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Outpatient Management of Severe COPD
Dennis E. Niewoehner, M.D.
This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

A 67-year-old man presents with a history of dyspnea, which has progressed for the
past several years. He began smoking cigarettes at 15 years of age and continues to
smoke one pack per day. Worsening breathlessness forced him to retire as a laborer,
and he has sought emergency care for what he calls bronchitis twice in the past year.
His physical examination is notable for diminished breath sounds on auscultation,
with a prolonged expiratory phase. Spirometry reveals severe airflow obstruction
(ratio of forced expiratory volume in 1 second [FEV1] to forced vital capacity [FVC],
0.43; FEV1, 34% of the predicted value). How should this case be managed?

The Cl inic a l Probl em
The sentinel clinical feature of severe chronic obstructive pulmonary disease (COPD)
is dyspnea on exertion. Its onset is usually insidious, and it may progress to severe
disability over a period of years or decades. Other common symptoms include
cough, sputum production, wheezing, and chest congestion. The principal patho
physiological features of COPD are shown in Figure 1. Patients with severe COPD
often have exacerbations that result in medical visits and hospitalizations. Chronic
hypoxemia and hypercapnia may cause pulmonary hypertension and cor pulmon
ale. Patients with severe COPD are also at increased risk for other systemic diseases,
including cardiovascular disease, osteoporosis, lung cancer, and depression.1
COPD represents a growing global public health problem. In one populationbased study conducted at multiple international sites, approximately 10% of par
ticipants 40 years of age or older were found to have airflow obstruction of at least
moderate severity according to spirometric criteria.2 Between 1970 and 2002, agestandardized rates of death from COPD increased by 103% in the United States,
making it the fourth leading cause of death.3 Women accounted for most of this
increase, and the rate of death from COPD among women now exceeds the rate
among men.4 As COPD worsens, there is a precipitous increase in health care
costs, much of which is attributable to hospital care for exacerbations.5
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S t r ategie s a nd E v idence
History and Physical Examination

Although COPD is more common with increasing age, it should be considered in all
adults who report chronic respiratory symptoms, particularly dyspnea that limits
ordinary activities. Cigarette smoking is by far the most important known cause
of COPD, but clinically significant disease develops in only a small proportion of
smokers. Other environmental risk factors, such as exposure to various industrial
dusts and fumes, have also been identified.6,7 Physical examination may reveal a
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Figure 1. Pathophysiological Features of Airflow Obstruction in Chronic Obstructive Pulmonary Disease (COPD).
Airflow obstruction in COPD is largely due to emphysema, characterized by disruption of the alveolar walls, along with
inflammation of lung tissue, fibrosis, and mucus plugging in the distal airways (Panel A, normal distal airway surrounded by intact alveolar walls; Panel B, abnormal distal airway surrounded by disrupted alveolar walls). Alveolar
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barrelshaped chest, inspiratory retraction of the
lower ribs (Hoover’s sign), a prolonged expiratory
phase, and use of the accessory muscles of respi
ration, but these findings are sometimes absent
even in cases of severe disease.
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Spirometry and Other Testing

A medical history and physical examination may
suggest COPD, but they are not reliable predictors
of airflow obstruction; the diagnosis must be
confirmed with the use of spirometry.8 Frequent
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ly, however, spirometry is not performed, and
failure to obtain spirometric confirmation leads
to misdiagnosis in many cases. Airflow obstruc
tion as measured by spirometry is defined as a
ratio of the postbronchodilator FEV1 to FVC of less
than 0.70.9 When airflow obstruction is present,
its severity is classified according to the FEV1 as a
percentage of the predicted normal value (Table 1).
Spirometry is essential in determining whether
the probable cause of respiratory symptoms is
COPD, but clinical criteria, such as the intensity
of breathlessness in relation to specific tasks and
the frequency of exacerbations, should also be
used when evaluating the overall severity of dis
ease.10,11
Testing the reversibility of airflow obstruction
with an inhaled bronchodilator may be of value
at the initial evaluation because a very strong
response might identify previously unsuspected
asthma. An early age at the onset of symptoms,
atopy, the absence of a history of smoking, epi
sodic symptoms, and nighttime awakening are
more suggestive of asthma than of COPD.
Labeling patients with COPD as “responders”
or “nonresponders” according to arbitrary revers
ibility criteria is of little practical value because
the improvement in lung function with broncho
dilators, whether immediate or eventual, is small
relative to measurement error. Consequently,
spirometry is a poor guide for determining
whether therapy should be continued or modified
in an individual patient.12-14 Once a diagnosis of
COPD has been established, there is usually little
reason to repeat spirometry at subsequent visits,
although serial spirometric measurement at year
ly intervals (or longer) may provide some prognos
tic information. On occasion, it may be helpful in
distinguishing pulmonary from nonpulmonary
causes of worsening dyspnea.
A chest radiograph should be obtained to rule
out other pulmonary diseases. Chest imaging
with computed tomography is unnecessary un
less another diagnosis is suspected or surgical
therapy for COPD is being considered. Oximetry
should be performed annually, particularly in
patients with severe or very severe disease, since
patients with chronic hypoxemia benefit from
longterm oxygen therapy. Testing for genetical
ly determined deficiencies of alpha1antitrypsin
may be considered, particularly if COPD develops
at a relatively young age or if there is a strong
family history.9,15 This information may be use
n engl j med 362;15

