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Definition 

Chronic obstructive pulmonary disease (COPD) is a disease 
state characterized by airflow obstruction that is not fully 
reversible. The airflow limitation is usually progressive and 
associated with an enhanced inflammatory response of the 
lungs to noxious particles and gases.1 In most cases, the nox-
ious particles and gases derive from tobacco smoking. This 
definition emphasizes the importance of airflow obstruction, 
which is determined using spirometry, in the diagnosis of 
COPD. Of note, unlike earlier definitions of COPD, the cur-
rent definition does not mention “emphysema” or “chronic 
bronchitis.” 

Spirometry involves a forced expiratory maneuver after 
the patient has inhaled so as to achieve total lung capacity 
(TLC) [see Figure 1]. The volume of air exhaled in the first 
second of this maneuver is the forced expiratory volume in 
1 second (FEV1), and the total volume of air exhaled during 
the maneuver is the forced vital capacity (FVC). Airflow 
obstruction is defined in terms of a reduction in the ratio of 
the FEV1 to the FVC; a ratio below 0.7 (commonly referred 
to as 70%, although it does not refer to a percentage of a 
predicted value) is often used to indicate significant airflow 
obstruction. The use of this fixed ratio to define airflow 
obstruction has been criticized2 because the predicted values 
for the FEV1/FVC ratio normally decline with age, and a 
substantial number of normal elderly persons have an FEV1/
FVC ratio of less than 0.7. The use of percentage of predicted 
values or lower limits of normal for FEV1/FVC ratio can 
overcome the limitations of a fixed threshold for defining an 
abnormal FEV1/FVC ratio.

Airflow obstruction in COPD is caused by emphysema 
and airway disease. Emphysema is defined as abnormal, 
permanent enlargement of air spaces distal to the terminal 
bronchiole, accompanied by destruction of the alveolar walls 
[see Pathology, below]. The airway disease in COPD that 
results in airflow obstruction occurs principally in small air-
ways (ie, those with an internal diameter of less than 2 mm). 

Chronic bronchitis, a condition of the large airways, is com-
mon in persons with COPD. Chronic bronchitis is defined as 
a cough productive of sputum on most days for at least 
3 months a year for at least 2 consecutive years and for which 
there is no other explanation. Like COPD, chronic bronchitis 
is often associated with cigarette smoking; however, individ-
uals with chronic bronchitis but without airflow obstruction 
are not classified as having COPD. 

Whereas previous recommendations for management of 
COPD were based solely on the severity of the airflow 
obstruction, the most recent Global Initiative for Chronic 

Obstructive Lung Disease (GOLD) guidelines recommend 
combined assessment using symptoms, breathlessness, spi-
rometric classification, and risk of exacerbation to evaluate 
patients [see Figure 2] and guide treatment [see Table 1]. To 
assess symptoms, the GOLD guidelines recommend using 
the COPD Assessment Test (CAT) (http://www.cateston-
line.org), a validated eight-item measure of impairment 
with scores ranging from 0 to 40.3,4 The GOLD guidelines 
state that a CAT score of 10 or higher should prompt consid-
eration of further treatment.5 Spirometric classification is 
based on the degree of airflow limitation on postbronchodi-
lator FEV1 in the setting of a reduced FEV1/FVC ratio.1 
Grade 1 (mild) is defined as an FEV1 value of greater than or 
equal to 80% of predicted; because of the limitations of using 
a fixed FEV1/FVC ratio to define airflow obstruction using 
the GOLD criteria, it is likely that many normal individuals 
would fit this definition of mild COPD. Grade 2 (moderate) 
is defined as an FEV1 value between 50 and 80% of pre-
dicted. Grade 3 (severe) is defined as an FEV1 value between 
30 and 50% predicted. Patients with FEV1 values below 30% 
of the predicted value are categorized as grade 4 (ie, very 
severe). If only prebronchodilator spirometry is obtained, 
GOLD grades are assigned with less certainty.6 The risk of 
exacerbation is based on a history of previously treated 
exacerbations, which has been shown to be the best predic-
tor of having frequent exacerbations.7

Epidemiology

prevalence 

COPD is a leading cause of disability and death in the 
United States and worldwide.8,9 Precise estimates of COPD 
prevalence are not available and likely differ by region and 
smoking rates. During 2007–2010, the National Health and 
Nutrition Examination Survey (NHANES) obtained pre-
bronchodilator spirometry data on a nationally representa-
tive sample of US adults and postbronchodilator pulmonary 
lung function data for the subset of adults with airflow lim-
itation.10 These data demonstrate an estimated overall COPD 
prevalence between 10 and 20% among adults in the United 
States between the ages of 40 and 79 depending on which 
diagnostic criteria were applied (fixed ratio or lower limit of 
normal) and whether pre- or postbronchodilator values 
were used. Similarly, a retrospective longitudinal cohort 
study in Canada published in 2011 determined that about 
one in four individuals is likely to receive medical attention 
for a physician diagnosis of COPD.11 Recent data from 
nationally representative data sources suggest declines in 
the age-adjusted prevalence of COPD from 1999 to 2011, 
likely due to declines in smoking rates. Indeed, the preva-
lence of smoking in 2010 was approximately one half of that 
in 1965 for both men and women.12,13

* The authors and editors gratefully acknowledge the contributions of the previous 
authors, Robert M. Senior, MD, and Edwin K. Silverman, MD, PhD, to the develop-
ment and writing of this review.
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gender effects

Historically, men have had higher rates of COPD because 
of higher rates of cigarette smoking when compared to 
women. During the 1960s, however, smoking rates in women 
significantly increased, and several decades after these 
increases, the rates of COPD in women began climbing rap-
idly. Currently, some experts suggest that women may have 
increased susceptibility to COPD compared with men, 
although this position is controversial. In 2000, more women 
than men died from COPD in the United States, due in part 
to a higher percentage of women in the population.14 Among 
patients with severe, early-onset COPD, a marked female 

predominance has been reported.15,16 It is worth noting that 
health care providers are more likely to diagnose COPD in 
males than in females. This may be in part related to differ-
ent clinical presentations; women are more apt to report 
dyspnea, whereas men are more likely to report increased 
phlegm production.14 

racial and ethnic differences

Although COPD prevalence has historically been highest 
in whites living in the United States and Europe, the rates of 
COPD have increased dramatically in populations in Asia 
and Africa as smoking rates have increased in those regions.17 

Figure 1 Spirometry test results in a normal patient (a and b) and one with severe chronic obstructive pulmonary disease (COPD) (c and d); the 
two patients are of the same age, gender, and height. Readings were taken before administration of a bronchodilator (black lines) and afterward 
(blue lines). Flow-volume loops (a and c) reveal reduced forced vital capacity (FVC) with coving in the COPD patient; the squares represent pre-
dicted normal values. Volume-time curves (b and d) demonstrate reduced forced expiratory volume in 1 second (FEV1) and prolonged exhalation 
without a plateau in the COPD patient.
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In a comparison of 80 African-American COPD patients and 
80 white COPD patients with airflow obstruction of similar 
severity, African Americans had fewer pack-years of smoking 
(44 ± 23 in African Americans versus 66 ± 31 in whites).18 
A review of available data on racial disparities in COPD found 
similar results.19 There is also evidence to suggest racial differ-
ences in the extent of emphysema and airway remodeling in 
COPD.20 COPD will continue to be a major international cause 
of morbidity and mortality in white, Asian, and African pop-
ulations for decades to come.21 There is evidence to suggest 
that Hispanic subjects may be at lower risk for COPD and lung 
function decline.22 Data are still being amassed on racial dis-
parities in susceptibility, treatment, and outcomes.22

Etiology

Normally, pulmonary function follows a predictable tra-
jectory across a person’s life span: FEV1 values increase 
steadily with growth during childhood and adolescence, 
plateau in early adulthood, and then gradually decline with 
advancing age. Environmental and familial factors can influ-
ence this trajectory; for example, childhood respiratory ill-
nesses and airway hyperresponsiveness may result in lower 
FEV1 values. 

Departure from the normal trajectory can lead to COPD 
by one of three paths: (1) a normal rate of decline in FEV1 

after a reduced growth phase (ie, poor lung development); 
(2) early initiation of FEV1 decline after normal growth, with 
a shortened plateau phase; or (3) accelerated decline in FEV1 
after normal growth. Environmental and genetic factors, 
together with their interactions, likely can decrease the max-
imal level of pulmonary function achieved or increase the 
rate of decline in FEV1.23

cigarette smoking

Cigarette smoking is the major environmental risk factor 
for the development of COPD. The effects of cigarette smok-
ing on the decline in pulmonary function depend on the 
intensity of the smoke exposure (typically assessed as the 
number of pack-years, where one pack-year is defined as 
smoking one pack of cigarettes a day for 1 year), the timing 
of this exposure during growth and development in child-
hood and adolescence, and the maximally attained level 
of pulmonary function. There is a dose-response relation 
between smoking intensity as assessed by pack-years and 
average level of reduction in FEV1 [see Figure 3].24 The per-
centage of smokers with significant airflow obstruction 
(ie, FEV1 of less than 80% predicted) increases with increas-
ing pack-years. Although there is clearly an increased risk 
with more intensive smoking exposure, only a minority of 
smokers develop severe COPD. Even among very heavy 
smokers, many individuals continue to have normal FEV1 

Figure 2 Global Initiative for Chronic Obstructive Lung Disease (GOLD) Combined COPD Assessment using symptoms of breathlessness, 
spirometric classification, and risk of exacerbation to group patients with chronic obstructive pulmonary disease (COPD) into one of four catego-
ries (A, B, C, or D).1 CAT = COPD Assessment Test; FEV1 = forced expiratory volume in 1 second.
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Table 1 Initial Pharmacologic Management of COPD
Patient 
Group First Choice Alternate Choice

A Short-acting anticholinergic as needed or 
short-acting beta2 agonist as needed

Long-acting anticholinergic or long-acting beta2 agonist or short-acting beta2 
agonist and short-acting anticholinergic

B Long-acting anticholinergic or long-acting 
beta2 agonist

Long-acting anticholinergic and long-acting beta2 agonist

C Inhaled corticosteroid and long-acting beta2 
agonist or long-acting anticholinergic

Long-acting anticholinergic and long-acting beta2 agonist or long-acting 
anticholinergic and phosphodiesterase-4 inhibitor or long-acting beta2 agonist 
and phosphodiesterase-4 inhibitor

D Inhaled corticosteroid and long-acting beta2 
agonist and/or long-acting anticholinergic

Inhaled corticosteroid and long-acting beta2 agonist and long-acting anticholinergic 
or inhaled corticosteroid and long-acting beta2 agonist and phosphodiesterase-4 
inhibitor or long-acting anticholinergic and long-acting beta2 agonist or 
long-acting anticholinergic and phosphodiesterase-4 inhibitor

COPD = chronic obstructive pulmonary disease.
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values. An analysis of longitudinal spirometric data from 
4,391 individuals in the Framingham Offspring Cohort con-
firmed the negative impact of ongoing cigarette smoking on 
lung function decline and the marked variability in response 
to smoking.25 Of interest, this study demonstrated that smoking 
cessation under age 30 led to normalization of the subsequent 
rate of lung function decline, whereas smoking cessation 
after age 40 was associated, on average, with a persistently 

elevated rate of lung function decline. Notably, the preva-
lence of smoking has been declining significantly among 
both men and women.13 Although the use of conventional 
cigarettes is decreasing, the use of electronic cigarettes is 
growing, including among those who were previously nev-
er-smokers. Data on the long-term safety of electronic ciga-
rettes are still being gathered.26

other risk factors

Surveys of the general population have found that a sig-
nificant percentage of persons with airflow obstruction are 
lifelong nonsmokers.27,28 It is uncertain how many of these 
nonsmokers have COPD; however, the risk of severe COPD 
is markedly lower in persons who have never smoked than 
it is in current smokers or ex-smokers. Rare genetic syn-
dromes (see below) can lead to the development of severe 
COPD in nonsmokers. 

