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DIAGNOSIS
The diagnosis of chronic obstructive pul-
monary disease (COPD) requires atten-
tion to smoking and occupational his-
tory and documentation of symptoms
such as cough, sputum production, and
dyspnea.1,2 The performance of spirom-
etry provides the proper documenta-
tion of the presence and severity of air-
flow obstruction and should be done on
every patient who is suspected to have
COPD.1,3-5 The ratio between forced ex-
piratory volume in 1 second (FEV1) to
forced vital capacity (FVC) is used to de-
termine airflow obstruction. Although
spirometric thresholds remain contro-
versial, most expert panels use FEV1/
FVC ratio of less than 70%1,6 or less than
88% predicted in men or less than 89%
predicted in women7 of predicted to de-
fine airflow obstruction. Both spiromet-
ric evidence of airflow obstruction and
clinical symptoms are necessary for the
diagnosis of COPD. Once a clinical di-
agnosis of COPD is made, its severity can
be determined, in part, by the patient’s
postbronchodilator FEV1 values. In most
settings, mild COPD is defined by a post-
bronchodilator FEV1 of 70% to 80% or
greater of predicted1,6,7; moderate as an
FEV1 of 50% to 80% of predicted1,6,7;
severe as an FEV1 of 30% to 49% of pre-
dicted1,6,7; and very severe COPD as an

FEV1 of less than 30% to 35% of pre-
dicted (FIGURE).1,8 Irrespective of FEV1

values, clinical evidence of right-sided
heart failure generally indicates severe
COPD1 (BOX). Imaging of the thoracic
cavity with plain chest radiographs also
may provide potentially important in-
formation on the nature of the lung
disease and helps to rule out (or in) im-
portant comorbid conditions and com-
plications, such as congestive heart fail-
ure, pneumonia, pneumothorax, and
lung tumors.9 Among patients in whom
the diagnosis remains uncertain de-

spite the use of spirometry and plain
chest radiographs, computed tomogra-
phy (CT) provides incremental infor-
mation that may have diagnostic and
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The presentation of chronic obstructive pulmonary disease (COPD) usually is
insidious, and many patients are undiagnosed until the disease is far ad-
vanced. Therefore, the early use of spirometry is recommended for anyone who
is suspected to have COPD. In the early stages of the disease, the patient is
only mildly symptomatic (cough and sputum production). As COPD becomes
more advanced, functional impairment in the form of chronic dyspnea occurs
and acute exacerbations of symptoms become more frequent, contributing to
overall morbidity and mortality. The single most important known causative
factor of COPD is cigarette smoking. Smoking cessation remains, therefore,
the mainstay of COPD therapy. In patients with advanced disease, symptom-
atic treatment with the regular use of either short- or long-acting sympatho-
mimetic and/or anticholinergic bronchodilators, singly or in combination, should
be added to smoking cessation and influenza and pneumococcal vaccination
therapies. An inhaled corticosteroid, either alone or more commonly in com-
bination with a long-acting bronchodilator, can further reduce exacerbations
and improve the health status of these patients. Furthermore, patients with
severe COPD, particularly those who are debilitated, should be considered for
pulmonary rehabilitation because these programs have been proven useful in
maintaining, or in some cases improving, health status for these patients. Fi-
nally, correction of resting arterial hypoxemia with oxygen therapy for more
than 15 h/d prolongs survival of COPD patients for those with a resting PaO2

lower than 55 to 60 mm Hg.
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prognostic value.10 As an example, CT
scans can demonstrate the presence, dis-
tribution, and extent of emphysema with
a high degree of accuracy. As well, as a
research tool,CTcanyieldobjectivemea-
surements of airway wall thickness, an
important and useful finding in chronic
bronchitis.

MANAGEMENT STRATEGIES
Clinical Context

Patient 1: Management of Mild COPD.
A 65-year-old white man, who works
as an office manager, presents to his
family physician with a slight morn-
ing cough for the past 9 months. The
cough at times is productive of mu-
coid sputum. No hemoptysis is pres-
ent. He is a current smoker with a 23
pack-year smoking history. (He has
smoked on average 10 cigarettes/day
since 18 years of age. One pack-year is
calculated by dividing the mean num-
ber of cigarettes consumed per day by
20 and then multiplying the quotient
by the number of years the individual
has smoked.) Although he admits that
for the past 3 years he has been having

more chest colds, which can last 2 to 3
weeks at a time, he states he feels well
in general and has remained asymp-
tomatic in his daily activities. He has
no significant occupational history; no
past history of allergy, asthma, sinus-
itis, or respiratory infection in his early
childhood; and no family history of
asthma or COPD. He has had no pre-
vious hospitalizations for any respira-
tory problems. He has no comorbid
conditions. The findings from the
physical examination were normal.
How should this patient be managed?