Table 1. Stage and Severity of COPD According to Postbronchodilator
Spirometry.*
Stage and Severity
of COPD

Definition

Stage 1 — mild

FEV1:FVC <0.70, FEV1 ≥80% of predicted value

Stage 2 — moderate

FEV1:FVC <0.70, FEV1 50 to 79% of predicted value

Stage 3 — severe

FEV1:FVC <0.70, FEV1 30 to 49% of predicted value

Stage 4 — very severe

FEV1:FVC <0.70, FEV1 <30% of predicted value or
FEV1 <50% of predicted value plus chronic
respiratory failure

* Adapted from the Global Initiative for Chronic Obstructive Lung Disease.9
COPD denotes chronic obstructive pulmonary disease, FEV1 forced expiratory
volume in 1 second, and FVC forced vital capacity.

ful for counseling purposes. Alpha1antitrypsin
replacement therapy is available, though of un
certain benefit.16
Smoking Cessation

In the Lung Health Study, a randomized trial of
smoking cessation in patients with mildtomod
erate COPD, cessation of smoking slowed the de
cline in lung function and, at longterm follow
up, reduced the rate of death from any cause.17,18
Although similar studies involving patients with
severe COPD have not been conducted, it is rea
sonable to assume that some health benefits ac
crue from smoking cessation at all stages of the
disease. Information about smokingcessation
interventions targeted to patients with COPD is
limited, so combinations of counseling and
pharmacotherapy that are effective in the general
population should also be used with these pa
tients.19
Bronchodilators

Many patients with severe COPD obtain symptom
atic relief from the use of inhaled bronchodila
tors. Shortacting β2adrenergic agonists (e.g.,
albuterol) and ipratropium bromide, a shortact
ing anticholinergic agent, are used singly and in
combination. Longacting bronchodilators are
now commonly used, but a shortacting broncho
dilator should be provided for rescue therapy
(Table 2). Many patients prefer albuterol to ipra
tropium bromide because it is faster acting.
The inhaled longacting β2agonists salmet
erol and formoterol provide sustained broncho
dilation for at least 12 hours, and the inhaled
longacting anticholinergic agent tiotropium for
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Table 2. Medications Commonly Used in Outpatient Treatment of COPD.*
Drug

Mode of Delivery, Dose, and Frequency

Adverse Effects

Short-acting bronchodilators
β2-adrenergic agonist: albuterol

Inhaler: 90 µg per inhalation; 1 to 2 inhalations every
4 to 6 hr, as needed
Nebulizer: 2.5 mg every 4 to 6 hr, as needed

Palpitations, tachycardia, tremor, hypersensitivity reaction

Anticholinergic agent: ipratropium

Inhaler: 17 µg per inhalation; 2 inhalations 4 times
daily, up to 12 inhalations per day
Nebulizer: 0.5 mg every 6 to 8 hr

Dry mouth, cough, blurred vision, hypersensitivity reaction

Combination short-acting
bronchodilator: albuterol–
ipratropium

Inhaler: 90 µg of albuterol and 18 µg of ipratropium
per inhalation; 2 inhalations 4 times daily, up to
12 inhalations per day
Nebulizer: 2.5 mg of albuterol and 0.5 mg of ipratropium per dose; 4 times daily, up to 2 additional
doses per day

Palpitations, tachycardia, tremor, dry
mouth, cough, blurred vision, hypersensitivity reaction

Long-acting bronchodilators
β2-adrenergic agonists

Dizziness, headache, tremor, throat irritation, hypersensitivity reaction

Salmeterol

Inhaler: 50 µg per inhalation; 1 inhalation twice daily

Formoterol

Inhaler: 12 µg per inhalation; 1 inhalation twice daily
Nebulizer: 20 µg twice daily

Arformoterol

Nebulizer: 15 µg twice daily

Anticholinergic agent: tiotropium

Inhaler: 18 µg per inhalation; 1 inhalation each
morning

Dry mouth, urinary retention, symptoms
of narrow-angle glaucoma, hypersensitivity reaction

Inhaled corticosteroids

Sore throat, dysphonia, headache, naso
pharyngitis, thrush, hypersensitivity
reactions, possible pneumonia

Fluticasone (dry powder)

Inhaler: 250 µg per inhalation; 1 to 2 inhalations twice daily

Fluticasone (aerosol)

Inhaler: 220 µg; 1 to 2 inhalations twice daily

Budesonide

Inhaler: 160 µg; 2 inhalations twice daily‡

Beclomethasone

Inhaler: 80 µg; 2 inhalations twice daily

Mometasone

Inhaler: 220 µg; 1 to 2 inhalations twice daily

Combination β2-adrenergic agonist
bronchodilator–inhaled
corticosteroid

Sore throat, dysphonia, headache, naso
pharyngitis, thrush, hypersensitivity
reaction, possible pneumonia, dizziness, tremor, throat irritation