Lower respiratory tract infections in childhood appear to 
be associated with lower FEV1 and FVC levels in adult-
hood.29,30 However, such childhood infections do not appear 
to be associated with an accelerated decline in lung function 
during adulthood.31 Airway responsiveness (ie, the tendency 
for bronchoconstriction to occur in response to stimuli 
such as methacholine) is observed in many COPD patients. 
Whether airway responsiveness was a cause or an effect of 
COPD was previously unclear; however, multiple longitudi-
nal studies have demonstrated that airway responsiveness is 
a strong predictor of subsequent decline in pulmonary func-
tion. Thus, airway responsiveness is a risk factor for COPD.32 

An increased risk of COPD has been posited for a variety 
of occupations, including gold mining, coal mining, and 
work in cotton textile industries.33 Similarly, one study in 
Asia demonstrated that exposure to biomass fuels or dusty 
jobs among patients with COPD was associated with more 
frequent symptoms and severe airflow limitation.34 It remains 
unclear if occupational exposures are major risk factors for 
the development of COPD in nonsmokers. Increased air pol-
lution has been associated with reduced lung function in 
children and increased exacerbation rates in COPD subjects; 
however, it remains unproven if air pollution is a significant 
risk factor for the development of COPD.35 Exposure to sec-
ondhand cigarette smoke in childhood can affect the maxi-
mal level of lung function attained, and secondhand smoke 
exposure may be a risk factor for COPD. Exposure to bio-
mass fuel sources for cooking, including wood and crop res-
idues, has been shown to be a risk factor for COPD and 
chronic bronchitis in nonsmoking women in developing 
countries.35 HIV infection can increase the risk of emphy-
sema, particularly in smokers.36 

genetics

α1-Antitrypsin Deficiency

α1-Antitrypsin (AAT) deficiency was discovered in Swe-
den in the early 1960s and remains the most clearly defined 
genetic risk factor for COPD.37,38 AAT is a protease inhibitor 
that is encoded by the SERPINA1 (also known as protease 
inhibitor [PI]) gene. Most individuals carry two copies of the 
M allele at the SERPINA1 locus and have normal AAT 
levels. The S allele of SERPINA1 is associated with slightly 
reduced AAT levels, and the Z allele is associated with 

Figure 3 In a general population sample, the mean forced expiratory 
volume in 1 second (FEV1) (expressed as a percentage of the predicted 
value) decreases with increasing smoking intensity (expressed as 
pack-years).16 However, many heavy cigarette smokers continue to 
have FEV1 values within the normal range. This variable response to 
smoking suggests that genetic and other environmental influences are 
involved in susceptibility to chronic obstructive pulmonary disease.
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markedly reduced AAT levels; the prevalence of these vari-
ants is above 1% in most white populations. Much less com-
monly, individuals inherit null alleles, which results in the 
complete absence of AAT production. Null alleles may 
result from any of multiple genetic alterations. The condi-
tion of having two Z alleles or one Z and one null allele is 
referred to as PI Z because only the Z protein is observed 
within the bloodstream of such persons. This represents the 
most common type of severe AAT deficiency.

Three main types of clinical tests are used to detect AAT 
deficiency. The serum level of the protein, often measured by 
nephelometry (a technique used to determine the level of sev-
eral blood plasma proteins), is a commonly performed screen-
ing test. Patients with serum AAT levels below the normal 
range (typically below 80 mg/dL or 15 µM) should undergo 
testing to determine the type of AAT that they have inherited. 
This can be done by assessing the protein in serum or plasma 
with isoelectric focusing (referred to as the AAT phenotype) or 
the genetic variants in DNA (referred to as the AAT genotype). 
Because genotype testing is not available for the full range of 
null variants, AAT phenotyping is still commonly performed.

AAT deficiency is found in approximately 1 to 2% of COPD 
patients. Population screening studies in the United States 
indicate that the prevalence of individuals with AAT defi-
ciency is between one in 2,857 and one in 5,097. On the basis 
of a population of about 320 million, there are approximately 
100,000 individuals with AAT deficiency in the United States; 
however, the vast majority of them have not been diagnosed. 
For that reason, the natural history of lung disease (as well as 
liver disease, which also develops in a subset of PI Z individ-
uals) in AAT deficiency is uncertain. In recognition of the 
marked underdiagnosis of AAT deficiency, AAT testing has 
been recommended for all patients who have COPD or who 
have asthma with chronic airflow obstruction.37 

Despite the uncertainty in the natural history of AAT defi-
ciency, it is well established that cigarette smoking is a major 
risk factor for early-onset COPD in persons with the PI Z 
phenotype. Nonetheless, the development of COPD in smok-
ers with the PI Z phenotype is not absolute. Among non-
smokers with PI Z, marked variability has been noted in the 
development of airflow obstruction.39 Reported risk factors 
for a more severe pulmonary course in AAT deficiency 
include male gender, asthma (especially in childhood), pneu-
monia, and occupational exposures to respiratory irritants.40 

The risk of lung disease in heterozygous individuals with 
the PI MZ phenotype remains controversial. A meta-analysis 
found that in case-control studies, a higher rate of PI MZ was 
observed in COPD patients than in normal control subjects.41 
In population-based studies, however, similar FEV1 levels 
have been found in persons with PI MZ and those with PI 
MM. A subset of PI MZ individuals may be at increased risk 
for COPD as a result of other genetic and environmental risk 
factors, although this has not been proven. Greater risk of 
COPD in PI SZ individuals has been more definitively estab-
lished,42 although the COPD risk associated with PI SZ is 
lower than that with PI Z. Individuals with the PI MS pheno-
type do not appear to be at increased risk for COPD. 

Other Genetic Syndromes 

In addition to AAT deficiency, several very rare syndromes 
have been associated with COPD. Cutis laxa, a dermatologic 

condition marked by loose and inelastic skin, is often asso-
ciated with the development of emphysema in childhood or 
adolescence. Cutis laxa is etiologically heterogeneous; muta-
tions in several genes, including those that code for elastin 
and fibulin-5, have been identified as causes. Hypocomple-
mentemic urticarial vasculitis is a syndrome of unknown 
etiology that often includes COPD.43 Although lung blebs 
have been reported in other connective tissue disorders, 
such as Marfan syndrome and Ehlers-Danlos syndrome, the 
risk of COPD in these syndromes is unclear.44 

Common Genetic Risk Factors

Among patients with COPD that does not have a specific 
known genetic cause, familial clustering of both low pulmo-
nary function values and COPD cases has been demon-
strated.45,46 One study of 22,422 Danish and 27,668 Swedish 
twin pairs estimated that approximately 60% of the individ-
ual susceptibility to COPD could be explained by genetic 
factors.47 Thus, it is likely that additional genetic factors 
increase COPD risk in a subset of smokers. Genetic variants 
in several genomic regions (including chromosomes 4q22, 
4q31, 15q25, and 14q32) have been associated with COPD at 
genome-wide significance levels in genome-wide association 
studies.48–51 Additional genome-wide significant loci have 
been associated with the development of severe COPD.51 

A functional genetic variant upstream from hedgehog inter-
acting protein (HHIP) has been found in the genomic region 
associated with COPD on chromosome 4q31. Several novel 
COPD susceptibility genes have been supported by animal 
models of emphysema.52,53 A better understanding of the 
genetic determinants of COPD has the potential to provide 
insights into the heterogeneity of this disease state and guide 
prevention, diagnosis, and treatment.

Pathogenesis

inflammation

COPD is a complex disease.54,55 Many pathogenetic mecha-
nisms appear to be involved: (1) inflammation, (2) immunity, 
(3) oxidative stress, (4) apoptosis and senescence, and (5) turn-
over of extracellular matrix (ECM).56–58 Epigenetic changes also 
occur.59,60 Research on genetically altered mice has been invalu-
able in uncovering and investigating mechanisms of COPD,61 
but the extent to which the mechanisms cited above are oper-
ative in an individual COPD patient is not easily discerned. 
It is likely that the relative importance of the mechanisms var-
ies between patients and at different grades in the course of 
the disease in an individual patient. Host factors specifically 
implicated in emphysema are shown here [see Figure 4].

The definition of COPD states that inflammation is central 
to the pathogenesis of COPD.1 Indeed, inflammation in 
COPD lungs is evident from a variety of sources, including 
surgical specimens, postmortem tissue, lung scans with iso-
topes that label neutrophils, bronchoalveolar lavage fluid, 
sputum, and volatile products in exhaled breath. The sever-
ity of airway inflammation by histopathologic examination 
correlates with the physiologic severity of the disease. In 
mouse smoking models, the inflammatory response and the 
degree of emphysema correlate. Many factors, as diverse as 
adiponectin and aryl hydrocarbon hydrolase, appear to be 
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involved in promoting or protecting against the inflamma-
tion associated with smoke exposure.62,63 If inflammation is 
prevented or reduced in smoking models of emphysema, as, 
for example, by drugs such as the phosphodiesterase-4 
inhibitor roflumilast [see Long-Term Care, below], there is a 
reduction in the development of emphysema.64 

According to the inflammation paradigm of COPD patho-
genesis, smoking and other types of inhaled irritants activate 

resident macrophages and structural cells of the lungs to 
release factors that recruit and activate monocytes, lympho-
cytes, dendritic cells, neutrophils, and eosinophils. These 
inflammatory cells, in turn, recruit other inflammator y cells; 
release oxidants, proteinases, and cytokines that promote 
apoptosis or senescence of lung cells; damage the lung ECM; 
and adversely affect its repair. In former smokers, high 
numbers of inflammatory cells in the lungs and other evi-
dence of lung inflammation may be found years after smok-
ing cessation,65 which suggests that the inflammation in 
COPD is self-perpetuating. 

Although inflammatory cells and their products are clearly 
key in COPD, several points about inflammation and COPD 
are notable: (1) structural cells of the lungs and airways 
may trigger inflammation by producing proinflammatory 
factors66,67; (2) peptides derived from ECM components, 
especially elastin and collagens, have proinflammatory 
activity68,69; and (3) inflammation is not a feature of all exper-
imental models of emphysema.70

immunity

Studies of both patients and experimental models implicate 
innate and adaptive immunity in the pathogenesis of COPD.71,72 
Among many observations that associate immunity with COPD 
and with emphysema in mice are the following: (1) B cells, and 
CD4+ and CD8+ T cells, accumulate in alveolar, airway, and 
perivascular sites in COPD lungs; (2) lymphoid follicles are 
present in bronchiolar walls, at perivascular sites, and in alve-
olar tissue in COPD, and their quantity correlates with airflow 
obstruction65; (3) antielastin antibodies are present in COPD 
bronchoalveolar lavage fluid and stimulate T cell prolifera-
tion73; (4) smoke-induced emphysema does not develop in 
mice that lack CD4+ and CD8+ cells74; and (5) transfer of lung 
T cells from smoke-exposed mice to mice that have not been 
exposed to smoke drives a variety of COPD-like features in the 
recipient mice.75 A three-stage scheme of increasing immune 
responses coinciding with increasing severity of COPD has 
been proposed: in stage 1, which occurs in virtually all smok-
ers, there is injury of pulmonary epithelium with release of 
proinflammatory mediators; in stage 2, there is intrapulmo-
nary proliferation and maturation of dendritic cells and T cells; 
and in stage 3, there is augmentation of stage 2 and the appear-
ance of antibodies to lung cells and other components of lung 
tissue.72,76 Autoimmunity to elastin has been reported,77 but 
this is not a consistent finding.78

proteinase-antiproteinase imbalance 

Ever since the discovery in the 1960s of AAT deficiency 
associated with early-onset emphysema and the production 
of emphysema in experimental animals with elastolytic 
enzymes, proteinases have been considered key to the mech-
anism of emphysema. In the intervening years, other mech-
anisms of emphysema pathogenesis have been uncovered, 
most notably apoptosis and oxidant stress. But proteinase- 
antiproteinase imbalance continues to prevail as an import-
ant mechanism, and within this paradigm, there has been 
marked growth of information about the types and cellular 
sources of proteinases, the induction and regulation of pro-
teinases, and the substrates attacked by proteinases.79

Increased levels of several proteases from both inflamma-
tory cells and epithelial cells have been found to be increased 

Figure 4 The pathogenesis of emphysema from smoking. Smoking 
stimulates resident cells to release factors that recruit inflammatory cells 
to the lungs. The various inflammatory cells that accumulate in the periph-
eral tissues of the lungs release proteinases and oxidants that damage or 
degrade extracellular matrix in the walls of alveoli, alveolar ducts, and 
respiratory bronchioles. In addition, agents in smoke and those released by 
inflammatory cells inactivate proteinase inhibitors, such as α1-antitrypsin, 
and cause senescence and apoptosis of lung cells that produce extracellu-
lar matrix. Products of the damaged extracellular matrix, such as peptides 
of degraded elastin, are chemotactic for inflammatory cells; thus, degrada-
tion of the extracellular matrix may lead to a feedback loop that perpetu-
ates inflammation. These matrix-derived products may also elicit immune 
responses that lead to destruction of extracellular matrix. COPD = chronic 
obstructive pulmonary disease; IL-8 = interleukin-8.
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in patients with COPD. Among these, neutrophil elastase 
and its main inhibitor, AAT, and elastic fibers have most 
strongly supported the proteinase-antiproteinase hypothesis 
of emphysema. Matrix metalloproteinases (MMPs) have sub-
sequently also been associated with emphysema.80 Many 
MMPs are found in emphysematous lung tissue and in bron-
choalveolar lavage fluid along with alveolar macrophages 
from patients with emphysema. Macrophage MMP increases 
are also found in early-onset emphysema associated with 
HIV.81 MMPs are not inhibited by AAT; they are inhibited by 
proteins called tissue inhibitors of metalloproteinases. Just as 
the spectrum of proteinases has grown beyond neutrophil 
elastase, the focus on elastic fibers as the key component of 
the lung ECM in emphysema has been expanded to include 
other matrix components, notably collagens.82

