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It's 10 pm and Patient 1, A 57-year-old male, is brought in by paramedics
from home after he called 911 saying, “I can’t breathe.” He is thin, has
weathered skin, and is visibly dyspneic. His pulse oximetry reading is 84%
despite receiving home oxygen via nasal cannula. When you listen to his
lungs, you hear almost nothing. Fifteen minutes ago, you sent a patient with
septic shock to your hospital’s last ICU bed. The patient doesn't look good
and you contemplate the best strategy to stabilize his respiratory status and
turn him around....
While the nurse is putting Patient 1 on a monitor, Patient 2, a 78-yearold female with a history of “heart problems” and “chronic bronchitis” is
brought in by family members who report that she has been increasingly
fatigued over the past day and complaining of “not breathing right.” She
reports that her inhalers are not helping her like they should. She has mild
hypoxia, scattered wheezes, lower extremity edema, and cardiomegaly on
chest x-ray. The differential of her presentation is long, time is short, and
you begin to prioritize which tests will have the best return...

F

ew medical conditions rival chronic obstructive pulmonary
disease (COPD) in prevalence, burden on medical resources,
acuity, and frequency of presentation. Hardly a shift goes by in most
emergency departments (EDs) without the opportunity to manage
the dyspneic emphysematous or bronchitic patient, with hospital
admission being a frequent outcome. Compared to the attention paid
to cardiovascular disease, diabetes, cancer, and infectious diseases,
COPD is virtually invisible. Although there have been efforts in
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recent years to refocus the medical community on
early diagnosis and optimal treatment of COPD, this
disease is still seen by both healthcare providers and
the public as a largely untreatable, progressive, endstage consequence of cigarette smoking.
Many patients with a diagnosis of COPD label
themselves as having asthma, chronic bronchitis, or
emphysema. This confusion in large part reflects a
similar confusion among health care providers and in
the medical literature. Although each of these terms
has a specific clinical or pathological definition, in
reality there is significant overlap among all of these
entities. Clinical decision making should thus be
guided by the specific presentation of each individual
patient.
The presentation of COPD to the ED often
results in a diagnostic dilemma, since patients with
COPD frequently have comorbidities that make
it difficult to pinpoint the underlying reason for
their acute presentation. In addition, the serious
prognostic implications of COPD exacerbations are
underappreciated by emergency physicians, often
because their ultimate morbidity and mortality are
delayed by days or weeks.
This issue of Emergency Medicine Practice reviews
the most recent evidence-based recommendations
for the management of COPD exacerbations. In
addition, some of the more challenging practical
issues that surface when dealing with the chronic lung
disease patient who presents with acute dyspnea are
addressed, such as:
• How to best assess respiratory status: is an ABG
necessary?
• When to order a BNP: is BNP helpful in
differentiating COPD from CHF exacerbations?
• How to deliver oxygen therapy: how much is too
much?
• How to administer bronchodilators: which ones,
how often, and by which route?
• When to consider other underlying diagnoses: is
a workup for pulmonary embolism (PE) or acute
coronary syndrome (ACS) warranted?
• When to consider outpatient management: who is
safe to send home?

and acute exacerbations. This may be due to several
factors: a historical lack of a consistent objective disease
definition, the perception that COPD only strikes the
elderly and/or smokers, and the perception that it is
a disease for which medical science has no effective
therapies. One of the single greatest challenges when
reviewing the literature on COPD is understanding
the dramatic heterogeneity of disease encompassed
by COPD. Comparing chronic bronchitics to
emphysematous patients to lifelong asthmatics is
remarkably challenging, particularly when considering
the vast differences in pathophysiology between these
groups.
With respect to the management of exacerbations
in the hospital setting, the state of the literature is a
particular problem for emergency physicians: most
original research relates to the management of chronic
stable disease or to the outpatient management of
mild exacerbations that are more likely to present to
non-emergency department settings. Many studies
have small numbers of patients at one or two centers.
While a consensus definition of an exacerbation has
been recently agreed upon, it is symptom based
and no objective confirmatory test or biomarker has
been developed. Accordingly, many studies have
nonspecific definitions for patient inclusion criteria or
large proportions of excluded patients. Additionally,
outcome measures are notoriously difficult to define
and measure and will vary from study to study with
respect to physiologic measurements, symptom scales,
length of stay, or rate of relapse. Fortunately, there is
progress being made to correct these challenges. Large
collaborative efforts to standardize the diagnosis and
management of COPD have been undertaken, and
research is ongoing in the area of biomarkers and
outcome measures.
The Global Initiative for Chronic Obstructive Lung
Disease (GOLD), a combined effort of the World Health
Organization and the U.S. National Heart, Lung, and
Blood Institute, has produced a consensus statement;
it was initially created in 2000 and was revised in 2006.
This document, “Global Strategy for the Diagnosis,
Management, and Prevention of Chronic Obstructive
Pulmonary Disease,” contains a consensus definition
of the disease, staging of disease severity based
on objective spirometric criteria (see Table 1), and
evidence-based management guidelines.1
The American Thoracic Society (ATS) and European
Respiratory Society (ERS) have together produced
another consensus document, “Standards for the
Diagnosis and Management of Patients with COPD,”

Critical Appraisal Of The Literature
Ovid MEDLINE was searched for articles relating
to exacerbations of COPD or chronic bronchitis,
limited to those published within the last ten years;
references were then searched for additional articles.
The Cochrane database, the National Guideline
Clearinghouse, and secondary references that were
used in the formation of several consensus statements
and guidelines were also reviewed.
There is a remarkable disconnect between the
magnitude of the problem posed by COPD and
the amount and quality of research that has been
conducted, both for management of stable disease
Emergency Medicine Practice © 2008

Table 1. Staging Of COPD Based On Post-Bronchodilator
Spirometric Criteria
Stage
I: Mild
II: Moderate
III: Severe
IV: Very Severe

2

FEV1/FVC

FEV1

< 0.70

> 80% predicted
50%–80% predicted
30%–50% predicted
< 30% predicted
or chronic
respiratory failure
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written in 2004 as an update to the initially separate
recommendations from each society that were
developed in the 1990s.2
The recent introduction of a consensus definition
will hopefully serve to help facilitate a resurgence
in COPD research as well as improvements in our
understanding of its epidemiology, pathophysiology,
and public health implications.

patient. Although mortality estimates for patients
admitted with exacerbations vary widely depending on
the characteristics of the patient population considered,
a retrospective analysis of 71,000 COPD admissions
showed an overall mortality rate of 2.5%.12 In the subset
of patients requiring mechanical ventilatory assistance,
this figure rose to 28%. Other studies have shown
even higher mortality rates, with initial hospitalization
mortality rates of 8%–11% and 23%–43% mortality rates
at 1-year follow up.13-16 There is also data to suggest that
exacerbations permanently degrade lung function. Two
prospective trials, each with approximately 100 patients,
showed that patients with more frequent exacerbations
have an accelerated decline in their FEV1,17 and 7% of
patients who experience an exacerbation never return
completely to their pre-exacerbation state.18

