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years.6 Emphysema is characterized by
chronic dyspnea resulting from the
destruction of lung tissue and the enlarge-
ment of air spaces. Asthma, which also
features airflow obstruction, airway in-
flammation and increased airway respon-
siveness to various stimuli, may be distin-
guished from COPD by reversibility of
pulmonary function deficits.5

Outpatient management of patients
with stable COPD should be directed at
improving quality of life by preventing
acute exacerbations, relieving symptoms
and slowing the progressive deterioration
of lung function. The clinical course of
COPD is characterized by chronic disabil-
ity, with intermittent acute exacerbations
that occur more often during the winter
months. When exacerbations occur, they
typically manifest as increased sputum
production, more purulent sputum and
worsening of dyspnea.7 Although infec-
tious etiologies account for most exacer-
bations, exposure to allergens, pollutants

D
espite public education
about the dangers of
smoking, chronic ob-
structive pulmonary dis-
ease (COPD) continues

to be a major medical problem and is
now the fourth leading cause of death in
the United States.1 Approximately 20 per-
cent of adult Americans have COPD.2

Acute bronchitis and acute exacerbations
of COPD are among the most common
illnesses encountered by family physi-
cians and account for more than 14 mil-
lion physician visits annually.3,4

To date, widespread agreement on the
precise definition of COPD is lacking. The
American Thoracic Society (ATS) defines
COPD as a disease process involving pro-
gressive chronic airflow obstruction be-
cause of chronic bronchitis, emphysema,
or both.5 Chronic bronchitis is defined
clinically as excessive cough and sputum
production on most days for at least three
months during at least two consecutive

Acute exacerbations of chronic obstructive pulmonary disease (COPD) are treated with oxy-
gen (in hypoxemic patients), inhaled beta2 agonists, inhaled anticholinergics, antibiotics and
systemic corticosteroids. Methylxanthine therapy may be considered in patients who do not
respond to other bronchodilators. Antibiotic therapy is directed at the most common
pathogens, including Streptococcus pneumoniae, Haemophilus influenzae and Moraxella
catarrhalis. Mild to moderate exacerbations of COPD are usually treated with older broad-
spectrum antibiotics such as doxycycline, trimethoprim-sulfamethoxazole and amoxicillin-
clavulanate potassium. Treatment with augmented penicillins, fluoroquinolones, third-gener-
ation cephalosporins or aminoglycosides may be considered in patients with more severe
exacerbations. The management of chronic stable COPD always includes smoking cessation
and oxygen therapy. Inhaled beta2 agonists, inhaled anticholinergics and systemic cortico-
steroids provide short-term benefits in patients with chronic stable disease. Inhaled cortico-
steroids decrease airway reactivity and reduce the use of health care services for manage-
ment of respiratory symptoms. Preventing acute exacerbations helps to reduce long-term
complications. Long-term oxygen therapy, regular monitoring of pulmonary function and
referral for pulmonary rehabilitation are often indicated. Influenza and pneumococcal vac-
cines should be given. Patients who do not respond to standard therapies may benefit from
surgery. (Am Fam Physician 2001;64:603-12,621-2.)
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or inhaled irritants may also play a role.8 This
article reviews the management of acute ex-
acerbations and stable COPD.

Epidemiology
COPD is one of the most serious and dis-

abling conditions in middle-aged and elderly
Americans. Cigarette smoking is implicated in
90 percent of cases and, along with coronary
artery disease, is a leading cause of disability.9

Two thirds of patients with COPD have seri-
ous chronic dyspnea, and nearly 25 percent
have profound total body pain.10

COPD has a major impact on the families
of affected patients. Caring for these patients
at home can be difficult because of their func-
tional limitations and anxieties about air
hunger. Furthermore, patients with COPD
can have frequent exacerbations that often

require medical intervention. Ultimately,
caregivers may have the burden of consider-
ing end-of-life decisions.

Pathophysiology
COPD is a subset of obstructive lung dis-

eases that also includes cystic fibrosis,
bronchiectasis and asthma. COPD is charac-
terized by degeneration and destruction of
the lung and supporting tissue, processes that
result in emphysema, chronic bronchitis, or
both. Emphysema begins with small airway
disease and progresses to alveolar destruc-
tion, with a predominance of small airway
narrowing and mucous gland hyperplasia.

