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Chronic Obstructive Pulmonary 
Disease: Update

Chronic obstructive pulmonary disease (COPD) is a chronic, incurable but 
very treatable condition. Currently, COPD is the third leading cause of death in 
the United States and has been diagnosed in nearly 10% of adult Americans. This 
syndrome is identified by historical clues, clinical signs and symptoms, and physi-
ologic and imaging abnormalities. There is no single diagnostic test for COPD.

Definition and Classification
COPD is a treatable, usually preventable, and, most frequently, insidiously 

progressive lung disease characterized by physiologic airflow limitation and/
or radiographic imaging evidence of emphysema with pulmonary and systemic 
inflammation and a clinical course that is punctuated by exacerbations and epi-
sodes of worsening respiratory symptoms.1-4 Over the past decade, this definition 
of COPD has changed dramatically, as have the characterization and treatment 
of individuals with COPD. Multiple new therapies alter the course of this disease, 
reduce exacerbations, improve quality of life, and increase survival.

Traditionally, COPD has been considered an overlapping of two principle condi-
tions: emphysema and chronic bronchitis. Emphysema is defined histopathologically 
or radiographically by the loss of lung parenchyma and abnormal enlargement of air 
spaces without associated fibrosis, whereas chronic bronchitis is defined clinically 
as the presence of a productive cough for at least three consecutive months in two 
consecutive years. Over the past decade, further refinements in the constellations of 
symptoms defining various groups of patients with COPD have been developed. 
These clinical groupings have been called COPD phenotypes and they are believed 
to assist with the prediction of clinical course and optimal therapies (see Table 1).

Epidemiology
Estimates of COPD’s prevalence range from 6.8% to 9.4% of the U.S. adult 

population and vary based on the criteria used to define COPD and the objective 
measurement of airflow limitation.5,6 By 2008, lower respiratory diseases, including 
COPD, were the third-leading cause of death in the United States.7

In early COPD, the major causes of death are lung cancer and cardiac disease, 
whereas in more advanced COPD, respiratory failure is the major cause of mortal-
ity.8,9 During acute exacerbations of COPD, the leading causes of death are heart 
failure (37.2%), pneumonia (27.9%), pulmonary thromboembolism (20.9%), and 
respiratory failure (14%).10

Risk Factors for COPD
The single most significant risk factor for the development of COPD is 
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EXECUTIVE SUMMARY
 z Chronic obstructive pulmonary disease has a range of  

extra-pulmonary complications that contribute to significant 
morbidity.

 z Titrate oxygen therapy to maintain SaO2 between 88% and 
92% when treating acute COPD exacerbations.

 z Initial treatment for COPD exacerbations includes inhaled 
bronchodilators (beta-agonsist with or without anticholiner-
gics) and oral corticosteroids.

 z Administer systemic antibiotics in COPD patients who are 
being admitted, especially if going to the ICU or receiving 
mechanical ventilation.

 z Initiate noninvasive ventilation in the ED for patients with 
acute respiratory failure who are not responding to inhaled 
bronchodilators and systemic corticosteroids.

tobacco smoke inhalation. Factors that 
influence the development of COPD 
include the age of starting smoking, 
amount and type of tobacco product 
consumed, age of quitting, and length 
of smoking cessation.11 The prevalence 
of COPD has generally followed the 
prevalence of tobacco smoking, with a 
lag time of approximately 20-30 years. 
Whereas only 20-50% of all smokers 
develop COPD, approximately 75-90% 
of all individuals with COPD have been 
or are smokers. Approximately one-
quarter of individuals with COPD are 
never smokers.12,13 Other factors that 
may be associated with the development 
of COPD include indoor and outdoor 
air pollution; occupational exposures 
to gases, dusts, and fumes; and respira-
tory infections such as tuberculosis and 
human immunodeficiency virus.12,14-21 
In the developing world, exposure to 
biomass smoke is a leading cause of 
COPD.22-24

Clinical Manifestations
Pulmonary. Breathlessness, cough, 

and sputum production are the three 
major symptoms of COPD. Dyspnea is 
a subjective sensation of lack of air that 
is normally experienced by everyone 
during vigorous or strenuous activ-
ity; when shortness of breath impedes 
routine activity, it suggests a transition 
from a normal physiological response 
to a symptom of a pathologic process. 
Breathlessness may progress insidiously 
in individuals with COPD. Initially, there 
may be subtle changes such as an inability 
to maintain the pace when walking with 
peers or increased sensation of breath-
ing while doing routine activities, which 
gradually progresses to impede routine 
daily activities. Cough is the forceful 
exhalation of air to clear the airways from 

irritating or obstructing material. Cough 
may be nonproductive or productive of 
phlegm. 

The differential diagnosis of COPD 
includes other pulmonary processes, 
such as asthma, bronchiolitis, pulmonary 
infections, bronchiectasis, and cardiac 
disorders, including ischemic heart dis-
ease and congestive heart failure. In some 
patients it may not be possible to distin-
guish asthma and COPD despite exten-
sive evaluation, and this undifferentiated 
group is now classified as the asthma 
COPD overlap syndrome (see Table 1). 

Extra-pulmonary Manifestations. 
Over the past decade, COPD has been 
recognized to be more than just a pul-
monary disorder. Inflammation is postu-
lated to be the pathophysiologic process 
linking pulmonary and nonpulmonary 
manifestations of COPD.25-33 This mul-
tisystemic involvement is believed to be 
due to inflammatory cytokines produced 

within the lungs and released into the 
circulation or inflammatory cells that are 
activated within the lungs and then enter 
the circulation for distribution through-
out the body.34 These nonpulmonary 
manifestations include cardiac, cere-
brovascular, oncologic, musculoskeletal, 
hematologic, endocrine, and psychologic 
disorders. 