Epidemiology, Etiology, And Pathophysiology
Epidemiology
COPD is recognized to be a major cause of morbidity,
mortality, and health care expenditure worldwide, and
it is one of the few diseases increasing in prevalence.
From 1990 to 2030, it is projected to climb from the
sixth to the fourth leading cause of death worldwide.3,4
In the U.S., COPD is a primary or contributing cause
of nearly 10% of all hospitalizations, rising to nearly
20% in patients older than 65.5 It is also a top-ten
cause of disability, both in developed and developing
nations.6 The aging of the world’s population and
continued tobacco use are the major determinants
of these trends. These two factors are also believed
to account for the striking fact that in 2000 more
women than men died of COPD in the U.S. The costs
associated with COPD are also remarkable. In 1996,
costs related to COPD in the U.S. were estimated to be
$14.5 billion, with exacerbations, associated ED visits,
and hospital admissions accounting for the majority of
expenditures.7-9
The definition of a COPD exacerbation that has
recently been agreed upon is clinical: “an event in
the natural course of the disease characterized by a
change in the patient’s baseline dyspnea, cough, and/or
sputum that is beyond normal day-to-day variations,
is acute in onset, and may warrant a change in regular
medication in a patient with underlying COPD.”1
The fact that this definition is symptom-based and
does not have a quantifiable biochemical marker is
underscored by a relative lack of knowledge about the
pathophysiology of COPD exacerbations. Nonetheless,
from the practical perspective of an emergency
physician, for whom uncertainty and imprecision in
diagnosis is a reality of everyday practice, clinical
definitions are valuable as a starting point for research
into management strategies and outcomes.
Most COPD patients experience several
exacerbations of their disease per year, with more
frequent exacerbations associated with worsening
airway obstruction. An analysis of data from the
Inhaled Steroids in Obstructive Lung Disease in
Europe (ISOLDE) trial, a 3-year, randomized controlled
trial evaluating inhaled steroids in the management
of stable COPD, found that patients with moderate to
severe COPD had an overall average of 1 exacerbation
per year, rising to almost 2.5 exacerbations per year for
patients with the most severe airway obstruction.10,11
Exacerbations are a dangerous event for a COPD
November 2008 • EBMedicine.net

Etiology
Currently, exacerbations are believed to result from
an inciting stressor, such as infection or exposure to
particulate pollution. This results in an acute worsening
of airway inflammation and, when coupled with
worsened lung physiology, conspires to overcome a
patient’s compensatory mechanisms and physiologic
reserve.
Although exact numbers vary by source, it
is believed that most exacerbations are caused
by respiratory tract infection, with bacteria and
viruses causing up to 50% and 40% of exacerbations,
respectively.19-21 Haemophilus influenzae, Streptococcus
pneumoniae, and Moraxella catarrhalis are the most
common bacterial pathogens22,23 implicated in COPD
exacerbations; rhinovirus, influenza, and RSV are the
most common viruses.21,23,24 Severe exacerbations are
more likely to have microbiologic evidence of bacterial
infection and a higher incidence of gram-negative
infection.25 Determining the causality of infections
in COPD exacerbations is hindered by the fact that
a significant proportion of stable COPD patients are
colonized with respiratory pathogens at any given
time. In addition, many of the data were obtained using
microbiologic techniques that are now outdated. It is
also not clear whether the appearance of new antigenic
strains of a colonizing bacterial species is a casual factor
in acute exacerbation.26
Air pollution has been associated with COPD
exacerbations and admissions; although causality is
difficult to prove, it is hypothesized to be responsible
for up to 10% of acute exacerbations. A well-designed
study analyzing 108,000 cases in 5 European cities
over several years found an increase of 1%–4% in
daily COPD admissions for every 50 microgram
per cubic meter increase in 4 different pollutants.27
Similar analyses have been conducted in the U.S.28 and
elsewhere in Europe, with similar conclusions.29,30

Pathophysiology
The current understanding of the pathophysiology
of COPD is that a primary insult (usually chronic
3
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particulate pollution exposure) combined with
an abnormal host response results in the classic
pathologic features of the disease: recurrent
inflammation (bronchitis), alveolar destruction, and
small airway remodeling (emphysema). The abnormal
host response is a combination of imbalances in the
protease-antiprotease and oxidant-antioxidant milieu
of the lungs, and it may be due to genetic susceptibility
in some individuals, as exemplified by alpha-1
antitrypsin deficiency. The resultant pathologic
changes contribute over many years to impaired gas
exchange, airway obstruction, and airflow limitation.
As the disease progresses in severity, extrapulmonary
pathophysiology becomes more important.
Extrapulmonary features include:
• Vascular disease (cerebral, coronary, peripheral)
due to chronic inflammation, in addition to shared
etiologic risk factors
• Skeletal muscle dysfunction, likely due to a
combination of chronic inflammation and disuse31
• Cachexia and wasting

based upon history, clinical impression, and a few
selected data points. Nonetheless, there often remain
several particularly difficult to distinguish diagnoses,
especially in patients with multiple comorbidities.
Life-threatening diagnoses that may either mimic or coexist with an acute COPD exacerbation include:
• Decompensated heart failure
• Cardiac dysrhythmia
• Acute asthma
• Pneumonia
• Acute myocardial infarction
• Pulmonary embolism
• Pneumothorax
• Pericardial or pleural effusion
Less common diagnoses include the obesityhypoventilation syndrome, bronchiectasis, and lung
cancer.

Prehospital Care
Prehospital care for the COPD patient focuses on
rapid assessment, supportive care, and transport to
the hospital. Patients who present with respiratory
distress or who are found to be hypoxic should receive
supplemental oxygen. In severe cases of imminent
respiratory failure or respiratory arrest, ventilatory
assistance or advanced airway management may be
required. Depending on local prehospital policies,
providers may administer inhaled bronchodilators
either by inhaler or nebulizer, and/or they may
assist patients with the administration of their own
bronchodilator medications.
There is ongoing concern in the prehospital
community that supplemental oxygen may result in
hypercapnic respiratory failure in COPD patients.
Current EMT and paramedic teaching resources
recommend that providers use oxygen with caution,
starting with 1–3 liters per minute via nasal cannula or
24%–28% via Venturi mask, with upward titration as
necessary.34-36 However, these recommendations rely
on a reliable determination that the patient is in fact
suffering from a COPD exacerbation, one that can be
difficult even after arrival at the hospital. Observational
studies conducted in the U.K. have shown that, despite
similar training recommendations, 49% of patients were
given high flow oxygen in the prehospital setting.37
These studies also found that few COPD patients
correctly identify themselves as such, with up to 40%
identifying themselves as having asthma.38
In EMS systems who utilize field pulse oximetry, an
initial saturation goal for COPD patients between 88%
and 92% may help prevent CO2 narcosis.39 In urban
settings, where transport times are brief, these concerns
may be less important. In rural settings, where the
challenge is greater due to time constraints, appropriate
therapy awaits evidence-based recommendations
regarding oxygen administration, provider training,
and patient education.
Non-invasive positive pressure ventilation (NPPV,

