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Chronic obstructive pulmonary disease
(COPD) is characterized by persistent
respiratory symptoms and progressive

airflow obstruction. Tobacco smoking is the leading
cause but not the only one. A postbronchodilator
FEV1–FVC ratio less than 0.70 is required for a diag-
nosis of COPD. Inhaler therapy is the backbone of
treatment and should be complemented by a multi-
faceted management strategy that includes counsel-
ing and pharmacotherapy for smoking cessation,
pulmonary rehabilitation, treatment of comorbidi-
ties, administration of influenza and pneumococcal
immunizations, and prescription of long-term oxy-
gen therapy in hypoxemic patients.
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Chronic obstructive pulmonary
disease (COPD) is a common,
preventable, and treatable dis-
ease characterized by persistent
respiratory symptoms and pro-
gressive airflow obstruction doc-
umented on spirometry; it is as-
sociated with an abnormal
inflammatory response of the
lungs to noxious particles or
gases (1–5). COPD affects close
to 400 million people and is al-
ready the third leading cause of
death worldwide, which the
World Health Organization pre-
dicted would not occur until
2030 (6, 7). In the United States,
the number of deaths from
COPD in women has surpassed
that in men since 2000. In fact,

age-adjusted mortality rates for
the disease in the United States
decreased among men between
1999 and 2014 but have re-
mained stable among women
during that same period (8).

Although cigarette smoking is
the leading cause of COPD, up to
25% of people with the disease
have never smoked (9). Long-
term exposure to other lung
irritants—such as air pollution;
chemical fumes; dust; and indoor
products of biomass fuels, such
as wood burned in stoves—may
contribute to COPD. A rare genetic
condition called �1-antitrypsin
deficiency can also cause the
disease.

Screening
Which patient populations are
at risk?
Patients younger than 40 years
rarely develop COPD because
susceptible persons develop the
disease only after inhalational
exposure to causative agents of
sufficient intensity and duration.
An estimated 80% of cases are
due to cigarette smoking. A risk
of 15% for clinically significant
COPD among smokers is com-
monly cited, but this may be an
underestimate (10). Risk factors
among never-smokers include
exposure to biomass fuels, air
pollution, or secondhand smoke;
workplace exposure to vapors,
gases, dust, or fumes; asthma;
maternal smoking in pregnancy;
low birthweight; and a history of
respiratory infections during
childhood (11, 12). Genetic fac-
tors also play a role in suscepti-
bility to COPD, the best defined
being emphysema related to �1-
antitrypsin deficiency.

Should clinicians screen
asymptomatic patients?
Screening asymptomatic patients
with spirometry is not supported
by convincing evidence. The U.S.
Preventive Services Task Force
recommends against screening
for COPD in asymptomatic adults
(13). However, epidemiologic
data suggest that COPD is under-
diagnosed (14). Furthermore,
many patients with the disease
report that they do not have
symptoms but actually limit their
daily physical activity to avoid or
minimize them, and others attri-
bute their symptoms to physical
deconditioning or older age. A
case-finding methodology in U.S.
pulmonary and primary care clin-
ics, which invoked 5 simple
patient-reported questions and
selective use of peak expiratory
flow, identified patients in need
of further diagnostic evaluation
for COPD (15). Future study of
performance in primary care set-
tings will determine the utility of
this approach.
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Diagnosis
When should clinicians consider a
diagnosis of COPD?
Clinicians should consider a di-
agnosis of COPD in adults aged
40 years or older who have risk
factors and report chronic respi-
ratory symptoms, such as short-
ness of breath, cough, or sputum
production. Taking a thorough
history is essential to capture the
presence and burden of respira-
tory symptoms in at-risk persons.
Clinicians should also remember
that COPD is a heterogeneous
condition. Some patients present
predominantly with a chronic
productive cough due to mucus
hypersecretion (chronic bronchi-
tis), whereas others present pre-
dominantly with progressive dys-
pnea secondary to lung
hyperinflation (emphysema).

What is the role of pulmonary
function testing in diagnosis?
In addition to the presence of
relevant risk factors and chronic
respiratory symptoms, a post-
bronchodilator FEV1–FVC ratio
less than 0.70 is required for the
diagnosis of COPD (1). Once the
diagnosis is established, the FEV1

percentage predicted informs
the severity of lung function im-
pairment, which is classified as
mild (FEV1 ≥80% of predicted),
moderate (FEV1 of 50%–79% of
predicted), severe (FEV1 of 30%–
49% of predicted), or very severe
(FEV1 <30% of predicted). FEV1

percentage predicted is strongly
associated with mortality and is

one of the components of the
BODE (Body mass index, airflow
Obstruction, Dyspnea, and Exer-
cise capacity) index, a well-
validated tool for long-term
prognosis in COPD (16). Other
pulmonary function test mea-
surements, such as lung volumes
and the diffusing capacity for car-
bon monoxide (DLCO), may sup-
port the diagnosis but are not
required. For example, a high
total lung capacity indicating hy-
perinflation, a high residual vol-
ume indicating air trapping, and
a low DLCO indicating impaired
gas exchange are suggestive of
emphysema.

What other tests should
clinicians order when
evaluating patients with
COPD?
No test other than spirometry is
required for the diagnosis of
COPD, but some tests are helpful
in clinical phenotyping and man-
agement, especially in patients
with advanced disease. An arte-
rial blood gas test can reveal
chronic hypercapnia, which may
prompt evaluation for home non-
invasive ventilation in select pa-
tients (17). A 6-minute walk test
should be ordered in patients
with progressively worsening
dyspnea or lung function, de-
creased DLCO, or significant em-
physema on chest computed to-
mography (CT) to assess for
hypoxia with exertion and candi-
dacy for long-term oxygen ther-
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Screening... The major risk factors for COPD are inhalational exposure
to tobacco smoke (including secondhand smoke) and occupational or
other exposure to biomass fuels, vapors, gases, dust, and fumes. The
best-described genetic risk factor to consider is �1-antitrypsin defi-
ciency. Screening for COPD in asymptomatic adults is not recom-
mended, but case-finding approaches may help identify undiagnosed
persons.
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apy. The eosinophil count on a
complete blood count with dif-
ferential can help guide the deci-
sion to initiate or discontinue in-
haled corticosteroids (ICSs)
because patients with higher
eosinophil counts generally re-
spond better to this class of in-
halers (18). Obtaining a chest CT
scan is important in the evalua-
tion of patients with recurrent
COPD exacerbations and those
with persistent dyspnea despite
maximal medical therapy to rule
out pulmonary embolism and
assess for the presence of other
coexisting pulmonary abnormali-
ties, such as bronchiectasis, inter-
stitial lung disease, or lung mass
(19).