Fluticasone–salmeterol (dry powder)† Inhaler: 250 µg fluticasone, 50 µg salmeterol per
inhalation; 1 inhalation twice daily
Budesonide–formoterol†

Inhaler: 160 µg budesonide, 4.5 µg formoterol;
2 inhalations twice daily‡

Methylxanthine: theophylline (24-hr
Pill: 200 to 800 mg per day, with low starting dose
sustained-release formulation)
increased to obtain serum concentration of 8 to
12 µg/ml; once daily

Nausea and vomiting, seizures, tremor,
insomnia, multifocal atrial tachyarrhythmia, hypersensitivity reaction

* This is not a complete list of medications used for chronic obstructive pulmonary disease (COPD).
† This is the only formulation of this specific combination of drugs approved by the Food and Drug Administration for treatment of COPD.
‡ The dose of budesonide in the metering chamber is 180 μg, but the dose delivered to the patient is 160 μg.

at least 24 hours. Randomized trials have gener
ally involved symptomatic patients with exacerba
tion-prone conditions who have FEV1 values that
are less than 60% of the predicted value.14,20-22
When used as monotherapy, both classes of longacting bronchodilators confer similar benefits.
They improve respiratory health status (accord
1410
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ing to patient scores on the St. George’s Respira
tory Questionnaire) as compared with placebo,
but mean improvement falls short of the 4-point
change considered clinically meaningful for that
instrument.14,21,22
Both classes of drugs also reduce the risk of
exacerbation by 15 to 20% (relative risk reduc
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tion), and this may be their most important
clinical benefit.14,21,22 Given that the average pa
tient with severe COPD has about one exacerba
tion per year that requires medical attention, five
to seven patients must be treated for 1 year to
prevent a single event. Both classes of drugs
have been shown to reduce hospitalizations,
although the reductions have not been consis
tent.21,22
Adverse events associated with long-acting
bronchodilators are generally minor (Table 2).
Although concerns have been raised about the
cardiovascular safety of both classes of longacting bronchodilators,23,24 no serious safety
problems were identified in two large trials, one
comparing salmeterol with placebo in 3045 pa
tients followed for 3 years,21 and another com
paring tiotropium with placebo in 5993 patients
followed for 4 years.22
Theophylline is infrequently used in current
practice but may be considered in patients whose
COPD is difficult to control. The target plasma
level should be no higher than 12 μg per milli
liter; higher levels are poorly tolerated in older
patients.
Inhaled Corticosteroids

Inhaled corticosteroids are also widely prescribed
for COPD. Similar to long-acting bronchodila
tors, inhaled corticosteroids reduce the frequency
of exacerbations by 15 to 20% and also improve
respiratory health status, but only modestly.14,21,22
The combination of an inhaled corticosteroid
with a long-acting β2-agonist reduces exacerba
tions by about an additional 10% as compared
with either therapy used alone.21
Dysphonia and upper-airway thrush are the
most common adverse events associated with
inhaled corticosteroids. They have also been
linked to an increased risk of pneumonia in pa
tients with COPD, amounting to about 3 excess
cases per 100 patient-years of exposure.25 How
ever, the significance of this observation is un
certain, since chest radiographs were not required
for the diagnosis of pneumonia, and inhaled
corticosteroid use was not associated with in
creased mortality.

that compared the effects of oxygen use for 15
hours per day with no oxygen use. The other was
a 3-year study of oxygen use for 18 hours per day
as compared with 12 hours per day. Oxygen ther
apy proved beneficial: there was an absolute re
duction in the rate of death from any cause of
about 20 percentage points in both trials.
Arterial oxygen levels should be assessed when
the patient is clinically stable, at rest, and breath
ing ambient air. If the partial pressure of arte
rial oxygen is at or below 55 mm Hg, or if the
arterial oxygen saturation is at or below 88%,
home use of oxygen should be prescribed for at
least 18 hours daily, including sleep time, with
flow rates that maintain the oxygen saturation
above 90%. In randomized trials, home use of
oxygen conferred no apparent survival advantage
among patients with milder resting daytime
hypoxemia (partial pressure of arterial oxygen,
56 to 65 mm Hg) or isolated nocturnal hypox
emia.28,29
Clinicians frequently prescribe ambulatory
oxygen therapy for patients who have normal
oxygen levels at rest but who have transient de
saturation during exercise. Some patients report
that ambulatory oxygen therapy helps relieve
exercise-related breathlessness. Whether this per
ceived benefit is due to oxygen supplementation
or to a placebo effect remains unclear. Shortterm, placebo-controlled trials have shown that
oxygen therapy improves exercise endurance in a
laboratory setting; however, efforts to show that
ambulatory oxygen use improves respiratory qual
ity of life or relieves symptoms during activities of
daily living have been mostly unsuccessful.30,31
Management of Exacerbations