The pathophysiology of COPD is not com-
pletely understood. Chronic inflammation of
the cells lining the bronchial tree plays a
prominent role. Smoking and, occasionally,
other inhaled irritants, perpetuates an ongo-
ing inflammatory response that leads to air-
way narrowing and hyperactivity. As a result,
airways become edematous, excess mucus
production occurs and cilia function poorly.
With disease progression, patients have
increasing difficulty clearing secretions. Con-
sequently, they develop a chronic productive
cough, wheezing and dyspnea. Bacterial colo-
nization of the airways leads to further
inflammation and the formation of divertic-
ula in the bronchial tree.

Exacerbations of COPD can be caused by
many factors, including environmental irri-
tants, heart failure or noncompliance with
medication use.11 Most often, however, ex-
acerbations are the result of bacterial or viral
infection (Table 1).12 Bacterial infection is a
factor in 70 to 75 percent of exacerbations,
with up to 60 percent caused by Streptococcus
pneumoniae, Haemophilus influenzae or
Moraxella catarrhalis.13 Atypical organisms
such as Chlamydia pneumoniae have been
implicated in about 10 percent of exacerba-
tions. The remaining 25 to 30 percent of cases
are usually caused by viruses.14 More serious
exacerbations requiring mechanical ventila-
tion have been associated with Pseudomonas
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Exacerbations of COPD typically manifest as increased sputum
production, more purulent sputum and worsening of dyspnea.

TABLE 1

Most Common Infectious Causes 
of COPD Exacerbations

Mild to moderate exacerbations
Streptococcus pneumoniae
Haemophilus influenzae
Moraxella catarrhalis
Chlamydia pneumoniae
Mycoplasma pneumoniae
Viruses

Severe exacerbations
Pseudomonas species
Other gram-negative enteric bacilli

COPD = chronic obstructive pulmonary disease.

Adapted with permission from Fein A, Fein AM.
Management of acute exacerbations in chronic
obstructive pulmonary disease. Curr Opin Pulm Med
2000;6:122-6.



species. These exacerbations are more com-
mon in patients with severe disease and a his-
tory of frequent exacerbations.13

Prognostic Indicators
Over the past 40 years, numerous studies

have attempted to determine which factors
influence survival in patients with COPD.
Most of these studies have examined survival
in stable outpatients. The long-term progno-
sis for patients with symptomatic chronic
bronchitis is not promising. Data from the
past decade indicate that 60-year-old smokers
with chronic bronchitis have a 10-year mor-
tality rate of 60 percent, which is four times
higher than the mortality rate for age-
matched nonsmoking asthmatics.15

Several studies have shown that the
strongest predictors of mortality are older age
and a decreased forced expiratory volume per
second (FEV1)16,17 (Table 2).18 Younger
patients with COPD generally have a lower
mortality rate unless they also have alpha1-
antitrypsin deficiency, a rare genetic abnor-
mality that causes panlobular emphysema in
younger adults. Alpha1-antitrypsin deficiency
should be suspected when COPD develops in
a patient younger than 45 years who does not
have a history of chronic bronchitis or
tobacco use, or when multiple family mem-
bers develop obstructive lung disease at an
early age. Reversible changes after bron-
chodilator administration are a sign of less
advanced disease and improved survival.

Decreases in FEV1 on serial testing are asso-
ciated with increased mortality (i.e., patients
with a faster decline of FEV1 have a higher
rate of death). Cigarette smoking is the major
risk factor associated with an accelerated
decline of FEV1. Smoking cessation in
patients with early COPD improves lung
function initially and slows the annual
decline of FEV1.19-21 Other factors found to
relate positively to survival include a higher
partial pressure of arterial oxygen (PaO2), a
history of atopy and higher diffusion and
exercise capacity.16,22-24 Factors found to

decrease survival include malnutrition and
weight loss, dyspnea, hypoxemia (PaO2 less
than 55 mm Hg), right-sided heart failure,
tachycardia at rest and increased partial pres-
sure of arterial carbon dioxide (PaCO2 higher
than 45 mm Hg).16,25,26

Recommendations for the clinical moni-
toring of patients with COPD include serial
FEV1 measurements, pulse oximetry and
timed walking of predetermined distances,
although a decline in the FEV1 has the most
predictive value.27 An FEV1 of less than 1 L
signifies severe disease, and an FEV1 of less
than 750 mL or less than 50 percent predicted
on spirometric testing is associated with a
poorer prognosis.

