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hronic obstructive pulmonary disease (COPD)
is a common chronic disease with high mor
bidity and mortality worldwide. A recent study
conducted to determine the global burden of
COPD using recent diagnostic criteria1 estimated that
the prevalence of moderate to severe COPD is 10.1%.2
A large percentage of these individuals are asympto
matic and undiagnosed. According to the 2002 esti
mates of the World Health Organization, COPD is the
fifth leading cause of death in high-income countries,
the third leading cause in middle-income countries,
and the ninth leading cause in low-income countries.3
In the United States, an estimated 24 million adults
have COPD (only 12 million are diagnosed),4 and it is
the fourth leading cause of death among adults.5
Acute exacerbations of COPD are common in pa
tients with moderate to severe disease. These patients
experience 2 exacerbations per year on average, with
a median recovery time of 7 days.6 Exacerbations of
COPD lead to substantial economic losses in terms of
medical costs, absenteeism, and loss of productivity at
work,7 and can have a negative impact on patients’ daily
life and health-related well-being.8 Acute exacerbations
are primarily responsible for the direct cost of COPD
associated with emergency department visits and hospi
talizations.4 In 2000, COPD exacerbations accounted for
approximately 1.5 million emergency department visits,
726,000 hospitalizations, and 119,000 deaths.5 Exacerba
tions also lead to frequent physician office visits. The in
direct costs of COPD include the activity and functional
limitations of individuals diagnosed with this condition.
Given the substantial burden of COPD, appropriate
management of acute COPD exacerbations is essen
tial. This article presents an evidence-based approach
to managing acute exacerbations of COPD based on
current guidelines, with a focus on strategies that have
been shown to improve patient outcomes.
overview of copd
The definition of COPD has changed significantly over
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TAKE HOME POINTS
• An exacerbation of chronic obstructive pulmonary
disease (COPD) often presents as a sustained in
crease in symptoms of dyspnea, cough, and sputum
production.
• Diagnosis of an exacerbation requires a careful his
tory, physical examination, and diagnostic tests to
exclude other pulmonary or cardiac diseases that
present in a similar manner.
• Patients with an acute exacerbation of COPD are
classified as having mild, moderate, or severe disease
according to the severity of their symptoms and find
ings on physical examination and diagnostic tests.
• Moderate to severe COPD exacerbations require
hospitalization.
• Inhaled bronchodilators, oral or intravenous ste
roids, and antibiotics have been shown to be effec
tive in the treatment of an acute exacerbation.
• Noninvasive positive pressure ventilation has been
shown to decrease intubation rates, length of hos
pital stay, and mortality in those who present with
respiratory failure and acidosis.
• Smoking cessation counseling, self-management
education, influenza vaccine, and pulmonary re
habilitation have all been shown to be effective in
preventing further exacerbations.

the past decade as our understanding of the pathogen
esis and management of the disease has improved. Cur
rent guidelines on COPD diagnosis and treatment from
the American Thoracic Society (ATS) and European
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Respiratory Society (ERS) do not use the traditional
terms chronic bronchitis and emphysema but rather define
COPD as a progressive yet preventable and treatable dis
ease with the characteristic feature of airflow obstruction
that is not completely reversible.1 The guidelines classify
the severity of COPD on the basis of a postbronchodila
tor forced expiratory volume in 1 second/forced vital
capacity ratio (FEV1/FVC) and the percentage of pre
dicted FEV1. There are 5 categories: at risk (FEV1/FVC >
0.7, FEV1 % predicted > 80), mild (≤ 0.7, > 80), moderate
(≤ 0.7, ≥ 50), severe (≤ 0.7, ≥ 30), and very severe (≤ 0.7,
< 30).
The limitation of airflow in COPD is triggered by
noxious stimuli that lead to chronic inflammation,
edema, and secretions.9 Inflammation promotes re
modeling in the form of squamous metaplasia of the
epithelium of small airways, hypertrophy of smooth
muscles, and peribronchial fibrosis. A host of cytokines
have been identified as critical players in inducing and
maintaining this state of chronic inflammation. Some
of these, such as C-reactive protein, tumor necrosis
factor-α, interleukin (IL)-6, IL-8, and IL-10, are being
investigated as biomarkers for predicting the intensity
of inflammation.10
Cigarette smoking is the most common cause for
the development of COPD worldwide. Other exog
enous risk factors include passive smoking,11 occupa
tional exposure to noxious particles,12 and air pollu
tion.13 Endogenous factors such as genetic factors14
and airway hyperreactivity15 also affect an individual’s
susceptibility to the disease.
DEFINITION OF ACUTE COPD EXACERBATION
Many different definitions for COPD exacerbation
have been used in the medical literature. A common
definition used in COPD studies over the past decade
was formulated by Anthonisen and colleagues,16 who
defined an exacerbation based on 3 major clinical
features: worsening of dyspnea, increase in sputum
production, and increase in sputum purulence. Ac
cording to this definition, the presence of all 3 features
indicates a severe exacerbation, 2 features indicates a
moderate exacerbation, and 1 major feature in con
junction with 1 minor feature (eg, increase in wheez
ing or coughing, fever, upper respiratory symptoms in
the past 5 days, and increase in heart rate or respira
tory rate by approximately 20%) indicates a mild ex
acerbation. A limitation of this definition is that it was
designed for studies investigating the use of antibiotics
in COPD and thus emphasizes features that are indica
tive of an underlying infectious cause of exacerbation.
In addition, no prospective studies have validated the
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association between these features and the severity of
an exacerbation.
A consensus definition issued by a working group
of US and European respiratory physicians in 200017
and amended in 200318 defines a COPD exacerbation
as “a sustained worsening of the patient’s condition
from the stable state and beyond normal day-to-day
variations that is acute in onset and may warrant addi
tional treatment in a patient with underlying COPD.”
This definition has several strengths. It is independent
of the etiology of the exacerbation, disease severity at
baseline, and severity of the exacerbation itself. It also
does not specify the presence or absence of any clinical
symptoms, signs, or lung function parameters to define
the exacerbation, which allows inclusion of even mild
exacerbations for which the patient may not necessar
ily seek medical care. However, using this definition to
detect an acute exacerbation would require patients
to maintain a daily symptom diary. Also, although this
consensus definition has a high sensitivity for detect
ing exacerbations, it lacks the specificity required by a
clinician to make an accurate diagnosis and determine
the etiology and severity of the exacerbation, especially
in patients with daily symptoms, which often vary on a
day-to-day basis.
Etiology
Respiratory infectious agents, particularly viruses
and bacteria, have been implicated as a major risk
factor for the development of a COPD exacerbation.
Viral infections with or without superimposed bacterial
infection account for approximately one third of infec
tious exacerbations.19 The role of bacterial infection in
COPD exacerbation is controversial because bacteria
have been isolated in up to one third of patients with
stable COPD.20 A number of studies have shown that
the concentration of bacterial pathogens significantly
increases in the distal airways in up to 50% of patients
during an acute exacerbation of COPD, implying an
underlying infectious etiology.21,22 Haemophilus influenzae and Streptococcus pneumoniae are the most commonly
isolated pathogens, while atypical bacteria account for
5% to 10% of exacerbations.23 Gram-negative enteric
bacilli and Pseudomonas aeruginosa are associated with
severe COPD at baseline, use of systemic steroids, and
antibiotic use in the preceding 3 months.24 In addi
tion, there is a subgroup among patients with stable
moderate to severe COPD who are more susceptible
to frequent exacerbations, leading to extensive utiliza
tion of health resources, a rapid decline in lung func
tion (FEV1), and a poor quality of life.25 These patients
are more likely to have bacterial colonization of their
www.turner-white.com
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Table 1. Common Symptoms of Chronic Obstructive
Pulmonary Disease Exacerbation