The prevalence of ischemic cardio-
vascular disease among individuals with 
COPD is more than twice the level 
found among smokers who do not have 
COPD.35,36 It is estimated that cardiovas-
cular mortality increases by 28% for every 
10% decline in forced expiratory volume 
in one second (FEV1).37 More than one-
quarter of patients hospitalized with 
COPD exacerbations have elevations 
in serum markers of cardiac ischemia 
and approximately 8% have myocardial 
infarctions.38 This increased risk of car-
diac ischemia may be due to elevated 

Table 1. COPD Phenotypes
COPD 
Phenotype

Treatment
SABA LABA+/

or LAMA
ICS Mucolytic Macrolide PDE4 

Inhibitor
Overlap
asthma/COPD + + +

Non- or 
infrequent 
exacerbator

+ +

Frequent 
exacerbator

       Emphysema + + +

       Phlegm-     
       producer/ 
       chronic     
       bronchitis

+ + + + + +

Use of COPD phenotypes to guide COPD treatment

Abbreviations: SABA: short-acting beta-agonist; LABA: long-acting beta-agonist; LAMA: long-acting 
muscarinic antagonist; ICS: inhaled corticosteroid; PDE4: phosphodiesterase 4
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inflammatory cytokines that can increase 
the risk of plaque rupture, demand isch-
emia caused by an increased heart rate 
due to the underlying pulmonary disease, 
hypoxemia, and beta-agonist and anti-
cholinergic medication effects.39,40

Between 9% and 52% of individu-
als with COPD have heart failure, and 
co-existent COPD and heart failure are 
associated with greater mortality than 
either process alone.41,42 Due to similari-
ties in the clinical presentation of heart 
failure and COPD exacerbations, there 
may be a tendency to treat a patient for 
both processes simultaneously. However, 
mortality and hospitalizations are 
increased for patients with left ventricu-
lar heart failure but not COPD who are 
treated with beta-agonists.43 However, 
beta-blocker treatment for individuals 
with COPD and congestive heart failure 
should be continued during hospitaliza-
tions for COPD exacerbations and is 
considered to be safe chronically.44

Approximately one in four smokers 
with obstructive lung disease will develop 
lung cancer, whereas cancer is only pre-
dicted to occur in one of every 14 smok-
ers who do not have airflow limitation.45 
Radiographic evidence of emphysema 
increases the risk for lung cancer by 3.5-
fold.46 In addition, concurrent COPD 
predicts a worse course for lung cancer 
patients.47

In contrast with popular belief, the 
most common hematologic manifesta-
tion of COPD is anemia (7.5-32.7%) 

and not polycythemia (6%).48-53 COPD-
related anemia is usually associated with a 
normal to low mean corpuscular volume, 
low serum iron, and normal to increased 
ferritin.54 It is postulated to be caused by 
chronic inflammation (anemia of chronic 
disease). Patients with anemia gener-
ally have more breathlessness, decreased 
exercise capacity, lower quality of life, 
and increased health care utilization and 
cost.49-52,55-59

Approximately 24-69% of individuals 
with COPD have osteoporosis, 27-67% 
have osteopenia, and 24-63% have ver-
tebral fractures.60-66 Vertebral fractures 
may cause kyphosis that further impairs 
lung function; for every vertebral fracture, 
the forced vital capacity (FVC) may be 
reduced by 9%.67 In addition, the pres-
ence of COPD predicts an increased 
risk of hip fracture, and nearly half of 
all individuals with hip fractures have 
COPD.68,69

Both the prevalence and risk of devel-
oping diabetes are increased in indi-
viduals with COPD.35,70,71 This increased 
prevalence and incidence of diabetes 
is greater than would be expected with 
corticosteroid use. Concurrent diabe-
tes increases the risk for hospitaliza-
tion and death among individuals with 
COPD.72-74

Nocturnal respiratory symptoms, 
intrinsic sleep-disordered breathing, 
or a combination of both of these pro-
cesses contribute to sleep disturbances 
in 32-78% of patients with COPD. 

Obstructive sleep apnea (OSA) occurs in 
approximately 10% of individuals with 
COPD, and the concurrence of OSA 
and COPD is known as the overlap syn-
drome. Risk factors for the overlap syn-
drome include obesity and, possibly, more 
severe airflow limitation. The combined 
effects of OSA and COPD cause pro-
found nocturnal desaturation, which may 
contribute to the development of severe 
pulmonary hypertension. 

Pulmonary vascular disorders occur 
frequently in individuals with COPD. 
Up to 25% of patients hospitalized 
with COPD exacerbations have venous 
thromboembolism, which may increase 
morbidity and mortality and precipitate 
pulmonary hypertension. 

Thus, nonpulmonary processes cause 
significant morbidity and mortality in 
COPD. Increased awareness, detection, 
and management of these manifestations 
of COPD have the potential to improve 
survival, reverse morbidity, improve qual-
ity of life, and reduce healthcare utiliza-
tion among patients with COPD. At 
present, there is no evidence that current 
pharmacologic treatments for COPD are 
effective treatments for COPD’s nonpul-
monary manifestations.

Diagnostic Testing
Spirometry. Because COPD is a 

syndrome, there is not a single objec-
tive criterion for its diagnosis. Although 
pulmonary physiologic measurement of 
airflow limitation was previously required 
for the diagnosis of COPD and remains 
the most commonly applied diagnostic 
standard, recent evidence shows that 
some individuals with radiographic 
evidence of emphysema may not have 
demonstrable obstruction during spiro-
metric testing.75 Therefore, physiologic 
demonstration of obstruction is a critical 
but not essential factor in the diagnosis of 
COPD, especially emphysema.