COPD
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TABLE 2

Factors Influencing Survival in Patients with COPD

Risk factor Effect on survival

Postbronchodilator FEV1 Decreases mortality with increased FEV1, 
decreases mortality with reversible component 
of obstruction

Rate of FEV1 decline Decreases mortality with slower decline; FEV1 <1 L 
generally considered severe disease

History of atopy Decreases mortality

Higher diffusion capacity Decreases mortality

PaO2 level Decreases mortality with increased level; PaO2

<55 mm Hg increases mortality

Age Increases mortality in older patients

Cigarette smoking Increases mortality with continued use and greater 
consumption

Hypercapnia (PaCO2 Increases mortality
>45 mm Hg)

Right-sided heart failure Increases mortality

Malnutrition Increases mortality

Resting tachycardia Increases mortality

COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume
per second; PaO2 = partial pressure of arterial oxygen; PaCO2 = partial pressure of
arterial carbon dioxide.

Adapted with permission from Hughes JR, Goldstein MG, Hurt RD, Shiffman S.
Recent advances in the pharmacotherapy of smoking. JAMA 1999;281:72-6.



Pharmacologic Management 
of Exacerbations

Because no curative therapy is available,
management of severe exacerbations of COPD
should be directed at relieving symptoms and
restoring functional capacity (Figure 1).5

Patients with COPD often have poor baseline
functional status with few respiratory
reserves. Infections can worsen their condi-
tion and lead to a quick decline in pulmonary
function.

The ATS has recommended strategies for
managing acute exacerbations of chronic
bronchitis and emphysema.5 These strategies
include beta2 agonists, the addition of anti-
cholinergics (or an increase in their dosage),
the intravenous administration of corticos-
teroids, antibiotic therapy when indicated,
and the intravenous administration of
methylxanthines such as aminophylline.11

Hospitalization of patients with COPD may
be necessary to provide antibiotic therapy,
appropriate supportive care and monitoring
of oxygen status. Oxygen supplementation via
external devices or mechanical ventilation

may be indicated to maintain oxygen delivery
to vital tissues.

OXYGENATION

Initial therapy should focus on maintaining
oxygen saturation at 90 percent or higher.
Oxygen status can be monitored clinically, as
well as by pulse oximetry. Oxygen supplemen-
tation by nasal cannula or face mask is fre-
quently required. With more severe exacerba-
tions, intubation or a positive-pressure mask
ventilation method (e.g., continuous positive
airway pressure [CPAP]) is often necessary to
provide adequate oxygenation. Such interven-
tions are more likely to be needed when
hypercapnia is present, exacerbations are fre-
quent or altered mental status is evident.12

BRONCHODILATORS

Inhaled beta2 agonists should be adminis-
tered as soon as possible during an acute
exacerbation of COPD. Use of a nebulizer to
provide albuterol (Ventolin) or a similar
agent with saline and oxygen enhances deliv-
ery of the medication to the airways.28

Beta2 agonists can be delivered effectively by
metered-dose inhaler if patients are able to use
proper technique, which may be difficult dur-
ing an exacerbation. Salmeterol (Serevent), a
long-acting beta2 agonist, has been shown to
relieve symptoms in patients with COPD.29

Twice-daily dosing is an added benefit and
may be convenient for many patients.

Orally administered beta2 agonists have
more side effects than inhaled forms. Hence,
oral agents generally are not used to treat
exacerbations of COPD.

ANTICHOLINERGICS

Compared with beta2 agonists, inhaled anti-
cholinergics such as ipratropium (Atrovent)
provide the same or greater bronchodilation.
These agents have been shown to be beneficial
in patients with COPD.12 Anticholinergics can
be delivered by nebulizer or metered-dose
inhaler. In inhaled forms, anticholinergics have
few adverse effects because of minimal sys-
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Management of COPD

Treat obstruction.

Variable to 
mild symptoms

Beta2 agonist by
MDI as needed

Mild to moderate
continual symptoms

Anticholinergic by MDI,
or beta2 agonist

Suboptimal response

Add long-acting beta2 agonist.

Suboptimal response

Consider methylxanthine.

Severe exacerbations

Increase beta2 agonist by MDI
to up to 6 to 8 puffs every
1 to 2 hours; consider 
nebulizer for delivery.

Increase anticholinergic by
MDI to up to 6 to 8 puffs
every 3 to 4 hours.

Intravenously or orally 
administered corticosteroid

Consider methylxanthine.

Appropriate antibiotic
therapy

Refer patient for multidisciplinary
pulmonary rehabilitation.

Provide patient with periodic monitoring 
(i.e., pulmonary function tests) and 
continuing care.

Suboptimal response

Consider orally administered
corticosteroid.

Improvement

Wean patient to lowest dosage 
or consider inhaled corticosteroid.

No improvement

Assess patient’s response to treatment.

Severe symptoms or impaired functional capacity

Stop corticosteroid.