Table 2. Differential Diagnosis of Chronic Obstructive
Pulmonary Disease Exacerbation

Pulmonary

Cardiac

Extrapulmonary

Pulmonary

Fever

Acute coronary syndrome

Pneumonia

Cough

Symptoms of common cold

Congestive heart failure

Pneumothorax

Increase in sputum production

Sore throat

Arrhythmias

Pleural effusion

Increase in sputum purulence

Malaise

Dyspnea

Chest tightness

Fatigue

Thromboembolic
Pulmonary embolism

Bronchiolitis obliterans organizing pneumonia

Chest congestion
Wheezing

airways.26 It has been postulated that these colonizing
bacteria may be the trigger for chronic and progressive
inflammation of the airways.
Another factor linked to COPD exacerbations is
air pollution. A number of studies have shown that an
increase in the level of air pollutants is associated with
hospital admissions related to COPD exacerbation.27,28
Also, worsening of a serious underlying comorbid con
dition such as congestive heart failure or renal insuf
ficiency can precipitate an exacerbation.
Diagnostic Evaluation and Risk Stratification
Patients with COPD can present with a wide range
of nonspecific symptoms. Table 1 provides a list of com
mon symptoms experienced during an exacerbation. A
prospective study that followed 101 patients with mod
erate to severe COPD for a period of 2.5 years showed
that the onset of symptoms of exacerbation occurs up
to 7 days prior to a significant decrease in lung function
manifested as reduced FEV1, FVC, and peak expiratory
flow rate (PEFR).6 Another prospective cohort study of
factors that lead to reporting of an acute exacerbation
of COPD found that up 60% of exacerbations are not
reported.29 The total number of symptoms experienced
at onset and the need for rescue medications were
strongly associated with increased reporting of events.
The symptoms that triggered the most reporting were
coughing and sputum production, and those that trig
gered the least reporting were symptoms of cold and
wheezing.29
The work-up of an acute exacerbation of COPD
includes a thorough patient history, physical examina
tion, and diagnostic tests to exclude other or coexisting
diseases and to determine the etiology and severity of
the exacerbation. The common presenting symptoms
of an exacerbation are not specific, and thus it is impor
tant to perform a comprehensive physical examination,
especially of the pulmonary and cardiovascular system,
www.turner-white.com