Spirometry is an effort-dependent test 
that measures the amount of air expelled 
from the lungs over time. Reproducibility 
and testing accuracy are dependent on 
well-trained personnel who are able to 
coach patients to provide maximal effort 
during testing. During testing, the patient 
breathes in maximally to total lung 
capacity and then quickly exhales down 
to residual volume, sustaining the exhala-
tion for 6 seconds and the volume of air 

Figures 1 and 2. Posterior-anterior and Lateral Chest  
X-rays
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expelled from the lungs is measured.
The two key spirometric measurements 

are the amount of air expelled in the first 
second (FEV1), and the total amount of 
air exhaled (FVC). The spirometer also 
calculates the FEV1:FVC ratio, which 
is used to diagnose airflow obstruction 
or limitation. Normally, this ratio is 
approximately 80% (four-fifths of a vital 

capacity can be exhaled 
within the first second of 
exhalation). With obstruc-
tion, the FEV1:FVC ratio 
is reduced. The two most 
common thresholds for 
the definition of airflow 
limitation are an absolute 
value of FEV1/FVC < 
0.7 or the lower limit of 
normal, the fifth percen-
tile of the distribution of 
the FEV1/FVC ratio in a 
nonsmoking population 
with no clinical evidence 
of lung disease. As indi-
viduals age, the ratio of 
FEV1:FVC decreases. 

Imaging. The most 
common imaging tests for 
the evaluation of COPD 
are the chest radiograph 
and computed tomogra-
phy (CT) scan (see Figures 
1, 2, and 3). Common 
chest radiographic 
manifestations of COPD 
include lung hyperinfla-
tion that manifests as 
enlarged lung fields, flat-
tened diaphragms (best 
seen on the lateral view), 
increased retrosternal 
airspace, and caudal move-
ment of the mediastinum 
with inferior displacement 
of the heart. Emphysema 
may cause effacement of 
the vascular markings and 
cause cysts or bullae. CT 
scans are more sensitive 
than chest radiographs 
for detecting the presence 
of emphysema and may 
be used to quantify lung 
parenchymal destruction, 
air trapping, and hyperin-
flation.76,77 CT scans are 
also useful in the diagnosis 

of bronchiectasis and, more recently, have 
been used to measure airway luminal 
diameter and wall thickness that may be 
increased in chronic bronchitis.78-80

Management of Stable 
COPD

The goals of COPD treatment include 
reduction in respiratory symptoms, 

improved quality of life, preservation of 
lung function, reduced COPD-associated 
complications and comorbidities, 
decreased number and severity of COPD 
exacerbations, and improved survival.

In the past decade, multiple COPD 
treatments have been demonstrated 
to improve longevity (see Table 3). The 
principle clinical manifestation of 
COPD is breathlessness that initially 
occurs only with exertion and eventually 
progresses to interrupt daily activities. 
Causes of dyspnea may be multifactorial 
with contributions from bronchospasm, 
oxygen desaturation, secretions, and 
cough, but the major factor contribut-
ing to breathlessness is dynamic lung 
hyperinflation. Lung hyperinflation is 
caused by an increase in the volume of 
air remaining in the lungs at the end 
of a normal exhalation (end expiratory 
lung volume [EELV]) that causes exces-
sive stretch and distension (loading) of 
the respiratory muscles, placing them at 
a mechanical disadvantage precipitat-
ing the sensation of breathlessness. In 
COPD, air is easily inhaled but exhala-
tion is impaired; if less air is exhaled than 
is inhaled, hyperinflation occurs and 
EELV increases. With each breath, the 
EELV increases and eventually impairs 
the ability to inhale due to restriction 
of the inspiratory capacity and decreas-
ing minute ventilation. The respiratory 
rate increases during exertion and there 
is less time in exhalation, which further 
worsens hyperinflation (see Figure 4). 
Bronchodilators may reduce dynamic 
hyperinflation, but the best approach is 
to maintain a slow and steady respira-
tory pattern by inhaling through the 
nose and exhaling through the mouth 
with pursed lips. This technique, which is 
called pursed lip breathing, elevates the 
intra-airway pressure and maintains air-
way patency by reducing collapse due to 
reduced elastic recoil. By maintaining air-
way patency during exhalation, more air 
is expelled, less dynamic hyperinflation 
occurs, and breathlessness is alleviated. 

The mainstays of COPD pharmaco-
logic management are bronchodilators 
and inhaled corticosteroids. Short-acting 
beta-agonists are usually the initial bron-
chodilator and should be prescribed on 
an as-needed basis as a rescue inhaler. The 
next level pharmacologic treatment is the 
addition of a long-acting anticholinergic 

Figure 3. Chest Computed Tomogra-
phy Scan (Upper, Middle, and Lower 
Lung Zones)

This chest CT scan is from the same patient whose chest 
X-ray is presented in Figure 1. The chest CT shows diffuse 
empysema with loss of lung parenchyma. There is a 
calcified nodule in the posterior left lower lobe.
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or long-acting beta-agonist. Nebulizers 
are an alternative to metered-dose inhal-
ers when patients are unable to use 
metered-dose inhalers properly or when 
they are hospitalized. 

Other medications for the treatment 
of COPD include phosphodiesterase 
inhibitors, macrolides, and mucolytics. 
Phosphodiesterase inhibitors include 
methylxanthines such as theophyl-
line or aminophylline, which are rarely 
used due to their narrow therapeutic 
window and frequent side effects and 
medication interactions. The specific 
phosphodiesterase 4 inhibitor, roflu-
milast, is approved by the FDA for the 
reduction of COPD exacerbations in 
individuals with chronic bronchitis and 
frequent exacerbations.81 Macrolides, 
such as erythromycin and azithromy-
cin, have anti-inflammatory properties 
in addition to antimicrobial effects. 
Recent studies have shown that either 
daily erythromycin or azithromycin 
decreases the frequency of COPD 

exacerbations in patients with a history 
of exacerbations.82-84 

Mucolytics such as n-acetylcysteine 
and carbocysteine may reduce COPD 
exacerbations and improve health-related 
quality of life in patients with COPD.85 
In one prospective study, n-acetylcysteine 
reduced hyperinflation.86 Mucolytics are 
used more frequently in Europe than in 
the United States.

Supplemental oxygen improves survival 
in patients with hypoxemia at rest (PaO2 
< 55 torr or SpO2 < 88%; or PaO2 < 60 
and > 55 torr with evidence of cor pul-
monale).87,88 The mechanism(s) by which 
supplemental oxygen improves mortality 
is unknown. 