Assess patient 
for hypoxemia.

Encourage 
nonpharmacologic
measures: patient
education, exercise,
smoking cessation,
nutrition, and
influenza and 
pneumococcal 
vaccines.

Consider supplemental
oxygen therapy if
Pao2 is < 55 mg Hg
or nocturnal oxygen
saturation is < 88%.

Establish diagnosis of COPD and assess patient’s symptoms.

NoYes

FIGURE 1. Algorithm for the management of chronic obstructive pulmonary disease (COPD). (MDI = metered-dose inhaler;
Pao2 = partial pressure of arterial oxygen)

Adapted with permission from Standards for the diagnosis and care of patients with chronic obstructive pulmonary disease. American
Thoracic Society. Am J Respir Crit Care Med 1995;152(5 pt 2):S77-121.



temic absorption. Use of a combination prod-
uct such as ipratropium-albuterol (Com-
bivent) may simplify the medication regimen,
thereby improving compliance.

ANTIBIOTICS

Antibiotic therapy has been shown to have
a small but important effect on clinical recov-
ery and outcome in patients with acute ex-
acerbations of chronic bronchitis and emphy-
sema.30 Therefore, antibiotic administration
should be considered at the beginning of
treatment for exacerbations of COPD.12

A recent meta-analysis30 of nine clinical tri-
als demonstrated the benefit of antibiotic
therapy in the management of COPD. Ther-
apy for moderate acute exacerbations of
chronic bronchitis and emphysema should be
directed at S. pneumoniae, H. influenzae and
M. catarrhalis, which are the most common

pathogens, with C. pneumoniae and Myco-
plasma pneumoniae occurring less often.

Initial outpatient management may include
orally administered doxycycline (Vibramy-
cin), trimethoprim-sulfamethoxazole (Bac-
trim DS, Septra DS) or amoxicillin-clavu-
lanate potassium (Augmentin).12 Patients
who are older than 65 years of age or have
more frequent exacerbations (four or more
episodes per year) may need an augmented
penicillin or a fluoroquinolone.

Hospitalized patients should receive intra-
venous treatment with an antipseudomonal
penicillin, a third-generation cephalosporin,
a newer macrolide or a fluoroquinolone, as
determined by local bacterial resistance pat-
terns. In more severe exacerbations, infections
with gram-negative bacteria (especially Kleb-
siella and Pseudomonas species) are more
common. Thus, treatment should include a
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TABLE 3

Antibiotics Commonly Used in Patients with COPD Exacerbations

Mild to moderate exacerbations*
First-line antibiotics

Doxycycline (Vibramycin), 100 mg twice daily
Trimethoprim-sulfamethoxazole (Bactrim DS, 

Septra DS), one tablet twice daily

Amoxicillin-clavulanate potassium(Augmentin), 
one 500 mg/125 mg tablet three times daily 
or one 875 mg/125 mg tablet twice daily

Macrolides
Clarithromycin (Biaxin), 500 mg twice daily 
Azithromycin (Zithromax), 500 mg initially, 

then 250 mg daily

Fluoroquinolones
Levofloxacin (Levaquin), 500 mg daily
Gatifloxacin (Tequin), 400 mg daily
Moxifloxacin (Avelox), 400 mg daily

IV = intravenous.

*—For orally administered antibiotics, the usual duration of therapy is five to 10 days.
†—Drugs are often used in combination for synergy; IV therapy is usually employed.

Information from references 12, 28 and 29.

Moderate to severe exacerbations†
Cephalosporins

Ceftriaxone (Rocephin), 1 to 2 g IV daily
Cefotaxime (Claforan), 1 g IV every 8 to 12 hours
Ceftazidime (Fortaz), 1 to 2 g IV every 8 to 12 hours

Antipseudomonal penicillins
Piperacillin-tazobactam (Zosyn), 3.375 g IV every 

6 hours
Ticarcillin-clavulanate potassium (Timentin), 

3.1 g IV every 4 to 6 hours

Fluoroquinolones
Levofloxacin, 500 mg IV daily
Gatifloxacin, 400 mg IV daily

Aminoglycoside
Tobramycin (Tobrex), 1 mg per kg IV every 8 to 

12 hours, or 5 mg per kg IV daily



third-generation cephalosporin or an aug-
mented penicillin, plus a fluoroquinolone or
an aminoglycoside for synergy.