to narrow the differential diagnosis (Table 2). Diagnos
tic tests such as oxygen saturation, arterial blood gases,
chest radiograph, electrocardiogram, blood cell counts,
electrolytes, and gram stain and culture of the sputum
are also used to exclude other important differentials,
such as pneumonia, congestive heart disease, acute
coronary syndrome, and pulmonary embolism. The
choice of these tests depends on the clinical presenta
tion of the patient, underlying patient risk factors, and
physical examination findings. Measurement of oxygen
saturation and arterial blood gases are used to assess
the severity of an exacerbation and make appropriate
clinical decisions regarding management.
The ATS/ERS task force classified the severity of
COPD exacerbations into 3 levels (Table 3).1 The first
level represents a mild to moderate exacerbation in a
hemodynamically stable patient with mild to moderate
COPD at baseline. These patients are unlikely to have
a history of frequent exacerbations or serious comor
bid conditions. Patients assigned to the second level of
severity are hemodynamically stable, have moderate to
severe COPD at baseline, and are likely to have a history
of frequent exacerbations and significant comorbidity.
The presence of tachypnea, use of accessory muscles,
and failure of rescue therapy are signs included in this
level. Level 3 patients have severe COPD at baseline
and are hemodynamically unstable with impending or
actual respiratory failure and end-organ damage.
Management
Management of COPD exacerbations is based on
the severity of the exacerbation, with more intensive
and invasive measures required as the severity increas
es (Figure). Bronchodilators and corticosteroids are
used to treat all patients with COPD exacerbation, and
antibiotics are used to treat patients with symptoms
suggestive of an infectious etiology and patients with
moderate to severe exacerbations. Antibiotics also
may be used in patients with mild exacerbations based
on the premise that patients have a higher degree of
Hospital Physician February 2009
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Table 3. Assessment of Severity of an Acute Exacerbation of Chronic Obstructive Pulmonary Disease
Clinical History

Level I

Level 2

Level 3

Comorbid conditions*

Unlikely

Likely

Very likely

Frequent exacerbations

Unlikely

Likely

Very likely

Baseline COPD severity

Mild-moderate

Moderate to severe

Severe

Physical findings
Hemodynamic evaluation

Stable

Stable

Unstable

Tachypnea, use of accessory respiratory muscles

None

Present

Present

Persistent symptoms after initial therapy

None

Present

Present

Adapted with permission from Celli BR, Macnee W; ATS/ERS Task Force. Standards for the diagnosis and treatment of patients with COPD:
a summary of the ATS/ERS position paper [published erratum appears in Eur Respir J 2006;27:242]. Eur Respir J 2004;23:940.
COPD = chronic obstructive pulmonary disease.
*The more common comorbid conditions associated with poor prognosis are coronary artery disease, congestive heart failure, diabetes mellitus,
liver failure, and renal insufficiency.

bacterial colonization during an exacerbation than at
baseline,21,22 and these organisms may contribute to an
inflammatory response. However, no clinical trials have
demonstrated a beneficial effect of antibiotics in these
patients, and the decision to initiate antibiotic therapy
for treating mild exacerbations is based on clinical
judgment. The dose, frequency, duration of treatment,
and choice of antibiotics change with the severity of
the disease.
Patients with a mild exacerbation receive level 1
interventions and can be treated on an outpatient
basis if they do not have underlying comorbidities and
frequent exacerbations. Patients with a moderate to se
vere exacerbation require all level 1 interventions and
may require supplemental oxygen due to hypoxemia.
These patients are treated in the hospital. Patients pre
senting with hemodynamic instability require level 1 in
terventions and oxygen and may need invasive or non
invasive ventilatory support. These patients are treated
in special care units or intensive care units (ICUs).
Inhaled Bronchodilators
Systematic reviews have clearly documented that
inhaled bronchodilators play an important role in im
proving lung function in patients with COPD exacerba
tion.30 Both short-acting β-agonist and anticholinergic
inhaled bronchodilators are comparable in their ability
to significantly improve FEV1, and there is an additive
effect when both bronchodilators are used together.30
Corticosteroids
Use of oral and intravenous steroids is a standard
of care for COPD exacerbation. The largest study that
documented the benefit of steroids in exacerbations
was a double-blind randomized trial that included 271
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patients admitted for acute exacerbation of COPD
at 25 Veterans Affairs medical centers.31 This study
showed that administration of steroids was associated
with improvement of lung function, shorter length of
hospitalization, and decrease in treatment failure. It
also showed that a 2-week course is as effective as an
8-week course.31 The most common side effect associ
ated with the use of steroids in COPD exacerbation was
hyperglycemia. Oral and intravenous forms of steroids
are equally effective.32 In addition, use of inhaled ste
roids either alone or with long-acting β-agonists in the
treatment of stable COPD results in decreased rates of
exacerbation.33 A meta-analysis of 47 primary studies
indicated that inhaled steroids reduce the rate of exac
erbations and the rate of deterioration in the quality of
life in patients with COPD, although they do not affect
lung function or mortality.34
Antibiotics
Randomized controlled trials of antibiotic therapy
in COPD exacerbation and meta-analyses of these tri
als have demonstrated that antibiotics are beneficial
in those presenting with symptoms that indicate an
underlying infectious etiology and in patients with a
moderate to severe exacerbation. Russo et al35 reviewed
10 placebo-controlled trials to determine the role of an
tibiotics in patients with exacerbation and no evidence
of pneumonia or underlying asthma. Six trials failed to
indicate a clear advantage, but 4 trials showed earlier
symptomatic recovery and earlier improvement in PEFR
of patients treated with antibiotics. Patients with more
cardinal symptoms of infection (dyspnea, increase in
sputum volume, increase in sputum purulence) ap
peared to derive greater benefit from antibiotics.35 In
another study that compared 2 groups of patients who
www.turner-white.com
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presented to the emergency department due to exacer
bation, patients treated with antibiotics had a lower rates
of relapse, hospitalization, and intubation as compared
with those not prescribed antibiotics. In this study, even
patients with mild symptoms at presentation benefited
from antibiotics. The 2 groups were similar in regard
to severity of underlying COPD and severity of the
acute exacerbation.36 A systematic meta-analysis of 11
placebo-controlled studies performed in various settings
(3 outpatient, 7 inpatient, 1 ICU) found that antibiotic
use decreased treatment failure by 46% as compared
with placebo, although there was substantial variation
in the findings across the studies. Stratification by pa
tient setting decreased this variability and showed that
antibiotics reduced mortality and treatment failure in
inpatients but not in outpatients.37 Finally, a Cochrane
database review of 11 randomized controlled trials also
showed that antibiotics reduced treatment failure and
short-term mortality rates among patients who had
moderate or severe exacerbations with increased cough
and sputum purulence.38
The choice of an antibiotic and duration of therapy
depend on the severity of the exacerbation. In patients
with an exacerbation of mild to moderate severity,
an antibiotic course of 5 days or less has been shown
to be equivalent to a 5-day or longer course.39 When
choosing an antibiotic, it is important to understand
the pathogens involved at different levels of severity
of COPD exacerbation. A more severe exacerbation
requiring hospitalization indicates the possibility of an
increasingly virulent and/or resistant organism requir
ing institution of broad spectrum antibiotics. A surveil
lance study carried out in 1999–2000 to evaluate the
frequency and antimicrobial susceptibility of pathogens
causing community-acquired pneumonia, COPD exac
erbation, and sinusitis in 674 community-based practices
across the United States showed that S. pneumoniae, non
typeable H. influenzae, and Moraxella catarrhalis account
for most exacerbations.40 A high level of resistance in
S. pneumoniae to both penicillin and macrolides was
noted in this study. H. influenzae was also found to have
increased resistance to ampicillin. These patterns of
resistance varied from region to region, and thus the
antimicrobial susceptibility patterns of these organisms
at institutional and regional levels should be taken into
account prior to prescribing antibiotics for an exacerba
tion. Also, patients with severe COPD at baseline, elderly
patients, and those receiving multiple antibiotics were
more susceptible to resistant pathogens, such as gramnegative bacilli and P. aeruginosa.40 These risk factors
should be considered when prescribing antibiotics for
acute exacerbations of COPD.
www.turner-white.com