Smoking cessation is the singularly 
most important intervention for the pre-
vention and treatment of COPD. Even 
after initially quitting, many smokers 
return to smoking. Half of all individuals 
who are able to quit smoking for at least 
6 months will resume smoking within 
8 years of quitting.89 Thus, the process 
of smoking cessation is often a series of 
episodes of quitting and relapse before 
permanent abstinence is achieved.  

Most COPD management guidelines 
recommend both influenza and pneumo-
coccal vaccination for individuals with 
COPD. Influenza vaccination reduces 
mortality, outpatient visits, hospitaliza-
tions, and exacerbations.90 Although 
pneumococcal vaccination reduces the 
incidence of invasive pneumococcal 
disease, it has not shown any significant 
effect on mortality, rates of pneumonia 
or exacerbations, lung function, or cost 
effectiveness.90,91 Vaccination against both 
influenza and pneumococcus may reduce 
COPD exacerbations more effectively 
than either vaccine alone.90

Pulmonary rehabilitation is a multidis-
ciplinary program of education and exer-
cise that provides COPD patients with 
information about their disease, its treat-
ment, and mechanisms to cope with its 
consequences. Pulmonary rehabilitation 
is most effective when it is integrated into 
a comprehensive COPD management 
program that encourages behavior change 
and a shift from provider-initiated to 
patient self-directed care.  

Surgical or endoscopic lung volume 
reduction may also be effective in cer-
tain patients with COPD. Lung volume 
reduction surgery (LVRS) removes 

emphysematous lung parenchyma, 
which allows less deranged lung tissue 
to ventilate more normally, improving 
overall lung function. LVRS improves 
exercise tolerance, quality of life, and sur-
vival in selected patients with COPD.92 
However, this surgery is only beneficial 
in patients with upper lobe emphysema 
and poor exercise tolerance and is detri-
mental in individuals with FEV1 < 20% 
of predicted, diffusing capacity < 20% 
of predicted, or diffusely distributed 
emphysema. 

Evaluation of Apparent 
COPD Exacerbations

The course of COPD is often marked 
by intermittent exacerbations and epi-
sodes of increased respiratory symptoms 
(especially cough, wheezing, phlegm 
production, and breathlessness) that 
vary in severity, frequency, duration, and 
consequence. A COPD exacerbation is 
defined as an acute event characterized 
by worsening of the patient’s respiratory 
symptoms that is beyond normal day-to-
day variations and leads to a change in 
medication.1 

Risk factors for COPD exacerbations 
include age, worse quality of life, sever-
ity of airflow limitation (reduction in 
FEV1), chronic bronchitis, and comor-
bidities (especially gastroesophageal 
reflux disease).93 The best predictor of 
future exacerbations is a history of prior 
exacerbations.94 

Between 70-80% of COPD exacerba-
tions are triggered by viral and bacterial 
respiratory infections and the majority of 
the rest are due to environmental expo-
sures such as air pollution and medication 
non-adherence.95,96

The symptoms of a COPD exac-
erbation depend on its cause. Typical 
manifestations include cough, sputum 
production, dyspnea, tachypnea, wheez-
ing, and a decrease in pulmonary func-
tion. Physical examination findings 
depend on the severity of the exacerba-
tion and typically include tachypnea and 
wheezing. In more severe exacerbations, 
patients develop difficulty speaking, use 
accessory respiratory muscles, and exhibit 
paradoxical chest and abdominal wall 
movements due to asynchrony between 
the chest and abdomen during breathing. 
In very severe exacerbations, patients may 
develop hypoxemia and hypercapnia with 

Table 2. COPD Severity 
Based on FEV1 Percent 
Predicted

FEV1 Percent  
Predicted

COPD  
Severity

≥ 80% Mild

< 80% and ≥ 50% Moderate

< 50% and ≥ 30% Severe

< 30% Very severe

Table 3. Evidence-based 
Interventions to Reduce 
Mortality in COPD

COPD Treatments that  
Improve Survival

Smoking cessation

Oxygen for patients with resting 
hypoxemia

Influenza vaccination

Noninvasive ventilation for respiratory 
failure

Pulmonary rehabilitation/exercise

Tiotropium

Lung volume reduction surgery in 
selected patients
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lethargy and possibly obtundation.
Assessment of the COPD patient 

who presents with worsening respiratory 
symptoms should consider a differential 
diagnosis that includes congestive heart 
failure, myocardial infarction, pneumonia, 
pneumothorax, and pulmonary thrombo-
embolism, as well as an apparent COPD 
exacerbation. The medical history and 
physical examination are the initial steps 
by which possibilities are considered and 
excluded. In most moderate to severe 
apparent COPD exacerbations, ancillary 
tests are necessary (see Table 4).  

Pulse oximetry is universally rou-
tine to adult emergency department 

(ED) patients. In the COPD patient, 
pulse oximetry is used to guide oxygen 
therapy (see section on ED Management 
of COPD Exacerbations). Some COPD 
patients are chronically hypoxemic, so 
values obtained in the ED should be 
compared with their baseline to iden-
tify deterioration. Simiarly, ventilatory 
failure with carbon dioxide retention 
or hypercarbia is a potential complica-
tion indicating the potential for further 
deterioration. However, some patients 
with COPD chronically retain carbon 
dioxide, and it is essential to differentiate 
acute from chronic and acute on chronic 
carbon dioxide retention. In these cases, 

determination of the arterial blood pH 
is key; respiratory acidemia is often due 
to an acute or acute on chronic disorder. 
Another clue is the serum bicarbon-
ate; a value greater than 28-29 mmol/L 
suggests a chronic metabolic alkalosis 
in compensation for chronic respiratory 
acidosis due to long-standing carbon 
dioxide retention. An arterial blood gas 
measurement is the traditional approach 
to detect carbon dioxide retention, but is 
uncomfortable and carries a small risk of 
complications. To reduce pain with arte-
rial blood gas sampling, apply an ice bag 
for 3 minutes to the radial artery punc-
ture site97 and use a 23g needle to shorten 
the duration of the procedure.98 An alter-
native to arterial sampling is to measure 
venous carbon dioxide (PvCO2); a value 
within normal range excludes arterial 
hypercarbia.99

An electrocardiogram (ECG) is con-
sidered routine in acute COPD exacerba-
tions. It is useful to identify myocardial 
ischemia and evaluate tachycardias. 
As opposed to asthma exacerbations 
in which routine chest radiography is 
unnecessary, a chest radiograph should be 
obtained in all cases of COPD exacerba-
tion. The physical examination has lim-
ited accuracy in excluding pneumonia or 
pneumothorax in COPD patients.