Becausethispatienthasa23pack-year
history of smoking and symptoms of
coughandsputumproduction,yousus-
pect that he has COPD. The next step
is toobtain lung functionmeasurements
to support your diagnosis and to assess
thedegreeof severityof theairflow limi-
tation, which is helpful in guiding treat-
ment and for prognosis. Spirometry of-
tencanbeperformed inanoffice setting.

When spirometry is performed on this
patient, his postbronchodilator FEV1 is
3.0 L (or 87% of predicted) and his FVC
is 4.41 L (or 94% of predicted). The

FEV1/FVC ratio is 0.68 (or 75% of
predicted).AlthoughbothFEV1 andFVC
values are in the normal range, the re-
duced FEV1/FVC ratio (in the presence
of a smoking history and symptoms)
confirms objectively a diagnosis of
COPD. Since his postbronchodilator
FEV1 is greater than 80% of predicted,
the patient has mild COPD (Box). A
smoking cessation program should be of-
fered to all current smokers, and influ-
enza and pneumococcal vaccines to el-
derly patients. For most cases of mild
COPD, only symptomatic treatment with
short-acting bronchodilator(s) is needed
(Figure). For this patient, smoking ces-
sation is the single most important in-
tervention. The US Public Health Ser-
vice recommends a 5-step program for
intervention to health care profession-
als to help their patients stop smok-
ing.11 The intervention consists of coun-
seling and pharmacotherapy.12-14 The
counseling programs include practical
counseling, social support, and behav-
ior modification techniques. Pharmaco-
therapy, usually in the form of nicotine
replacement products, is used adjunc-

Figure. Stages of Disease Severity and Recommended Treatments

Stage 3
Severe

FEV1 30% to 49% Predicted

Stage 2
Moderate

FEV1 50% to 79% Predicted

Stage 1
Mild

FEV1 ≥ 80% Predicted

Stage 0
At Risk

FEV1 Normal

Chronic Symptoms
(Cough and Sputum

Production)

Stage 4
Very Severe

FEV1 <30% Predicted
or

Chronic Respiratory Failure
or

Right-Sided Heart Failure

Consider transplantation or 
  other surgical treatment

Add long-acting bronchodilator(s) for relief of persistent dyspnea
Add inhaled corticosteroids for persistent dyspnea on bronchodilator(s) or repeated exacerbations
Consider pulmonary rehabilitation for patients who are persistently dyspneic despite therapy 
  with long-acting bronchodilators and inhaled corticosteroids 

Add short-acting bronchodilator for relief of intermittent dyspnea

Smoking cessation for all smokers
Vaccinations against influenza and pneumoccocal infection for those older than 65 years

Add pulmonary rehabilitation
Add long-term oxygen to correct arterial hypoxemia

For the National Heart, Lung, and Blood Institute/World Health Organization Global Initiative for Chronic Obstructive Lung Disease (GOLD) disease severity catego-
ries,1 see Box. Treatment is stepwise; as an example, treatment for stage 4 includes all treatments recommended for stages 0 to 3. FEV1 indicates forced expiratory
volume in 1 second.
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tively to increase long-term smoking ab-
stinence rates. Nicotine replacement
therapies, in general, increase quit rates
by 1.5 to 2 fold, regardless of the set-
ting.12 Antidepressants, such as bupro-
pion and nortriptyline, may be used in
lieu of nicotine replacement therapies in
certain settings.13 It is uncertain whether
the use of nicotine replacement thera-
pies and antidepressants in combina-
tion can increase cessation rates be-
yond that achieved with monotherapy.
Until further trials are performed, this
practice cannot be recommended for
most patients.