Level 1: Mild to moderate COPD exacerbation
Level 2: Moderate to severe COPD exacerbation
Level 3: Severe COPD exacerbation
Ventilatory support

Patient education
Bronchodilators
Corticosteroids
Antibiotics*

Supplemental
oxygen

Figure. Stepwise approach to the management of acute exacerbation of chronic obstructive pulmonary disease (COPD). *In
mild exacerbations, antibiotics may be used when an infectious
etiology is suspected.

A meta-analysis of 12 randomized controlled trials
that compared first-line antibiotic agents (eg, amoxicil
lin, doxycycline, trimethoprim/sulfamethoxazole) with
second-line agents (eg, second- and third-generation
cephalosporins and quinolones) for COPD exacerba
tion concluded that second-line treatment resulted in
fewer treatment failures.41 The 2 groups were no differ
ent in terms of side-effect profiles. Another meta-analysis
of 19 randomized controlled trials found that mac
rolides, quinolones, and amoxicillin/clavulanate are
equally effective for treatment of COPD exacerbation.42
Therefore, patients who have more severe symptoms
of exacerbation, those who require hospitalization for
an exacerbation, or those at risk for resistant pathogens
would benefit from the use of second-line antibiotics.
Oxygen
Patients presenting to the emergency department
with COPD exacerbation may be hypoxic and aci
dotic, and use of oxygen therapy is an important in
tervention in those presenting with hypoxia to prevent
acidosis. However, patients with COPD often have el
evated CO2 levels at baseline and are at risk for oxygeninduced hypercapnia. Mechanisms for oxygen-induced
hypercapnia include suppression of hypoxic drive to
ventilation and an increase in ventilation-perfusion
mismatch and Bohr’s dead space secondary to reduced
hypoxic vasoconstriction.43 It has been documented
that high-concentration oxygen therapy leads to wors
ening acidosis and CO2 retention.44 On the other
Hospital Physician February 2009
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hand, another study found no difference between
patients admitted to the ICU for COPD exacerbation
who were assigned to receive oxygen therapy titrated
to a Pao2 exceeding 6.6 kPa (50 mm Hg; n = 17) versus
a Pao2 exceeding 9 kPa (70 mm Hg; n = 17).45 Spe
cifically, the 2 groups were not statistically different in
terms of percentage of patients requiring mechanical
ventilation or death rate. The ATS/ERS guidelines
recommend that the goal of inpatient oxygen therapy
is to maintain an oxygen saturation of 90% or greater
and a Pao2 above 60 mm Hg.1 It also emphasizes that
prevention of tissue hypoxia is a priority followed by
prevention of CO2 retention.
Ventilatory Support
Ventilatory support is vital in patients who present
with hypoxic and/or hypercapnic respiratory failure.
Both noninvasive and invasive forms of support have
been successfully used in COPD exacerbation. A metaanalysis of 14 randomized controlled trials involving
patients admitted to the hospital with acute respiratory
failure secondary to exacerbation showed that use of
noninvasive positive pressure ventilation (NPPV) leads
to shorter hospital stay, decreased rate of intubation,
and decreased mortality.46 Six of these studies showed
that improvement in acidosis, hypoxia, and hypercap
nia was observed only 1 hour after institution of NPPV.
Monitoring of hemodynamic stability and frequent
measurement of blood gases to evaluate for hypoxia
and hypercapnia are crucial for patients on NPPV.
Invasive ventilation is required if respiratory function
does not improve or worsens as indicated by worsening
respiratory acidosis, hypoxia, or hypercapnia as well as
development of altered mentation or hemodynamic
instability.47 NPPV has also been found to be useful in
weaning patients intubated for COPD exacerbation,
with studies showing that it reduces weaning time and
shortens the duration of the ICU stay.48,49
NPPV is not appropriate in all situations. Contra
indications include respiratory arrest, cardiovascular
instability (eg, hypotension, arrhythmias, myocardial
infarction), impaired mental function, copious secre
tions, recent facial and gastroesophageal surgery, cra
niofacial trauma, burns, and extreme obesity.1 In ad
dition, there is a lack of sufficient evidence for the
role of NPPV in conditions such as pneumonia, sepsis,
pulmonary embolism, and acute lung injury; in these
situations, invasive ventilation is the preferred option.
Mortality and Prognosis
Patients with an exacerbation who are admitted to
the ICU have a poor prognosis. A retrospective cohort
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study in 57 patients admitted to the ICU reported an
inpatient mortality rate of 24%, and 90% of these pa
tients were intubated for a mean intubation period of
2.3 days.50 The 6-month, 1-year, 3-year, and 5-year mor
tality rates were 39%, 43%, 61%, and 76%, respectively.
Factors associated with poor prognosis in the ICU set
ting in this study were increased age, previous history of
mechanical ventilation, malnutrition, and higher disease
severity on admission as measured by the Acute Physiol
ogy and Chronic Health Evaluation (APACHE II).
A prospective multicenter cohort study followed 362
ICU admissions in 42 ICUs in 40 different US hospitals
for severe COPD exacerbation. The mortality rate in
this study was also 24%, but it increased significantly in
elderly patients. The mortality rate was 30% at hospital
discharge, 41% at 90 days, 47% at 180 days, and 59% at