As noted earlier, COPD patients have 
an increased risk for heart failure, and 
heart failure exacerbations may mimic or 
be coincident with COPD exacerbations.  
The serum levels of brain natriuretic 
peptide (BNP) may be slightly elevated 
in patients with COPD exacerbations, 
reflecting cardiac stress,100 but elevated 
levels (> 100 pg/mL) can be used to iden-
tify coexisting heart failure.101

Detecting myocardial ischemia in a 
COPD exacerbation patient may be dif-
ficult. The pain from ischemic myocar-
dium may be obscured by symptoms of 
breathlessness and mechanical chest wall 
pain due to increased work of breathing. 
Characteristic ECG manifestations of 
myocardial ischemia may not be as read-
ily apparent due to concurrent pulmonary 
and pulmonary vascular ECG findings. 
Thus a low threshold for obtaining car-
diac biomarkers is recommended.

Pulmonary embolism can occur coin-
cident with or mimic a COPD exacerba-
tion. The reported frequency with which 
this occurs varies widely, depending on 

Figure 4. Dynamic Hyperinflation

Dynamic hyperinflation is the major cause of breathlessness in individuals with COPD. 
In COPD, air is easily inhaled but exhalation is impeded by airflow limitation caused by 
increased resistance and reduced elastic recoil; if less air is exhaled than was inhaled, 
the lung begins to retain air, increasing the end expiratory lung volume (EELV). As EELV 
increases, the volume of air inhaled during subsequent breaths is decreased due to 
restriction of the inspiratory capacity. Thus, the lungs are unable to meet ventilatory and 
oxygenation demands. The increase in respiratory rate that occurs with exertion further 
augments hyperinflation by reducing expiratory time, causing more air trapping and 
increase in the EELV. As hyperinflation increases, the respiratory muscles are stretched or 
loaded causing discomfort; the stretching also causes functional weakness by putting the 
muscles at a mechanical disadvantage. The discomfort caused by stretching and loading 
of respiratory muscles by dynamic hyperinflation is a significant factor contributing to the 
sensation of breathlessness. Both pharmacologic and nonpharmacologic treatments may 
help to ameliorate dynamic hyperinflation. Pursed lip breathing facilitates exhalation of 
air by creating an increased expiratory resistance that elevates the intra-airway pressure 
to maintain airway patency, reducing collapse due to diminished elastic recoil and 
increasing the amount of air expelled during exhalation. The improved expiratory airflow 
reduces air trapping and hyperinflation. Slow, deliberate, and controlled breathing 
utilizing pursed lip breathing helps to reduce the respiratory rate, which increases the 
exhalation time that may also reduce air trapping and hyperinflation. Control of anxiety, 
relaxation techniques, and better awareness of the perception of breathlessness may also 
help reduce the rate of breathing.
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enrollment criteria and extent of evalua-
tion.102-110 (See Table 5.) While the inci-
dence is low in patients who are only 
treated in the ED, it increases among 
those patients who require hospitaliza-
tion and for whom no apparent cause of 
COPD exacerbation is identified.  

While a serum d-dimer is sensitive 
for venous thromboembolism in COPD 
patients, there is reduced specificity with 
standard cutoff values (500 ng/mL). To 
improve specificity, there is the sugges-
tion that a higher d-dimer threshold 
should be used in COPD exacerbations 
to reduce CT pulmonary angiogram 
imaging.111 Until replicated, it is prudent 
to stick with the most common thresh-
old used in the literature, 500 ng/mL, 
and image those with values above this 
threshold. 

ED Management  
of COPD Exacerbations

In the last decade, an evidence-
based approach to the management 
of COPD exacerbations has evolved 
(see Table 6).112,113 The strength with 
which each treatment can be recom-
mended is assessed by the quality and 
quantity of supporting data. Level A 
evidence is derived from large random-
ized, controlled trials that show consis-
tent benefit in the appropriate patient 
population. Level B evidence is also 

based on randomized trials, but with a 
smaller number of patients (the result 
of subgroup or post-hoc analysis) the 
study population differs from the target 
group, and/or the results are somewhat 
inconsistent. Level C evidence is derived 
from uncontrolled, nonrandomized, or 
observational cohort studies. Level D evi-
dence is developed from expert consensus 
opinions. 

Supplemental oxygen is reflexively 
applied to almost all ED patients in 
respiratory distress. This reflex is to be 
avoided, as prehospital and ED stud-
ies have shown supplemental oxygen 
is harmful in COPD exacerbations if 
treatment results in hyperoxia (SaO2 
> 96%).114,115 In the prehospital study 
from 2010, high-flow oxygen (8-10 L/
min via a non-rebreather face mask) 
administered to patients with COPD 
exacerbations was associated with an in-
hospital mortality of 9%, whereas oxygen 
administered via nasal cannula titrated to 
achieve an SaO2 between 88% and 92% 
had an observed mortality of 2%.114 The 
ED study from 2012 found that hyper-
oxemia (SaO2 > 96%) and hypoxemia 
(SaO2< 88%) in patients with COPD 
exacerbations were associated with 
increased incidence of serious adverse 
outcomes (odds ratios of 9.17 and 2.16, 
respectively) when compared to patients 
receiving oxygen titrated to maintain 

SaO2 between 88% and 92%.115 An often 
overlooked cause of hyperoxygenation 
is the use of high-flow oxygen to power 
nebulizers; compressed air should be used 
with nebulizers to prevent complica-
tions of oxygen-induced hypoventilation. 
Thus, oxygen is beneficial in controlled 
amounts.