Chronic hypoxia may cause polycythemia.
Hypoxic pulmonary vasoconstriction and
emphysematous destruction of parenchymal
vasculature may cause increased pulmonary vascular
resistance and eventually right heart failure (cor
pulmonale).
Exacerbations of COPD are associated with
small but measurable worsening of lung function
parameters, in addition to worsening inflammation
and bronchospasm. Together they produce the
symptoms of an exacerbation (dyspnea, increased
sputum volume and purulence) and worsen the
patient’s already compromised respiratory physiology.
Although there is no established test to ‘diagnose’ an
exacerbation, there is a possibility that measurement of
certain inflammatory markers may one day be used for
this purpose.
Dynamic hyperinflation seems to be the dominant
physiologic parameter that correlates with subjective
dyspnea.32,33 At higher lung volumes, the respiratory
musculature is working at an even greater mechanical
disadvantage as it is faced with simultaneously
overcoming increased airflow resistance and elevated
end-expiratory pressures (auto-PEEP). This occurs
in the face of increased metabolic demand, worsened
hypoxia, and decreased thoracic venous return as a
result of elevated intrathoracic pressures. Ventilation/
perfusion mismatch and increased dead-space result
in gas exchange abnormalities. As patients deteriorate,
there is progressive hypoxia and hypercapnia resulting
in respiratory acidemia, CO2 narcosis, coma, and death.
Successful treatment of an exacerbation involves
interrupting and reversing this downward spiral.

Differential Diagnosis
The astute clinician can quickly narrow the very broad
differential diagnosis of the acutely dyspneic patient
Emergency Medicine Practice © 2008
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sometimes also referred to as CPAP or BiPAP) is
gradually (and appropriately) being used for a wider
range of indications in the ED. As ventilators become
more portable and technologically advanced, they
are increasingly suitable for use outside the hospital.
Thus far, only small feasibility studies have been
performed in patients with pulmonary edema,40,41 with
moderate success. If further research confirms that
prehospital NPPV is as beneficial as NPPV in the ED,
there may be a future role for this therapy modality in
the prehospital setting.

production, cough, or changes in sputum quality are
the presenting symptoms of an exacerbation. Other
symptoms may include wheezing, nasal congestion, sore
throat, and occasionally fever, generalized weakness,
or altered mental status. A well-designed cohort study
in the U.K. followed 101 COPD patients for 2.5 years
and analyzed the symptoms and time course of their
exacerbations.18 Sixty-four percent of exacerbations
were associated with increased dyspnea, 42% with
increased sputum purulence, 35% with wheeze, 35%
with cold symptoms (nasal congestion/ rhinorrhea), and
20% with cough.
The onset and duration of these presenting
symptoms should be noted as well as their relationship
to prior exacerbations. A study of 40 patients admitted
for COPD exacerbation used bronchoscopy to verify that
increased sputum purulence, as defined by a reported
change in color from clear or white to yellow or green, is
associated with bacterial infection in the lower airways.42
Important historical factors include the presence of
comorbid conditions (especially heart failure, cardiac
disease, and malignancy), risk factors for pulmonary
embolism, and a review of systems.

ED Evaluation
During the primary survey, the patient’s work of
breathing, oxygenation, mental status, and vital signs
should be simultaneously assessed and addressed
by immediate interventions when life-threatening
abnormalities are present. Occasionally, patients will
present in obvious or imminent respiratory failure
and require definitive airway management (e.g.,
endotracheal intubation), possibly in the absence of
a provisional diagnosis. Special precautions must
be taken in these cases to avoid, recognize, and treat
the lung injury and cardiovascular collapse that are
associated with intubation and mechanical ventilation.

Physical Findings

Many physical examination findings by themselves are
fairly nonspecific with regard to guiding management,
but they are invaluable in producing an overall
History
impression of the clinical status of a patient. Some
In patients who do not present in extremis, history
findings are more important in suggesting alternative
taking should be directed at establishing the diagnosis
diagnoses.
of a COPD exacerbation, assessing the presence of
Assessing the work of breathing is critical to
comorbidities, and identifying the possibility of
gauge the severity of an exacerbation and guide the
alternative or co-existing life-threatening diagnoses.
aggressiveness of therapy. Tachypnea, tachycardia,
Many patients with significant airway obstruction
use of accessory muscles, diaphoresis, cyanosis, and
remain undiagnosed, especially those not receiving
agitation are all suggestive of increased physiologic load
regular medical care. Therefore, a certain index of
as a patient strives to overcome the work of breathing.
suspicion for the underlying chronic disease must be
Altered or depressed mental status is an especially
maintained when interviewing a patient with acute
ominous sign; it requires immediate and aggressive
respiratory distress, especially when certain risk
management.
factors are present. The most important of these are:
Evidence from several prospective observational
• Decreased functional capacity
studies,43-45 each with approximately 100 stable
• A significant smoking history
outpatients, showed that clinical findings predictive
• Advanced age
of significant airflow obstruction include wheezing,
• Occupational exposure to dusts or chemicals
decreased breath sounds, hyperresonance on lung
• Exposure to indoor air pollution (e.g., smoke
percussion, decreased cardiac dullness, and increased
from indoor cooking or heating—much more of a
forced expiratory time. The finding of a “barrel chest”
concern in developing nations)
has a much poorer sensitivity. These findings may
Inquiring about the patient’s exercise tolerance,
or may not be helpful in acute presentation, and it is
functional limitations, frequency of exacerbations, and important to remember that the absence of wheezing
current treatment can help gauge the severity of the
can be an ominous sign in patients presenting with
patient’s chronic stable disease. Of the aforementioned COPD exacerbation or asthma.
factors, those that have been shown to be predictive
Other physical findings to seek include jugular
of increased mortality in the year following an
venous distension (suggestive of heart failure or
exacerbation are age and decreased functional status;14 increased intrathoracic pressure and decreased
however, these factors are not sufficiently predictive to venous return), peripheral edema (heart failure or, if
be used directly in guiding management in the acute
asymmetric, deep venous thrombosis), and asymmetry
care setting.
of lung findings (pneumothorax, pneumonia, and
By definition, increased dyspnea, sputum
atelectasis). Cachexia or a low body mass index (< 20)
November 2008 • EBMedicine.net
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in patients presenting with an acute exacerbation is a
poor prognostic sign.14,46

It is partly because of this variation that clinical
evaluation is much more important than blood gas
values in making management decisions, especially
in the absence of a given patient’s baseline or stablestate values. Blood gas measurements may be
considered in patients whose clinical status suggests a
severe exacerbation with need for admission or in the
post-intubation management of intubated patients.
Drawbacks of arterial blood sampling include patient
discomfort and vascular complications. Although the
frequency that ABGs may be performed inures many
physicians to the pain and discomfort caused, it is
important to consider the use of topical or injected local
anesthetics before arterial puncture.

Diagnostic Studies
Patients with a history of COPD who present with
shortness of breath require a tailored approach to
diagnostic testing. Table 2 provides a summary of
diagnostic modalities that may be helpful in the
evaluation of these patients.