Self-help therapies, suchascomputer-
generated feedback, telephone hot-
lines, and personalized booklets on
smoking cessation, also may be of some
value in assisting individuals to stop
smoking.14 Less conventional thera-
pies, such as hypnosis and acupunc-
ture, do not appear to be effective in fos-
tering smoking cessation.15,16 In general,
the use of a multidisciplinary team
approach consisting of cessation coun-
seling, social support, behavior modi-
fication, pharmacotherapy with nico-
tine replacement products or anti-
depressants, and close follow-up
appears to be the most effective means
of promoting long-term abstinence
among smokers. In mild COPD, this
approach is associated with an approxi-
mate 25% long-term abstinence rate.17

If the patient in this scenario can suc-
cessfully quit smoking, his expected rate
of FEV1 decline can be reduced by 50%
from the rate expected if he remained an
active smoker (from approximately 60
mL/y to approximately 30 mL/y).4 Thus,
smoking cessation counseling and phar-
macotherapy should be offered to this pa-
tient. Moreover, although specific stud-
ies have not been done in patients with
mild COPD, this individual is 65 years
old and should be vaccinated for both in-
fluenza and pneumococcus. Influenza
vaccination is associated with an ap-
proximate 20% to 30% reduction in hos-
pitalizations from cardiac disease, and
pneumonia or influenza, respectively,
and an approximate 50% reduction in all-
cause mortality.18 Pneumococcal vacci-
nation is associated with a 35% reduc-

tion in disseminated pneumococcal
infections in COPD patients.19 If this pa-
tient’s cough continues months later de-
spite smoking cessation, other differen-
tial diagnoses and further investigation
and/or therapies should be considered.

Patient 2: When Should Supple-
mental Oxygen Be Used? A 69-year-
old African American man has had se-
vere COPD for 13 years. His FEV1 is 0.9
L (approximately 30% of predicted). He
is taking a number of medications, which
include ipratropium bromide, a short-
acting �2-agonist, and an inhaled corti-
costeroid. He stopped smoking 2 years
ago. He has dyspnea at rest. He asks
about the use of long-term supplemen-
tal oxygen therapy in his situation. Find-
ings from the physical examination show
he has evidence of peripheral edema and
an elevated jugular venous pressure, but
the lung fields are relatively clear. He is
believed to have mild right-sided heart
dysfunction. An earlier echocardio-
gram showed no evidence of left ven-
tricular failure. His resting arterial blood

gases show a PaO2 of 60 mm Hg, PaCO2

of 30 mm Hg, an SaO2 of 92%, and a pH
of 7.48. His venous blood hemoglobin
concentration is 17 g/dL and hemato-
crit is 55%. Should this patient receive
domiciliary oxygen therapy?

In general, long-term administration
of oxygen should be reserved for indi-
vidualswithCOPDwhohavearterialhy-
poxemia (PaO2 �55 mm Hg), or a PaO2

between55and60mmHgwithevidence
ofpulmonaryhypertension, corpulmo-
nale, or secondary erythrocytosis (he-
matocrit �55%). In these patients, con-
tinuousdomiciliaryoxygentherapy(for
�15h/d)sufficienttocorrecthypoxemia
(PaO2 �60 mm Hg or SaO2 �90%) has
been shown to improve survival.20,21 On
the basis of the arterial blood oxygen re-
sults, this patient would not appear to
need long-termoxygentreatment.How-
ever, the arterial blood gas results show
evidence of an acute respiratory alkalo-
sis. If acutehyperventilationhadnotoc-
curred, the arterial blood gases would
have shown a PaO2 of 54 mm Hg,

Box. Classification Schemes for Chronic Obstructive Pulmonary
Disease Severity

American Thoracic Society8

Stage 1 (mild): FEV1 �50% of predicted
Stage 2 (moderate): FEV1 of 35% to 49% of predicted
Stage 3 (severe): FEV1 �35% of predicted

European Respiratory Society7

Mild: FEV1 �70% of predicted
Moderate: FEV1 of 50% to 69% of predicted
Severe: FEV1 �50% of predicted
In the presence of FEV1/FVC �88% of predicted in men and �89% in women

British Thoracic Society6

Mild: FEV1 of 60% to 79% of predicted
Moderate: FEV1 of 40% to 59% of predicted
Severe: FEV1 �40% of predicted
In the presence of FEV1/FVC ratio of �70%