Severe exacerbations of COPD have an adverse
effect on health status and may cause permanent
loss of lung function.32,33 Most exacerbations are
thought to result from infection, but sputum
smears and cultures offer little help in guiding
therapy.
As compared with placebo, antibiotics de
crease the relative risk of treatment failure (de
fined as no resolution or clinical deterioration)
by approximately 50% when used for COPD ex
acerbations.34 Subgroup analysis suggests that
Oxygen
antibiotics are most effective when cough and
Two randomized trials evaluated the use of oxy sputum purulence are present. Most trials sug
gen therapy in patients with severe COPD and gesting the efficacy of antibiotics have compared
persistent hypoxemia.26,27 One was a 5-year study the use of older antibiotics, such as amoxicillin,
n engl j med 362;15
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trimethoprim–sulfamethoxazole, and the tetra
cyclines, with placebo.34 It is uncertain whether
newer classes of antibiotics, such as macrolides
and fluoroquinolones, are more effective. Initial
outpatient treatment with antibiotics should be
based on considerations of cost, safety, and local
patterns of antibiotic resistance among the bac
terial species commonly isolated from sputum
during exacerbations, particularly Streptococcus
pneumoniae, Haemophilus influenzae, and Moraxella
catarrhalis. In randomized trials, the use of sys
temic corticosteroids as compared with placebo
reduced the relative risk of treatment failure (as
defined by intensification of therapy, rehospital
ization, or a return to the emergency department)
by about 30% in patients with COPD exacerba
tions who were hospitalized or seen in an emer
gency department.35,36 Severely symptomatic pa
tients seen in an outpatient setting are also
likely to benefit from systemic corticosteroids,
although data from trials of outpatient cortico
steroid therapy for severe symptoms are lacking.
In most instances, 40 mg of prednisone taken
once daily for 10 to 14 days should suffice.
Courses of treatment that are extended for more
than 14 days confer no added benefit and in
crease the risk of adverse events.35
If an exacerbation is associated with increased
breathlessness, patients should be encouraged
to increase their use of short-acting bronchodila
tors. Anticholinergic and β2-agonist bronchodi
lators appear to be equally effective, with little
additive benefit from combined use.37
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Immunizations

Recommendations for influenza and pneumo
coccal vaccinations for patients with COPD are
summarized in Table 3.
Pulmonary Rehabilitation

As airflow obstruction progresses, patients with
COPD typically become increasingly sedentary,
which leads to muscular and cardiovascular de
conditioning. Increasing physical disability con
tributes to social isolation and depression, which
are highly prevalent among patients with severe
COPD.44 The primary goal of pulmonary rehabili
tation is to reverse muscular and cardiovascular
dysfunction through an individually designed pro
gram. Most programs are multidisciplinary; in
addition to exercise, they include education, be
havior modification, and interventions to improve
social and psychological functioning. A typical
program consists of supervised sessions, each
lasting 3 to 4 hours, provided 3 times weekly for
6 to 12 weeks. Major contraindications to the use
of such programs are inability to walk, unstable
cardiovascular disease, and cognitive impairment.
Randomized, controlled trials of pulmonary
rehabilitation consist mostly of small, singlecenter studies, generally involving patients with
severe disease according to spirometric criteria
(FEV1:FVC <0.70; FEV1, 30 to 49% of predicted
value). A systematic review concluded that pulmo
nary rehabilitation significantly improved both
functional exercise capacity (assessed by measur
ing the distance walked in 6 minutes) and respi

Table 3. Guidelines for Influenza and Pneumococcal Vaccinations in Patients with COPD.*
Category

Inactivated Influenza Vaccine

Polysaccharide Pneumococcal Vaccine

Target group

All patients with COPD, except those who are hypersensitive
to any component of vaccine, particularly eggs

All patients with COPD, except those who are hypersensitive to any component of vaccine

Frequency

Annually, preferably before influenza season or at any time
throughout season

For patients <65 yr of age, once or twice in lifetime;
for patients ≥65 yr of age, one-time revaccination if vaccinated ≥5 yr earlier and <65 yr of age
at time of primary vaccination

Evidence of efficacy Data from a meta-analysis of a limited number of trials indicate
in COPD
substantial reduction in influenza-related respiratory illnesses39; large cohort study showed significant association between vaccination and reductions in hospitalizations for
pneumonia and influenza and in risk of death during influenza season in persons with chronic lung disease40

Data from a meta-analysis of a limited number of
trials showed no benefit in reducing COPD exacer
bations41; one large cohort study showed significant association between vaccination and reductions in hospitalizations for pneumonia and in
risk of death in persons with chronic lung disease,42 but another study did not43

* Adapted from the Advisory Committee on Immunization Practices: Recommended Adult Immunization Schedule, 2009.38
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ratory quality of life (evaluated on the basis of
responses to the Chronic Respiratory Question
naire).45 In the absence of a supervised continu
ation program, the improvement achieved during
the active phase of rehabilitation erodes substan
tially over the following year.46
Surgical Options