Pulse Oximetry
Pulse oximetry has become an indispensable tool
in the ED, owing to its noninvasive and rapid
assessment of arterial oxygenation. It could be argued
that every patient who presents to an ED with any
complaint attributable to the cardiac or respiratory
systems should undergo an urgent pulse oximetry
measurement. Pulse oximetry is potentially unreliable
in patients with very dark skin, cold extremities,
peripheral vascular constriction, or opaque nail polish
(which can be removed).
For patients with the lowest level of severity, the
American Thoracic Society/European Respiratory
Society guidelines suggest that no further diagnostic
testing is required beyond pulse oximetry to ensure
oxygenation. These are patients who have a mild
exacerbation, mild to moderate underlying COPD, few
comorbidities, and/or immediate response to initial
therapy.

Chest X-Ray

Chest x-rays are routinely performed on patients in the
ED with respiratory complaints. Consensus guidelines
routinely recommend chest radiography for COPD
patients who present to EDs or outpatient facilities with
radiology capability.1,2 Typical and expected “baseline”
x-ray findings in COPD patients include hyperinflation
and flattening of the diaphragms, but neither of these
is reliably present nor diagnostic. Although there
have been attempts to identify a subpopulation of
patients for whom a chest x-ray can be safely omitted,47
these efforts have not proved successful. Depending
on study population and methodology, 5%–21% of
patients will have an abnormality that will change
management, most commonly a pneumonic infiltrate
or pulmonary edema.48,49 In addition, chest x-rays may
identify important complications of COPD, such as
Arterial Blood Gas (ABG) Sampling
pneumothoracies and lobar atelectasis.
Co-oximetry of arterial blood has long been considered
Caution must be exercised when interpreting x-ray
the gold standard for assessment of respiratory and
findings in COPD patients with advanced emphysema
metabolic status in patients with COPD exacerbation;
however, its use has become less common in modern
Table 2. Summary Of Diagnostic Modalities In COPD
management. Although the information obtained from Exacerbations
an ABG can be useful for the diagnosis of respiratory
• Tests to perform in all patients:
failure (defined as a PaO2 < 60 mm Hg and/or PaCO2 >
o Pulse oximetry to assess for presence and degree of
hypoxia
50 mm Hg) and acidemia (pH < 7.36), clinical criteria
• Tests to perform in most patients:
and evaluation are much more important than blood
o Chest x-ray to assess for pneumonia, pulmonary edema,
gas values in making management decisions.
and structural lung disease
Caution must be exercised when interpreting
o ECG to identify silent ischemia or arrhythmia as a cause
for decompensation
blood gas values in COPD patients, as their “normal”
o Basic blood tests (blood count and chemistries) to
or expected values change over time as their
identify comorbid conditions such as anemia, electrolyte
underlying COPD progresses. In the early stages of
derangements, or renal impairment
disease, ABG values may show only a mild hypoxia
• Tests to consider performing in certain patients:
o Cardiac biomarkers—if clinical or ECG findings are
due to ventilation/perfusion mismatch. As the disease
concerning for coronary disease
progresses, worsening hypoxia stimulates respiratory
o D-dimer, lower extremity ultrasound, CT angiography—
drive, resulting in hyperventilation and respiratory
if clinical or historical factors suggest venous
alkalosis. Finally, airflow obstruction and alveolar
thromboembolism
o Arterial blood gas measurement—in intubated patients
hypoventilation become severe enough to result
• Testing whose value is questioned or controversial:
in chronic CO2 retention and respiratory acidosis.
o B-type natriuretic peptide—may help identify the presence
In the stable state, renal compensation provides a
of comorbid decompensated heart failure
metabolic alkalosis to normalize arterial pH. With
o Spirometry/peak flow measurement—may be useful as a
crude marker of disease progression and risk stratification
acute exacerbation, worsened respiratory acidosis
but is not useful as a marker of acute change
results in acidemia despite chronically elevated serum
o Sputum testing—not generally useful in guiding clinical
bicarbonate levels.
management except when tuberculosis is a concern
Emergency Medicine Practice © 2008
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and the resultant distortions of anatomy. For example,
peripheral or apical bullae may be mistaken for a
pneumothorax. Also, infection by typical respiratory
pathogens with clinical pneumonia and lobar
consolidation may have a very atypical appearance
on chest x-ray and may be mistaken for interstitial
edema or fibrosis.50 Uniform densities in a lobar
distribution representing lobar atelectasis may be
mistaken for lobar pneumonia. Lobar atelectasis may
be differentiated from pneumonic consolidation by
the presence of volume loss (raised hemidiaphragm,
shifting of fissures or other landmarks) and the
absence of air bronchograms.

flow rate (PEFR) and one-second forced expiratory
volume (FEV1) are relatively unchanged during COPD
exacerbations. In two prospective observational studies
that measured symptomatic and physiologic variables
over time in a cohort of COPD patients, the PEFR fell by
only 2.8%–4.5%, and the FEV1 fell by only 2.2% during
acute exacerbation.18,52 Spirometric measurements
also correlate poorly with arterial blood gas values,
and they are not predictive of the need for admission,
likelihood of recidivism, or response to therapy in
COPD exacerbations.53 Current consensus guidelines
discourage the routine use of spirometric assessment for
patients presenting with COPD exacerbation.1

Electrocardiograms (ECG)

Sputum Testing

Electrocardiograms are also routinely obtained on
patients presenting with presumed COPD exacerbation
and are recommended by consensus guidelines.1,2 As
with chest x-ray, this is largely to identify comorbid
or confounding illness that may be the underlying
cause of the patient’s decompensation, especially acute
coronary syndromes.
Morphological abnormalities associated with
COPD include signs of right atrial enlargement (P
pulmonale, a P wave with height > 2.5 mm in leads
II, III, aVF, shown in Figure 1), and right ventricular
hypertrophy (right axis deviation, prominent R
in V1 and V2, right precordial ST depression and
T wave inversion, rS pattern in V5-V6). The lung
hyperinflation associated with COPD can cause
rightward rotation of the heart (associated with poor R
wave progression) as well as low voltages.51
The most common dysrhythmias associated with
COPD are supraventricular, such as sinus tachycardia,
multifocal atrial tachycardia, supraventricular
tachycardia, atrial fibrillation, and atrial flutter.
These may be managed in the usual fashion and in
some cases may require nothing beyond treatment
of the underlying pulmonary pathology. For a
complete discussion on the management of ST, MAT,
SVT, AF, and atrial flutter, see the April 2008 Emergency
Medicine Practice issue, “An Evidence-Based Approach To
Supraventricular Tachycardia.”

Although once common, gram stain and culture of
sputum samples has fallen out of favor. There is a
low yield of useful information that rarely changes
clinical management in a meaningful way.54 Even
when organisms are isolated, it is difficult to be sure
of their etiologic role, as many COPD patients are
colonized with pathogenic organisms in the stable state.
Collection of sputum for testing may be considered
in a patient who is severely ill and producing sputum
that is noticeably purulent; it should be considered
more strongly in a patient who has risk factors for
tuberculosis or who has already failed a course of
antibiotic therapy. A recent observational study found
that sputum testing of 118 patients hospitalized with
COPD exacerbation and purulent sputum changed
antibiotic therapy in 29% of cases,55 although this has
not been shown to affect clinical outcomes.