Three aspects of proteinases and COPD should be noted: 
(1) in contrast to emphysema, relatively little is known about 
proteinase-antiproteinase imbalance in COPD airways; 
(2) besides affecting lung elastin and other matrix components, 
proteinases process cytokines involved in the inflammatory 
and immune responses in COPD; and (3) the apparently sim-
ple model of emphysema caused by putting elastases in the 
lungs elicits, and requires, a complex response.83,84

oxidants

An increased burden of oxidants from smoke and inflam-
matory cells is present in the lungs of cigarette smokers.85 
Genes involved in responding to oxidant stress are affected 
in smokers’ airway epithelium, and the effects are exagger-
ated in those with COPD.86 Similar types of changes are seen 
in experimental smoke-induced emphysema.87 Emphysema-
tous tissue shows oxidative modifications of DNA.88 

Oxidants promote inflammation and proteinase expression 
via several intracellular signaling pathways, including mitogen- 
activated protein kinases and nuclear factor κB. Oxidants can 
induce apoptosis, activate MMPs, and affect ECM directly as 
oxidative modification of tropoelastin, the building block of 
elastin, prevents its assembly into elastic fibers.89 Antioxidant 
mechanisms are crucial in resistance to emphysema develop-
ment from smoke exposure. Mice lacking nuclear factor E2–
related factor (Nrf-2), a transcription factor that promotes 
expression of antioxidants, develop emphysema in response 
to cigarette smoke, whereas mice with the same genetic back-
ground except having normal Nrf-2 are resistant to emphy-
sema from the same smoke exposure.90 Considering the 
importance of oxidants in COPD, there is interest in identify-
ing ingestible compounds with antioxidant properties that 
protect against smoke-induced emphysema.91,92 

apoptosis and senescence

Emphysematous human lung contains apoptotic and 
senescent cells, which are not seen in normal lungs.93,94 Cig-
arette smoke can induce apoptosis in vitro. Emphysema 
develops in animal models of lung cell apoptosis induced by 
reducing vascular endothelial growth factor (VEGF) or his-
tone deacetylase.70 Ceramide, a signaling sphingolipid, has 
been implicated in apoptosis in emphysema.95 Notably, 
inflammation is not present in models of emphysema caused 
by apoptosis via reductions in lung VEGF or histone deacety-
lase.70 Senescent lung cells promote tissue injury through 
release of proinflammatory cytokines and proteinases and 

lead to alveolar cellular loss via apoptosis.96 Cells from 
severe emphysema lungs are more easily induced to a senes-
cent phenotype with cigarette smoke extract than cells from 
normal lungs. This difference between emphysema cells and 
normal cells correlates with levels of Werner syndrome pro-
tein, which are low in emphysema cells.97

degradation and synthesis of lung ecm

The ECM of the lung parenchyma and airways can be 
changed markedly in COPD showing parenchymal spaces 
devoid of tissue and small airways that have fibrotic walls 
encroaching or even obliterating the airway lumina. Although 
emphysematous human lung parenchyma may look depleted 
of ECM and essentially nonviable, surprisingly, the quantity 
of collagen and elastin content of the remaining lung tissue 
may be increased above normal,98 and elastin synthesis is 
active by messenger RNA analysis even in lungs removed for 
lung transplantation for severe COPD.99 The response of the 
lung ECM in animal models of smoke exposure indicates 
that changes in airways, pulmonary blood vessels, and 
parenchyma ECM do not occur in the same time frame in 
each of these tissue compartments, and drugs to protect 
against changes do not necessarily affect the ECM in each 
compartment in the same way.100 

Pathophysiology

Irreversibly reduced maximal expiratory airflow, most 
commonly measured as the FEV1 with a reduced FEV1/FVC 
ratio, is the defining physiologic feature of COPD.101 Other 
characteristic physiologic features include an increased 
residual volume (RV), increased functional residual capacity 
(FRC), increased residual volume to TLC ratio (RV/TLC), 
decreased inspiratory capacity (IC), maldistribution of ven-
tilation, and ventilation-perfusion (V̇/Q̇) mismatching. The 
TLC may be normal or increased, whereas the carbon mon-
oxide diffusing capacity (Dlco) may be normal or decreased.102 

airflow obstruction

Unlike patients with asthma, in whom inhaled bronchodi-
lators typically produce large improvements in airflow, 
patients with COPD commonly have only modest responses 
to inhaled bronchodilators (ie, increases of < 10% of the 
predicted FEV1 value).103 Inspiratory flow in patients with 
COPD may be relatively well preserved, even when FEV1 is 
markedly reduced. The abnormalities of expiratory flow 
seen in COPD are readily apparent from flow-volume 
curves: in mild COPD, the lower part of the expiratory limb 
of the flow-volume curve is “scooped out,” reflecting abnor-
mally increased narrowing of the airways at lung volumes 
near the RV; in moderate and advanced COPD, decreased 
flow is seen over the entire expiratory limb [see Figure 1]. 
Two types of alterations of lung physiology account for 
reduced maximal expiratory airflow in COPD: reduced lung 
elastic recoil and increased airway resistance. Both of these 
alterations are common in individuals with COPD. 

maldistribution of ventilation and v̇/q̇  
mismatching

Maldistribution of ventilation and V̇/Q̇ mismatching 
occur in COPD as a result of the heterogeneous nature of the 
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underlying pathology in the airways and lung parenchyma. 
The heterogeneity of the distribution of ventilation can 
be detected by nitrogen washout during breathing of 100% 
oxygen and by radioisotopic ventilation scanning with xenon-
133 (133Xe). 

In the past, it was common to try to categorize patients 
with COPD as either “pink puffers” or “blue bloaters.” The 
distinction was based on the idea that there are two fun-
damentally different patterns of V̇/Q̇ abnormality among 
patients with COPD. In so-called pink puffers, the TLC is 
large, the Dlco is low, and the resting arterial oxygen tension 
(Pao2) is normal or near-normal. In these individuals, a sub-
stantial percentage of ventilation is distributed to high V̇/Q̇ 
regions (so-called dead space). In contrast, in so-called blue 
bloaters, TLC and Dlco are normal, but hypoxemia is pres-
ent as a result of substantial perfusion of pulmonary blood 
into low V̇/Q̇ regions (so-called shuntlike regions). This clas-
sification has largely been discarded because most patients 
with COPD are not readily sorted into one type or the other.

hyperinflation

Hyperinflation, a supraphysiologic increase in lung vol-
umes, is typical of moderate or more advanced COPD.104 
Hyperinflation causes the diaphragm to be displaced into a 
flattened position, which makes it less effective. In addition, 
hyperinflation puts the thoracic cage at a mechanical disad-
vantage. The net effect of these changes is to increase the 
work of breathing, to diminish the capacity for exercise, and 
to increase dyspnea. Typically, hyperinflation becomes worse 
with exercise because the increase in the respiratory rate lim-
its the time available for the lung to empty between inhala-
tions. This additional hyperinflation, designated dynamic 
hyperinflation, adds to the load on the inspiratory muscles 
while further reducing their mechanical advantage. The IC is 
commonly reduced in patients with COPD, and the reduc-
tion appears to have prognostic significance that is indepen-
dent of FEV1. In patients with moderate to severe COPD, 
survival was found to be markedly shorter in those whose 
IC/TLC ratio was less than 25% compared with the patients 
whose IC/TLC ratio was greater than 25%, even though the 
individuals in the two groups had COPD of comparable 
severity, as determined on the basis of FEV1.105

dyspnea

Dyspnea is characteristic of moderate or more advanced 
COPD. Its onset is typically gradual, only slowly affecting 
daily activities and quality of life. Dyspnea is seldom a com-
plaint until the FEV1 has fallen below about 60% of the pre-
dicted value. However, the correlation between FEV1 and 
dyspnea is not strong. Some individuals with COPD are 
relatively free of dyspnea despite remarkably low levels of 
FEV1.106

The mechanisms of dyspnea in COPD are still not fully 
understood.107 Neural signals from the chest wall and air-
ways appear to be involved. Increased effort of breathing, as 
the respiratory muscles are stressed to produce pressures 
approaching their maximum pressure-generating capacity, 
is thought to be a factor in producing dyspnea. Signals of 
so-called length-tension inappropriateness from the respira-
tory muscles occurring as a result of hyperinflation are 
another factor. Abnormalities of arterial blood gases are not 

a major factor except in acute situations. Oxygen therapy 
may decrease dyspnea by reducing ventilation, as well as 
through direct effects that are not associated with changes in 
ventilation. Recent studies point to abnormalities of perfu-
sion of respiratory muscles as a factor in exercise limitation 
in COPD.108,109

exacerbations

The natural history of COPD often includes exacerbations, 
which are episodes of worsening respiratory symptoms, includ-
ing increased cough, discolored sputum, and/or increased 
dyspnea. Exacerbations tend to become more frequent as 
COPD becomes more severe; however, some patients with 
very severe COPD never have exacerbations, whereas others 
with mild COPD have frequent exacerbations.110 Exacerba-
tion frequency appears to be a relatively stable characteristic; 
in 2,138 COPD subjects in the Evaluation of COPD Longitu-
dinally to Identify Predictive Surrogate End-points (ECLIPSE) 
study, the strongest predictor of future exacerbations was 
previous exacerbation frequency.7 Frequent exacerbators, 
with at least two episodes per year requiring treatment with 
antibiotics and/or systemic steroids, tended to have a similar 
exacerbation frequency during 3 years of follow-up. COPD 
exacerbations are a major cause of morbidity and mortality. 
The most frequent triggers of exacerbations are respiratory 
infections; viruses and bacteria (including Streptococcus pneu-
moniae, Haemophilus influenzae, and Moraxella catarrhalis and, 
less often, atypical pathogens such as Chlamydia pneumoniae) 
are common causes. Although many COPD patients are 
chronically colonized with potentially pathogenic bacteria, 
changes in the bacterial strains are frequently associated with 
episodes of exacerbation.111 In addition to respiratory infec-
tions, other triggers for exacerbations include congestive 
heart failure, drug effects, and nonadherence to medical 
treatment. Investigators in France reported finding pulmo-
nary embolism in a surprisingly high percentage (25%) of 
patients with episodes of severe COPD exacerbation of 
unknown etiology; of note, this study excluded patients with 
evidence of lower respiratory tract infections, the most com-
mon cause of COPD exacerbations.112 

COPD exacerbations can lead to respiratory failure and 
death. COPD patients who recover from an exacerbation 
usually take several weeks to return to their previous level 
of pulmonary function.113 Frequent exacerbations may be 
associated with accelerated decline in pulmonary function 
among some COPD patients.114,115 

Pathology 

Multiple pathologic changes are found in the respiratory 
tract of patients with COPD.116,117 However, from the stand-
point of increasing airway resistance and creating maldistri-
bution of V̇/Q̇ relations, the changes of importance are those 
affecting airways smaller than 2 mm in internal diameter 
(commonly called small airways) and the sites of alveolar 
gas exchange, which are respiratory bronchioles, alveolar 
ducts, and alveoli. 

Pathologic changes may be apparent in the lungs of smok-
ers before the FEV1 becomes abnormally low. The lungs of 
apparently healthy cigarette smokers as young as 25 years 
show accumulation of pigmented macro phages in respiratory 
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bronchioles, often accompanied by edema, epithelial hyper-
plasia, and fibrosis in adjacent bronchiolar and alveolar 
walls.

Small airways in COPD exhibit multiple pathologic changes 
[see Figure 5]65,118 that involve the airway lumina and all layers 
of the airway walls. Prominent findings are intraluminal 
mucus, goblet cell metaplasia, loss of the surfactant-secreting 
Clara cells, accumulation of inflammatory cells, lymphoid fol-
licles, and increased connective tissue. Loss of alveolar attach-
ments, which occurs concomitant with the alveolar destruction 
of emphysema, is believed to contribute to the distortion, nar-
rowing, and instability of small airways.