An option for selected patients with COPD is lungvolume reduction, which involves the resection of
severely emphysematous tissue from both upper
lobes, allowing the remaining lung tissue to ex
pand and function more normally. In a random
ized trial involving patients with severe COPD,
this surgery was not associated with an overall
reduction in mortality, as compared with the use
of optimal medical therapy, although the surgery
did result in improved lung function, exercise
capacity, and respiratory quality of life.47 Mortality
was reduced in the subgroup of patients who had
predominant upper-lobe emphysema along with
low exercise capacity at baseline; however, it
should be noted that exercise capacity was not
among the prespecified prognostic variables to
be assessed.
Lung transplantation offers the only opportu
nity for severely disabled patients with COPD to
resume normal daily activities, but the median
survival rate after lung transplantation (about
5 years) remains far below that associated with
the transplantation of other solid organs.48 It is
not known whether the procedure reduces mor
tality, as compared with optimal medical therapy.

patients with early COPD who underwent spiro
metric testing and were informed of abnormal
results, as compared with patients who did not
undergo testing.50,51 However, in a recent trial
comparing two approaches to informing patients
of spirometric results — assigning a “lung age”
versus simply reporting the FEV1 — the former
approach was associated with higher cessation
rates at 1 year (difference, 7.2%), which suggests
that spirometry may facilitate smoking cessation
if the results are presented to patients in an ap
propriate manner.52
The role of disease-management programs for
patients with COPD remains uncertain. Random
ized, controlled trials of case management for
COPD have shown promise in reducing hospital
ization rates, but the evidence is insufficient to
make specific recommendations.53,54 Pulmonary
rehabilitation improves health status and exer
cise capability for selected patients, but national
surveys indicate that few patients complete such
programs, and it is unclear how best to main
tain the benefits achieved.46,55

Guidel ine s
The Global Initiative for Chronic Obstructive Lung
Disease, the American Thoracic Society–Europe
an Respiratory Society, and the American College
of Physicians have published guidelines on the
management of COPD (Table 4). The recommen
dations in this review are generally consistent
with these guidelines.

A r e a s of Uncer ta in t y
It remains unclear whether spirometry is routine
ly warranted to diagnose COPD in persons at risk
who are asymptomatic. Whereas the National
Lung Health Education Program has advocated
widespread spirometric testing in medical offices
(including testing in persons at risk who do not
have respiratory symptoms) to identify cases of
COPD,49 an evidence-based report sponsored by
the Agency for Healthcare Research and Quality
concluded that screening persons who are at risk
but are asymptomatic would raise overall costs,
falsely label many of those tested as having clini
cally significant disease, and only marginally im
prove clinical outcomes.14 In randomized trials,
smoking-cessation rates were not increased among

n engl j med 362;15

C onclusions a nd
R ec om mendat ions
The patient described in the vignette has typical
clinical manifestations of advanced COPD, with
severe airflow obstruction confirmed by spirom
etry. Time should be allotted for education dur
ing the patient’s initial visit, including informa
tion about the signs and symptoms of a severe
exacerbation and the need for prompt treatment.
Smoking cessation is the most important element
in the management of his disease and should be
addressed at every visit, as long as the patient
continues to smoke.
He should be treated with an inhaled longacting β2-agonist, an inhaled long-acting anti
cholinergic agent, or an inhaled corticosteroid.
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Chronic hypoxemia with PaO2 ≤55 mm Hg

Patients with GOLD stages 2 to 4¶
Chronic hypoxemia with PaO2 ≤55 mm Hg
or SaO2 ≤88% or chronic hypoxemia with
PaO2 of 55 to 60 mm Hg in presence of
right-sided heart failure or polycythemia

Candidates for pulmonary
rehabilitation

n engl j med 362;15

nejm.org

Chronic hypoxemia with PaO2 ≤55 mm Hg

Symptomatic patients with FEV1 <50% of
predicted value

Monotherapy with LABA, LAAC, or inhaled
corticosteroid for all symptomatic patients
with FEV1 <60% of predicted value; consider combined therapy for the same patients; use of short-acting bronchodilators
not addressed

of

* FEV1 denotes forced expiratory volume in 1 second, FVC forced vital capacity, GOLD the Global Initiative for Chronic Obstructive Lung Disease, LAAC long-acting anticholinergic, LABA
long-acting β2-adrenergic agonist, PaO2 partial pressure of oxygen in arterial blood, and SaO2 arterial oxygen saturation.
† Data are from the Global Initiative for Chronic Obstructive Lung Disease.9
‡ Data are from Celli and MacNee.15
§ Data are from Qaseem et al.54
¶ GOLD identifies four stages of COPD, with 1 indicating mild COPD and 4 indicating very severe COPD.