1 year.51
Patients admitted to a nonintensive hospital setting
with COPD exacerbation also have high mortality rates
both during (6%–8%) and after hospitalization.52,53 In
a prospective cohort study, the 6-month, 1-year, and
5-year mortality rates of patients hospitalized with
COPD exacerbation were 13%, 22%, and 36%, re
spectively.54 The mortality rate for elderly patients at
6 months postdischarge was 20%, indicating that age is
an important risk factor for mortality.55 In addition to
age, poor functional status and lower body mass index
were independent risk factors in the elderly. Other pre
dictors of mortality include use of oral steroids, severe
chronic COPD, comorbidities (eg, underlying cardiac,
liver, or renal dysfunction), symptoms of depression,
and prior hospital admission.52,53,55
Predictors of frequent hospitalizations secondary to
COPD exacerbation include severity of COPD, psycho
logical stress, poor ambulatory status, hypercapnia at
discharge, and hospitalization in the previous year.56–59
The presence of systemic inflammatory markers such
as fibrinogen has also been shown to independently
increase the risk of exacerbations.60
Prevention
Prevention is an important part of management of
COPD exacerbations given the increased health care
utilization, mortality, and morbidity associated with
these episodes. Interventions that have been shown
to be effective in preventing further exacerbations in
clude patient education, influenza vaccine, long-term
steroid therapy (discussed in Management section),
and pulmonary rehabilitation. The key components
of patient education are smoking cessation counseling
and instruction on self-management of COPD. Smok
ing cessation is the only way to slow the progression of
www.turner-white.com
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COPD. The Lung Health Study proved that smoking
cessation leads to a decreased rate of decline of FEV1 in
mild to moderate COPD irrespective of age, duration
of smoking, and severity of lung disease.61 Smoking
cessation also significantly decreases chronic cough,
sputum production, dyspnea, and wheezing in patients
with mild to moderate disease.62 In both studies, the ef
fects of smoking cessation were noted in patients with
less severe disease; hence it is crucial to intervene at an
early stage.
Prospective randomized clinical trials in patients
with moderate to severe COPD have shown that provid
ing education on self-management of COPD leads to
fewer emergency department and office visits and in
creases work productivity.63 In 1 trial, self-management
reduced hospital admissions by approximately 40%.64
A Cochrane review of 14 controlled trials related to selfmanagement education in COPD demonstrated a sig
nificant decrease in the likelihood of at least 1 hospital
admission among patients receiving self-management
education versus those receiving usual care.65
Unfortunately, there are no recommendations re
garding the content or form of material for effectively
educating patients on COPD self-management. To
address this issue, Adams et al66 conducted a quantita
tive meta-analysis of 32 studies (including 20 random
ized controlled trials) that evaluated components of
the chronic care model (CCM) as interventions for
preventing exacerbations and reducing health care uti
lization in adults with COPD. The CCM model coordi
nates basic elements of the health care system (eg, selfmanagement support, delivery system design, decision
support) to enhance the quality of care of a chronic
disease. These authors found that interventions with 2
or more CCM components resulted in lower rates of
hospitalizations and emergency room visits; however,
the interventions did not impact lung function or the
functional status of the patients.66 This study suggests
that patients being treated for an acute COPD exac
erbation should receive support regarding managing
their disease at home in the form of education or
information about the disease, including its treatment
and prevention; access to a health care professional for
follow-up; identification of possible barriers to care; and
provider feedback.
Patients with COPD may benefit from influenza
vaccination and pulmonary rehabilitation. Influenza
vaccine has been shown to decrease the incidence of
COPD exacerbation during the 3- to 4-week period fol
lowing vaccination.67 The pneumococcal vaccines are
also recommended in elderly patients to decrease the
risk of pneumococcal bacteremia.68 However, no ran
www.turner-white.com

domized controlled trials supporting the effectiveness
of vaccination in COPD patients have been conducted.
A systematic review of randomized controlled trials
showed that pulmonary rehabilitation after an acute
COPD exacerbation reduces the risk of hospitalization
and mortality.69
Conclusion
An acute exacerbation can serve as a window of op
portunity for improving management of COPD as it
brings the patient in touch with health care services and
professionals. The aim of hospitalization should be ap
propriate diagnosis and evidence-based management
of the exacerbation using bronchodilators, antibiotics,
and steroids, in addition to use of oxygen and ventilatory
support in those with moderate to severe exacerbation.
However, treatment should focus on not only symptom
relief but should also include preventive aspects such as
patient education regarding self-management and smok
ing cessation, follow-up, and vaccination.
HP