Laboratory Tests

Consensus guidelines recommend “routine blood tests”
including cell count, electrolytes, and renal function
measurements.1,2 Although classically associated with
polycythemia, one observational study has shown that
a significant proportion of patients with severe COPD
are anemic (8%–12%), at least as many as those that
are polycythemic (8%).56 The same study found an
inverse association between hemoglobin concentration
and mortality. Another study identified an association
between hyperglycemia and poor outcomes in acute
Spirometry/Peak Flow Measurement
exacerbation.57 However, the main value of “routine”
Spirometry is essential to the diagnosis and monitoring blood tests, like many of the other diagnostic tests
of patients with COPD, but not in the setting of acute
discussed here, is to identify comorbid conditions that
decompensation. Unlike asthma, the peak expiratory
may change management—especially in those patients
who are likely to require admission and aggressive
Figure 1. P Pulmonale
treatment.
Consensus guidelines do not address the
measurement of cardiac markers in the evaluation of
an exacerbation. Two recent observational studies
have shown a relatively high (18%–25%) incidence of
elevated troponin levels in patients admitted with a
primary diagnosis of acute exacerbation of COPD and
without ECG changes suggestive of acute myocardial
infarction.58,59 Acute hypoxemia and right ventricular
strain associated with COPD exacerbation may result in
Note the large P waves in the inferior leads II, III, aVF.
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troponin elevation, even in the absence of other clinical
evidence of acute coronary syndrome. However,
the methodology of these studies does not consider
that patients who have chest pain as part of their
presenting complaints or have elevated troponin
values discovered in the ED may not be coded as
primary COPD admissions.
This data is not sufficient to guide the emergency
physician as to when cardiac markers should be
obtained in this setting. It is also difficult to make
management recommendations for those patients with
mild troponin elevations, for whom treatment of the
underlying pulmonary process may be sufficient. At
this point, only an individualized approach based on
clinical judgment can be recommended.

inform clinical decision making but must not supplant
clinical judgment.

Venous Thromboembolism Evaluation
Determining when and how to pursue the diagnosis of
PE in COPD patients who present with acute dyspnea
remains a real challenge for emergency physicians.
There is little scientific data to guide us in this area.
Risk factors and presenting signs and symptoms are
similar for both COPD exacerbation and pulmonary
embolism. Fortunately, with the exception of ventilation
perfusion scanning, the performance of clinical decision
rules, d-dimer testing, CT angiography, and pulmonary
angiography are not significantly affected by the
presence of COPD.68,69

B-Type Natriuretic Peptide

Treatment: Medical Management

B-type natriuretic peptide (BNP), which is released
from the ventricles in response to stretch, may be a
useful diagnostic adjunct in some patients presenting
with acute dyspnea, especially since symptoms
of heart failure may be mistakenly attributed to
pulmonary disease in patients with known COPD.
An observational study of 46,000 patients in northern
California found COPD patients 7 times more likely
than patients without COPD to have a concomitant
diagnosis of CHF.60 A Dutch study of 400 COPD
patients older than 65 showed that a large proportion
of these patients have undiagnosed CHF.61
Increases in BNP above 500 pg/mL are suggestive
of decompensated heart failure, and levels below 100
pg/mL suggest the absence of heart failure.31 Aminoterminal pro-BNP has also been shown to have similar
testing characteristics, with values above 2500 pg/
mL indicating left ventricular dysfunction and values
below 1000 pg/mL indicating the absence of heart
failure.62
Some authors have suggested that BNP
measurement reduces time spent in the emergency
department, reduces total costs,63 and improves
diagnostic accuracy.64,65 However, sensitivity and
specificity of BNP values vary depending on the cutoffs used in the test and the characteristics of a given
assay. Because data on the clinical utility of BNP are
derived from studies that include patients with clear
clinical features of either pulmonary or cardiac disease,
its usefulness in the subset of patients in whom a true
diagnostic dilemma exists is much less clear.66,67
Elevations in BNP may arise from either the left or
right ventricle. Thus, cor pulmonale and pulmonary
embolism may also cause elevated BNP as a result
of right ventricular strain. BNP also may be falsely
elevated in the setting of renal failure. Therefore,
BNP levels cannot be relied upon to either “rule in” a
diagnosis of congestive heart failure nor to “rule out”
significant pulmonary pathology. These important
pitfalls of BNP measurement must be understood to
prevent an over reliance on this test, which can help
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The treatment of a COPD exacerbation should occur
concurrently with its diagnosis and evaluation.
Although there are several effective therapies, the
evidence in support of these therapies is not as strong
as in other common diseases, such as acute coronary
syndromes. Most studies have small numbers of
patients and many use physiologic markers (e.g., FEV1)
as surrogates for the more important clinical outcomes
(e.g., death, survival to discharge). Nonetheless, there is
enough data to provide some clinical guidance in most
cases. See Table 3 for a summary of medical therapies.

Oxygen
Supplemental oxygen should be administered to prevent
hypoxemia, with a goal SpO2 of 88%–92% or PaO2 >
60 mm Hg.39 The method of administration should be
determined individually by patient tolerability and
reliability of delivery. Nasal cannula or prongs are
usually tolerated well, and they appear to have a low
risk of inducing hypercapnia. However, because of the
low flow delivered, the amount of supplemental oxygen
varies depending on the patient’s minute ventilation.
High-flow devices such as Venturi masks are capable of
delivering a more reliable concentration of supplemental
oxygen regardless of minute ventilation, but they are not
as well tolerated. Simple face masks or non-rebreather
masks may be used to deliver higher concentrations of
oxygen when hypoxemia does not respond to a lower
Table 3. Summary Of Medical Therapies For COPD
Exacerbations
• Oxygen: administer to a goal SpO2 of 88%–92%
• Bronchodilators: use inhaled beta-agonists and anticholinergics
liberally
• Steroids: low dose (30–40 mg) oral prednisone or equivalent for
patients with mild to moderate exacerbations; high dose (125
mg) intravenous methylprednisolone or equivalent in patients
with severe exacerbations
• Antibiotics: in patients with increased sputum volume and
purulence and in those with severe exacerbations (Table 4)
• Magnesium: often used in severe exacerbations, although benefit
has not been conclusively demonstrated
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FiO2; however, these patients appear to be at higher
risk for oxygen-induced hypercapnia and thus require
closer monitoring.
Consensus guidelines recommend reevaluation of
a patient’s blood gases approximately 30–60 minutes
after institution of therapy in order to verify successful
treatment of hypoxemia and to identify patients who
develop respiratory acidosis.1 However, clinical
indicators, such as the patient’s level of alertness
and mental status, are more important and relevant
in guiding emergency department management. In
fact, reliance on numbers obtained from ABGs to the
exclusion of these clinical indicators may result in
unnecessary or inappropriate management decisions.
Additionally, end-tidal carbon dioxide monitoring can
be used to monitor hypoventilation.