Short-acting bronchodilator for intermittent symptoms;
add LABA or LAAC for persistent symptoms; if LABA
or LAAC alone shows limited benefit, combine LABA
or LAAC with inhaled corticosteroid

Chronic respiratory symptoms and FEV1
<60% of predicted value

Presence of chronic respiratory symptoms,
particularly dyspnea

American College of Physicians§

n e w e ng l a n d j o u r na l

Indications for long-term
oxygen therapy

All patients with dyspnea and exercise limitation in addition to COPD

Short-acting bronchodilator for GOLD stages 1
to 4; add LABA, LAAC, or both for GOLD
stages 2 to 4; add inhaled corticosteroid
for GOLD stages 3 to 4, if patient is prone
to exacerbations¶

Medications recommended

FEV1:FVC <0.70, with any symptoms

FEV1:FVC <0.70, with any symptoms

Indications for treatment

Presence of chronic respiratory symptoms; in the absence
of symptoms, history of exposure to risk factors (e.g.,
cigarette smoking or occupational exposure)

American Thoracic Society–European Respiratory Society‡

Presence of chronic respiratory symptoms;
in the absence of symptoms, history of
exposure to risk factors (e.g., cigarette
smoking or occupational exposure)

GOLD†

Indications for spirometry

Category

Table 4. Recommendations for Management of COPD.*
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Since he has severe, exacerbation-prone COPD, it
would be reasonable to combine drugs from two
of these three classes. A short-acting bronchodi
lator should be provided for rescue use. Even if
symptoms do not abate, he should be urged to
continue taking the medications, because they
reduce the risk of a severe exacerbation. Like all
patients, he should receive instruction in inhaler
technique. (A video demonstrating inhaler tech
nique is available at NEJM.org in an article by
Hendeles et al.56)
If the patient’s arterial oxygen saturation is
88% or lower at rest in a stable clinical state,
long-term oxygen therapy should be prescribed

and used for at least 18 hours each day. In the
absence of a contraindication, he should receive
influenza vaccination each autumn, as well as
pneumococcal vaccination (with revaccination as
needed). Pulmonary rehabilitation should be con
sidered if it is accessible to the patient and if he
has no medical contraindications.
Dr. Niewoehner reports receiving consulting fees from Boeh
ringer Ingelheim, Adams Respiratory Therapeutics, Glaxo
SmithKline, AstraZeneca, Nycomed, and Forest Research Insti
tute and speaking fees from Boehringer Ingelheim, Pfizer,
Sepracor, and Nycomed. No other potential conflicts of interest
relevant to this article were reported.
Disclosure forms provided by the author are available with the
full text of this article at NEJM.org.

References
1. Agustí AG, Noguera A, Sauleda J, Sala

E, Pons J, Busquets X. Systemic effects of
chronic obstructive pulmonary disease.
Eur Respir J 2003;21:347-60.
2. Buist AS, McBurnie MA, Vollmer WM,
et al. International variation in the preva
lence of COPD (the BOLD Study): a popu
lation-based prevalence study. Lancet 2007;
370:741-50.
3. Jemal A, Ward E, Hao Y, Thun M.
Trends in the leading causes of death in
the United States, 1970-2002. JAMA 2005;
294:1255-9.
4. Mannino DM, Homa DM, Akinbami
LJ, Ford ES, Redd SC. Chronic obstructive
pulmonary disease surveillance — United
States, 1971-2000. Respir Care 2002;47:
1184-99.
5. Strassels SA, Smith DH, Sullivan SD,
Mahajan PS. The costs of treating COPD
in the United States. Chest 2001;119:34452.
6. Balmes J, Becklake M, Blanc P, et al.
American Thoracic Society statement:
occupational contribution to the burden
of airway disease. Am J Respir Crit Care
Med 2003;167:787-97.
7. Ezzati M. Indoor air pollution and
health in developing countries. Lancet
2005;366:104-6.
8. Holleman DR Jr, Simel DL. Does the
clinical examination predict airflow limi
tation? JAMA 1995;273:313-9.
9. The Global Initiative for Chronic Ob
structive Lung Disease (GOLD). Update
2009. (Accessed March 19, 2010, at http://
www.goldcopd.com.)
10. Mahler DA, Wells CK. Evaluation of
clinical methods for rating dyspnea. Chest
1988;93:580-6.
11. Niewoehner DE, Lokhnygina Y, Rice
K, et al. Risk indexes for exacerbations
and hospitalizations due to COPD. Chest
2007;131:20-8.
12. Guyatt GH, Townsend M, Nogradi S,
Pugsley SO, Keller JL, Newhouse MT.
Acute response to bronchodilator: an im
perfect guide for bronchodilator therapy