Clinicians should also consider
measuring the �1-antitrypsin
level in all symptomatic patients
with fixed airflow obstruction,
particularly those with COPD on-
set as early as the fifth decade of
life; those with a family history of
�1-antitrypsin deficiency; and
those with emphysema, bronchi-
ectasis, liver disease, or panniculi-
tis in the absence of a recognized
risk factor or out of proportion to
the culprit exposure (for exam-
ple, smoking) (20, 21). Identifying
this diagnosis is particularly im-
portant to urge current smokers
to quit given that they are at high
risk for accelerated lung function
decline, and also to consider in-
travenous augmentation with
pooled human �1-antitrypsin,
which has been shown to reduce
declines in lung function and
lung density measured on chest
CT (22).

What other disorders should
clinicians consider in patients
with suspected COPD?
Clinicians should consider pul-
monary disorders that can result
in airflow obstruction, such as
asthma or bronchiectasis, which

can also coexist with COPD. In
addition, patients with COPD are
at higher risk for many other co-
morbidities, including coronary
artery disease, heart failure with
preserved or reduced ejection
fraction, pulmonary hyperten-
sion, obstructive sleep apnea,
osteoporosis, depression, and
anxiety (23, 24). Physicians
should regularly evaluate pa-
tients with COPD for these
comorbidities.

How should clinicians
distinguish patients with COPD
from those with asthma?
It can be difficult to distinguish
between asthma and COPD be-
cause both can present with air-
flow obstruction on spirometry
and similar respiratory symptoms
(such as dyspnea, cough, and
wheeze). However, some clinical
features may help differentiate
between these disorders. In gen-
eral, patients with asthma are less
likely to be smokers; develop
symptoms at a younger age; ex-
perience significant symptom
variability (for example, between
day and night, from day to day,
or between seasons), as demon-
strated by their often fluctuating
peak flow measurements; have
characteristic triggers for their
symptoms, such as exercise, cold
air, and aeroallergens (for exam-
ple, dust mites, mold, pollen, and
pets); and are more likely to have
a personal or family history of
atopy. In contrast, patients with
COPD tend to have disease on-
set later in life, often have a sig-
nificant smoking history (≥20
pack-years), have persistent dys-
pnea on exertion and productive
cough, and generally have a less
consistent response to inhalers.
Patients with clinical features of
both disorders are generally con-
sidered to have asthma–COPD
overlap (25).
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Treatment
What is the evidence that
smoking cessation benefits
patients with COPD, and which
interventions are most effective?
Clinicians should urge all current
smokers with COPD to quit
smoking and should address this
with them at every clinic visit or
hospital encounter. Persistence
on the part of the treating physi-
cian is essential to maximize the
chances of quitting. Smoking
cessation has many important
clinical benefits, including better
response to bronchodilators, a
reduced rate of lung function de-
cline, and decreased mortality
(26). A combination of counsel-
ing programs and pharmacother-
apy is the most effective strategy
to help patients quit smoking.
Pharmacotherapy options in-
clude nicotine replacement ther-
apy (patches, gums, lozenges,
nasal sprays, and oral inhalers)
and oral drugs, such as bupro-
pion and varenicline (27).

How should clinicians
approach drug therapy?
Inhaled medications, which in-
clude bronchodilators and corti-
costeroids, are the backbone of
COPD management (Table 1).
Bronchodilators come in short-

acting (short-acting �2-agonists
and short-acting muscarinic an-
tagonists) and long-acting (long-
acting �2-agonists [LABAs] and
long-acting muscarinic antago-
nists [LAMAs]) formulations. In-
haler therapy should be consid-
ered part of a comprehensive
management strategy that in-
cludes smoking cessation, pul-
monary rehabilitation, treatment
of comorbidities, and up-to-date
influenza and pneumonia
immunizations.

Symptom burden and exacerba-
tion risk should guide initial in-
haler therapy in patients with
COPD, based on the Global Ini-
tiative for Chronic Obstructive
Lung Disease (GOLD) ABCD
staging system (1) (Table 2).
Symptom burden can be evalu-
ated using the modified Medical
Research Council dyspnea sever-
ity scale (Appendix Table 1,
available at Annals.org) or the
more comprehensive COPD As-
sessment Test (CAT), which incor-
porates 8 symptom domains
(www.catestonline.org). Exacer-
bation risk is determined by the
frequency and severity of exac-
erbations in the preceding year
(Table 2; also see the Box: Cri-

29. Tashkin DP, Celli B, Senn
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Med. 2008;359:1543-
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2011;364:1093-103.
[PMID: 21428765]

31. Oba Y, Keeney E, Ghate-
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Cochrane Database Syst
Rev. 2018;12:
CD012620. [PMID:
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32. Lipson DA, Barnhart F,
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Clinical Research Net-
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35. Martinez FJ, Calverley
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Diagnosis... In patients with chronic respiratory symptoms (dyspnea,
cough, mucus production) and noxious exposures (cigarette smoking,
indoor or outdoor pollution, occupational exposures), a postbronchodi-
lator FEV1–FVC ratio less than 0.70 is required for a diagnosis of COPD.
Other tests and studies, such as full pulmonary function tests, an arterial
blood gas test, a 6-minute walk test, a blood eosinophil count, and
chest CT, may be helpful to clinically phenotype and guide the manage-
ment of patients with COPD, especially those with advanced disease.
Clinicians should measure �1-antitrypsin level in all symptomatic patients
with fixed airflow obstruction, especially those who have early-onset
COPD; a family history of �1-antitrypsin deficiency; or emphysema, bron-
chiectasis, liver disease, or panniculitis in the absence of a recognized risk
factor or out of proportion to their known exposures. Cardiac comorbidi-
ties, osteoporosis, depression, and anxiety are common in patients with
COPD and should be screened for on a regular basis.
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teria for and Severity of Acute
COPD Exacerbations). Recom-
mended initial inhaler therapy
consists of short-acting broncho-
dilators in GOLD group A, single
long-acting bronchodilators

(LABA or LAMA) in group B,
LAMAs in group C, and either
single (LAMA) or dual (LAMA +
LABA) long-acting bronchodila-
tor therapy or a combination of
ICSs and LABAs in group D (1).