Test your knowledge and
comprehension of this article with the
Clinical Review Quiz on page 30.
Corresponding author: Nadia K. Ali, MD, MBBS, Pennsylvania
Hospital, Department of Medicine, 1 Pine West, Philadelphia, PA
19107.

REFERENCES
1. Celli BR, Macnee W; ATS/ERS Task Force. Standards for the diagnosis and
treatment of patients with COPD: a summary of the ATS/ERS position
paper [published erratum appears in Eur Respir J 2006;27:242]. Eur Respir J
2004;23:932–46.
2. Buist AS, McBurnie MA, Vollmer WM, et al; BOLD Collaborative Research
Group. International variation in the prevalence of COPD (the BOLD
Study): a population-based prevalence study. Lancet 2007;370:741–50.
3. World Health Organization. The top 10 causes of death. Available at www.
who.int/mediacentre/factsheets/fs310/en/print.html. Accesses 4 Dec 2008.
4. 2007 NHLBI morbidity and mortality chart book. Available at www.nhlbi.nih.
gov/resources/docs/07-chtbk.pdf. Accessed 18 Dec 2008.
5. Centers for Disease Control and Prevention. Deaths-leading causes. Available
at www.cdc.gov/nchs/FASTATS/lcod.htm. Accessed 4 Dec 2008.
6. Seemungal TA, Donaldson GC, Bhowmik A, et al. Time course and recovery
of exacerbations in patients with chronic obstructive pulmonary disease. Am
J Respir Crit Care Med 2000;161:1608–13.
7. Perfetto EM, Mullins CD, Subedi P, Li-Mcleod J. Selection of clinical, patientreported, and economic end points in acute exacerbation of chronic bron
chitis. Clin Ther 2001;23:1747–72.
8. Seemungal TA, Donaldson GC, Paul EA, et al. Effect of exacerbation on qual
ity of life in patients with chronic obstructive pulmonary disease. Am J Respir
Crit Care Med 1998;157(5 Pt 1):1418–22.
9. Spurzem JR, Rennard SI. Pathogenesis of COPD. Semin Respir Crit Care
Med 2005;26:142–53.
10. Kim V, Rogers TJ, Criner GJ. New concepts in the pathobiology of chronic
obstructive pulmonary disease. Proc Am Thorac Soc 2008;5:478–85.
11. Reardon JZ. Environmental tobacco smoke: respiratory and other health
effects. Clin Chest Med 2007;28:559–73.
12. Trupin L, Earnest G, San Pedro M, et al. The occupational burden of chronic
obstructive pulmonary disease. Eur Respir J 2003;22:462–9.