Some of the antibiotics most commonly
used to treat acute exacerbations of chronic
bronchitis and emphysema are listed in Table
3.12,28,29 Antibiotic resistance poses an increas-
ing problem, especially in infections caused by
S. pneumoniae, beta-lactamase–producing
H. influenzae and M. catarrhalis. Conse-
quently, physicians often are forced to use
broader spectrum antibiotics for empiric
therapy.31 Cultures of respiratory samples are
useful for guiding antibiotic therapy in
patients who require mechanical ventilation.13

CORTICOSTEROIDS

Short courses of systemic corticosteroids
may provide important benefits in patients
with exacerbations of COPD. A recent clinical
trial32 involving 271 patients in Veterans Affairs
hospitals showed that steroid therapy resulted
in moderate improvement of clinical out-
comes, with shorter hospital stays and increases
in FEV1. The fact that there were no significant
differences between patients treated for two
weeks and those treated for eight weeks justifies
the use of a shorter course of corticosteroids to
reduce the occurrence of adverse effects.
Adverse effects can include hyperglycemia, sec-
ondary infection and behavioral changes.33

For severe exacerbations of COPD requir-
ing inpatient therapy, methylprednisolone
sodium succinate (Solu-Medrol) is com-
monly used initially. The steroid is adminis-
tered intravenously in a dosage of 1 to 2 mg
per kg every six to 12 hours. After two to three
days of intravenous therapy, the patient can
be switched to orally administered pred-
nisone in a starting dosage of 60 mg daily for
a total of two weeks of therapy. Tapering
doses of prednisone should then be given
over a two-week period to avoid adverse
effects from sudden withdrawal.

Currently, no criteria have been established
for deciding which patients benefit most
from corticosteroid therapy. Thus, all patients

without serious contraindications should
receive systemic corticosteroids for severe
exacerbations of COPD.

METHYLXANTHINES

The use of methylxanthines such as amino-
phylline and theophylline is controversial 
in patients with exacerbations of COPD.
Although methylxanthines can be of some
help in improving diaphragmatic function,
they are potentially toxic and are associated
with serious drug effects.34

Nevertheless, with close monitoring and
attention to potential adverse effects, methyl-
xanthines may have a place in the treatment
of patients who do not respond to other
bronchodilators. They may also have a role 
in the management of patients with chronic
stable disease who cannot operate metered-
dose inhalers or use other medications
because of adverse drug effects.

Dosages of aminophylline ranging from 
10 to 15 mg per kg daily are required to
achieve therapeutic levels of 10 to 20 mg per
mL. Increased serum levels can be expected
with concomitant use of cimetidine (Taga-
met), ciprofloxacin (Cipro) or erythromy-
cin.35 Smoking promotes methylxanthine
metabolism and decreases serum drug levels.9

Management of Chronic Stable Disease
NONPHARMACOLOGIC INTERVENTIONS

Patients with COPD should be encouraged
to adopt and maintain a healthy lifestyle. Reg-
ular exercise should be promoted, and nutri-
tional management should be provided.
Patients who smoke should stop smoking.
Weight loss should be encouraged in obese
patients labeled as “blue bloaters,” and nutri-
tional supplementation should be considered
in thin patients labeled as “pink puffers.” Com-
prehensive pulmonary rehabilitation also
should be considered.

Home health care services are key to suc-
cessful management in outpatient settings.
Hospice care may be appropriate for selected
patients.

COPD
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Smoking cessation is the most important,
and probably the most difficult, factor in pre-
venting or treating COPD. Interventions
available to help patients stop smoking
include behavioral modification programs
and pharmacologic agents such as nicotine
replacement products and antidepressants
(e.g., bupropion [Zyban]). A combination of
pharmacologic and behavioral approaches
appears to yield the best quit rates. The effec-
tiveness of nicotine patches is improved in
patients who also receive even minimal coun-
seling from a health care provider.36

PHARMACOLOGIC INTERVENTIONS

Pharmacologic interventions used in the
treatment of stable COPD include essentially
the same medications for the management of
acute exacerbations of chronic bronchitis and
emphysema (Figure 1).5 Based on clinical evi-
dence, at least short-term benefits result from
treatment that includes inhaled beta2 ago-
nists, inhaled anticholinergics and orally ad-
ministered corticosteroids.

Anticholinergics such as ipratropium seem
to provide some short-term improvement in
airway obstruction but have no significant
effect on the rate of decline of FEV1.37 Both
short-acting and long-acting beta2 agonists
produce short-term bronchodilation, relieve
symptoms and improve quality of life in
patients with COPD.38 The use of combined
beta2 agonists and anticholinergic agents has
been found to provide small additional bron-
chodilation compared with the use of either
medication alone.39

Treatment with orally administered corti-
costeroids for two to four weeks has been cor-
related with a 20 percent or greater improve-
ment of the baseline FEV1 in patients with
COPD.40 However, no current evidence is

available on the long-term effects of steroid
therapy on lung function.