Table 1. Pharmacotherapy in COPD

Drug Class Drug Names Adverse Effects Notes

Bronchodilators

Inhaled short-acting �2-agonist Albuterol
Levalbuterol
Terbutaline

Tachycardia, tremor, and hypokalemia
(usually dose-dependent), but
generally well tolerated by most
patients

Generally used as needed for mild disease with low symptom
burden or in more advanced disease for acute symptom
relief in addition to maintenance inhalers

Inhaled short-acting
anticholinergic

Ipratropium Dry mouth, mydriasis on contact with eye,
urine retention, palpitations, and
(rarely) acute narrow-angle glaucoma,
but generally well tolerated by most
patients

Generally used as needed for mild disease with low symptom
burden or in more advanced disease for acute symptom
relief in addition to maintenance inhalers

Avoid using both short- and long-acting anticholinergics

Inhaled long-acting �2-agonist Salmeterol
Formoterol
Arformoterol
Indacaterol
Olodaterol

Tachycardia, tremor; overdose can be
fatal

Use as maintenance therapy when short-acting bronchodilators
provide insufficient control of symptoms

Inhaled long-acting
anticholinergic

Tiotropium
Aclidinium
Umeclidinium
Glycopyrrolate
Revefenacin

Dry mouth, mydriasis on contact with eye,
urine retention, palpitations, and
(rarely) acute narrow-angle glaucoma

Not to be used with ipratropium
Use as maintenance therapy when short-acting bronchodilators

provide insufficient control of symptoms or for patients at
increased risk for exacerbations

Methylxanthine Theophylline
Aminophylline

Tachycardia, nausea, vomiting, insomnia;
narrow therapeutic index; overdose
can be fatal with arrhythmias and
seizures (including status epilepticus)

Not recommended unless other long-acting bronchodilators
are not tolerated or are unaffordable

Anti-inflammatory agents
Inhaled corticosteroid Fluticasone

Budesonide
Mometasone
Ciclesonide
Beclomethasone

Dysphonia, skin bruising, oral candidiasis,
pneumonia, and (rarely) adverse
effects of oral corticosteroids

Typically not used alone in COPD but in combination with a
long-acting bronchodilator in patients at increased risk for
exacerbations

Oral corticosteroid Prednisone
Prednisolone

Hyperglycemia, hypertension, fluid
retention, osteoporosis, adrenal
suppression, skin bruising, wound
healing impairment, gastric ulcers,
glaucoma, cataract, mood disturbance,
insomnia, pneumonia, opportunistic
infections, weight gain

Generally used for a limited period to treat exacerbations;
avoid, if possible, in stable COPD given limited benefits and
high risk for adverse effects

Consider inhaled corticosteroids to facilitate weaning of oral
corticosteroids

Oral macrolide Azithromycin Nausea, vomiting, diarrhea, hyper-
kalemia, hearing impairment

Used as a maintenance therapy for prevention of exacerbations
Associated with QTc prolongation; avoid or prescribe with

caution in patients with long QTc, those with a history of
torsades de pointes or bradyarrhythmias, or those already
using other QTc-prolonging drugs

Oral phosphodiesterase-4
inhibitor

Roflumilast Weight loss, nausea, diarrhea, decreased
appetite, insomnia, dizziness, back
pain

Used as a maintenance therapy for prevention of exacerbations
in patients with FEV1 <50% of predicted and the chronic
bronchitis phenotype

Contraindicated when hepatic impairment (Child–Pugh class B
or C) is present

Combination agents
Combined inhaled short-

acting �2-agonist and
short-acting anticholinergic
in a single inhaler

Albuterol/ipratropium
Fenoterol/ipratropium

Same/combined effects of both drug
classes

Generally used as needed for mild disease with low symptom
burden or in more advanced disease for acute symptom
relief in addition to maintenance inhalers

Avoid using both short- and long-acting anticholinergics
Combined inhaled long-acting

�2-agonist and long-acting
anticholinergic in a single
inhaler

Tiotropium/olodaterol
Umeclidinium/vilanterol
Glycopyrrolate/formoterol
Glycopyrrolate/indacaterol

Same/combined effects of both drug
classes

Recommended as maintenance therapy in highly symptomatic
patients (e.g., those with CAT score ≥20)

Avoid using both short- and long-acting anticholinergics

Combined inhaled long-acting
�2-agonist and
corticosteroid in a single
inhaler

Salmeterol/fluticasone propionate
Formoterol/budesonide
Vilanterol/fluticasone furoate

Same/combined effects of both drug
classes

Recommended as maintenance therapy in symptomatic
patients at high risk for exacerbations, especially if they have
coexisting asthma or a blood eosinophil count ≥0.300 × 109

cells/L
Combined inhaled long-acting

�2-agonist, long-acting
anticholinergic, and
corticosteroid in a single
inhaler

Umeclidinium/vilanterol/fluticasone
furoate

Same/combined effects of all 3 drug
classes

Recommended as escalation therapy in patients who remain
symptomatic or continue to have exacerbations on dual
inhaler therapy (either inhaled long-acting �2-agonist plus
inhaled long-acting anticholinergic, or inhaled long-acting
�2-agonist plus inhaled corticosteroid)

CAT = COPD Assessment Test; COPD = chronic obstructive pulmonary disease.
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The choice of inhaler device and
molecule within a given drug
class must be individualized on
the basis of such factors as ac-
cess, cost, ease of use, and
patient preference. Providing
education on correct inhaler
technique is essential because
more than 75% of patients with
COPD make at least 1 error dur-
ing administration (28). Clinicians
should assess inhaler technique
and adherence on a regular ba-
sis. They should also review
symptom burden and exacerba-
tion frequency at each clinic visit
to decide whether to maintain,
switch, escalate, or deescalate
current inhaler therapy.