albuterol.81 Given the pharmacokinetics of these agents,
their favorable side-effect profile, and a lack of rigorous
data, an empiric symptom-based approach is the best
that can be currently recommended.82
There is conflicting data regarding the benefit of
combination therapy. Some studies show additional
benefit with the addition of anticholinergics to betaagonist therapy83,84 while others show no additional
benefit.85,86 Consensus guidelines recommend the
addition of a second class of bronchodilator if there is
inadequate response with one class. However, many
practitioners simply give both classes simultaneously,
given the low cost and excellent safety profiles of these
drugs.
Side effects of these bronchodilators are usually
mild and well tolerated. Beta-agonists may cause
hypokalemia, tachycardia, tremor, and a transient
decrease in oxygenation, believed to be due to
Bronchodilators
worsened ventilation-perfusion mismatch.71 Although
Administration of bronchodilators is a first line
the sinus tachycardia and occasionally other
strategy for improving the symptoms and lung
tachydysrhythmias that may be induced by inhaled
physiology of the patient with COPD exacerbation.
beta-agonists can be unnerving, these effects must be
The most frequently used agents are beta-agonists and
weighed against their clinical benefit, especially if a
anticholinergics.
patient appears to be responding to the beta-agonist.
Beta-agonists, such as albuterol, induce relaxation
Anticholinergics may cause dry mouth, tremor, or
of airway smooth muscle via increased cyclic
urinary retention. Anticholinergics are poorly absorbed
adenosine monophosphate. They act within minutes,
into the systemic circulation from the lungs and
with peak effect at approximately 30 minutes and
gastrointestinal tract, so they tend to have fewer side
duration of several hours. Anticholinergics, such as
effects than the beta-agonists. One important adverse
ipratropium bromide, also cause bronchodilation and
effect of inhaled anticholinergics is their mydriatic
decreased mucosal secretion via competitive inhibition
effects that can occur if there is inadvertent exposure of
of muscarinic pulmonary acetylcholine receptors.
the eye (e.g., exposure to the vapor from the nebulizer
Their onset of action is slower than beta-agonists,
or inhaler or handling of the used medication capsule
approximately 10–15 minutes, with peak effect at 60–90
followed by eye rubbing). Theoretically, this may
minutes and duration of 4–6 hours.70
precipitate acute angle closure glaucoma in susceptible
Although most studies examine the effects of
persons or mislead the clinician into suspecting uncal
these medications on airflow obstruction (e.g., FEV1),
herniation in the unconscious patient.70
the more modern view of the pathophysiology of
COPD exacerbations is that improvements in airflow
Methylxanthines
obstruction are less important than reductions in
dynamic lung hyperinflation, which are more closely
Once used as a mainstay for the treatment of
related to symptomatic and clinical improvement.32
airflow obstruction in both COPD and asthma,
Several studies have evaluated the use of beta-agonists methylxanthines have fallen out of favor due to their
versus anticholinergics, finding no clinically significant adverse effects. One randomized controlled trial from
advantage for either class.71,72 Systematic reviews
1991 showed a trend toward reduced hospitalization
have come to the same conclusion.73,74 Similarly,
in patients treated in the emergency department with
data suggest clinical equivalence among the modes
intravenous aminophylline (loading dose of 5.6 mg/kg
of administration of bronchodilator agents, either
followed by 0.9 mg/kg/hr infusion), although the results
nebulized or inhaled via metered dose inhaler (with
did not meet the threshold for statistical significance.87
75-80
spacer).
The decision to use nebulizers or inhalers
Other randomized controlled trials88-90 and a systematic
should be guided by local needs and practical
review91 found increased side effects and no significant
considerations: cost, ease of administration, and
benefits. Despite the lack of evidence for their
available resources.
efficacy, methylxanthines such as theophylline and
Current consensus guidelines recommend
aminophylline continue to appear on current consensus
increasing the dose and/or frequency of a patient’s
guidelines as second line agents for use in patients who
short-acting bronchodilator regimen when treating
do not respond to other bronchodilators.
an exacerbation, although the optimal dosing is
not known. One study showed a non-statistically
Magnesium
significant trend towards benefit with every 20 minute
Anecdotally, intravenous magnesium administration
dosing of nebulized albuterol compared with hourly
is a therapeutic strategy used by many emergency
November 2008 • EBMedicine.net
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physicians for treatment of bronchospastic conditions.
Consensus guidelines for asthma recommend
intravenous magnesium as a second-line therapy
in patients with severe exacerbations that are
unresponsive to conventional measures.92 Magnesium
is not even mentioned in COPD guidelines. There is
only one randomized controlled trial performed on
a small number of COPD patients93 that showed that
1.5 grams of intravenous magnesium did not provide
any direct bronchodilatory effect (as measured by
the FEV1), but they did improve response to inhaled
beta-agonists. Although the evidence is lacking, as a
practical matter, magnesium has few side effects and
a large therapeutic index, so it is not unreasonable to
administer it in patients who have moderate to severe
exacerbations, especially if they have suboptimal
response to conventional therapy.

for outpatients and intravenous therapy in higher doses
for more critically ill patients. However, exact dosing
and duration of regimens should be individualized,
with consideration given to cost, local resources, patient
comorbidities, and tolerance of adverse effects.