The effectiveness of inhaled corticosteroids
remains controversial. Recent investigations
in the Lung Health Study41 have shown no
slowing of the rate of decline of FEV1. How-
ever, inhaled steroids seem to improve airway
reactivity and respiratory symptoms, and
they also have been found to decrease the use
of health care services for treatment of respi-
ratory problems.

If long-term corticosteroid therapy is con-
templated, it is important to consider possible
adverse effects. These include potential effects
on bone mineral density, weight gain and the
development of glucose intolerance.

Antibiotics are generally reserved for use in
episodes of acute exacerbations of chronic
bronchitis and emphysema. Theophylline
may induce short-term improvement of the
FEV1, but the benefits of methylxanthine
therapy should be weighed against potential
side effects and possible toxicity.

HYPOXEMIA

Apart from smoking cessation, supplemen-
tal oxygen therapy is the only measure that has
been shown to reduce mortality in patients
with COPD.42 Supplemental oxygen should be
given to patients who are hypoxemic with a
PaO2 of 55 mm Hg or less, or an oxygen satu-
ration of 88 percent or less while sleeping.

Oxygen therapy, with delivery by nasal can-
nula or CPAP, may be provided in the home.
Continuous long-term oxygen therapy
(LTOT) should be considered in patients with
a PaO2 below 55 mm Hg while at rest and
awake, and in patients with accompanying
polycythemia, pulmonary hypertension, right-
sided heart failure or hypercapnia (PaCO2

above 45 mm Hg). CPAP is generally reserved
for patients with chronic hypercapnia.

One set of investigators43 found significant
decreases in hospital admissions and length
of hospital stays for acute exacerbations of
COPD in patients treated with CPAP and
LTOT. Home health care services and nursing

610 AMERICAN FAMILY PHYSICIAN www.aafp.org/afp VOLUME 64, NUMBER 4  /  AUGUST 15, 2001

Smoking cessation is the most important factor in the pre-
vention or treatment of COPD.



care are essential to assist patients in the
proper use of these measures.

PULMONARY REHABILITATION

Pulmonary rehabilitation and exercise may
be beneficial as adjunct treatment in patients
whose symptoms are not adequately
addressed with pharmacologic therapy. The
goals of pulmonary rehabilitation are to en-
hance standard medical therapy and maxi-
mize functional capacity. Rehabilitation exer-
cises can also improve exercise tolerance.44

Pulmonary rehabilitation may be most useful
in patients who have limited activity and de-
creased quality of life.

Rehabilitation programs should include
the following: patient and family education;
smoking cessation; physical, nutritional and
occupational therapy; and, in selected
patients, LTOT or CPAP.

Long-term management and monitoring
should include periodic spirometry and mea-
surement of arterial blood gases to assess the
need for supplemental LTOT or CPAP once
the PaO2 is below 55 mm Hg or the PaCO2 is
above 45 mm Hg. The use of sedatives and
hypnotics should be avoided.

Annual influenza immunization is recom-
mended for patients with COPD. Pneumo-
coccal vaccine should be given at least once,
with consideration of re-vaccination every
five to 10 years.

SURGERY

Surgical interventions in COPD include
lung transplantation and lung volume reduc-
tion procedures. Recent advances in immune
suppression and an improved understanding
of the timing of interventions and the selec-
tion of appropriate recipients have made
transplantation a realistic option.

The goal of lung volume reduction surgery
is to reduce hyperinflation of one or both
lungs by surgical and/or laser resection. The
results of one study45 showed a one-year 45
percent increase in FEV1, a 25 percent decrease
in total lung capacity and an improvement of

exercise performance in patients who under-
went the procedure. Preliminary findings in
other studies have shown improvement in
dyspnea, quality of life and lung function.46

However, the perioperative mortality rate can
be as high as 10 percent, and cost-effectiveness
should be considered before lung volume
reduction surgery becomes widely used.47

The authors indicate that they do not have any con-
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REFERENCES 

1. Statistical abstract of the United States, 1994: the
national data book. 114th ed. Washington, D.C.:
U.S. Dept. of Commerce, Economics and Statistics
Administration, Bureau of the Census, 1994:95.

2. Woolcock AJ. Epidemiology of chronic airways dis-
ease. Chest 1989;96(3 suppl):S302-6.

3. Garibaldi RA. Epidemiology of community-acquired
respiratory tract infections in adults. Incidence, eti-
ology, and impact. Am J Med 1985;78:32-7.