NHLBI/WHO Global Initiative for Chronic Obstructive
Lung Disease (GOLD) Criteria1

Stage 0: normal lung function
Stage 1 (mild): FEV1 �80% of predicted
Stage 2 (moderate): 50% to 79% of predicted
Stage 3 (severe): 30% to 49% of predicted
Stage 4 (very severe): FEV1 �30% of predicted or presence of respiratory failure or

clinical signs of right-sided heart failure
In the presence of FEV1/FVC ratio of �70%

Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; NHLBI/
WHO, National Heart, Lung, and Blood Institute/World Health Organization.
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PaCO2 of 40 mm Hg, and pH of 7.40, as-
sumingtherespiratoryquotientwas0.8,
and the alveolar-arterial oxygen gradi-
ent was unchanged with hyperventila-
tion. As well, the relatively high hemo-
globinconcentrationinthispatientraises
the suspicion that he usually is hypox-
emic. Finally, the evidence of chronic
right-sided heart failure probably indi-
cates chronic pulmonary arterial hyper-
tension. Therefore, this patient should
be treated with long-term supplemen-
tal oxygen to raise the arterial oxygen
saturation at rest to 90% to improve sur-
vival.(Medicarecoveragecriteriaforoxy-
gen therapy is provided on the author’s
Web site: http://www.mrl.ubc.ca/sin,
which has been modified from refer-
ence 22.)

As it turns out, the family physician
asks this patient to come back a week
later so that arterial blood gases can be
reassessed to satisfy the regulatory guide-
lines for the long-term administration of
supplemental oxygen. On this occa-
sion, the patient knows what to expect
in the arterial puncture procedure and
is less anxious. The results of the blood
gas measurement show a PaO2 of 54 mm
Hg, PaCO2 of 39 mm Hg, an SaO2 of 87%,
and a pH of 7.40. This patient then starts
domiciliary oxygen therapy to correct
the hypoxemia.

Patient 3: Complicated Manage-
ment for Severe COPD. A 72-year-old
white woman has severe COPD, diag-
nosed 5 years ago. At present, her FEV1

is 0.7 L or 25% of predicted. She has
managed to stop smoking. Although she
is taking combination bronchodilator
therapy (albuterol and ipratropium), 2
puffs 4 times per day, she is still dys-
pneic while cleaning her apartment.
What adjustments can the physician
make to improve her symptoms?

In this patient, short-acting broncho-
dilators are no longer able to fully
control her symptoms. The current avail-
able evidence indicates that long-
acting �2-agonists and long-acting an-
ticholinergics improve respiratory
symptoms and reduce the risk of acute
exacerbations beyond that achieved by
short-acting bronchodilators (see com-
panion article). However, insufficient

evidence is available to recommend one
class of long-acting bronchodilators over
another class (see companion article).

Besides long-acting bronchodilators
for symptom control, a growing body of
evidence shows that inhaled corticoste-
roids are beneficial for COPD patients
who have an FEV1 of less than 2.0 L (or
�70%predictednormal)byreducingthe
rate of acute exacerbations. As well, the
use of combination of inhaled
corticosteroids and long-acting �2-ago-
nists has been shown to reduce the rate
of acute exacerbations compared with
monotherapy with these products (see
companionarticle).Thechoiceoftherapy
for this patient would be to change one
or both short-acting bronchodilators to
a long-acting preparation and to add an
inhaled corticosteroid to further reduce
the rate of acute exacerbation. More-
over, if she isphysicallywell enough, this
patient should be enrolled in a compre-
hensive, multidisciplinary pulmonary
rehabilitation program, which includes
individualized exercise training, nutri-
tion counseling, and education. With
suchaprogram, shecanexpect improve-
ments in exercise tolerance and a reduc-
tion in symptoms of dyspnea and fatigue
(see companion article).

CONCLUSIONS
With the recent understanding of the
pathogenesis of COPD, primary pre-
ventions should provide the best hope
to control the rapid rise of this dis-
ease. Thus, smoking cessation and at-
tention to control environmental and
work-site pollution are key areas wor-
thy of more attention. For patients who
have developed COPD, a variety of
treatment modalities (pharmacologi-
cal and nonpharmacological) can make
a difference in their health outcomes.
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