What is the role of inhaled
bronchodilators?
Short-acting bronchodilators
have a duration of action of 3–6
hours and are typically used as
needed for relief of respiratory
symptoms. In contrast, long-
acting bronchodilators should be
used every day as maintenance
therapy for their long-term bene-
fits with regard to reducing dys-
pnea, improving lung function,
and decreasing exacerbation fre-
quency (29). LAMAs are superior
to LABAs for prevention of
exacerbations.

In a multinational randomized controlled trial
(RCT), 7376 participants with COPD, a post-
bronchodilator FEV1 of no more than 70% of
predicted, and at least 1 moderate or severe
exacerbation in the previous year were ran-
domly assigned to tiotropium, 18 mcg once
daily, or salmeterol, 50 mcg twice daily (30).
Tiotropium significantly increased the time to
the first moderate or severe exacerbation com-
pared with salmeterol (187 vs. 145 days; haz-
ard ratio, 0.83 [95% CI, 0.77– 0.90]; P <
0.001). Both groups experienced a similar rate
of serious adverse events.

Dual LAMA and LABA broncho-
dilator therapy is more effective
than monotherapy for symptom
and lung function improvement
(31). Therefore, clinicians should
consider prescribing dual long-
acting bronchodilator therapy in
highly symptomatic patients (for
example, those with a CAT score
≥20) or escalating to dual ther-
apy in patients who remain symp-
tomatic on monotherapy (1).

Criteria for and Severity of
Acute COPD Exacerbations*

Criteria
More than day-to-day variation
in respiratory symptoms:
• Worsening dyspnea
• Increase in sputum volume
• Increase in sputum purulence

(generally yellow or green)

Severity
Mild exacerbation: treated with
short-acting bronchodilators

Moderate exacerbation: treated
with short-acting bronchodila-
tors plus antibiotics and/or oral
corticosteroids

Severe exacerbation: requires
emergency department visit or
hospitalization

* Adapted from reference 1.
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Table 2. GOLD ABCD Staging to Guide Initial Pharmacologic Therapy in
COPD

Patient
Category

Characteristics Exacerbations
per Year

CAT Score mMRC Dyspnea
Scale Score

A Low risk, fewer symptoms ≤1 <10 0–1
B Low risk, more symptoms ≤1 ≥10 ≥2
C High risk, fewer symptoms ≥2/≥1 with

hospitalization
<10 0–1

D High risk, more symptoms ≥2/≥1 with
hospitalization

≥10 ≥2

CAT = COPD Assessment Test; COPD = chronic obstructive pulmonary disease;
GOLD = Global Initiative for Chronic Obstructive Lung Disease; mMRC = modified
Medical Research Council.
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When should clinicians
prescribe corticosteroids?
ICSs should not be prescribed
alone in COPD and are generally
used in combination with long-
acting bronchodilators. The com-
bination of a LABA and an ICS is
more effective than its individual
components at improving health
status, lung function, and exacer-
bation rate. A combination of a
LABA and an ICS should be con-
sidered for initial inhaler therapy
in patients with high symptom
burden and high exacerbation
frequency (GOLD group D), par-
ticularly if they have coexisting
asthma or if their blood eosino-
phil count is 0.300 × 109 cells/L
or higher (1). Recent studies have
demonstrated that higher blood
eosinophil counts are associated
with better efficacy of ICSs at pre-
venting exacerbations (18). Triple
therapy with a LABA, a LAMA,
and an ICS is superior to dual
LABA/LAMA or LABA/ICS thera-
pies at improving symptoms and
lung function and reducing exac-
erbation frequency.

A multinational RCT enrolled 10 355 patients
with COPD (FEV1 <50% of predicted and ≥1
moderate or severe exacerbation in the previ-
ous year, or FEV1 of 50%– 80% of predicted
and ≥2 moderate or severe exacerbations in
the previous year) into the following single-
inhaler groups: triple LABA/LAMA/ICS therapy
with vilanterol/umeclidinium/fluticasone fu-
roate, dual LABA/ICS therapy with vilanterol/
fluticasone furoate, or dual LABA/LAMA ther-
apy with vilanterol/umeclidinium (32). Over
52 weeks, the triple therapy group had a lower
rate of moderate or severe exacerbations than
either the dual LABA/ICS therapy group (rate
ratio, 0.85 [CI, 0.80 – 0.90]; P < 0.001) or the
dual LABA/LAMA therapy group (rate ratio,
0.75 [CI, 0.70 – 0.81]; P < 0.001).

It is important to note that ICSs
have potential for several ad-
verse effects, including higher
risk for pneumonia, pulmonary
nontuberculous mycobacterial
infection, oral candidiasis, and
skin bruising. Therefore, clini-

cians are encouraged to periodi-
cally review the risks and benefits
of maintaining their patients with
COPD on an ICS-containing regi-
men. Studies examining the ef-
fects of ICS withdrawal on clinical
outcomes in patients with COPD
have produced mixed results to
date. In a study that included pa-
tients with infrequent exacerba-
tions who were using triple in-
haler therapy, deescalation to
LABA/LAMA therapy resulted in a
small decline in lung function
and no difference in exacerba-
tions (33). However, the sub-
group of patients with baseline
blood eosinophil counts of
0.300 × 109 cells/L or higher had
significantly greater loss of lung
function and frequency of exacer-
bations. These findings suggest
that the decision on whether to
maintain or withdraw an ICS re-
quires clinicians to take several
key factors into account, includ-
ing exacerbation frequency, ad-
verse effects, and blood eosino-
phil count.

Oral corticosteroids should be
reserved for limited periods to
treat acute exacerbations. In gen-
eral, long-term therapy with
oral corticosteroids should be
avoided in stable disease be-
cause of limited, if any, benefits
and a high potential for adverse
effects, including osteoporosis.

When should clinicians consider
adding long-term oral
medications to inhaled drug
therapy?
COPD exacerbations are detri-
mental events in the natural his-
tory of the disease and are asso-
ciated with poor quality of life,
loss of lung function, and in-
creased mortality. Therefore, pre-
vention of such events is an es-
sential component of COPD
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management. For patients re-
ceiving maximal inhaler therapy
who continue to have frequent
exacerbations, clinicians should
consider adding long-term azi-
thromycin or roflumilast for pro-
phylaxis (Table 1).

