need for rescue therapy with a short acting �2 agonist.
The patient should be referred to a pulmonary
rehabilitation programme.

Case 5: A 65 year old woman with COPD has
visited her general practitioner every few months,
asking for a course of antibiotics
About two years ago the patient was prescribed tiotro-
pium dry powder inhaler, 18 �g once a day, and
formoterol dry powder inhaler, 18 �g twice a day. On
this regimen, she remained clinically stable, and her
exercise performance improved with attendance at a
pulmonary rehabilitation programme. During the past
eight months she has visited her general practitioner
three times with worse breathlessness and cough
productive of yellow sputum. The clinical stage is “fre-
quent exacerbations” (fig 1).

Management: An inhaled corticosteroid should be
added, such as fluticasone metered dose inhaler, 500
�g (two puffs) twice a day, or budesonide dry powder
inhaler, 400 �g (two inhalations) twice a day.
Alternatively, a single dry powder inhaler can adminis-
ter 50 �g of salmeterol per inhalation in combination
with 250 �g or 500 �g of fluticasone per inhalation.

Case 6: A 68 year old man with debilitating COPD
has noticed ankle swelling over the past few weeks
The patient has experienced exacerbations, which have
been treated with tapering courses of oral prednisone,
and he continues to take prednisone 10 mg once a day.
His ankle oedema has been treated with hydrochloro-
thiazide. His ratio of FEV1 to FVC is 40%, and his FEV1

is 28% of predicted (GOLD stage IV). He has been
using supplemental oxygen at night, prescribed based
on an arterial oxygen pressure (PaO2) of 56 mm Hg
(breathing room air) and the presence of peripheral
oedema. Inhaled medications consist of tiotropium dry

powder inhaler, 18 �g once a day, and salmeterol dry
powder inhaler, 50 �g twice a day. The clinical stage is
“respiratory failure” (fig 1).

Management: An inhaled corticosteroid should be
introduced (such as fluticasone metered dose inhaler,
500 �g (two puffs) twice a day, or budesonide dry pow-
der inhaler, 400 �g (two inhalations) twice a day). Alter-
natively, a single dry powder inhaler device can
administer 50 �g of salmeterol per inhalation in com-
bination with 250 �g or 500 �g of fluticasone per inha-
lation. An attempt should be made to wean off
prednisone over six weeks. A portable oxygen delivery
system should be provided for use by ambulatory
patients outside the home, and the patient should be
referred for pulmonary rehabilitation.

Case 7: A 62 year old woman with a 25 pack year
smoking history, who quit smoking at 50 and had
“wheezy bronchitis” as a child and lifelong hay fever
The patient’s son has asthma. She presented six weeks
earlier with worsening symptoms, and her FEV1 was
0.77 l (32% predicted). She was given oral prednisone,
tapering from 40 mg once a day to 20 mg once a day.
Re-evaluation of her pulmonary function now shows
her FEV1:FVC ratio to be 35% and her FEV1 to be
1.03 l (43% predicted), increasing to 1.25 l (+22%) after
an inhaled bronchodilator. Her regular inhaled
medications consist of tiotropium dry powder inhaler,
18 �g once a day, and formoterol, 12 �g twice a day.
This patient has asthma and smoking related COPD.

Management: An inhaled corticosteroid should be
introduced (such as fluticasone metered dose inhaler,
500 �g (two puffs) twice a day, or budesonide dry pow-
der inhaler, 400 �g (two inhalations twice a day). If
budesonide is used, it can be combined in a single dry
powder inhaler with formoterol (12 �g twice a day).
She should be weaned off prednisone over two weeks.

Additional educational resources

For doctors
COPD diagnosis, management, and prevention
World Health Organization Global Initiative for Chronic Obstructive Lung
Disease (www.goldcopd.com)

Inhaled corticosteroids
Alsaeedi A, Sin DD, McAlister FA. The effects of inhaled corticosteroids in
chronic obstructive pulmonary disease: a systematic review of randomized
placebo-controlled trials. Am J Med 2002;113:59-65

Sutherland ER, Allmers H, Ayas NT, Venn AJ, Martin RJ. Inhaled
corticosteroids reduce the progression of airflow limitation in chronic
obstructive pulmonary disease: a meta-analysis. Thorax 2003;58:937-41

Bronchodilator therapy
Barnes PJ. Therapy of chronic obstructive pulmonary disease. Pharmacol
Ther 2003;97:87-94

Tashkin DP, Cooper CB. The role of bronchodilators in the management of
stable chronic obstructive pulmonary disease. Chest 2004;125:249-59

For patients
The European Network of COPD Patient Associations (ENCPA;
www.efanet.org) can put patients in contact with their local patient support
group. EFA Central Office, Avenue Louise 327, B-1050 Brussels, Belgium
(tel 0032 (0) 2 6469945; fax 0032 (0) 2 6464116; EFAOffice@skynet.be

COPD International. Volunteer organisation specialising in online support
(www.copd-international.com)
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Conclusions
Clinical guidelines provide a useful reference for prac-
tising clinicians. However, they are often long, not eas-
ily approachable, and therefore underused. The
sample case summaries presented here and the
treatment flow chart in figure 1 provide a basis for the
practical implementation of current guidelines and
more recent clinical trial evidence.
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Monitoring in chronic disease: a rational approach
Paul Glasziou, Les Irwig, David Mant

“Know which abnormality you are going to follow during
treatment. Pick something you can measure.”

Meador C. A Little Book of Doctors’ Rules.
Lyons: IARC Press, 1999.

The ritual of routine visits for most chronic diseases
usually includes monitoring to check on the progress
or regress of the disease and the development of com-
plications. Such checks require that we choose what to
monitor, when to monitor, and how to adjust
treatment. Poor choices in each can lead to poor con-
trol, poor use of time, and dangerous adjustments to
treatment. For example, an audit of serum digoxin
monitoring in a UK teaching hospital more than 20
years ago showed that the logic behind more than 80%
of the tests requested could not be established, the tim-
ing of tests reflected poor understanding of the clinical
pharmacokinetics, and about one result in four was
followed by an inappropriate clinical decision.1

Improvements are possible. For example, a computer-
ised reminder of inappropriate testing reduced the
volume of testing for the concentration of antiepileptic
drugs by 20%2; a decision support system for
anticoagulation with warfarin led to an improvement
from 45% to 63% of patients being within target
range3; and quality control charts for peak flow
measurements for people with asthma could detect
exacerbations four days earlier than conventional
methods.4 Given the extent of monitoring, even
modest improvements are likely to improve benefits
for patients and may reduce costs.

Monitoring is periodic measurement that guides
the management of a chronic or recurrent condition. It
can be done by clinicians, patients, or both. In
Australia, monitoring comprises between a third and
half of all tests ordered in general practice and out-
patients (Pirozzo, personal communication, 2002).
Despite the considerable staff time and resources
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