Pulmonary emphysema is defined as abnormal, perma-
nent enlargement of the air spaces distal to the terminal 
bronchiole, accompanied by destruction of their walls. The 
destruction may affect the acinus, the lobule, or both.119 An 
acinus consists of a respiratory bronchiole together with the 
alveolar ducts and alveoli extending from it. A lobule is the 
smallest discrete portion of the lung parenchyma surrounded 
by connective tissue septa. Emphysema that uniformly 
involves the acini throughout a lobule is called panacinar or 

panlobular emphysema. Emphysema that involves primarily 
respiratory bronchioles is termed centriacinar or centrilobu-
lar emphysema [see Figure 6].

Panacinar emphysema is characteristic of AAT deficiency 
and is typically more severe in the lower lobes.37 Pathologic 
examination reveals enlargement of alveolar ducts and alve-
oli and holes in alveolar walls. In advanced stages, the lung 
parenchyma may consist of only strands of tissue. 

Centriacinar emphysema is common in cigarette smokers 
and rare in nonsmokers. The respiratory bronchioles enlarge 
and coalesce, forming emphysematous spaces surrounded by 
relatively normal alveolar ducts and alveoli so that emphy-
sematous spaces are in the midportion of the lobule separated 
from the septa by normal alveolar tissue. The small airways 
supplying these emphysematous spaces typically show inflam-
mation and narrowing. Centriacinar emphysema is usually 
more extensive and severe in the upper lobes.

Most cigarette smokers who develop significant emphy-
sema have both centriacinar and panacinar forms,120 with 
centriacinar emphysema more prominent in the upper lung 
zones and panacinar emphysema more prominent in the 

Figure 5 Pathologic lesions in small airways in a patient with chronic obstructive pulmonary disease. Multiple abnormalities lead to partial 
obstruction of the lumen and altered shape and mechanical properties of the airway.
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lower lung zones. In advanced cases, it may not be possible 
to distinguish between these two forms of emphysema.

Physiologic-Pathologic Correlations 

Maximal expiratory airflow from healthy lungs is limited 
primarily by the resistance of the central airways (ie, the tra-
chea and the major bronchi) and the upper airways (ie, the 
larynx and the pharynx); it is limited to only a minor degree 
by the resistance of the small airways (defined as those having 
an internal diameter of 2 mm or less).121 As COPD develops, 
airflow resistance increases markedly. Almost all of this 
increase occurs in the small airways.122 GOLD classes of airflow 
obstruction correlate with pathologic changes in small air-
ways, suggesting that the airflow obstruction in most patients 
with COPD is especially linked to abnormalities of small 
airways.65

As stated above [see Pathophysiology], an increased RV, an 
increased RV/TLC, a normal to increased FRC, and a normal 
to increased TLC are characteristic of COPD. The RV may be 

up to severalfold larger than normal. As a result of an 
increased FRC, tidal breathing may take place at lung vol-
umes 1 to 2 L above normal levels. An increased FRC pro-
duces the advantage of enlarged airway diameter with greater 
radial support (which means less airway resistance) and 
increased driving pressure (ie, elastic recoil) for exhalation. 
However, an increased FRC increases the work of breathing 
because breathing has to overcome the decreased chest wall 
compliance at high lung volume. A reduction in Dlco rela-
tive to lung volume has some correlation with emphysema. 
The presumed mechanism is a reduction of gas-exchanging 
surface area as a result of alveolar destruction.

There is considerable variability in the relation between 
the FEV1 and other physiologic abnormalities in COPD, but 
some generalizations can be made. The Pao2 usually remains 
near-normal until the FEV1 has decreased to below half of 
the predicted level. V̇/Q̇ mismatching, rather than shunting 
of pulmonary blood flow, explains essentially all of the 
reduction in Pao2 that occurs in COPD. Accordingly, mod-
estly elevated levels of inspired oxygen (eg, elevations of 

Figure 6 In the top row, the acinar structure of normal lungs is compared with that of lungs in patients with centriacinar (centrilobular) emphy-
sema or panacinar (panlobular) emphysema. The normal acinus has a clearly defined structure consisting of the terminal bronchiole (TB); first-, 
second-, and third-order respiratory bronchioles (RB1, RB2, and RB3, respectively); alveolar ducts (AD); and alveolar sacs (AS). In centriacinar 
emphysema, there is selective enlargement and destruction predominantly of the respiratory bronchioles. In contrast, panacinar emphysema is 
defined by universally enlarged and destroyed air spaces throughout the acinus. Patterns of lobular destruction are depicted in the center row. 
The normal pulmonary lobule is a macroscopic structure, the borders of which can be identified by the presence of connective tissue septa. In 
centriacinar emphysema, the predominant site of overdistention is in the center of the lobule, with relative sparing toward the periphery—hence 
the name centrilobular emphysema. In contrast, there are uniform destructive changes throughout the lobule in panlobular emphysema. 
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24 to 30%) are usually effective in treating hypoxemia from 
COPD. If a patient with COPD has hypoxemia that is resis-
tant to supplemental oxygen, the clinician should consider 
the possibility of additional problems, such as pulmonary 
emboli or pulmonary hypertension with right-to-left intrac-
ardiac shunting.

The arterial carbon dioxide tension (Paco2) usually does 
not rise above normal in COPD until the FEV1 is less than 
about one fourth of the predicted value, and it may not do so 
even then. An elevation in the setting of only mild to moder-
ate COPD raises questions of other causes of hypercapnia, 
such as muscular weakness or a depressed respiratory drive. 
The lack of a predictable relationship between the severity of 
airflow obstruction in COPD and the Paco2 appears to be 
related to differences in pulmonary mechanics, in the central 
control of ventilation, and in respiratory disturbances during 
sleep. Some patients have airflow obstruction primarily during 
expiration, whereas others exhibit increased resistance to air-
flow during both expiration and inspiration. Another factor 
influencing the development of hypercapnia may be intrinsic 
properties of respiratory drive. Thus, patients in whom 
hypercapnia ultimately develops may have intrinsic defects 
that cause relatively depressed ventilatory responses to acute 
rises in Paco2, falls in Pao2, or both. The idea of an underlying, 
presumably genetic, basis for the risk of CO2 retention is sup-
ported by the finding that healthy first-degree relatives of 
patients with COPD and chronic CO2 retention have blunted 
ventilatory responses to hypercapnia and hypoxia compared 
with first-degree relatives of patients with COPD but without 
chronic hypercapnia. Cor pulmonale and right ventricular 
failure occur as a complication of pulmonary hypertension 
attributable to COPD, but only with far-advanced disease that 
has caused chronic hypoxemia (Pao2 < 55 mm Hg) [see Pul-
monary Hypertension, below].

Alveolar gas exchange during exercise is variable in 
COPD patients, a fact that reflects the different patterns of 
physiologic abnormalities seen among these patients. Some 
patients have abnormally high levels of ventilation for a 
given workload (expressed in terms of oxygen consump-
tion), but, nevertheless, their Pao2 falls with exercise. The 
Dlco may remain low during exercise, reflecting insuffi-
cient alveolar-capillary surface area available for gas 
exchange. Patients whose resting Dlco value is below 55% 
of the predicted normal value often experience oxygen 
desaturation with exercise. Other patients may have subnor-
mal increases in ventilation for a given level of exertion (ie, a 
decrease in the ratio of minute ventilation to oxygen con-
sumption) and exhibit a rise in Paco2 with exercise, yet the 
Pao2 may increase. This increase in Pao2 must reflect 
improved V̇/Q̇ matching during exercise.

Diagnosis 

According to the GOLD guidelines [see Definition, above], 
clinicians should consider the diagnosis of COPD in any 
patient who has dyspnea, chronic cough, or sputum produc-
tion, as well as in any patient who has a strong family history 
of COPD or a history of exposure to risk factors for COPD, 
especially cigarette smoking.1 In developing countries, indoor 
air pollution from biomass heating and cooking over open 
fires is a COPD risk factor. Exposure to risk factors warrants 

emphasis because spirometric abnormalities, by which a 
diagnosis of COPD is established, commonly antedate symp-
toms or physical signs of COPD. However, there is no evidence 
that screening spirometry impacts management decisions or 
improves COPD outcomes. Therefore, the U.S. Preventive 
Services Task Force (USPSTF) and GOLD recommend against 
screening for COPD in asymptomatic adults.1,123

In essence, COPD is a diagnosis of exclusion [see Differen-
tial Diagnosis, below]. A reduced FEV1 and a reduced FEV1/
FVC in the absence of any other reason for airflow obstruc-
tion are sufficient to warrant a strong suspicion of COPD. 
A history of long-term smoking and minimal or no response 
to an inhaled bronchodilator confirm the diagnosis. Occa-
sionally, patients who have had symptoms of COPD for a 
long time will first seek medical attention because a new 
symptom, such as hemoptysis, has developed (perhaps as a 
result of a different disorder, such as lung cancer) or because 
their symptoms have worsened abruptly, such as occurs 
during a COPD exacerbation. 

clinical manifestations

Chronic and progressive shortness of breath, often described 
as discomfort with activities formerly done without difficulty, 
is the hallmark symptom of COPD. Although exertional dys-
pnea correlates in general with the degree of airflow obstruc-
tion, wide variability among individuals makes it impossible 
to predict the extent of respiratory impairment on the basis of 
any single value or set of values of expiratory flow. Typically, 
only minimal dyspnea is experienced until the FEV1 falls 
below 60% of normal. As airflow obstruction progresses, dys-
pnea develops with more modest levels of exertion. When the 
FEV1 drops below 35% of normal, patients commonly have 
dyspnea during activities of daily living, such as making the 
bed or bathing. Orthopnea is not a common complaint, 
although it may be reported in patients with advanced COPD, 
especially in those with chronic airway secretions. Patients 
with COPD may awaken after several hours of sleep with 
cough, shortness of breath, and chest congestion that mimic 
paroxysmal nocturnal dyspnea. Relief is obtained by cough-
ing up secretions. A large deterioration in exercise tolerance 
or FEV1 within a few months or less should raise concern that 
more than COPD is present because COPD alone does not 
produce such rapid changes. 

Chronic cough with or without sputum production may 
precede airflow limitation by years; these symptoms in a 
long-term smoker do not necessarily indicate COPD. Impor-
tantly, the absence of cough and sputum in a long-term 
smoker should not be taken to mean that COPD is not present. 
Wheezing is a nonspecific finding that can occur transiently 
when mucus accumulates in airways, and some patients do 
experience wheezing attacks that mimic asthma with chest 
tightness. Anorexia and weight loss are often present in 
COPD and purport a worse prognosis. It is important to 
exclude other etiologies of weight loss, such as chronic 
infection and malignancy, before attributing this feature to 
COPD.124,125 

physical examination findings

In early disease, the physical examination is likely to be 
normal. With more advanced COPD, the use of accessory 
muscles of ventilation may be evident at rest, as may noisy, 
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rapid breathing. On percussion of the chest, there may be 
hyperresonance over the lung fields, secondary to emphy-
sema, and minimal movement of the diaphragm during 
deep breathing. Auscultation over the lungs during an FVC 
maneuver typically reveals prolonged exhalation (more than 
6 seconds) and wheezes near the end of this effort. Decreased 
intensity of breath sounds, even during vigorous panting, is 
found in patients with advanced emphysema. A persistent 
localized wheeze on auscultation is not typical of COPD; 
rather, it raises suspicion of an obstructing lesion in an air-
way. Likewise, clubbing of the digits is not a manifestation 
of COPD. Its recent appearance should prompt an investiga-
tion for a coexisting lung cancer.126

laboratory tests 

By definition, irreversible obstruction of airflow is the 
defining feature of COPD. Accordingly, pulmonary function 
tests that measure airflow, primarily the FEV1 and FEV1/
FVC, are used for making a laboratory diagnosis of COPD. 
Radiologic studies of the chest may be suggestive or support-
ive of the diagnosis but will not be diagnostic. Elevated levels 
of blood C-reactive protein and Clara cell secretory protein 
in the sputum have been associated with COPD.127,128 To date, 
there have been no biomarkers that are clinically used for the 
diagnosis of COPD or measurement of disease progression. 

Pulmonary Function Tests

Spirometry can confirm the obstructive abnormality, 
quantify the severity of the obstruction, and provide some 
assessment of reversibility. Spirometry should be obtained 
postadministration of a short-acting inhaled bronchodilator. 
Once the diagnosis of COPD is established, pulmonary func-
tion testing is useful to quantitatively monitor the course of 
the disease. In interpreting spirometry for possible COPD, 
focus is on the FEV1 and FEV1/FVC. For a number of years, 
the criteria set by GOLD were accepted, but it is now evi-
dent that the cutoff value of 0.7 for FEV1/FVC by GOLD is 
too high for individuals over about age 45. Accordingly, 
among middle-aged and older individuals, the FEV1/FVC 
should be interpreted in relation to the lower limit of nor-
mal.102,129 This precaution is particularly applicable for patients 
in GOLD category 1 or 2. Among such patients, a diagnosis 
of COPD should be based on the overall clinical picture and 
not solely on spirometry. 