In a multicenter RCT, 1142 former smokers
with COPD who were at increased risk for exac-
erbations were randomly assigned to receive
azithromycin, 250 mg daily, or placebo for 1
year in addition to usual care (34). The median
time to the first exacerbation was 266 days in
participants receiving azithromycin compared
with 174 days in those receiving placebo (P <
0.001). Of note, hearing impairment affected 25%
of participants in the azithromycin group compared
with 20% in the placebo group (P = 0.04).

Roflumilast, a phosphodiesterase-4
inhibitor, has been shown to reduce
the frequency of moderate and
severe exacerbations in patients
at high risk for exacerbations
who have an FEV1 less than 50%
of predicted and the chronic
bronchitis phenotype (35).

Theophylline is an oral drug with
a small bronchodilator effect.
However, given its modest symp-
tomatic benefits, narrow thera-
peutic window, interactions with
other medications, and adverse
effects (including nausea, vomit-
ing, tachyarrhythmias, and sei-
zures), its use is generally not
recommended.

What immunizations should
clinicians administer?
The Advisory Committee on Im-
munization Practices (ACIP) rec-
ommends influenza and pneu-
mococcal vaccinations for
persons who have chronic pul-
monary disorders, including
COPD. Influenza vaccination sig-
nificantly reduces the number of
respiratory exacerbations and
should be administered yearly to
all patients with COPD (36).
Adults aged 19–64 years who
smoke or have COPD should be
given the 23-valent pneumococ-
cal polysaccharide vaccine, and it

should be administered again at
age 65 years if the previous vac-
cination was more than 5 years
earlier (37). The ACIP no longer
recommends vaccinating all
adults aged 65 years or older
with the 13-valent pneumococcal
conjugate vaccine (PCV13) be-
cause universal PCV13 vaccina-
tion of children has led to a sub-
stantial decrease in infections
attributed to PCV13 serotypes
(38). Indications for PCV13 immu-
nization include a history of inva-
sive pneumococcal disease and
the presence of an immunocom-
promised state, asplenia, a cere-
brospinal fluid leak, or a cochlear
implant. In the absence of these
indications, shared patient–
physician decision making re-
garding the administration of
PCV13 is recommended.

In a Cochrane review of 12 RCTs that included
a total of 2171 patients with COPD, those who
received either pneumococcal vaccine were
less likely to develop community-acquired
pneumonia (odds ratio, 0.62 [CI, 0.43– 0.89];
number needed to treat, 21) or have a COPD
exacerbation (odds ratio, 0.60 [CI, 0.39 – 0.93];
number needed to treat, 8) (39).

How should clinicians manage
acute exacerbations?
Although there is no single defi-
nition of a COPD exacerbation,
the criteria shown in the first Box
(Criteria for and Severity of Acute
COPD Exacerbations) are com-
monly used. Acute exacerbations
frequently occur after a bacterial
or viral upper respiratory tract
infection, exposure to an environ-
mental irritant (such as high hu-
midity, cold air, or aeroallergens),
or a pulmonary embolism (19).
Management includes prompt
recognition. Inhaled short-acting
bronchodilators are the mainstay
of therapy for exacerbations be-
cause of their rapid onset of ac-
tion. Additional management
may also include initiation of anti-
biotics or oral corticosteroids and
assessment of the need for hos-
pitalization. Because the symp-
toms of an exacerbation are not
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specific to COPD, relevant differ-
ential diagnoses should be con-
sidered, including acute myocar-
dial infarction, pneumonia,
arrhythmia, and exacerbation
of congestive heart failure.

Clinicians should consider pre-
scribing antibiotics for patients
with an ambulatory COPD exac-
erbation. This recommendation
is based on a pooled analysis of
several studies that showed a
decrease in treatment failure and
an increase in the time between
exacerbations with antibiotic
therapy (40). Episodes that pres-
ent with purulent sputum are
most likely to benefit from antibi-
otic treatment (41). The severity
of the exacerbation and the de-
gree of lung function impairment
are also important considerations
when deciding whether to pre-
scribe an antibiotic. The actual
trigger of a COPD exacerbation
is often not known in usual prac-
tice. Therefore, antibiotic therapy
should cover the most common
bacterial pathogens, such as
Haemophilus influenza, Strepto-
coccus pneumoniae, and
Moraxella catarrhalis, while tak-
ing into account response to pre-
vious treatment and local bacte-
rial resistance patterns (42).
Antibiotic options include �-
lactam/�-lactamase inhibitors,
second- or third-generation
cephalosporins, macrolides, fluo-
roquinolones, tetracyclines, and
trimethoprim–sulfamethoxazole.

Oral corticosteroids should be
strongly considered in patients
with moderate to severe acute
exacerbations. Several RCTs
comparing corticosteroids ad-
ministered orally or parenterally
in exacerbations support a re-
duction in the likelihood of treat-
ment failure and relapse by 1
month (43). These studies also
show earlier improvement in
symptoms and lung function and
reduction in length of hospital
stay. There is no evidence of ben-
efit for parenteral versus oral cor-

ticosteroid treatment with regard
to treatment failure, relapse, or
mortality. Although adverse ef-
fects can result from administra-
tion of both parenteral and oral
corticosteroids, they are less se-
vere with oral treatment, which is
therefore favored.

An RCT of 314 patients presenting to the emer-
gency department with acute COPD exacerba-
tions found no difference between a 5-day
course of oral corticosteroids versus a 14-day
course with regard to repeated exacerbation in
6 months (44). This supports the common
practice of prescribing prednisone, 40 mg/d
for 5 days, for patients not requiring admission
to the intensive care unit.

It is important to recognize that
some patients will have an inade-
quate response to outpatient
management of an exacerbation;
these patients may require hospi-
talization with possible noninva-
sive ventilation, intubation, and
mechanical ventilation (Box: Indi-
cations for Hospital Assessment
or Admission for COPD Exacer-
bations). A discussion of inpa-
tient management of patients
with COPD is beyond the scope
of this review, and readers
should consult other sources for
further information (1, 40).