4. Verheij TJ, Kaptein AA, Mulder JD. Acute bronchi-
tis: aetiology, symptoms and treatment. Fam Pract
1989;6:66-9.

5. Standards for the diagnosis and care of patients
with chronic obstructive pulmonary disease. Amer-
ican Thoracic Society. Am J Respir Crit Care Med
1995;152(5 pt 2):S77-121.

6. Definition and classification of chronic bronchitis
for clinical and epidemiological purposes. A report
to the Medical Research Council by their Commit-
tee on the Aetiology of Chronic Bronchitis. Lancet
1965;1(7389):775-9.

7. Anthonisen NR, Manfreda J, Warren CP, Hershfield
ES, Harding GK, Nelson NA. Antibiotic therapy in
exacerbations of chronic obstructive pulmonary
disease. Ann Intern Med 1987;106:196-204.

8. Gump DW, Phillips CA, Forsyth BR, McIntosh K, Lam-
born KR, Stouch WH. Role of infection in chronic
bronchitis. Am Rev Respir Dis 1976;113:465-74.

9. Goroll AH. Management of chronic obstructive
pulmonary disease. In: Goroll AH, May LA, Mulley
AG Jr., et al., eds. Primary care medicine: office
evaluation and management of the adult patient.
3d ed. Philadelphia: Lippincott, 1995:252-61.

10. Lynn J, Ely EW, Zhong Z, McNiff KL, Dawson NV,
Connors A, et al. Living and dying with chronic
obstructive pulmonary disease. J Am Geriatr Soc
2000;48(5 suppl):S91-100.

11. Voelkel NF, Tuder R. COPD: exacerbation. Chest
2000;117(5 suppl 2):S376-9.

12. Fein A, Fein AM. Management of acute exacerba-
tions in chronic obstructive pulmonary disease.
Curr Opin Pulm Med 2000;6:122-6.

13. Soler N, Torres A, Ewing S, Gonzalez J, Celis R, El-
Ebiary M, et al. Bronchial microbial patterns in severe
exacerbations of chronic obstructive pulmonary dis-

COPD

AUGUST 15, 2001  /  VOLUME 64, NUMBER 4 www.aafp.org/afp AMERICAN FAMILY PHYSICIAN 611



COPD

ease (COPD) requiring mechanical ventilation. Am J
Respir Crit Care Med 1998;157(5 pt 1):1498-505.

14. Sethi S. Infectious etiology of acute exacerbations
of chronic bronchitis. Chest 2000;117(5 suppl
2):S380-5.

15. Burrows B, Bloom JW, Traver GA, Cline MG. The
course and prognosis of different forms of chronic
airways obstruction in a sample from the general
population. N Engl J Med 1987;317:1309-14.

16. Hodgkin JE. Prognosis in chronic obstructive pul-
monary disease. Clin Chest Med 1990;11:555-69.

17. Anthonisen NR, Wright EC, Hodgkin JE. Prognosis
in chronic obstructive pulmonary disease. Am Rev
Respir Dis 1986;133:14-20.

18. Hughes JR, Goldstein MG, Hurt RD, Shiffman S.
Recent advances in the pharmacotherapy of smok-
ing. JAMA 1999;281:72-6.

19. Fletcher C, et al. The natural history of chronic
bronchitis and emphysema: an eight-year study of
early chronic obstructive lung disease in working
men in London. New York: Oxford University
Press,1976:1-268.

20. Krzyzanowski M, Jedrychowski W. Occupational
exposure and incidence of chronic respiratory
symptoms among residents of Cracow followed
for 13 years. Int Arch Occup Environ Health
1990;62:311-7.

21. Kanner RE. Early intervention in chronic obstructive
pulmonary disease. A review of the Lung Health
Study results. Med Clin North Am 1996;80:523-
47.

22. Bates DV, Knott JM, Christie RV. Respiratory function
in emphysema in relation to prognosis. Q J Med
1956;25:137-57.

23. Boushy SF, Coates EO Jr. Prognostic value of pul-
monary function tests in emphysema: with special
reference to arterial blood studies. Am Rev Respir
Dis 1964;90:553-63.

24. Traver GA, Cline MG, Burrows B. Predictors of mor-
tality in chronic obstructive pulmonary disease. A
15-year follow-up study. Am Rev Respir Dis 1979;
119:895-902.

25. Burrows B, Earle RH. Prediction of survival in
patients with chronic airway obstruction. Am Rev
Respir Dis 1969;99:865-71.