Inhaled short-acting bronchodilators 
are the principle pharmacologic treat-
ments for acute COPD exacerbations 
and consist of both beta adrenergic 
agonists and anticholinergic agents. 
Albuterol is the most frequently used beta 
adrenergic agonist and may be delivered 
by metered-dose inhaler (MDI) or nebu-
lization. Both of these delivery methods 
provide equivalent drug delivery and 
clinical effectiveness, but both clinicians 
and patients seem to prefer nebuliza-
tion due to perceived ease of use. Typical 
albuterol dosing is 2.5 mg by nebulizer or 
4-8 puffs (90 mcg per puff) by MDI and 
spacer every 1-4 hours. Continuous alb-
uterol nebulizer treatments or increased 
frequency does not improve lung function 
or clinical outcome but may cause exces-
sive tachycardia, tremors, or hypokale-
mia.116 Ipratropium bromide is the most 
frequently used short-acting anticholin-
ergic agent and the usual dose is 500 mcg 
by nebulizer or 2-4 puffs (18 mcg/puff) 
by MDI with spacer every 4-6 hours. 
There is conflicting evidence about the 
efficacy of combined beta adrenergic ago-
nists and anticholinergic agents; earlier 
studies showed an additive bronchodila-
tor effect but no clinical benefit, whereas 
more recent studies showed no additive 
bronchodilation.117,118 Further, the dosing 
interval for the two medications is quite 
different: short-acting beta-agonists every 
1-4 hours and short-acting anticholiner-
gics every 4-6 hours. More frequent use 
of short-acting anticholinergics in combi-
nation preparations may lead to increased 
adverse effects. 

Short-acting bronchodilators are 
continued as long as the patient has evi-
dence of respiratory distress. There is no 
evidence from which to recommend a 
specific mode (intermittent vs continuous 
dose), duration, or frequency for short-
acting bronchodilator therapy in COPD 
exacerbations. The intensity of inhaled 
bronchodilator therapy is sometimes 
limited by adverse side effects. There 
is no advantage to using intravenous 

Table 4. Recommended Ancillary Tests in COPD  
Exacerbations

Test Rationale
Pulse oximetry To identify arterial hypoxemia and guide oxygen therapy

Venous blood gas A normal PvCO2 excludes arterial hypercarbia

Electrocardiogram To detect occult myocardial ischemia and correctly identify 
tachycardic rhythms

Chest radiograph To detect infiltrates or pneumothorax not detectable on lung 
examination

Brain natriuretic 
peptide

To identify coexisting heart failure

Cardiac troponin To detect occult cardiac ischemia

D-dimer To detect potential venous thromboembolism

CBC and metabolic 
panel

To assess general hematologic, metabolic, renal, and hepatic 
function and identify chronic metabolic alkalosis (elevated serum 
bicarbonate) in response to chronic respiratory acidosis (pCO2 
retention)

Procalcitonin To differentiate bacterial from nonbacterial processes and to 
provide support for the de-escalation/stoppage of antibiotics
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beta-agonists in COPD exacerbations.
Systemic corticosteroids are useful 

in COPD exacerbations; they improve 
airflow, arterial hypoxemia, and shorten 
recovery time (level A). There is also evi-
dence they reduce the rates of treatment 
failure (defined as the need for mechani-
cal ventilation) and short-term relapse 
(level B). There are not many studies that 
can be used to identify the ideal dose 
and duration. Clinical experience (level 
B) is that a dose of prednisone 40 mg 
per day for 5 days is both safe and effec-
tive.113 Although very often the initial 
corticosteroid dose is given intravenously 
in COPD exacerbations, there is no 
evidence that this is superior to the oral 
route.119 In non-critically ill patients, 5 

days of therapy produces the same out-
come benefit as 14 days.120 In critically 
ill patients, there is no evidence that very 
large doses, > 240 mg/day of methylpred-
nisolone, are better than smaller doses.121 
In summary, for non-critically ill patients 
with COPD exacerbations, use oral 
prednisone 40 mg per day for 5 days. For 
critically ill patients, keep the daily dose 
to less than 240 mg methylprednisolone 
IV per day.

Methylxanthines (theophylline and 
aminophylline) have a modest and incon-
sistent effect in COPD exacerbations.122 
Randomized trials of methylxanthines for 
exacerbations of COPD have been small 
and have produced conflicting results. 
Potential benefits of methylxanthines 

on lung function, clinical outcomes, and 
symptoms were generally not confirmed 
at standard levels of significance.122,123 
The important adverse events of nausea 
and vomiting were significantly increased 
in patients receiving methylxanthines. 
Thus, these agents are recommended 
only if there is an inadequate response 
to inhaled bronchodilators and systemic 
corticosteroids.113

Since a portion of COPD exacerba-
tions are due to bacterial infection, 
systemic antibiotics would appear to be 
beneficial in those patients.112,113 The 
challenge has been to identify which 
patients are likely to benefit. There is 
evidence to support the use of antibiot-
ics when the COPD exacerbation is 

Table 5. Reported Incidence of Pulmonary Embolism in Apparent COPD Exacerbations

Author Country Setting Number of  
Patients

DVT Incidence PE Incidence

Shapira-Rootman 
(2015)102

Israel Hospitalized 49 NR 9 (18%)

Bahloul (2014)103 Tunisia ICU 131 NR 23 (17.5%)

Akpinar (2014)104 Turkey Hospitalized 172 50 (29.1%) 50 (29.1%)

Choi (2013)105 Korea Hospitalized 102 6 (6%) 5 (5%)

Dutt (2011)106 India Hospitalized 100 9 (9%) 2 (2%)

Gunen (2010)107 Turkey Hospitalized 131 14 (10.6%) 18 (13.7%)

Rutschmann (2007)108 Switzerland ED 123 2 (1.6%) 4 (3.3%)

Tillie-Leblond (2006)109 France Hospitalized 197 NR 49 (25%)

Mispelaere (2002)110 France Hospitalized 31 6 (19%) 9 (29%)

NR = not reported

Table 6. Evidence-Based Management of COPD Exacerbations

Agent Rationale Strength of  
Evidence

Supplemental oxygen to maintain SaO2 between 
88% and 92%

Hypoxemia is a stress on vital organs, but administering 
oxygen to elevate SaO2 above 92% is harmful.