Indications for Hospital
Assessment or Admission for
COPD Exacerbations*

• Severe symptoms, such as
sudden worsening of resting
dyspnea, high respiratory rate,
decreased oxygen saturation,
confusion, or drowsiness

• Acute respiratory failure
• Onset of new physical signs

(e.g., cyanosis or peripheral
edema)

• Failure of exacerbation to
respond to initial medical
management

• Significant comorbid
conditions (e.g., heart failure
or newly occurring
arrhythmias)

• Diagnostic uncertainty
• Insufficient home support
* Adapted from reference 1.
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When should clinicians
recommend pulmonary
rehabilitation?
Pulmonary rehabilitation is a mul-
tidisciplinary program of care
comprising various interventions
that include exercise training
(both aerobic and strength train-
ing), education, and psychologi-
cal and nutritional counseling.
Although these components are
beneficial on an individual basis,
the most effective approach is a
comprehensive, integrated pro-
gram (1, 3). A team of health care
practitioners usually provides
pulmonary rehabilitation in a
structured program administered
to groups of patients with COPD.

Clinicians should recommend
pulmonary rehabilitation for all
symptomatic patients with COPD
as part of their overall treatment
plan as pharmacotherapy is be-
ing optimized. Patients who
are most likely to benefit are
those with impaired quality of life
due to COPD, those who experi-
ence breathlessness and anxiety
that limit activity, and those who
are willing to undertake an inten-
sive education and exercise
program (1, 3).

A 2015 Cochrane Collaboration review of 65
RCTs with a total of 3822 patients with COPD
concluded that pulmonary rehabilitation re-
duced dyspnea and increased exercise ability
and health-related quality of life (45). Another
Cochrane Collaboration analysis of 1477 patients
found that the effect of pulmonary rehabilitation af-
ter a COPD exacerbation on hospital readmission
and mortality was heterogeneous, with some stud-
ies showing benefit and others not (46).

Future studies should examine
factors responsible for this heter-
ogeneity of effects, such as the
duration and breadth of post-
exacerbation rehabilitation
programs.

What other adjunctive
measures should clinicians
consider?
Adjunctive therapies are com-
monly used, although little evi-

dence supports their effective-
ness. Relaxation techniques,
diaphragmatic breathing, and
pursed-lip breathing may reduce
anxiety caused by shortness of
breath. Nutritional interventions
can help achieve ideal body
weight and improve quality of
life. Use of a flutter valve device
and chest physiotherapy can en-
hance sputum clearance and alle-
viate dyspnea in patients with
chronic bronchitis or coexisting
bronchiectasis but have limited
usefulness in the absence of ex-
cessive sputum production. Ob-
structive sleep apnea is common
in patients with COPD and
should be diagnosed and treated
in a timely manner to improve
overall cardiopulmonary health
and enhance sleep quality.

When should clinicians
prescribe oxygen therapy?
Long-term oxygen therapy de-
creases mortality in patients with
severe resting hypoxemia (47,
48). Therefore, patients with
moderate to severe COPD
should be periodically evaluated
to determine whether they need
supplemental oxygen (see the
Box: Criteria for Initiation of
Long-Term Oxygen Therapy).
Measurement of PaO2 after 30
minutes of breathing room air is
the most accurate clinical stan-
dard for initiation of oxygen ther-
apy. Pulse oximetry can be used
to qualify patients for long-term
oxygen therapy and to adjust ox-
ygen flow rates. Patients can self-
adjust the rate of oxygen flow
using relatively inexpensive pulse
oximeters, provided that they
know to keep their SaO2 near
90%. This approach can be useful
for patients to titrate oxygen flow
at different altitudes. When long-
term oxygen therapy is indicated
for continuous use, it should be
used for at least 15 hours, and
ideally 24 hours a day.

In a multicenter RCT of long-term supplemen-
tal oxygen versus no long-term supplemental
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oxygen in patients with COPD and moderate
resting or exercise-induced desaturation, use
of long-term supplemental oxygen did not im-
prove mortality or time to first hospitalization
compared with no long-term supplemental ox-
ygen. The study did not find between-group
differences in quality of life, lung function, or
distance walked in 6 minutes (49).

Taken together, these findings
suggest that although long-term
oxygen therapy decreases mor-
tality in patients with COPD and
severe resting hypoxia, it may not
confer a survival benefit in those
with moderate resting or exer-
tional hypoxia. Therefore, shared
decision making should guide the
decision on whether to initiate oxy-
gen therapy in these patients.

When should clinicians refer
patients to a pulmonologist?
Clinicians should consider refer-
ring patients with COPD to a pul-
monologist when there is diag-

nostic uncertainty or when
patients are not responding well
to treatment. Patients with COPD
who average at least 2 annual
exacerbations requiring treat-
ment represent a specific sub-
group associated with poor out-
comes and may benefit from
pulmonary subspecialty care. Pa-
tients with severe COPD under-
going high-risk surgeries based
on the type, location, and ur-
gency of the procedure may ben-
efit from preoperative pulmonary
optimization. Consideration of
bronchoscopic or surgical lung
volume reduction or lung trans-
plant should also prompt referral
to a pulmonologist. Appendix
Table 2 (available at Annals.org)
lists referral recommendations
adapted from professional soci-
ety guidelines.

When should clinicians
consider surgical or
bronchoscopic therapies?

Lung volume reduction surgery
Lung volume reduction surgery
(LVRS) involves resection of up to
30% of diseased or nonfunction-
ing emphysematous parenchyma
to allow the remaining lung to
function more efficiently. It may
be considered in patients with
COPD who have completed a
pulmonary rehabilitation pro-
gram and meet the following
criteria: 1) evidence of upper
lobe–predominant bilateral em-
physema on chest CT; 2) total
lung capacity and residual vol-
ume above 100% and 150% of
predicted, respectively, on pul-
monary function tests; 3) maxi-
mum postbronchodilator FEV1

no greater than 45% of predict-
ed; and 4) room air PaCO2 of no
more than 60 mm Hg and PaO2 of
at least 45 mm Hg. Patients with
an FEV1 of 20% of predicted or
less and either homogeneous
emphysema on CT or DLCO of

Criteria for Initiation of
Long-Term Oxygen Therapy*

Tested on room air at rest:
• SaO2 ≤88%, or
• PaO2 ≤55 mm Hg
Tested during exercise:
• SaO2 ≤88% or PaO2 ≤55 mm

Hg and
• Documented improvement of

hypoxemia during exercise
with oxygen administration

Tested during sleep:
• SaO2 ≤88% or PaO2 ≤55 mm

Hg for ≥5 minutes during
sleep or

• Decrease in SaO2 >5% or
decrease in PaO2 >10 mm Hg
for ≥5 minutes associated with
symptoms or signs attributable
to hypoxemia (e.g., impaired
cognition or restlessness)

* For patients with congestive
heart failure, pulmonary hyper-
tension/cor pulmonale, or eryth-
rocytosis, SaO2 ≤89% or PaO2 of
56–59 mm Hg at rest, during
exercise, or during sleep meets
criteria for initiation of oxygen
therapy.