Hospital Physician February 2009

15

Ali : Acute Exacerbations of COPD : pp. 9–16, 38
13. Viegi G, Maio S, Pistelli F, et al. Epidemiology of chronic obstructive pulmo
nary disease: health effects of air pollution. Respirology 2006;11:523–32.
14. Molfino NA. Genetic predisposition to accelerated decline of lung function
in COPD. Int J Chron Obstruct Pulmon Dis 2007;2:117–9.
15. Grootendorst DC, Rabe KF. Mechanisms of bronchial hyperreactivity in
asthma and chronic pulmonary disease. Proc Am Thorac Soc 2004;1:77–87.
16. Anthonisen NR, Manfreda J, Warren CP, et al. Antibiotic therapy in exacerba
tions of chronic obstructive pulmonary disease. Ann Intern Med 1987;106:
196–204.
17. Rodriguez-Roisin R. Toward a consensus definition for COPD exacerbations.
Chest 2000;117(5 Suppl 2):398S–401S.
18. Burge S, Wedzicha JA. COPD exacerbations: definitions and classifications.
Eur Repir J Suppl 2003;41:46S–53S.
19. Bandi V, Jakubowycz M, Kinyon C, et al. Infectious exacerbations of chronic
obstructive pulmonary disease associated with respiratory viruses and nontypeable Haemophilus influenzae. FEMS Immunol Med Microbiol 2003;37:
69–75.
20. White AJ, Gompertz S, Stockley RA. Chronic obstructive pulmonary dis
ease.6: the aetiology of exacerbations of chronic obstructive pulmonary
disease. Thorax 2003;58:73–80.
21. Soler N, Torres A, Ewig S, et al. Bronchial microbial patterns in severe exac
erbations of chronic obstructive pulmonary disease requiring mechanical
ventilation. Am J Respir Crit Care Med 1998;157(5 Pt 1):1498–505.
22. Monso E, Ruiz J, Rosell A, et al. Bacterial infection in chronic obstructive
pulmonary disease. A study of stable and exacerbated outpatients using the
protected specimen brush. Am J Respir Crit Care Med 1995;152(4 Pt 1):
1316–20.
23. Sethi S. Infectious etiology of acute exacerbations of chronic bronchitis.
Chest 2000;117(5 Suppl 2):380S–5S.
24. Lode H, Allewelt M, Balk S, et al. A prediction model for bacterial etiology in
acute exacerbations of COPD. Infection 2007;35:143–9.
25. Donaldson GC, Seemungal TA, Bhowmik A, Wedzicha JA. Relationship be
tween exacerbation frequency and lung function decline in chronic obstruc
tive pulmonary disease. Thorax 2002;57:847–52.
26. Tumkaya M, Atis S, Ozge C, et al. Relationship between airway colonization,
inflammation and exacerbation frequency in COPD. Respir Med 2007;
101:729–37.
27. Atkinson RW, Anderson HR, Sunyer J, et al. Acute effects of particulate air
pollution on respiratory admissions: results from APHEA 2 Project. Air Pol
lution and Health: A European Approach. Am J Respir Crit Care Med 2001;
164(10 Pt 1):1860–6.
28. Chen L, Yang W, Jennison BL, Omaye ST. Air particulate pollution and hos
pital admissions for chronic obstructive pulmonary disease in Reno, Nevada.
Inhal Toxicol 2000;12:281–98.
29. Langsetmo L, Platt RW, Ernst P, Bourbeau J. Underreporting exacerbation of
chronic obstructive pulmonary disease in a longitudinal cohort. Am J Respir
Crit Care Med 2008;177:396–401.
30. Bach PB, Brown C, Gelfland SE, et al; American College of PhysiciansAmerican Society of Internal Medicine; American College of Chest Physicians.
Management of acute exacerbations of chronic obstructive pulmonary dis
ease: a summary and appraisal of published evidence. Ann Intern Med 2001;
134:600–20.
31. Niewoehner DE, Erbland ML, Deupree RH, et al. Effect of systemic glu
cocorticoids on exacerbations of chronic obstructive pulmonary disease.
Department of Veterans Affairs Cooperative Study Group. N Engl J Med
1999;340:1941–7.
32. de Jong YP, Uil SM, Grotjohan HP, et al. Oral or IV prednisolone in the treat
ment of COPD exacerbations: a randomized controlled, double-blind study.
Chest 2007;132:1741–7.
33. Falk JA, Minai OA, Mosenifar Z. Inhaled and systemic corticosteroids in
chronic obstructive pulmonary disease. Proc Am Thorac Soc 2008;5:506–12.
34. Yang IA, Fong KM, Sim EH, et al. Inhaled corticosteroids for stable chron
ic obstructive pulmonary disease. Cochrane Database Syst Rev 2007;(2):
CD002991.
35. Russo RL, D’Aprile M. Role of antimicrobial therapy in acute exacerbations
of chronic obstructive pulmonary disease. Ann Pharmacother 2001;35:
576–81.
36. Adams SG, Melo J, Luther M, Anzueto A. Antibiotics are associated with
lower relapse rates in outpatients with acute exacerbations of COPD. Chest
2000;117:1345–52.
37. Quon BS, Gan WQ, Sin DO. Contemporary management of acute exacerba
tions of COPD: a systematic review and metaanalysis. Chest 2008;133:756–66.
38. Ram FS, Rodriguez-Roisen R, Granados-Navarrete A, et al. Antibiotics for
exacerbations of chronic obstructive pulmonary disease. Cochrane Database