Blood Gas Studies and Oximetry

Oximetry and arterial blood gas measurements can be 
used to evaluate alveolar gas exchange at rest and during 
exertion. However, these tests usually give normal results in 
patients with COPD of GOLD grade 1 or 2, so they are sel-
dom warranted at the time of diagnosis for COPD of this 
level of severity. In contrast, checking the arterial oxygen 
saturation by pulse oximetry is advised for patients in grade 
3 or 4 or if there are clinical signs suggestive of right heart 
failure because abnormalities are common and may be an 
indication for therapy, most notably, supplemental oxygen.1 
Checking oximetry during walking or some other exercise 
can be helpful in deciding on the need for supplemental 
oxygen during physical activity and for determining the 
amount of oxygen required. Oximeters may not be accurate 
in current smokers as many oximeters do not distinguish 

between carboxyhemoglobin and oxyhemoglobin, so the oxy-
gen saturation displayed is higher than the true level.130 Arterial 
blood gas determinations are advised for patients with periph-
eral oxygen saturations less than 92% or if there are clinical 
signs suggestive of pulmonary failure or right heart failure.1

Radiographic Studies

Radiographic abnormalities on routine chest radiographs 
may be minimal, even in cases of advanced COPD.131 When 
correlations are made between radiographic and pathologic 
findings in advanced COPD, the results of chest radiography 
suggest a diagnosis of emphysema in fewer than half of the 
cases, even in patients with the highest emphysema scores 
pathologically. It is worth noting that radiographic studies 
can help elucidate alternative diagnoses such as pleural 
disease or bronchiectasis along with the presence of signifi-
cant comorbidities (eg, cardiac disease, skeletal abnormali-
ties, and mediastinal pathology).

Three types of radiographic abnormalities, when paired 
with the appropriate clinical history, suggest the diagnosis 
of emphysema. The first abnormality is arterial deficiency in 
the lung periphery: on the chest radiograph, narrowed or 
absent vessels in the lung periphery are associated with 
hyperlucency, usually in a symmetrical, bilateral distribu-
tion. The second abnormality relates to hyperinflation and is 
evident in the standard posteroanterior and lateral chest 
radiographs, which are obtained at TLC; radiographic signs 
of hyperinflation in these films include a low position of the 
diaphragm (ie, at or below the seventh rib anteriorly), 
increased depth of the retrosternal air space, and a narrow, 
vertically oriented cardiac silhouette. Perhaps the most use-
ful sign of hyperinflation is a flattening of the diaphragmatic 
contour and loss of the diaphragm’s normal domed appear-
ance, especially as visualized on the lateral film. The third 
abnormality is bullous disease. The presence of a bulla, 
together with either of the other two radiographic findings, 
is virtually diagnostic of emphysema, although only a small 
percentage of patients with emphysema have bullae.

In smokers who have a chronic cough, with or without 
sputum production, and whose FEV1 is normal, a chest 
radiograph rarely exhibits abnormal findings consistent 
with COPD. On occasion, the diagnosis may be suspected 
because of visualization of thickened bronchial walls, partic-
ularly in a parahilar bronchus viewed end-on. In some 
patients, bronchovascular markings at the lung bases may 
be accentuated—a pattern that has been dubbed the dirty 
chest of chronic bronchitis. A similar radiographic appear-
ance has been referred to as the increased-markings pattern 
of emphysema, especially when increased vascular mark-
ings are observed in the presence of pulmonary hyperten-
sion and cor pulmonale. 

Computed tomography (CT) of the chest is seldom neces-
sary to establish the diagnosis of COPD. Occasionally, 
smokers who have normal spirometry findings but a dimin-
ished Dlco have emphysema that can be detected only by 
high-resolution CT. In patients with irreversible airways 
obstruction who do not have a history of smoking, high- 
resolution CT may be helpful by revealing bronchiectasis, 
small nodular densities characteristic of diffuse panbronchiol-
itis, or fine infiltrates associated with interstitial lung diseases. 
Chest CT scans are part of the routine evaluation for lung 



Scientific American Medicine

01/17

pulm-crit chronic obstructive pulmonary disease — 13

volume reduction surgery (LVRS) and lung transplantation. 
Chest CT has become a valuable research tool for quantify-
ing emphysema and various dimensions of the airways, 
such as wall thickness.132

Differential Diagnosis

The diagnosis of COPD should be considered in every 
patient with a history of exposure to risk factors for COPD, 
characteristic clinical manifestations of COPD (see above), or 
both. Generally, it is not difficult to diagnose COPD when the 
patient has a history of long-term smoking along with typical 
symptoms, especially shortness of breath. The FEV1 and 
FEV1/FVC will usually be abnormal in this setting. However, 
a number of conditions that cause chronic airflow obstruction 
might be considered in the absence of COPD risk factors 
[see Table 2]. It should be noted that not everyone who devel-
ops COPD has been a smoker. Estimates are that 10 to 20% of 
cases of COPD occur in people who have never smoked. 
Asthma is the most common condition with which COPD 
may be confused. The distinction between asthma and COPD 
is not always possible, and, increasingly, these two conditions 
are recognized as often overlapping entities. The term asthma- 
COPD overlap syndrome (ACOS), a unique condition, has been 
used to describe these patients.133,134 Conditions other than 
COPD that cause chronic airways obstruction can usually be 
differentiated from COPD on the basis of the history and 
other clinical features. For example, cystic fibrosis typically 
begins in childhood and causes large quantities of purulent 
sputum. Panbronchiolitis occurs in middle-aged persons of 
Asian ethnicity, more often men; sinusitis typically precedes 
the onset of pulmonary symptoms.135 Constrictive (oblitera-
tive) bronchiolitis typically occurs after toxic fume exposure, 
respiratory infection, in the setting of a connective disuse dis-
order, or following transplantation (particularly lung, heart-
lung, and bone marrow transplantations).136

Treatment 

medical therapy

Preventive Care

Smoking cessation The most important treatment inter-
vention for current cigarette smokers with COPD is complete 

smoking cessation. The Lung Health Study demonstrated that 
complete smoking cessation reduced the accelerated decline 
in FEV1 that occurs in a subset of smokers.137 The earlier the 
age at smoking cessation, the greater the benefit because the 
rate of lung function decline will be normalized at an earlier 
stage of COPD. Reduction in the number of cigarettes smoked, 
without complete cessation, has not been convincingly shown 
to reduce COPD risk or disease progression.138 Although cig-
arette smoking is the most widely studied risk factor for 
COPD, it is appropriate to recommend avoidance of smoking 
tobacco in other forms (eg, in cigars, pipes, or electronic ciga-
rettes), as well as smoking nontobacco products. A simple 
verbal recommendation by a physician to quit smoking does 
provide some benefit in smoking cessation; organized smok-
ing cessation classes provide increased benefit.139 A variety of 
pharmacologic measures, including nicotine replacement, can 
facilitate smoking cessation. In the Lung Health Study, the 
rates of smoking cessation were significantly higher with the 
combination of nicotine gum and intensive individual coun-
seling than with usual care. 

Nicotine replacement can be provided in various forms, 
including patches, gum, lozenges, nasal inhalers, and oral 
inhalers. Nicotine replacement by nasal inhalation provides 
a peak nicotine level more rapidly than other approaches, 
but none of the available nicotine delivery devices introduce 
nicotine into the bloodstream as rapidly as smoking a ciga-
rette.139 There are insufficient data on the safety and efficacy 
of electronic cigarettes to presently support their use as ther-
apy for smoking cessation.26 In addition to nicotine replace-
ment, other pharmacologic approaches for smoking cessation 
include sustained-release bupropion, which may be particu-
larly useful for COPD patients who also suffer from depres-
sion.140 Combination treatment with both bupropion and 
nicotine replacement seems to be more effective than the 
individual medications. Varenicline, a partial nicotinic recep-
tor antagonist, diminishes the response to nicotine provided 
by acute cigarette smoking and assists in smoking cessa-
tion. Treatment with varenicline in combination with other 
smoking cessation medications is not currently recom-
mended. In addition to counseling and pharmacologic treat-
ment, a variety of other approaches for smoking cessation 
have been used, including hypnosis and acupuncture. The 
evidence for efficacy of these alternative approaches is less 
compelling.141

Vaccinations Because respiratory infections often trigger 
COPD exacerbations, vaccinations are promising approaches 
to limit the development of exacerbations. Influenza vaccina-
tion has been shown to reduce influenza-related respiratory 
illnesses in COPD patients; such illnesses are a significant 
cause of COPD exacerbations.142 It is therefore recommended 
that all patients with COPD receive annual influenza vacci-
nation.143 Although the evidence that pneumococcal vaccina-
tion is beneficial in COPD patients is less compelling,144,145 it 
is reasonable to recommend that COPD patients receive this 
vaccine.146 Current guidelines from the Advisory Committee 
on Immunization Practices recommend administering the 
23-valent pneumococcal polysaccharide vaccine (PPSV23) 
first to all patients under the age of 65. All patients with 
COPD should also receive a dose of the 13-valent pneumo-
coccal conjugate vaccine (PCV13) at age 65 and older.147

Table 2 Differential Diagnosis of Chronic 
Obstructive Pulmonary Disease

Asthma
Bronchiectasis (nonspecific and associated with ciliary 

dyskinesia)
Cystic fibrosis
Constrictive (obliterative) bronchiolitis
Diffuse panbronchiolitis
Mycobacterial infection (tuberculous and nontuberculous)
Eosinophilic granuloma
Lymphangioleiomyomatosis
Airway tumors
Tracheal stenosis
Tracheobronchomalacia
Tracheobronchomegaly
Scabbard trachea
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Nutritional measures Many patients with severe COPD 
suffer from progressive weight loss, possibly related to 
increased work of breathing or the systemic inflammatory 
effects of COPD. Nutritional counseling and support to 
enable weight gain in these patients are appropriate. Alter-
natively, other COPD patients have problems with obesity, 
often related to systemic corticosteroid use and inactivity. 
For these patients, nutrition counseling for weight loss is rec-
ommended. Overall evidence suggests that a well-balanced 
diet in COPD patients is beneficial in mitigating metabolic 
and cardiovascular risks and possibly prevents pulmonary 
complications.148 

Long-Term Care

Bronchodilators Although COPD is defined by irrevers-
ible airflow obstruction, many COPD patients experience 
symptomatic or spirometric improvement with broncho-
dilator medications.107 Bronchodilator responsiveness can be 
assessed with spirometry 15 to 30 minutes after administer-
ing a short-acting bronchodilator (eg, two puffs of albuterol, 
which delivers 180 µg). Acute bronchodilator responsiveness 
varies substantially from day to day, however, so COPD 
patients who do not show an acute improvement in FEV1 on 
a particular day may still benefit from bronchodilator therapy. 

In addition to improvement in FEV1, bronchodilators can 
also provide symptomatic relief by reducing dynamic lung 
hyperinflation at rest and with activity.

There are two major classes of inhaled bronchodilators: 
beta agonists and anticholinergic agents [see Table 3]. Within 
each of these classes, both short-acting and long-acting for-
mulations are available [see Table 3]. Although the original 
beta agonists (eg, terbutaline) stimulated both beta1- and 
beta2-adrenergic receptors, currently used beta agonists are 
more selective for beta2 receptors, thus reducing the side 
effects of tachycardia and tremulousness. Bronchodilator 
treatment is given primarily for symptomatic relief; how-
ever, several long-acting bronchodilator medications have 
been shown to reduce the frequency of exacerbation and 
related hospitalization (see below).