B

Inhaled short-acting bronchodilators Improves symptoms and airflow (FEV1) C

Systemic corticosteroids Shortens recovery time, improves airflow (FEV1) and arterial 
hypoxemia 
Reduces the rates of treatment failure and early relapse

A

B

Intravenous methylxanthines Second-line therapy when insufficient response to inhaled 
bronchodilators and systemic corticosteroids

B

Systemic antibiotics Reduces short-term mortality and treatment failure in 
hospitalized patients

B

Noninvasive ventilation for acute respiratory failure Improves respiratory acidosis, decreases breathlessness, 
reduces intubation rates, and decreases short-term mortality

A
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accompanied by increasing sputum puru-
lence.113 A meta-analysis of antibiotics 
for COPD exacerbations found a reduc-
tion in treatment failure and mortality 
in hospitalized patients, with a larger 
benefit for more ill patients admitted 
to the ICU.124 For patients hospitalized 
with COPD exacerbations, initiation of 
antibiotics in the first or second day was 
associated with a reduction in treatment 
failure, intubation rate, inpatient mortal-
ity, and 30-day readmission rate.125,126 In 
summary, initiate systemic antibiotics in 
the ED for patients being admitted with 
COPD exacerbations, especially if going 
to the ICU or requiring mechanical 
ventilation.

There is no strong evidence to recom-
mend a specific antibiotic. In most cases, 
initial empirical treatment with amino-
penicillin with or without clavulanic acid, 
macrolide, or tetracycline is reasonable.113 
Where possible, the drug should be 
administered orally. The duration of treat-
ment is recommended to be 5-10 days 
(level D). There is less evidence for anti-
biotic therapy for COPD exacerbations 
not admitted to the hospital, so antibiotic 
selection and duration of therapy should 
err on the side of caution, choosing an 
agent with a low incidence of adverse side 
effects or drug interactions and a short 
duration of treatment.

Serum procalcitonin should be evalu-
ated in patients with COPD exacerba-
tions; elevation of procalcitonin levels 
suggests bacterial infection and can be 
used to guide the duration of antibiotic 
use. Discontinuation of antibiotics for 
patients who do not have elevated procal-
citonin levels reduces antibiotic exposure, 
cost, and emergence of resistant organ-
isms and does not adversely affect mor-
bidity or mortality.127

Noninvasive ventilation (NIV) is very 
beneficial in COPD patients with acute 
respiratory failure admitted to the hospi-
tal. In randomized trials, NIV was con-
sidered successful in 80-85% of patients 
where used.128 NIV improves the patient’s 
feeling of breathlessness and decreases 
respiratory rate while also lowering arte-
rial carbon dioxide. NIV reduces the 
incidence of endotracheal intubation 
(number needed to treat [NNT] = 4), and 
because there is less invasive mechanical 
ventilation, there is a lower occurrence of 
ventilator-associated pneumonia. NIV 

improves in-hospital mortality (NNT = 
10-11) and shortens hospital length of 
stay by up to 3 days.128,129

The indications for NIV are respiratory 
acidosis (pH < 7.35 and/or PaCO2 > 45 
mmHg) and/or severe dyspnea with signs 
of respiratory fatigue or increased work 
of breathing. Maintain a low threshold 
to utilize and initiate in the ED, as early 
intervention likely improves outcomes. 
Use the respiratory therapist’s expertise 
to initiate treatment and adjust settings. 
Monitor the patient closely with repeat 
arterial blood gas measurements (30-60 
minutes after initiation or change in NIV 
settings).

Disposition
The decision to hospitalize an indi-

vidual with a COPD exacerbation is 
individualized and based on the available 
hospital and community resources and 
the individual’s familial and social sup-
port network. Home care services, such 
as hospital in home, are able to provide 
equivalent outcomes as hospitalization 
for COPD exacerbation with significant 
cost savings.128

Hemodyamic or respiratory instability, 
alterations in mentation, cyanosis or new 
oxygen requirement, failure of outpatient 
management, severe airflow limita-
tion, frequent exacerbations, significant 
comorbidities, and inadequate familial 
or social support network are potential 
indications for hospitalization. The next 
decision is whether a patient with a 
COPD exacerbation can be managed 
best on a medical ward or requires inten-
sive care admission. Potential indications 
for critical care include life-threatening 
hemodynamic or respiratory instability, 
profound hypoxemia or hypercarbia asso-
ciated with respiratory acidemia, require-
ment for ventilatory assistance with NIV 
or mechanical ventilation, and altered 
mentation.

Conclusion
COPD is a chronic, incurable but very 

treatable condition that is currently the 
third leading cause of death in the United 
States. COPD is a syndrome composed 
of historical factors, clinical signs and 
symptoms, and physiologic and imaging 
abnormalities. Classically, COPD has 
been classified as emphysema, chronic 
bronchitis, or a mixed process; more 

recent studies suggest that there are many 
more clinical groupings or phenotypes 
that may have prognostic and therapeu-
tic implications. Additionally, COPD is 
now recognized to be a multisystemic 
disorder with a myriad of nonpulmonary 
manifestations, including cardiovascular, 
hematologic, endocrine, metabolic, and 
psychosocial derangements. Although 
there is no single diagnostic test for 
COPD, most individuals with COPD 
have airflow obstruction on spirometric 
testing and exhibit lung parenchymal and 
airway abnormalities on radiographic 
imaging. Over the past decade, the 
treatment of COPD has migrated from 
therapeutic nihilism to multiple effec-
tive medications that reduce respiratory 
symptoms, improve quality of life, and 
improve survival. 
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CME/CE Questions

1. Infections associated with the devel-
opment of COPD include:
A. influenza.
B. coxsackie.
C. HIV.
D. human papillomavirus.