Syst Rev 2006;(2):CD004403.
39. El Moussaoui R, Roede BM, Speelman P, et al. Short-course antibiotic treat
ment in acute exacerbations of chronic bronchitis and COPD: a meta-analysis
of double-blind studies. Thorax 2008;63:415–22.
40. Pfaller MA, Ehrhardt AF, Jones RN. Frequency of pathogen occurrence and
antimicrobial susceptibility among community-acquired respiratory tract in
fections in the respiratory surveillance program study: microbiology from the
medical office practice environment. Am J Med 2001;111 Suppl 9A:4S–12S.
41. Dimopoulos G, Siempos II, Korbila IP, et al. Comparision of first-line antibiot
ics with second-line antibiotics for acute exacerbations of chronic bronchitis:
a metaanalysis of randomized controlled trials. Chest 2007;132:447–55.
42. Siempos II, Dimopoulos G, Korbila IP, et al. Macrolides, quinolones and
amoxicillin/clavulanate for chronic bronchitis: a meta-analysis. Eur Respir J
2007;29:1127–37.
43. Robinson TD, Freiberg DB, Regnis JA, Young IH. The role of hypoventila
tion and ventilation-perfusion redistribution in oxygen-induced hypercapnia
during acute exacerbations of chronic obstructive pulmonary disease. Am J
Respir Crit Care Med 2000;161:1524–9.
44. Joosten SA, Koh MS, Bu X, et al. The effects of oxygen therapy in patients
presenting to an emergency department with exacerbation of chronic ob
structive pulmonary disease. Med J Aust 2007;186:235–8.
45. Gomersall CD, Joynt GM, Freebairn RC, et al. Oxygen therapy for hypercap
nic patients with chronic obstructive pulmonary disease and acute respira
tory failure: a randomized, controlled pilot study. Crit Care Med 2002;30:
113–6.
46. Ram FS, Picot J, Lightowler J, Wedzicha JA. Non-invasive positive pressure
ventilation for treatment of respiratory failure due to exacerbations of chron
ic obstructive pulmonary disease. Cochrane Database Syst Rev 2004;(1):
CD004104.
47. Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2007. Global
strategy for diagnosis, management, and prevention of COPD. Available at
www.goldcopd.org. Accessed 8 Dec 2008.
48. Nava S, Ambrosino N, Clini E, et al. Noninvasive mechanical ventilation in
the weaning of patients with respiratory failure due to chronic obstructive
pulmonary disease. A randomized controlled trial. Ann Intern Med 1998;128:
721–8.
49. Girault C, Daudenthun I, Chevron V, et al. Noninvasive ventilation as a sys
tematic extubation and weaning technique in acute-on-chronic respiratory
failure: a prospective, randomized controlled study. Am J Respir Crit Care
Med 1999;160:86–92.
50. Ai-Ping C, Lee KH, Lim TK. In-hospital and 5-year mortality of patients
treated in the ICU for acute exacerbation of COPD: a retrospective study.
Chest 2005;128:518–24.
51. Seneff MG, Wagner DP, Wagner RP, et al. Hospital and 1-year survival of
patients admitted to intensive care units with acute exacerbation of chronic
obstructive pulmonary disease. JAMA 1995;274:1852–7.
52. Bustamante-Fermosel A, De Miquel-Yanes JM, Duffort-Falco M, Munoz J.
Mortality related factors after acute exacerbation of chronic obstructive
pulmonary disease: the burden of clinical features. Am J Emerg Med 2007;
25:515–22.
53. Groenwegen KH, Schols AM, Wouters EF. Mortality and mortality-related
factors after hospitalization for acute exacerbation of COPD. Chest 2003;
124:459–67.
54. Almagro P, Calbo E, Ochoa de Echaquen A, et al. Mortality after hospitaliza
tion for COPD. Chest 2002;121:1441–8.
55. Ranieri P, Bianchetti A, Marqiotta A, et al. Predictors of 6-month mortality in
elderly patients with mild chronic obstructive pulmonary disease discharged
from a medical ward after acute nonacidotic exacerbation. J Am Geriatr Soc
2008;56:909–13.
56. Cao Z, Ong KC, Eng P, et al. Frequent hospital readmissions for acute exacer
bation of COPD and their associated factors. Respirology 2006;11:188–95.
57. Garcia-Aymerich J, Farrero E, Félez MA, et al; Estudi del Factors de Risc
d’Aguditzacio de la MPOC investigators. Risk factors of readmission to hospi
tal for a COPD exacerbation: a prospective study. Thorax 2003;5:100–5.
58. Almagro P, Barreiro B, Ochoa de Echaguen A, et al. Risk factors for hospital
readmission in patients with chronic obstructive pulmonary disease. Respira
tion 2006;73:311–7.
59. Fan VC, Ramsey SD, Make BJ, Martinez FJ. Physiologic variables and func
tional status independently predict COPD hospitalizations and emergency
department visits in patients with severe COPD. COPD 2007;4:29–39.
60. Groenewegen KH, Postma DS, Hop WC, et al. Increased systemic inflamma
tion is a risk factor for COPD exacerbations. Chest 2008;133:350–7.
61. Scanlon PD, Connett JE, Waller LA, et al. Smoking cessation and lung func
tion in mild to moderate chronic obstructive pulmonary disease. The Lung

(continued on page 38)

16 Hospital Physician February 2009

www.turner-white.com

Ali : Acute Exacerbations of COPD : pp. 9–16, 38
(from page 16)
		 Health Study. Am J Crit Care Med 2000;161(2 Pt 1):381–90.
62. Kanner RE, Connett JE, Williams DE, Buist AS. Effects of randomized assign
ment to a smoking cessation intervention and changes in smoking habits on
respiratory symptoms in smokers with early chronic obstructive pulmonary
disease: the Lung Health Study. Am J Med 1999;106:410–6.
63. Gallefoss F, Bakke PS. Impact of patient education and self management on
morbidity in asthmatics and patients with chronic obstructive pulmonary
disease. Respir Med 2000;94:279–87.
64. Bourbeau J, Julien M, Maltais F, et al; Chronic Obstructive Pulmonary Disease
axis of the Respiratory Network Fonds de la Recherche en Sante du Quebec.
Reduction of hospital utilization in patients with chronic obstructive pulmo
nary disease: a disease-specific self-management intervention. Arch Intern
Med 2003;163:585–91.
65. Effing TW, Monninkhof EM, van der Valk PD, et al. Self-management educa

66.
67.
68.
69.

tion for patients with chronic obstructive pulmonary disease. Cochrane Data
base Syst Rev 2007;(4):CD002990.
Adams SG, Smith PK, Allan PF, et al. Systematic review of the chronic care
model in chronic obstructive pulmonary disease prevention and manage
ment. Arch Intern Med 2007;167:551–61.
Poole PJ, Chacko E, Wood-Baker RW, Cates CJ. Influenza vaccine for patients
with chronic obstructive pulmonary disease. Cochrane Database Syst Rev
2006;(1):CD002733.
Jackson LA, Neuzil KM, Yu O, et al; Vaccine Safety Datalink. Effectiveness of
pneumococcal polysaccharide vaccine in older adults. N Engl J Med 2003;
348:1747–55.
Puhan MA, Scharplatz M, Troosters T, Steurer J. Respiratory rehabilitation
after acute exacerbation of COPD may reduce risk for readmission and
mortality—a systematic review. Respir Res 2005;6:54.

Copyright 2009 by Turner White Communications Inc., Wayne, PA. All rights reserved.

38 Hospital Physician February 2009

www.turner-white.com