Bronchodilator therapy is typically prescribed in a step-
wise fashion based on disease severity [see Figure 2 and Table 1] 
as assessed by spirometry, symptoms, and the risk of exac-
erbation. For patients with mild disease, as-needed short- 
acting inhaled bronchodilators are appropriate, and either 
albuterol or ipratropium can be used. For symptomatic 
patients with moderate to severe COPD, regular use of a 
long-acting bronchodilator should be added; this can be in 
the form of either an anticholinergic agent (eg, tiotropium or 
glycopyrronium) or a beta agonist (eg, salmeterol, indacaterol, 

Table 3 Commonly Used Inhaled Bronchodilators for COPD Treatment*
Category Drug Formulation Maintenance Dosage Comment

Short-acting 
anticholinergics

Ipratropium 
bromide

MDI, 17 µg/puff 
Nebulizer

2 puffs q. 6 hr
0.5 mg q. 6 hr

Use with caution in patients with 
narrow-angle glaucoma or prostatic 
hypertrophy

Use with caution in patients with 
narrow-angle glaucoma or prostatic 
hypertrophy

Short-acting beta2 
agonists 

Albuterol MDI, 90 µg/puff 
Nebulizer

2 puffs q. 4–6 hr 
2.5 mg q. 6–8 hr 

—
—

Levalbuterol MDI, 90 µg/puff 
Nebulizer

2 puffs q. 4–6 hr 
0.63 mg q. 6–8 hr 

May have fewer systemic side effects 
than albuterol

May have fewer systemic side effects 
than albuterol

Long-acting 
anticholinergics

Aclidinium DPI 400 µg/capsule 1 capsule q. 12 hr Similar precautions as for ipratropium

Glycopyrronium DPI, 15.6 µg/capsule 1 capsule q. 12 hr Similar precautions as for ipratropium

Tiotropium DPI, 18 µg/capsule 1 capsule inhaled q. 24 hr Similar precautions as for ipratropium

Umeclidinium DPI, 62.5 µg/capsule 1 capsule inhaled q. 24 hr Similar precautions as for ipratropium

Long-acting beta2 
agonists 

Salmeterol DPI, 50 µg/inhalation 1 capsule inhaled q. 12 hr Use in combination with inhaled 
corticosteroid in patients with 
underlying asthma

Formoterol DPI, 12 µg/capsule
Nebulizer

1 capsule inhaled q. 12 hr
20 µg q. 12 hr

Similar precautions as for salmeterol
Similar precautions as for salmeterol

Arformoterol Nebulizer 15 µg q. 12 hr Similar precautions as for salmeterol

Indacaterol DPI, 75 µg/capsule 1–4 capsules inhaled 
q. 24 hr

Similar precautions as for salmeterol

Olodaterol SMI, 50 µg/inhalation 5 µg q. 24 hr Similar precautions as for salmeterol

COPD = chronic obstructive pulmonary disease; DPI = dry-powder inhaler; MDI = metered-dose inhaler; SMI = soft mist inhaler. *Not all formulations are available in all 
countries; in some countries, other formulations may be available.
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or formoterol). Patients with very severe COPD are typically 
treated with both long-acting anticholinergic agents and 
long-acting beta agonists. Such patients should also have 
short-acting bronchodilators available for as-needed rescue 
use. Many combination inhalers containing both long-acting 
beta agonists and long-acting anticholinergics are now avail-
able [see Table 4].

Meta-analyses have demonstrated that long-acting formu-
lations of anticholinergic agents and of beta agonists can 
reduce the frequency of COPD exacerbations.149,150 The Under-
standing Potential Long-Term Impacts on Function with 
Tiotropium (UPLIFT) trial, a randomized, double-blind study 
comparing tiotropium with placebo in COPD patients over 
4 years of follow-up, demonstrated a reduction in exacerba-
tion frequency, increased FEV1 level, and improved health- 
related quality of life with tiotropium treatment; however, the 
rates of FEV1 decline and mortality were not significantly 
reduced by tiotropium.151 In a randomized, double-blind trial 
of 7,376 COPD subjects (Prevention of Exacerbations with 
Tiotropium in COPD [POET-COPD]), tiotropium was shown 
to reduce exacerbation frequency more effectively than sal-
meterol; however, exacerbation frequency was low in both 
groups.152 A more recent trial that compared indacaterol and 
tiotropium and followed patients for 1 year similarly demon-
strated a small but significant decrease in exacerbations in the 
tiotropium group compared with the indacaterol group.153 
These results suggest that long-acting anticholinergic agents 
may be a better initial treatment option in moderate to severe 
COPD than long-acting beta agonists. 

Multiple trials have demonstrated that long-acting bron-
chodilators, used in combination with inhaled corticosteroids, 
can reduce the frequency of COPD exacerbations and may 
improve respiratory function. A randomized, double-blind, 
parallel-group study demonstrated that the addition of inhaled 
steroids to long-acting beta agonists provided a further reduc-
tion in exacerbation frequency.154 Another large, randomized, 
double-blind trial, the TOwards a Revolution in COPD Health 
(TORCH) study, demonstrated that the combination of a 
long-acting beta agonist and inhaled steroid led to a reduction 
in the fre quency of COPD exacerbations, an increase in FEV1, 
and improved health-related quality of life compared with 

placebo but did not conclusively demonstrate a reduction in 
mortality.155 The FLAME trial (Indacaterol–Glycopyrronium 
versus Salmeterol–Fluticasone for COPD), a recent multi-
center, randomized, double-blind trial that followed patients 
for 1 year, compared indacaterol-glycopyrronium and 
salmeterol-fluticasone.156 It found that in patients with a his-
tory of exacerbation during the previous year, indacaterol- 
glycopyrronium was more effective than salmeterol-fluticasone 
in preventing COPD exacerbations. These data suggest that 
it may be beneficial to initially treat with both a long-acting 
anticholinergic agent and a long-acting beta agonist before 
adding an inhaled steroid (see below for further discussion 
of inhaled corticosteroids).

Bronchodilator medications may be delivered by four 
types of devices: metered-dose inhalers (MDIs), dry-powder 
inhalers (DPIs), soft mist inhalers (SMIs), and nebulizers. 
A systematic review of randomized clinical trials found that 
although there is a relative paucity of data regarding bron-
chodilator delivery devices in COPD patients, the efficacy of 
MDIs, DPIs, SMIs, and nebulizers appears to be similar.157,158 
Therefore, clinicians should select a delivery device on the 
basis of the patient’s ability to use the device properly, the 
availability of devices for the preferred drug, the cost, and 
patient and physician preference. SMIs, which function by 
forcing a metered dose of drug solution via a soft mist gen-
erated by the convergence of two fine jets of liquid, are 
sometimes useful in patients who have difficulty operating 
MDIs or DPIs. Nebulizers, which use either compressed air 
(jet nebulizers) or ultrasonic aerosolization, are useful in 
patients who have difficulty operating MDIs, DPIs, or SMIs 
but are often bulky and are not easily portable. Systemic 
absorption of beta2 agonists such as albuterol is greater with 
nebulized delivery than with MDI delivery, which can lead 
to greater increases in heart rate.156 MDIs and SMIs are not 
breath actuated and thus require excellent coordination for 
proper dose administration, whereas DPIs are typically 
breath actuated. If a spacer device is used with an MDI, the 
timing of inhalation is less important. 

DPIs come in several forms; some require the patient to 
insert a capsule containing the dry powder into the device, 
whereas others prepare the dose automatically. All four 

Table 4 Commonly Used Combination Inhalers for COPD Treatment*
Category Drug Formulation Maintenance Dosage

Short-acting beta2 agonist plus 
anticholinergic

Albuterol/ipratropium Nebulizer 2.5 mg/0.5 mg 1 vial every 6 hr

Long-acting beta2 agonist plus 
anticholinergic

Indacaterol/glycopyrronium DPI 27.5 µg/15.6 µg 1–2 capsules inhaled twice  
daily

Olodaterol/tiotropium SMI 2.5 µg/2.5 µg 2 inhalations once daily 

Vilanterol/umeclidinium DPI 25 µg/62.5 µg 1 inhalation once daily

Long-acting beta2 agonist plus 
corticosteroids

Formoterol/budesonide MDI 4.5 µg/160 µg 2 inhalations twice daily

Formoterol/mometasone↑ MDI 100 µg/5 µg 1–2 inhalations twice daily

Salmeterol/fluticasone DPI 50 µg/250 µg 1 inhalation twice daily

Vilanterol/fluticasone DPI 25 µg/100 µg 1 inhalation once daily 

COPD = chronic obstructive pulmonary disease; DPI = dry-powder inhaler; MDI = metered-dose inhaler; SMI = soft mist inhaler. *Not all formulations are available 
in all countries; in some countries, other formulations may be available. ↑Not Food and Drug Administration approved for the treatment of COPD.
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types of devices can be used in spontaneously breathing 
patients; DPIs cannot be used in intubated patients. There is 
no evidence that nebulizers are of greater benefit than prop-
erly used DPIs, MDIs, or SMIs. Oral bronchodilator formu-
lations (eg, tablets) of beta-agonist medications are available 
but tend to have greater side effects than inhaled formula-
tions and should generally be avoided.

Inhaled corticosteroids Because inflammation is a central 
feature in the definition of COPD, inhaled corticosteroids 
have been extensively investigated in COPD. Inhaled steroids 
appear to have a beneficial effect in reducing the frequency of 
COPD exacerbations, especially in patients with severe 
COPD, and in reducing the decline in quality of life.159,160 Sev-
eral large studies have investigated the hypothesis that 
inhaled corticosteroids reduce the rate of FEV1 decline in 
COPD patients.161,162 The studies suggest that corticosteroids 
may slow the rate of FEV1 decline, but long-term data are 
limited, and this remains controversial.159,163 The use of inhaled 
corticosteroids is not associated with improved mortality.164,165

Current treatment guidelines recommend inhaled steroids 
in combination with long-acting bronchodilators for COPD 
patients at high risk for exacerbations [see Figure 2 and Table 1].1 
A number of combination long-acting bronchodilator and 
corticosteroids inhalers are now available [see Table 4]. Side 
effects are substantially less common with inhaled corticoste-
roids than with systemic corticosteroids; however, the use of 
inhaled corticosteroids is associated with the development of 
oral candidiasis and hoarse voice and may be associated with 
an increase in the risk of cataracts and osteopenia. Although 
inhaled steroids appear to reduce COPD exacerbation rates, 
they are paradoxically associated with an increased rate of 
pneumonia, although inhaled steroids have not been associ-
ated with increased mortality.165 It is worth noting that previ-
ous data suggested that withdrawal from treatment with 
inhaled steroids may lead to exacerbations,166 but a more 
recent study demonstrated that steroids could be gradually 
withdrawn over a 12-week period without increasing the risk 
of exacerbations.163

Some COPD patients have features of asthma, including 
attacks of wheezing and sputum eosinophilia. Whether 
these patients have both asthma and COPD or ACOS is 
uncertain.133 It is reasonable to offer such patients a thera-
peutic trial of inhaled steroids because inhaled steroids are 
effective treatments for asthma; in addition, one study found 
that treatment with an inhaled steroid led to a reduction in 
sputum eosinophilia and an improvement in FEV1.167 

Oral corticosteroids Some COPD patients experience a 
modest improvement in FEV1 with a 2-week course of high-
dose oral steroids. Long-term treatment with oral steroids 
has no proven benefit, however, and frequently results in 
significant adverse events.168 Consequently, oral corticoste-
roid therapy should be avoided in patients with COPD 
except in the setting of acute exacerbations (see below). 

Methylxanthines Although inhaled bronchodilators and 
inhaled steroids are the mainstays of pharmacologic therapy 
for COPD, theophylline, the most commonly used methylx-
anthine, may be appropriate in selected patients.169 Theoph-
ylline has traditionally been prescribed for its bronchodilator 

properties, but this agent also has antiinflammatory effects; 
proposed mechanisms for its antiinflammatory action include 
its ability to activate histone deacetylation.170 Treatment with 
theophylline requires monitoring of serum levels. Although 
the standard therapeutic range is 10 to 20 mg/dL, symptom-
atic benefit may be seen at serum levels below this range; 
these so-called subtherapeutic levels are associated with a 
reduction in the risk of toxic effects, most notably supraven-
tricular arrhythmias. In patients with very severe COPD who 
remain symptomatic despite maximal inhaled bronchodilator 
and inhaled steroid treatment, a trial of theophylline is a rea-
sonable consideration.169

Phosphodiesterase-4 inhibitors In 2011, roflumilast, a 
phosphodiesterase-4 inhibitor, was approved by the Food 
and Drug Administration (FDA) as a treatment to reduce 
COPD exacerbation frequency. Fabbri and colleagues reported 
two double-blind studies that compared adding roflumilast 
or placebo with either salmeterol (first study) or tiotropium 
(second study), with prebronchodilator FEV1 as the primary 
outcome.171 FEV1 improved significantly with roflumilast 
treatment in both studies; nausea, diarrhea, and weight loss 
were common side effects. Calverley and colleagues assessed 
the impact of roflumilast on the development of COPD exac-
erbations requiring systemic steroid treatment in two trials of 
severe COPD subjects.172 Higher FEV1 values and lower exac-
erbation rates were seen with roflumilast in both studies. 
Roflumilast appears to provide a therapeutic option for 
patients with persistently high exacerbation frequency despite 
treatment with long-acting anticholinergics, long-acting 
beta agonists, and inhaled steroid medications.173 Roflumilast 
should always be used in combination with at least one 
long-acting bronchodilator.1

Antibiotics  Multiple studies have shown that continu-
ous prophylactic macrolide use can reduce the frequency of 
COPD exacerbations. Concern remains, however, about the 
potential long-term side effects, including increased antibi-
otic resistance.174–176 Current guidelines do not recommend 
the routine use of prophylactic antibiotic therapy in patients 
with COPD,1 although these may be of benefit in select 
patients who continue to have frequent exacerbations despite 
optimal medical therapy.