� 2020 American College of Physicians ITC28 In the Clinic Annals of Internal Medicine 4 August 2020



20% of predicted or less should
not be considered for LVRS be-
cause they are unlikely to benefit
from it and have a high risk for
perioperative mortality (50). Se-
lect patients with upper lobe–
predominant emphysema, low
exercise capacity, and severe
symptoms have experienced a
mortality benefit along with im-
proved symptoms and exercise
capacity after LVRS (50).

Bronchoscopic lung volume
reduction
Bronchoscopic approaches have
also been developed to reduce
lung volume through the place-
ment of valves in select airways
to produce targeted atelectasis
of emphysematous portions of
the lung. Two valve devices had
been approved by the U.S. Food
and Drug Administration as of 16
January 2020. Selection criteria
for bronchoscopic lung volume
reduction (BLVR) are generally
similar to those for LVRS, with 2
exceptions: Emphysema distribu-
tion does not have to be upper
lobe–predominant for BLVR, and
the pulmonary fissure associated
with the lobe to be targeted must
be complete in BLVR so that atel-
ectasis of that lobe can occur af-
ter valve placement. The rate of
pneumothorax after BLVR can be
as high as 30%, and most pneu-
mothoraces occur in the first few
days after the procedure. This
requires that patients be hospi-
talized for a minimum of 3 days
after the procedure for monitor-
ing. Long-term mortality out-
comes after BLVR remain to be
determined.

A multicenter RCT to evaluate the efficacy and
safety of the Zephyr Endobronchial Valve (Pul-
monx) in patients with severe COPD with no
collateral ventilation in the target lobe showed
benefit for lung function, exercise tolerance,
dyspnea, and quality of life over the standard
of care medical therapy group to at least 12

months (51). Another multicenter, open-label
RCT assessing the Spiration Valve System
(Olympus) found that patients with severe het-
erogeneous emphysema who underwent
BLVR had significant 6- and 12-month im-
provements in FEV1 and 6-month improve-
ments in dyspnea and quality of life compared
with patients receiving optimal medical man-
agement alone (52).

Lung transplant
COPD-specific guidelines recom-
mend lung transplant referral for
patients with progressive disease
despite maximal medical treat-
ment that includes pharmaco-
therapy, pulmonary rehabilita-
tion, and oxygen therapy if they
are not candidates for broncho-
scopic or surgical lung volume
reduction and if they have a
BODE index score of 5-6, a PaCO2

greater than 50 mm Hg and/or a
PaO2 less than 60 mm Hg, and an
FEV1 less than 25% of predicted
(53). Debate is ongoing about
single versus bilateral lung trans-
plant in COPD. Some studies
have shown improved survival
(54, 55) and functional results
(56) with double versus single
lung transplant, but others have
demonstrated similar survival
with fewer postoperative compli-
cations and lower mortality on
the waiting list with single lung
transplant (57). There was no dif-
ference in mortality at 5 years
between single and double lung
transplant in a propensity score–
controlled analysis of more than
3000 recipients from the United
Network for Organ Sharing data-
base (58). Successful lung trans-
plant results in improved pulmo-
nary function, exercise capacity,
quality of life, and possibly sur-
vival (2). Chronic allograft rejec-
tion (obliterative bronchiolitis) is
the leading cause of long-term
morbidity and mortality, with
rates as high as 25%–55% after
transplant.
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Practice Improvement
What do professional
organizations recommend with
regard to prevention, screening,
diagnosis, and treatment?
Guidelines from professional or-
ganizations include those from
GOLD (updated in 2020) (1); the
American College of Physicians,
American College of Chest Physi-
cians, American Thoracic Society,
and European Respiratory Soci-
ety on the diagnosis and man-
agement of stable COPD (up-
dated in 2011) (2); the American
Thoracic Society and European
Respiratory Society on the pre-
vention and management of
COPD exacerbations (updated in
2017) (40, 59); the U.S. Depart-
ment of Veterans Affairs and U.S.
Department of Defense (updated
in 2014) (3); and the National In-
stitute for Health and Care Excel-
lence (updated in 2019) (4).
These guidelines present a com-
prehensive approach to diagno-

sis and management and draw
information and evidence from
various sources, including RCTs;
cohort studies; case–control
studies; expert opinion; and rec-
ommendations from public pol-
icy organizations, such as the
ACIP.

What measures do stakeholders
use to evaluate the quality of care
for patients with COPD?
The Centers for Medicare & Med-
icaid Services instituted a penalty
for 30-day readmissions as part
of its Hospital Readmissions Re-
duction Program in October
2014. This prompted hospitals to
develop readmission reduction
programs with few published
data on effectiveness. The Ameri-
can Thoracic Society recently re-
leased a workshop report on cur-
rent best practices and models
for addressing COPD hospital
readmissions (60).

Treatment... Inhaler therapy is the backbone of COPD treatment and
should be complemented by a multifaceted management strategy that
includes counseling and pharmacotherapy for smoking cessation, pul-
monary rehabilitation, treatment of comorbidities, administration of in-
fluenza and pneumococcal immunizations, and prescription of long-
term oxygen therapy in hypoxemic patients. Respiratory symptom
burden and exacerbation frequency should guide initial and follow-up
inhaler therapy. Acute exacerbations should be treated by optimizing
bronchodilator therapy and adding systemic corticosteroids with or
without antibiotics as clinically indicated. Patients with frequent exacer-
bations should be considered for long-term oral prophylactic therapies,
such as azithromycin and roflumilast. Eligible patients with advanced
COPD should be referred to a pulmonologist for consideration of inter-
ventional options, such as surgical or bronchoscopic lung volume re-
duction and lung transplant.