Antibiotics

Many COPD exacerbations are believed to
be caused by bacterial infection of the lower
respiratory tract. The most commonly implicated
community-acquired pathogens are H. influenzae, S.
pneumoniae, and M. catarrhalis; in severely ill patients
(mechanically ventilated in the ICU), gram-negative
enterics, methicillin-resistant Staphylococcus aureus,
Pseudomonas aeruginosa, Stenotrophomonas maltophilia,
and Acinetobacter baumannii are not uncommon.25,105
Although one might surmise that antibiotics would
be of unquestioned benefit in the treatment of
Steroids
exacerbations, surprisingly, their role is not clearly
Administration of systemic steroids to patients
delineated.
presenting with COPD exacerbation has been shown to
As with many aspects of COPD research, there
improve FEV1,94-96 shorten hospital stay,97 and reduce
is tremendous heterogeneity in the quality of data
short-term treatment failure98-100 by helping to reverse
and the subsets of patients studied, with many
some of the inflammatory response that contributes
of the studies done on small numbers of patients
to airway hypersensitivity, bronchial obstruction, and
with uncertain diagnoses. A meta-analysis106 and
worsened lung physiology. Unfortunately, there is
systematic review107 have concluded that treatment
wide variability in the dose, route, and duration of
with antibiotics, regardless of the specific agents used,
therapy in the various studies.
decreases recurrence and short-term mortality and
The most frequent adverse effect of steroids is
increases peak expiratory flow rates. The data also
hyperglycemia.101 Other adverse effects are possible,
suggest that the benefit is proportional to the severity
including psychiatric events, skin changes, myopathy,
of the exacerbation, with patients needing mechanical
decreased bone density, hypertension, and immune
ventilation deriving the most benefit.108
suppression leading to serious infections. Although
A seminal study by Anthonisen et al109 found that
these more uncommon side effects have not yet been
the outpatients most likely to benefit from antibiotic
shown to be increased with short courses of therapy
therapy are those that present with 2 or more of 3
for exacerbation, few studies are designed to evaluate
cardinal symptoms: increased dyspnea, sputum volume,
this.
or purulence. More recent data suggest that increased
In light of the fact that steroid-induced side effects sputum purulence alone is evidence of lower airway
are believed to be dose-dependent,102 consensus
bacterial infection, although an associated response
guidelines recommend systemic steroid therapy at
to antibiotics has not yet been studied.42 Current
the lower end of the spectrum used in the aboveconsensus guidelines1 suggest that patients meeting
cited trials: 30–40 mg of prednisone (or its equivalent)
the above criteria be given antibiotics as shown in (see
daily for 1–2 weeks, either orally or intravenously.
Table 4).
However, the largest trial to date of systemic steroids
In patients who are severely ill or who have risk
in COPD exacerbation99 used a much higher dose,
factors for pseudomonal infection, consideration
methylprednisolone 125 mg IV every 6 hours
should be given to high dose fluoroquinolones and/or
(equivalent to approximately 150 mg prednisone
Table 4. Antibiotics For COPD Exacerbations
daily); as a result, practice patterns vary widely.103
For patients who will be discharged from the ED:
Two studies performed on patients hospitalized
• Aminopenicillins (in communities with low local prevalence of
96,104
with “non-acidotic” exacerbations
suggest
beta-lactamase producing organisms and penicillin-resistant S.
that nebulized budesonide has effects on airflow
pneumoniae)
• Second- or third-generation cephalosporins
obstruction that are similar to oral or intravenous
• Trimethoprim/sulfamethoxazole
steroids but with a trend toward fewer adverse events.
However, the clinical outcomes associated with the use •• Doxycycline
Macrolides
of inhaled steroids for acute exacerbations have not yet
For admitted patients or in discharged patients who have
been evaluated.
recently failed a course of antibiotics:
In light of the current data, it can be recommended
• Beta-lactam/beta-lactamase inhibitor combinations
(e.g., amoxicillin/clavulanate)
that systemic steroids be used to treat COPD
• Respiratory fluoroquinolones
exacerbations, with oral therapy in lower doses used
• Second- or third-generation cephalosporins
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combination therapy for pseudomonal coverage. A
recent observational study found that recent antibiotic
use (within 2 weeks) and a prior history of intubation
were significant risk factors for infection with a variety
of multi-drug resistant bacteria.105 As always, local
antibiotic resistance patterns should be kept in mind,
including the possibility of the increasingly frequent
methicillin-resistant S. aureus in both its communityand hospital-acquired strains as well as increasing
levels of cephalosporin and macrolide-resistant strains
of S. pneumoniae.22 In severe presentations where
concomitant pneumonia is suspected, addition of
vancomycin may be considered to include coverage for
these multi-drug resistant pathogens.
There is little data to guide the duration of
antibiotic therapy, although recent data from
outpatient trials suggests that courses as short as 3–5
days may be as effective as the more traditional 7–14
day courses.110-116

Treatment: Ventilatory Support
In patients whose acute exacerbation begins to
overwhelm their physiologic reserves, hypercapnic
respiratory acidosis ensues, impairing respiratory
muscle function and initiating a downward cycle of
respiratory failure. In order to interrupt this cycle,
ventilatory support may be necessary. In patients
who are appropriate candidates, non-invasive positive
pressure ventilation (NPPV) may be employed, while
some patients may require invasive positive pressure
ventilation (endotracheal intubation).

NPPV
Since the 1980s, non-invasive positive-pressure
ventilation has emerged as a primary therapy for
respiratory distress in appropriate COPD patients
to reduce symptoms, avoid intubation, and decrease
morbidity and mortality. GOLD consensus guidelines
list the following as indications for NPPV:
• Significant respiratory distress, with dyspnea,
tachypnea, accessory muscle use, or respiratory
fatigue
• Hypercapnia (pCO2 > 45 mm Hg or > 6 kPa), with
or without acidemia (pH < 7.35)
Table 5. NPPV Exclusion Criteria
• Inability to tolerate the mask or use it effectively:
o Patient discomfort
o Craniofacial abnormalities or trauma
o Facial hair, burns, extreme obesity, other skin abnormalities
• Inability to protect the airway or coordinate breaths with the
ventilator:
o Significant alterations in mental status/obtundation
o Hemodynamic instability (hypotension, dysrhythmias,
hemorrhage)
o Respiratory arrest/apnea
o Inability to clear secretions
• Inability to tolerate possible aerophagia (e.g., recent
gastrointestinal surgery)
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Although blood gas values are included in the
suggested indications, it is important to reiterate the
primacy of the patient’s clinical status over specific
blood gas values.
Typically, a cushioned face or nasal mask is applied
to the patient’s face, through which a small portable
ventilator provides inspiratory pressure support
(IPAP) triggered by the patient’s inspiration, with or
without end-expiratory positive pressure (EPAP or
PEEP), similar to pressure-support ventilatory mode
on a conventional ventilator. The pressure support
reduces the work of breathing and helps to improve
gas exchange, presumably by splinting open distal
airways.117,118
The main advantages of NPPV are the avoidance
of endotracheal intubation (and its consequent
complications) as well as its improved resource
utilization. Side effects (damage to facial skin from
the pressure of the mask used and insufflation of the
stomach) of NPPV are usually minor and well tolerated.
Due to the use of the nasal/facial mask and patienttriggered support, certain common-sense exclusion
criteria must be kept in mind (see Table 5).119
Randomized controlled trials120-126 and several
systematic reviews and meta-analyses127-129 have found
noninvasive ventilation to improve gas exchange
and reduce intubation, treatment failure, costs, and
mortality. Some have questioned whether NPPV may
simply delay the inevitable in patients with severe
exacerbations; however, recent data suggests that NPPV
is effective and worth attempting even in patients with
pH < 7.25.130 Although there is some variability in the
mask type and the ventilatory support modes available
with NPPV, these variables do not appear to change its
efficacy significantly.131,132
NPPV should be instituted early in the patient’s
ED course, not only after other modalities have failed.
It has been found to be most effective at preventing
intubation when used early in the management of
patients with moderate to severe presentations. Patients
who are placed on NPPV should be considered at
high risk and should continue to be closely monitored
and receive aggressive medical therapy. A significant
proportion of patients will fail NPPV and require
intubation. A recent observational study of patients
being treated for respiratory failure with NPPV found
that a GCS < 13 on presentation to the emergency
department and/or persistent acidemia or tachypnea
after a 1-hour trial of NPPV were predictive of the need
for intubation.133