Vasodilators Pulmonary hypertension associated with 
COPD is associated with a worse prognosis.177 Despite this, 
both inhaled and systemic vasodilators have not shown bene-
fit, likely because they can worsen V̇/Q̇ mismatching and gas 
exchange.177–179 The routine use of vasodilators in pulmonary 
hypertension associated with COPD is not recommended.

Other medications Antitussives can be helpful for reliev-
ing acute symptoms but are not recommended in the man-
agement of stable COPD.1 Leukotriene antagonists, which 
are of benefit in some asthma patients, are of uncertain ben-
efit in patients with COPD, and their routine use is not cur-
rently recommended. Mucolytics (eg, mucokinetic, 
mucoregulator) have been evaluated in a number of studies 
and may produce a small reduction in acute execrations and 
a small effect on overall quality of life in some patients with 
COPD.180 The data on antioxidant agents (eg, ambroxol, 
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erdosteine, carbocysteine, iodinated glycerol, N-acetylcysteine) 
remain controversial, and their widespread use is not rec-
ommended.181,182 There are no data to support the use of 
anti–tumor necrosis factor–α antibody (infliximab) in COPD; 
these agents may be harmful in COPD patients.183 Vitamin D 
is of uncertain benefit in patients with COPD; there is evi-
dence that in patients with severe vitamin D deficiency at 
baseline, supplementation may reduce exacerbations.184 AAT 
augmentation therapy is not recommended for use in COPD 
that is unrelated to AAT deficiency [see AAT Deficiency, 
below].

Oxygen During COPD exacerbations, hypoxemia often 
worsens. Short-term supplemental oxygen therapy may be 
required during and immediately after such exacerbations. 
In severely hypoxemic COPD patients, long-term supple-
mental oxygen therapy reduces mortality.185 In addition, 
supplemental oxygen can largely prevent the morbidity 
associated with chronic hypoxemia, which includes second-
ary erythrocytosis, exercise limitation, pulmonary hyperten-
sion, and impaired neuropsychiatric function.186,187 

In general, COPD patients should receive long-term oxy-
gen therapy if their resting Pao2 is 55 mm Hg or lower or if 
the peripheral oxygen saturation (Sao2) is below 88%. A rest-
ing Pao2 threshold of 59 mm Hg or Sao2 of 88% is appropriate 
in patients with peripheral edema (a sign of cor pulmonale), 
hematocrit above 55%, or pulmonary hypertension. For patients 
who meet these criteria, supplemental oxygen used for at 
least 15 hours a day is beneficial; however, the reduction in 
mortality is greater if oxygen is used for 24 hours a day. Sup-
plemental oxygen is administered at rates sufficient to main-
tain the arterial oxygen saturation at 90% or higher. The rate 
of oxygen administration should be titrated to the individual 
patient’s needs as determined by pulse oximetry or arte-
rial blood gas analysis. Supplemental oxygen requirements 
increase when such patients travel to high altitudes or by 
airplane.

The primary goal of supplemental oxygen therapy is to 
avoid hypoxemia. Supplemental oxygen can increase the 
retention of CO2, but maintaining oxygen saturation at 
slightly above 90% will minimize the risk of worsening 
hypercarbia.

The benefits of supplemental oxygen for patients with 
resting hypoxemia are clear. For patients with hypoxemia 
during exercise or with sleep, the benefits of supplemental 
oxygen are not well established185; however, supplemental 
oxygen is often considered for individuals whose oxygen 
saturation falls to 88% or less on ambulation or when sleep-
ing at night. In addition, patients who experience moderate 
hypoxemia at sea level during rest may develop severe 
hypoxemia during air travel or at high altitude. Their need 
for supplemental oxygen can be assessed through the use of 
prediction equations.188 Testing patients with inhalation of 
hypoxic gas mixtures (15% oxygen) is theoretically ideal but 
impractical at most medical centers. 

Oxygen for home use can be generated from ambient air 
using oxygen concentrators. Alternative sources of oxygen 
include cylinders of compressed gas or liquid oxygen. For 
freedom of movement, portable liquid oxygen tanks can pro-
vide supplemental oxygen for several hours outside the home. 
Portable oxygen concentrators have also been developed and 

are especially useful for air travel. The use of devices that 
release oxygen only during the inspiratory phase of the 
respiratory cycle conserves the oxygen and prolongs the time 
for which a particular tank can be used. Direct transtracheal 
administration can be considered, especially for patients 
requiring high supplemental oxygen concentrations; how-
ever, clogging of these narrow catheters can be problematic. 

Rehabilitation

Physical training programs, which often include treadmill 
walking and light weight lifting, significantly increase the 
exercise capacity of patients with severe COPD. Formal pul-
monary rehabilitation programs contain an educational and 
a training component. Although exercise does not change 
spirometric values, it can lead to significant improvements in 
respiratory symptoms and functional capacity, as well as a 
reduction in the use of medical resources, including hospital-
izations and emergency department visits.189 Whether there 
is additional, clinically important benefit from exercises that 
focus specifically on the inspiratory muscles remains unclear; 
however, a randomized controlled trial found that training 
with inspiratory pressure support significantly increased 
exercise capacity.190 In addition to general COPD manage-
ment, pulmonary rehabilitation is routinely recommended 
before considering surgical options for patients with COPD, 
such as LVRS or lung transplantation. 

Referral for pulmonary rehabilitation should be considered 
on the basis of respiratory symptoms and functional limita-
tions rather than a specific FEV1 threshold. A randomized 
trial demonstrated that pulmonary rehabilitation following 
hospital admission for a COPD exacerbation led to lower 
rates of hospital readmission for an exacerbation over a 
3-month period.191 Although the optimal duration of struc-
tured pulmonary rehabilitation programs has not been deter-
mined, it has been recommended that such programs should 
continue for at least 8 weeks.192 Subsequently, to avoid decon-
ditioning, patients should continue to exercise; this may be 
done either in a monitored maintenance program or without 
direct supervision but with clearly defined recommendations 
for exercise. As with other forms of physical training, decon-
ditioning occurs within a few weeks of cessation of the exer-
cise program. Participation in maintenance rehabilitation 
programs or continuance of a defined set of exercises after 
leaving the program is essential to avoid deconditioning. 

Exacerbations

Acute exacerbations of COPD typically involve increased 
dyspnea and cough, often with purulent sputum. Additiona l 
signs and symptoms can include wheezing, fatigue, fever, 
tachypnea, cyanosis, and mental status changes. Although 
respiratory infections are the most common trigger for 
COPD exacerbations, other triggers can also be involved [see 
Pathophysiology, Exacerbations, above]. Some complications 
of COPD, such as pneumothorax, can mimic COPD exacer-
bations and need to be excluded. Distinctions between COPD 
exacerbations and other disease processes are more semantic. 
For example, some investigators classify pneumonia that is 
identified radiographically as distinct from COPD exacerba-
tions. Similarly, pulmonary embolism may be viewed as a 
trigger for an exacerbation or as an alternative process other 
than an exacerbation. From a practical standpoint, it is 
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important to consider whether pneumothorax, pneumonia, 
congestive heart failure, cardiac arrhythmia, pulmonary 
embolism, or drug toxicity is present whenever a COPD 
patient develops worsening respiratory symptoms.

The most important initial therapeutic decision in exacer-
bation management is whether emergent evaluation and 
possible hospitalization are required. Criteria for hospital 
admission include mental status changes, markedly increased 
shortness of breath, worsening hypoxemia or hypercarbia, 
and inadequate response to an intensified outpatient medical 
regimen. The more severe the COPD, the more likely the 
patient is to require emergent evaluation, especially if he or 
she has a history of respiratory failure requiring mechanical 
ventilation. Other factors to be considered regarding emer-
gent evaluation and hospitalization include comorbid dis-
eases, the availability of caregivers, and the distance to the 
medical center. For COPD patients without very severe exac-
erbations, nurse-administered homecare programs may offer 
an alternative to hospitalization.1 

Antibiotics Exacerbations are often triggered by respira-
tory infections, which may be bacterial, viral, or both. In 
patients with a COPD exacerbation marked by increased dys-
pnea, increased sputum production, and discolored sputum, a 
course of oral antibiotics is of proven benefit in reducing the 
duration of symptoms and risk of death.193 With advancing 
age, increased severity of disease, and comorbid conditions, 
the pathogens in COPD exacerbations are more likely to be 
resistant to antibiotics. Risk factors for resistance in bacterial 
pathogens include FEV1 of less than 50% of the predicted 
value, more than four exacerbations per year, and comorbid 
conditions such as cardiac disease.194 Patients without these 
risk factors can be treated with a second-generation macrolide, 
a second- or third-generation cephalosporin, ampicillin, doxy-
cycline, or trimethoprim-sulfamethoxazole. In patients with 
any of the specified risk factors, many of the isolates of H. influ-
enzae, M. catarrhalis, and S. pneumoniae are β-lactam resistant. 
In addition, organisms such as Klebsiella and Pseudomonas spe-
cies become more common. For these patients, a quinolone or 
a β-lactam–β-lactamase inhibitor combination is recommended 
as first-line therapy. The local antibiotic resistance pattern 
should be considered in antibiotic selection for COPD exacer-
bations. In addition, previous antibiotic treatment should 
be reviewed because exposure to a particular antibiotic class 
can increase the likelihood of antibiotic resistance.

Systemic corticosteroids A 2009 meta-analysis demon-
strated that treatment with systemic corticosteroids (oral or 
parenteral) during COPD exacerbations led to fewer treat-
ment failures, reduced duration of hospitalization, increased 
FEV1 values, and reduced dyspnea.195 However, mortality 
was not decreased. The Reduction in the Use of Corticoste-
roids in Exacerbated COPD (REDUCE) trial, a recent multi-
center, randomized, noninferiority trial, demonstrated that 
in patients presenting to the emergency department, 5-day 
treatment with systemic glucocorticoids was noninferior to 
a 14-day course with regard to reexacerbation within the 
subsequent 6 months.196 Current data support the contention 
that a 5-day course of oral corticosteroids, typically predni-
sone 40 mg daily or an equivalent methylprednisolone dose, 
should be sufficient for treatment of most adults with acute 

exacerbations of COPD.168 Although long-term use of sys-
temic steroids increases the risk of infections, the short-term 
use of these agents for COPD exacerbations—many of which 
are triggered by infections—is reasonable as long as appro-
priate antibiotic treatment is provided when bacterial infec-
tion is suspected or in the setting of severe exacerbation.

Bronchodilators In acute exacerbations, both short-acting 
beta2 agonists (eg, albuterol) and short-acting anticholiner-
gics (eg, ipratropium) are typically given. The initial dose of 
albuterol is four puffs every 4 hours by MDI or 2.5 mg every 
4 hours by nebulizer. For patients who do not improve, the 
dosing interval can be shortened to every 2 hours. Ipratro-
pium is given in a dosage of three or four puffs every 6 hours 
or, for severe exacerbations, five to eight puffs every 3 to 
4 hours; alternatively, nebulized ipratropium can be admin-
istered, often in combination with albuterol. 

Delivery of short-acting bronchodilators by MDI and 
nebulizer should be equivalent, although greater systemic 
absorption occurs with nebulized treatment. Nebulized treat-
ment is preferred for patients with extreme dyspnea or altered 
consciousness. There are no data suggesting that the addition 
of intravenous or oral theophylline to inhaled bronchodilator 
therapy is beneficial for acute COPD exacerbations. If a 
patient is already using theophylline, it can be continued. 
Monitoring of serum levels is necessary, however, because 
acute illness and other medications can influence theophyl-
line levels and potentially precipitate theophylline toxicity.