2. Multisystemic manifestations of 
COPD appear to be mediated by:
A. epigenetic alterations.
B. inherited genetic mutations.
C. inflammation.
D. acquired cellular defects.

3. What are the major causes of death 
in early COPD?
A. Renal and endocrine
B. Cerebrovascular and  

cardiovascular
C. Respiratory and oncologic
D. Oncologic and cardiovascular

4. What is the major factor contribut-
ing to breathlessness in individuals 
with COPD?
A. Wheezing
B. Hypoxemia
C. Dynamic hyperinflation
D. Respiratory muscle fatigue

5. The preferred initial treatment for a 
patient with COPD and hypoxemic, 
hypercarbic respiratory failure is:
A. high-flow nasal cannula  

supplemental oxygen.
B. noninvasive ventilation.
C. intubation and mechanical  

ventilation.
D. sedation and corticosteroids.
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Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Chronic Obstructive Pulmonary Disease: Update

COPD Phenotypes
Table 1. COPD Phenotypes
COPD 
Phenotype

Treatment
SABA LABA+/

or LAMA
ICS Mucolytic Macrolide PDE4 

Inhibitor
Overlap
asthma/COPD + + +

Non- or 
infrequent 
exacerbator

+ +

Frequent 
exacerbator

       Emphysema + + +

       Phlegm-    
       producer/
       chronic    
       bronchitis

+ + + + + +

Use of COPD phenotypes to guide COPD treatment

Abbreviations: SABA: short-acting beta-agonist; LABA: long-acting beta-agonist; LAMA: long-acting 
muscarinic antagonist; ICS: inhaled corticosteroid; PDE4: phosphodiesterase 4

Table 2. COPD Severity 
Based on FEV1 Percent 
Predicted

FEV1 Percent 
Predicted

COPD 
Severity

≥ 80% Mild

< 80% and ≥ 50% Moderate

< 50% and ≥ 30% Severe

< 30% Very severe

Table 3. Evidence-based 
Interventions to Reduce 
Mortality in COPD

COPD Treatments that 
Improve Survival

Smoking cessation

Oxygen for patients with resting 
hypoxemia

In� uenza vaccination

Noninvasive ventilation for respiratory 
failure

Pulmonary rehabilitation/exercise

Tiotropium

Lung volume reduction surgery in 
selected patients

Test Rationale
Pulse oximetry To identify arterial hypoxemia and guide oxygen therapy

Venous blood gas A normal PvCO2 excludes arterial hypercarbia

Electrocardiogram To detect occult myocardial ischemia and correctly identify 
tachycardic rhythms

Chest radiograph To detect in� ltrates or pneumothorax not detectable on lung 
examination

Brain natriuretic 
peptide

To identify coexisting heart failure

Cardiac troponin To detect occult cardiac ischemia

D-dimer To detect potential venous thromboembolism

CBC and metabolic 
panel

To assess general hematologic, metabolic, renal, and hepatic 
function and identify chronic metabolic alkalosis (elevated serum 
bicarbonate) in response to chronic respiratory acidosis (pCO2 
retention)

Procalcitonin To di� erentiate bacterial from nonbacterial processes and to 
provide support for the de-escalation/stoppage of antibiotics

Recommended Ancillary Tests in COPD  
Exacerbations

Posterior-anterior and Lateral Chest X-rays

COPD Severity Based on 
FEV1 Percent Predicted 

Evidence-based  
Interventions to Reduce 
Mortality in COPD
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Author Country Setting Number of 
Patients

DVT Incidence PE Incidence

Shapira-Rootman 
(2015)102

Israel Hospitalized 49 NR 9 (18%)

Bahloul (2014)103 Tunisia ICU 131 NR 23 (17.5%)

Akpinar (2014)104 Turkey Hospitalized 172 50 (29.1%) 50 (29.1%)

Choi (2013)105 Korea Hospitalized 102 6 (6%) 5 (5%)

Dutt (2011)106 India Hospitalized 100 9 (9%) 2 (2%)

Gunen (2010)107 Turkey Hospitalized 131 14 (10.6%) 18 (13.7%)

Rutschmann (2007)108 Switzerland ED 123 2 (1.6%) 4 (3.3%)

Tillie-Leblond (2006)109 France Hospitalized 197 NR 49 (25%)

Mispelaere (2002)110 France Hospitalized 31 6 (19%) 9 (29%)

NR = not reported

Agent Rationale Strength of 
Evidence

Supplemental oxygen to maintain SaO2 between 
88% and 92%

Hypoxemia is a stress on vital organs, but administering 
oxygen to elevate SaO2 above 92% is harmful.

B

Inhaled short-acting bronchodilators Improves symptoms and air� ow (FEV1) C

Systemic corticosteroids Shortens recovery time, improves air� ow (FEV1) and arterial 
hypoxemia 
Reduces the rates of treatment failure and early relapse

A

B

Intravenous methylxanthines Second-line therapy when insu�  cient response to inhaled 
bronchodilators and systemic corticosteroids

B

Systemic antibiotics Reduces short-term mortality and treatment failure in 
hospitalized patients

B

Noninvasive ventilation for acute respiratory failure Improves respiratory acidosis, decreases breathlessness, 
reduces intubation rates, and decreases short-term mortality

A

Reported Incidence of Pulmonary Embolism in Apparent COPD  
Exacerbations

Evidence-based Management of COPD Exacerbations
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