in chronic airflow limitation. Arch Intern
Med 1988;148:1949-52.
13. Calverley PMA, Burge PS, Spencer S,
Anderson JA, Jones PW. Bronchodilator
reversibility testing in chronic obstructive
pulmonary disease. Thorax 2003;58:65964.
14. Wilt TJ, Niewoehner D, Kim CB, et al.
Use of spirometry for case finding, diag
nosis, and management of chronic ob
structive pulmonary disease (COPD):
structured abstract. Rockville, MD: Agency
for Healthcare Research and Quality, Au
gust 2005. (Accessed March 19, 2010, at
http://www.ahrq.gov/clinic/tp/spirotp.htm.)
15. Celli BR, MacNee W. Standards for
the diagnosis and treatment of patients
with COPD: a summary of the ATS/ERS
position paper. Eur Respir J 2004;23:93246.
16. Dirksen A, Dijkman JH, Madsen F, et
al. A randomized clinical trial of alpha(1)antitrypsin augmentation therapy. Am J
Respir Crit Care Med 1999;160:1468-72.
17. Anthonisen NR, Connett JC, Kiley JP,
et al. Effects of smoking intervention and
the use of an inhaled anticholinergic
bronchodilator on the rate of decline of
FEV1: the Lung Health Study. JAMA 1994;
272:1497-505.
18. Anthonisen NR, Skeans MA, Wise
RA, Manfreda J, Kanner RE, Connett JE.
The effects of a smoking cessation inter
vention on 14.5-year mortality: a random
ized clinical trial. Ann Intern Med 2005;
142:233-9.
19. Fiore MC, Jaén CR, Baker TB, et al.
Treating tobacco use and dependence:
2008 update. Quick reference guide for
clinicians. Rockville, MD: Public Health
Service, April 2009.
20. Sin DD, McAlister FA, Man SFP, An
thonisen NR. Contemporary management
of chronic obstructive pulmonary disease:
scientific review. JAMA 2003;290:2301-12.
21. Calverley PMA, Anderson JA, Celli B,
et al. Salmeterol and fluticasone propi
onate and survival in chronic obstructive

n engl j med 362;15

nejm.org

pulmonary disease. N Engl J Med 2007;
356:775-89.
22. Tashkin DP, Celli B, Senn S, et al.
A 4-year trial of tiotropium in chronic ob
structive pulmonary disease. N Engl J
Med 2008;359:1543-54.
23. Salpeter SR, Buckley NS, Salpeter EE.
Meta-analysis: anticholinergics, but not
beta-agonists, reduce severe exacerbations
and respiratory mortality in COPD. J Gen
Intern Med 2006;21:1011-9.
24. Singh S, Loke YK, Furberg CD. In
haled anticholinergics and risk of major
adverse cardiovascular events in patients
with chronic obstructive pulmonary dis
ease: a systematic review and meta-analy
sis. JAMA 2008;300:1439-50. [Erratum,
JAMA 2009;301:1227-30.]
25. Drummond MB, Dasenbrook EC, Pitz
MW, Murphy DJ, Fan E. Inhaled cortico
steroids in patients with stable chronic
obstructive pulmonary disease: a system
atic review and meta-analysis. JAMA 2008;
300:2407-16. [Erratum, JAMA 2009;301:
1024.]
26. Nocturnal Oxygen Therapy Trial
Group. Continuous or nocturnal oxygen
therapy in hypoxemic chronic obstructive
lung disease: a clinical trial. Ann Intern
Med 1980;93:391-8.
27. Long term domiciliary oxygen therapy
in chronic hypoxic cor pulmonale compli
cating chronic bronchitis and emphysema:
report of the Medical Research Council
Working Party. Lancet 1981;1:681-6.
28. Górecka D, Gorzelak K, Sliwinski P,
Tobiasz M, Zielinski J. Effect of long-term
oxygen therapy on survival in patients
with chronic obstructive pulmonary dis
ease with moderate hypoxaemia. Thorax
1997;52:674-9.
29. Chaouat A, Weitzenblum E, Kessler R,
et al. A randomized trial of nocturnal oxy
gen therapy in chronic obstructive pulmo
nary disease patients. Eur Respir J 1999;
14:1002-8.
30. Bradley JM, O’Neill BM. Short-term
ambulatory oxygen for chronic obstruc

april 15, 2010

Downloaded from www.nejm.org at KAISER PERMANENTE on April 14, 2010 .
Copyright © 2010 Massachusetts Medical Society. All rights reserved.

1415

clinical pr actice
tive pulmonary disease. Cochrane Data
base Syst Rev 2005;4:CD004356.
31. Nonoyama ML, Brooks D, Guyatt GH,
Goldstein RS. Effect of oxygen on health
quality of life in patients with chronic ob
structive pulmonary disease with tran
sient exertional hypoxemia. Am J Respir
Crit Care Med 2007;176:343-9.
32. Seemungal TA, Donaldson GC, Paul
EA, Bestall JC, Jeffries DJ, Wedzicha JA.
Effect of exacerbation on quality of life in
patients with chronic obstructive pulmo
nary disease. Am J Respir Crit Care Med
1998;157:1418-22.
33. Kanner RE, Anthonisen NR, Connett
JE. Lower respiratory illnesses promote
FEV1, decline in current smokers but not
ex-smokers with mild chronic obstructive
pulmonary disease: results from the Lung
Health Study. Am J Respir Crit Care Med
2001;164:358-64.
34. Ram FSF, Rodriguez-Roisin R, Grana
dos-Navarrete A, Garcia-Aymerich J, Barnes
NC. Antibiotics for exacerbations of chron
ic obstructive pulmonary disease. Cochrane
Database Syst Rev 2006;2:CD004403.
35. Niewoehner DE, Erbland ML, Deupree
RH, et al. Effect of systemic glucocorti
coids on exacerbations of chronic obstruc
tive pulmonary disease. N Engl J Med
1999;340:1941-7.
36. Aaron SD, Vandemheen KL, Hebert P,
et al. Outpatient oral prednisone after
emergency treatment of chronic obstruc
tive pulmonary disease. N Engl J Med
2003;348:2618-25.
37. McCrory DC, Brown CD. Anti-cholin
ergic bronchodilators versus beta2-sym
pathomimetic agents for acute exacerba
tions of chronic obstructive pulmonary
disease. Cochrane Database Syst Rev 2002;
4:CD003900.
38. Advisory Committee on Immunization
Practices. Recommended adult immuni
zation schedule: United States, 2009. Ann
Intern Med 2009;150:40-4.
39. Poole PJ, Chacko E, Wood-Baker RWB,