Oxygen and mechanical ventilation COPD exacerba-
tions are often associated with worsening of hypoxemia and 
hypercapnia. Oxygen supplementation should be provided to 
maintain oxygen saturation in the range of 88 to 92% to reduce 
the risk of worsening V̇/Q̇ mismatching and hypercapnia 
while providing adequate tissue oxygenation. In patients 
with acute or acute-on-chronic respiratory acidosis, mechani-
cal ventilation should be considered. Noninvasive positive 
pressure ventilation (NPPV) has been shown to reduce com-
plications and mortality for patients with COPD compared 
with endotracheal intubation.1 NPPV can be given with either 
a nasal mask or a full face mask; the full face mask increases 
the risk of aspiration and limits com munication. Close atten-
tion to patient comfort during the initiation of NPPV is asso-
ciated with a higher success rate. Reasons for proceeding 
directly to endotracheal intubation include respiratory arrest, 
cardiovascular complications (eg, hypotension), difficulty in 
the management of respiratory secretions, and an inability to 
cooperate (eg, because of somnolence or agitation). If patients 
cannot tolerate NPPV or fail to improve, endotracheal intuba-
tion and mechanical ventilation should be provided. When 
providing ventilatory support, care must be given to avoid 
auto-PEEP (ie, intrinsic positive end-expiratory pressure), 
which can result from inadequate exhalation times in patients 
with COPD. Extracorporeal carbon dioxide removal has been 
proposed for hypercapnic respiratory failure in COPD exac-
erbations, but there are insufficient data to currently support 
its use as part of routine care.197

AAT Deficiency

In addition to receiving standard COPD treatment, patients 
with severe AAT deficiency (PI Z, PI Null-Null) should also 
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be considered for intravenous infusions of AAT (so-called 
augmentation therapy). AAT augmentation therapy is not 
indicated in PI MZ individuals, and the role of augmentation 
therapy in PI SZ subjects is controversial.38 The FDA has 
approved four commercial formulations of AAT augmenta-
tion therapy; all are partially purified plasma preparations 
that are enriched for AAT. AAT augmentation therapy was 
approved by the FDA in the late 1980s on the basis of bio-
chemical efficacy (ie, the demonstration of increased serum 
AAT levels and increased elastase inhibitory capacity in bron-
choalveolar lavage fluid). Several observational studies and 
one recent multicenter, double-blind, randomized, paral-
lel-group, placebo-controlled trial (Intravenous augmentation 
treatment and lung density in severe α1 antitrypsin deficiency 
[RAPID]) have suggested that this therapy may reduce the 
rate of lung function decline in AAT-deficient patients who 
have moderate degrees of airflow obstruction.198–201 Because 
some AAT-deficient individuals will likely never develop 
COPD, augmentation therapy is not recommended for patients 
with normal lung function who show no radiographic evi-
dence of emphysema. AAT-deficient patients with normal 
lung function but for whom there is radiographic evidence of 
emphysema represent a problematic group; individualized 
treatment decisions are required. 

The FDA-approved regimen for augmentation therapy is a 
weekly intravenous infusion of 60 mg/kg; however, biweekly 
and monthly infusion regimens have been used in some 
cases, and other research of other regimens is ongoing.202 
Augmentation therapy is generally well tolerated, with min-
imal side effects, although there is a theoretical risk of ana-
phylaxis in individuals with IgA deficiency. Peripheral 
intravenous access is typically used for as long as possible 
before considering permanent intravenous access (eg, an 
implanted infusion port). The processing of augmentation 
medications appears to destroy HIV and hepatitis viruses, 
and hepatitis B vaccination is no longer required before ini-
tiating augmentation therapy. However, hepatitis A and B 
vaccinations are recommended for PI Z individuals as part of 
routine care. The possible transmission of Creutzfeldt-Jakob 
disease or undiscovered blood-borne pathogens through 
AAT augmentation therapy remains a concern, but no cases 
have as yet been reported.203

bronchoscopic treatment

Various bronchoscopic approaches to volume reduction 
are in development, including the use of valves and coils.204 
Such approaches could provide simpler volume reduction 
procedures, with preliminary data suggesting potential 
improved exercise capacity. Further studies are needed to 
assess the role of these novel bronchoscopic approaches in 
the management of patients with advanced COPD and 
emphysema. These therapies are not currently available out-
side of clinical studies.204–208

surgical treatment

Two surgical options are available for patients with very 
severe COPD: LVRS and lung transplantation. LVRS involves 
removal of the most severely affected emphysematous 
regions of the lung, which may be compressing less affected 
regions. After this operation was rediscovered by Cooper 
in the 1990s, it rapidly became widespread, with variable 

results. The National Emphysema Treatment Trial (NETT) 
was a randomized controlled trial in which more than 1,200 
severe emphysema patients were randomized to medical or 
surgical treatment.209 Both groups underwent pulmonary 
rehabilitation before randomization. Overall, LVRS did not 
have a significant effect on mortality, although exercise 
capacity did improve. The risk of mortality from LVRS was 
found to be significantly higher in patients who had an FEV1 
of less than 20% of the predicted value and either a homo-
geneous distribution of emphysema on a chest CT scan or a 
Dlco of less than 20% of the predicted value. In contrast, 
reduced mortality and an improvement in functional param-
eters were seen in patients with upper lobe–predominant 
emphysema and low baseline exercise capacity (below 25 
watts for women and below 40 watts for men on standard-
ized exercise testing). Patients with upper lobe emphysema 
but with high exercise capacity had improved pulmonary 
function and quality of life but no improvement in survival. 
LVRS provided no compelling benefits for patients with 
non–upper lobe–predominant emphysema, although the 
subset of such patients who had low exercise capacity did 
report improved quality of life. 

The operative mortality from LVRS is approximately 5%, 
but serious complications, including respiratory failure, pro-
longed air leak, pneumonia, and cardiac morbidity, are much 
more common.210 Additionally, the benefits from LVRS 
diminish with time; after 5 years, only a small percentage of 
patients still have significantly improved pulmonary func-
tion.211,212 The role of repeat LVRS after functional benefits 
have been lost is unclear. Because of the temporary benefit 
from LVRS, it can be used as a bridge to lung transplantation 
in young patients who have emphysema in a favorable ana-
tomic distribution.211,213

Some patients have isolated large bullous lesions. If such 
patients have significant respiratory symptoms and func-
tional impairment, surgical resection of these bullous lesions 
can lead to substantial improvement. Factors associated with 
greater functional improvement after bullectomy include 
bullae occupying at least one third of the hemithorax and a 
reduction in FEV1 below 50% of predicted.214 If the remaining 
lung parenchyma is relatively normal, these improvements 
can be long-standing. If there is substantial remaining emphy-
sema, bullous lesions can recur. 

In younger patients with very severe COPD (ie, an FEV1 of 
< 25% predicted), lung transplantation should be consid-
ered.215 COPD patients with BODE scores of 7 or greater (see 
below) and other complications (eg, previous hospitalization 
with hypercapnia during a COPD exacerbation or pulmonary 
hypertension) can be considered for lung transplantation 
even if their FEV1 levels are less profoundly reduced.216 
Despite concerns about overdistention of the remaining 
native lung, unilateral lung transplantation has been success-
fully performed in patients with severe emphysema. In rare 
cases, lung volume reduction of the remaining native lung 
can be performed if overdistention does occur. In COPD 
patients, bilateral lung transplantation has been shown to 
increase survival compared with unilateral lung transplanta-
tion in patients up to age 60 years,217 but the role of bilateral 
versus unilateral lung transplantation in COPD remains con-
troversial. Even if patients have severe right heart dysfunc-
tion, heart-lung transplantation is typically not required, 
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because the right ventricle recovers quickly after lung trans-
plantation. Complications after lung transplantation include 
an increased risk of infections, malignancy, and a high rate of 
rejection (bronchiolitis obliterans); 5-year survival after lung 
transplantation is approximately 50%.218 Lung transplantation 
for COPD has not been proved to increase survival compared 
with continued medical therapy,219 but survivors may experi-
ence improved quality of life. Patients with a history of COPD 
may be more susceptible to the development of lung cancer.220

Although priority for lung transplantation was previously 
determined by time spent on a waiting list, the guidelines 
for lung allocation by the United Network for Organ Shar-
ing (UNOS) changed in 2005. Currently, a lung allocation 
score is calculated on the basis of the urgency for and likely 
benefit from lung transplantation, as assessed from the 
patient’s disease diagnosis, laboratory results, and other test 
results (https://optn.transplant.hrsa.gov/learn/professional- 
education/lung-allocation-system/). This lung allocation 
score, rather than waiting time, is used to prioritize patients 
for available organs. 

Complications 

copd as a systemic disease

There is increasing evidence that the inflammatory process 
in COPD has a systemic component: elevated levels of C- 
reactive protein have been observed in COPD patients.221 In 
addition, a variety of nonpulmonary illnesses are more com-
mon in COPD patients, including coronary artery disease, 
hypertension, hyperlipidemia, diabetes, osteoporosis, and 
skeletal muscle dysfunction.222,223 There is also some evidence 
to suggest that COPD is associated with increased rates of 
mild cognitive impairment.224 It is difficult to separate the 
effects of cigarette smoking and reduced physical activity on 
these disease processes from the possible systemic impact of 
COPD related to inflammation and tissue hypoxia, but 
increased surveillance for these comorbid conditions is 
appropriate as they are likely to negatively impact survival.222 
The marked weight loss that occurs in a subset of severe 
COPD patients, primarily from loss of skeletal muscle mass, 
may represent a manifestation of these systemic effects.

pulmonary hypertension

In a minority of COPD patients, secondary pulmonary 
hypertension develops. The elevations of pulmonary artery 
pressure in COPD tend to be mild to moderate and slowly 
progressive.225 However, the presence of pulmonary hyper-
tension substantially increases the risk of mortality in COPD 
patients.226 Pulmonary hypertension can lead to the develop-
ment of cor pulmonale, characterized by hypertrophy of the 
right ventricle and, ultimately, right ventricular failure, with 
associated peripheral edema and passive hepatic conges-
tion. Cor pulmonale typically develops in advanced COPD; 
however, a population-based analysis in the Multi-Ethnic 
Study of Atherosclerosis (MESA) cohort demonstrated that 
both airflow obstruction assessed by spirometry and emphy-
sema assessed quantitatively by chest CT scan were associ-
ated with reductions in left ventricular stroke volume, left 
ventricular end-diastolic volume, and cardiac output in 
subjects ranging from normal lung function to moderate 

COPD.227 Although pulmonary hypertension in COPD was 
originally believed to result purely from arterial hypertrophy 
in response to chronic hypoxic vasoconstriction, more recently, 
other mechanisms have been postulated, including inflamma-
tion and direct effects of cigarette smoke components.226 

Doppler echocardiography can be used to assess right 
ventricular function and to estimate pulmonary artery sys-
tolic pressures noninvasively from a jet of tricuspid regurgi-
tation. Unfortunately, estimates of pulmonary artery systolic 
pressure cannot be obtained with echocardiography in a 
substantial percentage of COPD subjects. Furthermore, in 
patients with advanced lung disease, echocardiographic 
estimates of pulmonary artery systolic pressure often indi-
cate pulmonary hypertension when the patient has normal 
pulmonary artery pressures.228 Although right heart cathe-
terization can provide more accurate assessment of pulmo-
nary hypertension, it is invasive and thus is typically performed 
only in special circumstances, such as during evaluation for 
lung transplantation.

With appropriate supplemental oxygen therapy, pulmo-
nary hypertension and cor pulmonale are substantially less 
likely to develop. However, oxygen therapy does not appear 
to reverse preexisting pulmonary hypertension.229 Systemic 
vasodilators, which are useful in the treatment of primary 
pulmonary arterial hypertension, may improve pulmo-
nary hemodynamics in COPD but can also worsen arterial 
oxygenation by inhibiting hypoxic pulmonary vasoconstric-
tion.230 Thus, systemic vasodilator treatment is not currently 
recommended for secondary pulmonary hypertension related 
to COPD [see Vasodilators, above].

lung cancer

Patients with COPD have a high risk of lung cancer. Whether 
this risk is simply related to the fact that many COPD patients 
have a history of cigarette smoking or reflects another shared 
determinant of COPD and lung cancer is currently unclear. 
The National Lung Screening Trial (NLST), a recent large, ran-
domized trial, demonstrated that in high-risk patients, low-
dose CT, compared with chest radiography, reduced both 
death from lung cancer and all-cause mortality.231 Currently, 
guidelines recommend offering low-dose CT screening to 
high-risk patients with significant tobacco histories, although 
providers should discuss the pros and cons of these tests, 
including a high risk of false-positive testing.232 Controversy 
remains over the cost-effectiveness of low-dose CT screening 
for lung cancer; risk-based approaches to screening have been 
proposed.233,234 Active smokers should be advised that screen-
ing is not a substitute to tobacco cessation. Current studies are 
ongoing to develop biomarker sputum tests for early detection 
of lung cancer, but these are in the early stages of testing and 
not available for routine clinical use. 

pneumothorax

COPD patients are at increased risk for pneumothorax.235 
In patients with severe emphysema (especially bullous dis-
ease), distinguishing between a bulla and pneumothorax 
radiographically can require careful examination. Pneumo-
thoraces can be especially problematic in patients with 
severe COPD because of the reduced respiratory reserve in 
these patients. Tube thoracostomy is typically required to 
treat a spontaneous pneumothorax in a COPD patient. 
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reduce mortality in COPD are smoking cessation, oxygen 
therapy in severely hypoxemic patients, and LVRS in 
patients with upper lobe–predominant emphysema and low 
exercise capacity.
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