26. France AJ, Prescott RJ, Biernacki W, Muir AL, Mac-
Nee W. Does right ventricular function predict sur-
vival in patients with chronic obstructive lung dis-
ease? Thorax 1988;43:621-6.

27. Celli BR. The importance of spirometry in COPD
and asthma: effect on approach to management.
Chest 2000;117(2 suppl):S15-9.

28. Madison JM, Irwin RS. Chronic obstructive pul-
monary disease. Lancet 1998;352:467-73.

29. Kerstjens HA. Stable chronic obstructive pulmonary
disease. BMJ 1999;319:495-500.

30. Saint S, Bent S, Vittinghoff E, Grady D. Antibiotics
in chronic obstructive pulmonary disease exacerba-
tions. A meta-analysis. JAMA 1995;273:957-60.

31. King DE, Malone R, Lilley SH. New classification
and update on the quinolone antibiotics. Am Fam
Physician 2000;61:2741-8.

32. Niewoehner DE, Erbland ML, Deupree RH, Collins
D, Gross NJ, Light RW, et al. Effect of systemic glu-
cocorticoids on exacerbations of chronic obstruc-
tive pulmonary disease. Department of Veterans
Affairs Cooperative Study Group. N Engl J Med
1999;340:1941-7.

33. Keatings VM, Jatakanon A, Worsdell YM, Barnes
PJ. Effects of inhaled and oral glucocorticoids on
inflammatory indices in asthma and COPD. Am J
Respir Crit Care Med 1997;155:542-8.

34. Heath JM, Mongia R. Chronic bronchitis: primary
care management. Am Fam Physician 1998;57:
2365-72,2376-8.

35. Drug facts and comparisons. 55th ed. St. Louis:
Facts and Comparisons, 2001:654-9.

36. Daughton D, Susman J, Sitorius M, Belenky S, Millat-
mal T, Nowak R, et al. Transdermal nicotine therapy
and primary care. Importance of counseling, demo-
graphic, and participant selection factors on 1-year
quit rates. The Nebraska Primary Practice Smoking
Cessation Trial Group. Arch Fam Med 1998;7:425-30.

37. Braun SR, McKenzie WN, Copeland C, Knight L, Eller-
sieck M. A comparison of the effect of ipratropium
and albuterol in the treatment of chronic obstructive
airway disease. Arch Intern Med 1989;149:544-7.

38. Boyd G, Morice AH, Pounsford JC, Siebert M, Pes-
lis N, Crawford C. An evaluation of salmeterol in
the treatment of chronic obstructive pulmonary
disease (COPD). Eur Respir J 1997;10:815-21.

39. In chronic obstructive pulmonary disease, a combi-
nation of ipratropium and albuterol is more effec-
tive than either agent alone. An 85-day multicen-
ter trial. Combivent Inhalation Aerosol Study
Group. Chest 1994;105:1411-9.

40. Callahan CM, Dittus RS, Katz BP. Oral corticosteroid
therapy for patients with stable chronic obstructive
pulmonary disease. A meta-analysis. Ann Intern
Med 1991;114:216-23.

41. Effect of inhaled triamcinolone on the decline in
pulmonary function in chronic obstructive pul-
monary disease. N Engl J Med 2000;343:1902-9.

42. Continuous or nocturnal oxygen therapy in hypox-
emic chronic obstructive lung disease: a clinical
trial. Nocturnal Oxygen Therapy Trial Group. Ann
Intern Med 1990;93:391-8.

43. Clini E, Vitacca M, Foglio K, Simoni P, Ambrosino N.
Long-term home care programmes may reduce
hospital admissions in COPD with chronic hyper-
capnia. Eur Respir J 1996;9:1605-10.

44. Couser JI Jr., Martinez FJ, Celli BR. Pulmonary reha-
bilitation that includes arm exercise reduces meta-
bolic ventilatory requirements for simple arm ele-
vation. Chest 1993;103:37-41.

45. Cooper JD. The history of surgical procedures for
emphysema. Am Thorac Surg 1997;63:312-9.

46. Trulock EP. Lung transplantation. Am J Respir Crit
Care Med 1997;155:789-818.

47. Cooper JD, Trulock EP, Triantafillou AN, Patterson
GA, Pohl MS, Deloney PA, et al. Bilateral pneu-
monectomy (volume reduction) for chronic ob-
structive pulmonary disease. J Thorac Cardiovasc
Surg 1995;109:106-16.

612 AMERICAN FAMILY PHYSICIAN www.aafp.org/afp VOLUME 64, NUMBER 4  /  AUGUST 15, 2001