CLINICAL BOTTOM LINE
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In the Clinic

Tool Kit
Chronic Obstructive
Pulmonary Disease

Patient Information

https://medlineplus.gov/copd.html
https://medlineplus.gov/languages/copd.html
Patient information and handouts on COPD in English

and other languages from the National Institutes of
Health's MedlinePlus.

www.nhlbi.nih.gov/health-topics/copd
www.nhlbi.nih.gov/health-topics/espanol/epoc
Patient information on COPD in English and Spanish

from the National Heart, Lung, and Blood Institute.

www.thoracic.org/patients/patient-resources/resources
/copd-intro.pdf

Patient education handout on COPD from the American
Thoracic Society.

Information for Health Professionals

https://goldcopd.org/gold-reports
2020 Global Strategy for Prevention, Diagnosis, and Man-

agement of COPD from the Global Initiative for Chronic
Obstructive Lung Disease.

www.nice.org.uk/guidance/ng115
National Institute for Health and Care Excellence 2019

updated guideline on diagnosis and management of
COPD.

www.thoracic.org/statements/resources/copd
/prevention-copd-exacerbations.pdf

European Respiratory Society/American Thoracic Society
2017 updated guideline on prevention of COPD
exacerbations.

www.aafp.org/afp/2017/0401/p433.html
Recommendations on diagnosis and management of

COPD from the American Academy of Family
Physicians. In

the
Cli

nic
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WHAT YOU SHOULD KNOW
ABOUT COPD

What Is Chronic Obstructive
Pulmonary Disease (COPD)?

It is a common, preventable lung disease. People
with COPD have a hard time getting air in and
out of their lungs.

What Causes It?
Cigarette smoking is the leading cause of COPD.

Breathing polluted air or chemical fumes over a
long period of time may also cause it. In a small
number of cases, it is caused by a rare genetic
condition. It is usually diagnosed in middle-aged
or older people.

What Are Common Symptoms?
• Shortness of breath, especially with activity
• Coughing a lot
• A cough that produces large amounts of mucus
• Wheezing
• Chest tightness
• Lack of energy or feeling tired
Your symptoms will depend on how severe your

COPD is and how much damage has been done to
your lungs. Some people have mild lung disease
and only a few symptoms. Others have very severe
lung disease and severe, frequent symptoms.

How Is It Diagnosed?
• Your doctor will listen to your chest with a

stethoscope. He or she will ask about your
symptoms and medical history.

• You will have a test called “spirometry.” With this
test, you blow into a machine called a spirometer
that measures how well your lungs are working.

• Other tests and studies may be needed. These
could include a CT scan of your chest, a blood
test to measure the level of oxygen in your
blood, or a walking test to measure how your
body responds to activity.

How Is It Treated?
• One of the most important parts of COPD

treatment is quitting smoking. This will improve
your breathing, keep your COPD from getting
worse, and lower your chances of dying. Your
doctor will work with you to help you quit.

• Most symptoms are managed with inhaled
medications, which improve breathing by
relaxing airways or decreasing airway
inflammation. Some inhalers are used every

day; others are used only when your breathing
gets worse. Talk to your doctor about the best
inhalers for you based on cost, ease of use,
and your personal preference.

• Your doctor may also prescribe steroids for
short periods of time to help manage days
when your symptoms are worse.

• If you have moderate or severe COPD, your
doctor may prescribe oxygen. In rare cases,
surgery or a lung transplant may be
recommended.

• Your doctor may enroll you in a pulmonary
rehabilitation program. This will teach you
skills to live with COPD, manage symptoms,
and improve your exercise tolerance.

• Managing other diseases, staying up-to-date on
your vaccines, getting regular activity, and eating
well are also important to keeping you healthy.

• You will need regular follow-up visits with your
doctor. During these visits, your doctor will make
sure you are using your inhaler correctly. They will
review your symptoms and decide whether to
make any changes to your medicine.

Questions for My Doctor
• What changes can I make in my life to help

improve my symptoms?
• What will happen if I don't quit smoking? Can

you help me quit?
• Is my lung damage reversible?
• Which inhaler is best for me?
• What are the risks or side effects of treatment?
• Would you watch me use my inhaler and tell

me if I am using it correctly?
• Do I need oxygen therapy?
• Can I keep doing the things I like to do?
• How often should I have follow-up visits?
• Will I need to see any other doctors?

For More Information
American Lung Association
www.lung.org/lung-health-diseases/lung-disease-lookup/copd

MedlinePlus
https://medlineplus.gov/copd.html

Live Well With COPD
http://acp-resources.com/COPD/index.php

In the Clinic
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Appendix Table 1. Modified Medical Research Council Dyspnea Scale

Score Description of Dyspnea Severity

0 I get breathless only with strenuous exercise. None
1 I get short of breath when hurrying on level ground or walking up a slight hill. Mild
2 On level ground, I walk slower than other people my age because of breathlessness, or I have

to stop for breath when walking at my own pace.
Moderate

3 I stop for breath after walking approximately 100 yards or after a few minutes on level ground. Severe
4 I am too breathless to leave the house or breathless when dressing. Very severe

Appendix Table 2. When to Consider Referral to a Pulmonary Specialist*

Disease onset before age 40 years
Frequent exacerbations (≥2 per year) despite adequate treatment
Rapidly progressive disease course (decrease in FEV1, progressive dyspnea, decreased exercise tolerance, unintentional

weight loss)
Severe COPD (FEV1 <50% of predicted) despite optimal treatment
Need for oxygen therapy
Onset of comorbid condition (osteoporosis, heart failure, bronchiectasis, lung cancer)
Diagnostic uncertainty (e.g., coexisting COPD and asthma)
Symptoms disproportionate to the severity of airflow obstruction
Confirmed or suspected �1-antitrypsin deficiency
Patient requests a second opinion
Patient is a potential candidate for lung transplant or bronchoscopic or surgical lung volume reduction
Patient has very severe disease and requires elective surgery that may impair respiratory function

COPD = chronic obstructive pulmonary disease.
* Adapted from references 3 and 5.
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