Cates CJ. Influenza vaccine for patients
with chronic obstructive pulmonary dis
ease. Cochrane Database Syst Rev 2006;
1:CD002733.
40. Nichol KL, Baken L, Nelson A. Rela
tion between influenza vaccination and
outpatient visits, hospitalization, and mor
tality in elderly persons with chronic lung
disease. Ann Intern Med 1999;130:397403.
41. Granger RH, Walters JAE, Poole PJ, et
al. Injectable vaccines for preventing pneu
mococcal infection in patients with chronic
obstructive pulmonary disease. Cochrane
Database Syst Rev 2006;4:CD001390.
42. Nichol KL, Baken L, Wuorenma J,
Nelson A. The health and economic ben
efits associated with pneumococcal vac
cination of elderly persons with chronic
lung disease. Arch Intern Med 1999;159:
2437-42.
43. Jackson LA, Neuzil KM, Yu O, et al.
Effectiveness of pneumococcal polysac
charide vaccine in older adults. N Engl J
Med 2003;348:1747-55.
44. Schane RE, Walter LC, Dinno A,
Covinsky KE, Woodruff PG. Prevalence
and risk factors for depressive symptoms
in persons with chronic obstructive pul
monary disease. J Gen Intern Med 2008;
23:1757-62.
45. Lacasse Y, Goldstein R, Lasserson TJ,
Martin S. Pulmonary rehabilitation for
chronic obstructive pulmonary disease.
Cochrane Database Syst Rev 2006;4:
CD003793.
46. Griffiths TL, Burr ML, Campbell IA,
et al. Results at 1 year of outpatient multi
disciplinary pulmonary rehabilitation:
a randomised controlled trial. Lancet
2000;355:362-8.
47. National Emphysema Treatment Trial
Research Group. A randomized trial com
paring lung-volume–reduction surgery
with medical therapy for severe emphy
sema. N Engl J Med 2003;348:2059-73.
48. Stavem K, Bjørtuft Ø, Borgan Ø, Gei

ran O, Boe J. Lung transplantation in pa
tients with chronic obstructive pulmonary
disease in a national cohort is without ob
vious survival benefit. J Heart Lung Trans
plant 2006;25:75-84.
49. Ferguson GT, Enright PL, Buist AS,
Higgins MW. Office spirometry for lung
health assessment in adults: a consensus
statement from the National Lung Health
Education Program. Chest 2000;117:114661.
50. Wilt TJ, Niewoehner D, Kane RL,
MacDonald R, Joseph AM. Spirometry as
a motivational tool to improve smoking
cessation rates: a systematic review of the
literature. Nicotine Tob Res 2007;9:21-32.
51. Kotz D, Wesseling G, Huibers MJH,
van Schayck OCP. Efficacy of confronting
smokers with airflow limitation for smok
ing cessation. Eur Respir J 2009;33:754-62.
52. Parkes G, Greenhalgh T, Griffin M,
Dent R. Effect on smoking quit rate of tell
ing patients their lung age: the Step2quit
randomised controlled trial. BMJ 2008;
336:598-600.
53. Adams SG, Smith PK, Allan PF, An
zueto A, Pugh JA, Cornell JE. Systematic
review of the chronic care model in
chronic obstructive pulmonary disease
prevention and management. Arch Intern
Med 2007;167:551-61.
54. Qaseem A, Snow V, Shekelle P, et al.
Diagnosis and management of stable
chronic obstructive pulmonary disease:
a clinical practice guideline from the
American College of Physicians. Ann In
tern Med 2007;147:633-8.
55. Brooks D, Sottana R, Bell B, et al.
Characterization of pulmonary rehabili
tation programs in Canada in 2005. Can
Respir J 2007;14:87-92.
56. Hendeles L, Colice GL, Meyer RJ. With
drawal of albuterol inhalers containing
chlorofluorocarbon propellants. N Engl J
Med 2007;356:1344-51.
Copyright © 2010 Massachusetts Medical Society.

early job alert service available at the nejm careercenter

Register to receive weekly e-mail messages with the latest job openings
that match your specialty, as well as preferred geographic region,
practice setting, call schedule, and more. Visit the NEJM CareerCenter
at NEJMjobs.org for more information.

1416

n engl j med 362;15

nejm.org

april 15, 2010

Downloaded from www.nejm.org at KAISER PERMANENTE on April 14, 2010 .
Copyright © 2010 Massachusetts Medical Society. All rights reserved.