Invasive Ventilation
As with severe asthma, intubation and mechanical
ventilation should be avoided if at all possible because
mortality increases dramatically once a patient is
intubated (from 1.7% to 28% in 1 large study).12
However, in cases where patients do not respond to
initial management or are in frank respiratory failure,
it can be lifesaving. Although clinical judgment should
11
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always be the overriding consideration when deciding
to intubate, consensus guidelines have been developed
(Table 6).
Although it is preferable to avoid intubation if
possible, it is even less desirable to intubate a patient
in an uncontrolled manner. If a patient is clearly on a
path to respiratory failure, they should be intubated
before they progress to respiratory or cardiorespiratory
arrest. The precise timing of endotracheal intubation
in patients with asthma or COPD is complex and
continues to remain more in the realm of art than
science. The decision to intubate and its timing
should ideally be made by the clinician with the most
experience in these cases. Once the decision has been
made, the clinician must proceed rapidly without
delay. In addition to airway management devices,
needle and tube thoracostomy equipment should be
easily accessible. If time permits, preoxygenation with
high flow oxygen is recommended. If conscious and
cooperative, the patient should be allowed to remain in
a position of comfort as long as possible.
Most of the literature addressing airway
management of patients in acute respiratory distress
focuses on asthma, not COPD. Rapid sequence
intubation (RSI) is generally recommended. However,
in some cases, awake intubation with or without
pharmacologic adjuncts may be considered. For
example, if a patient has features suggesting a
difficult intubation (e.g., short neck, extreme obesity,
craniofacial abnormalities), it may be safer to avoid
paralyzing the patient and secure an airway using
endoscopic guidance. The choice of induction and
paralytic agents is dictated by the individual clinical
scenario and practitioner experience and preference.
Ketamine is preferred by many practitioners in this
setting because of its ability to sedate the patient while
maintaining protective airway reflexes and ventilation.
To help minimize the added airway resistance caused
by the endotracheal tube, the largest tube size that can
be accommodated by the airway should be used.

Post-Intubation Management
Although placement of a definitive airway can be a
relief for both the patient in severe distress and the
treatment team, it is critical to maintain a high level of
vigilance and care after intubation, as serious postintubation complications may occur. Chief among
these complications is dynamic hyperinflation that
Table 6. Indications For Intubation1,2
•
•
•
•
•

Respiratory arrest
Failure or contraindication to NPPV
Hemodynamic instability
Decreased level of consciousness
Severe dyspnea with use of accessory muscles and
paradoxical abdominal motion
• Respiratory rate greater than 35 breaths per minute
• Life-threatening hypoxemia (PaO2 < 40 mm Hg or PaO2/FiO2
< 200 mm Hg)
• Severe acidosis (pH < 7.25) and/or hypercapnia
(PaCO2 > 60 mm Hg)
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results in elevated end-expiratory pressures, sometimes
called intrinsic PEEP or auto-PEEP. This is essentially
a worsening of the same process that characterizes
the COPD exacerbation itself: severe expiratory flow
limitation results in incomplete exhalation, increased
lung volumes, and increased airway and intrathoracic
pressures. All of these pathophysiologic factors
create an increased work of breathing for the patient’s
respiratory system. In the immediate post-intubation
scenario, this may be exacerbated by over-zealous bagvalve mask ventilation. Thus, it is critical to remember
to ventilate the patient slowly and allow sufficient time
for exhalation, despite the anxiety and excitement that
may accompany the intubation of a critically ill patient.
The increased airway and intrathoracic
pressures may also cause decreased venous return
and subsequent hypotension and frank shock.
Ventilator-induced lung injury (VILI) may also occur:
pneumomediastinum, pneumothorax, and tension
pneumothorax. Pneumothorax should be treated
with tube thoracostomy for any patient on positive
pressure ventilation. Hypotension should be addressed
by allowing increased expiratory time to relieve the
elevated intrathoracic pressure and intravenous fluid
boluses to address relative and absolute hypovolemia,
which often develops in patients with decreased
intake and increased insensible losses from prolonged
respiratory distress. In extreme cases (e.g., PEA arrest
immediately following intubation) it is necessary to
disconnect the ET tube from the bag-valve-mask or
ventilator and gently apply manual pressure to the
patient’s chest, allowing extended decompression while
simultaneously performing bilateral needle and/or tube
thoracostomy.
Previously, the goals of mechanical ventilation for
respiratory failure included normalization of blood
gas levels and pH. However, this would often require
inordinately high pressures and volumes, resulting
in VILI and cardiovascular collapse. Mechanical
ventilation strategies aim to improve gas exchange
and increase alveolar ventilation while minimizing
hyperinflation. To achieve those goals, it is often
necessary to hypoventilate the patient with lower
tidal volumes and respiratory rates that maximize
expiratory time while minimizing hyperinflation.
This involves permissive hypercapnia that allows
for more manageable ventilator settings and fewer
complications.134 Although it is not known what
degree of respiratory acidosis is acceptable, most
authors use an initial goal for pH of 7 if it reduces the
risk of lung overdistention injury.20 Initial ventilator
settings should be geared towards low respiratory
rates (8–10), low inspiratory:expiratory (I:E) ratios,
high inspiratory flow rates (80–100 L/min), low tidal
volumes (6–8 mL/kg ideal body weight), and little to no
added PEEP.135 Further adjustment should be guided by
blood gases and measurements of airway physiology, as
summarized in Tables 7 and 8.
Modern ventilators are capable of providing a
confusing array of physiologic measurements. Peak
EBMedicine.net • November 2008

airway pressures are not a reliable indicator of risk
of VILI, since high pressures may be required to
overcome resistance in communicating airways.
Since direct measurement of intrinsic PEEP with an
end-expiratory hold does not reflect the pressure in
alveoli behind obstructed or collapsed airways during
expiration, it may not adequately reflect alveolar
pressure. Plateau pressure, although measured at end
inspiration, is believed to better reflect mean alveolar
pressure and the degree of dynamic hyperinflation.
Plateau pressures correlate with the risk of VILI, with
fewer complications occurring when plateau pressures
are maintained below 30 cm H2O.135
Although it would seem that PEEP should be
minimized in order to reduce intra-alveolar pressures
and the risk of VILI, data suggest that, in some
patients, splinting open airways with PEEP helps
reduce expiratory airway resistance and reduces
dynamic hyperinflation in a counter-intuitive
fashion.136 One study examining this phenomenon
found no patient characteristics to predict responders
and suggested that a trial of PEEP be used to observe
its effect in patients with high plateau pressures.137 A
reasonable strategy may be to start with little to no
PEEP, then gradually increase the PEEP and observe
the resultant response in plateau pressure.
Achieving the above physiologic goals may be
difficult and may require very low tidal volumes,
respiratory rates, and/or additional patient sedation or
paralysis. Although it may be necessary to paralyze
a patient to ventilate them, long-acting paralytics
should be used with extreme caution as they may,
in conjunction with steroid-induced myopathy,
cause long-term respiratory muscle dysfunction and
ventilator dependence.138
Additionally, aggressive medical therapy should
be continued after intubation, with the use of in-line
bronchodilator therapy, intravenous antibiotics, and
steroids.

embolism (PE) prevalence estimates vary by study
population and methodology, ranging from 3% in
unselected patients admitted to the floor for acute
exacerbation139 to 25% in patients for whom no apparent
etiology for their exacerbation could be found.140 One
large study of ICU patients found a prevalence of deep
venous thrombosis of 11%.141 Other smaller studies
have also found similar rates.142,143
A recent Swiss study prospectively examined
the incidence of PE in patients requiring admission
for COPD exacerbation.139 From an initial group of
521 patients, 385 patients were excluded for having
an obvious cause of dyspnea such as pneumonia or
pulmonary edema, already being on anticoagulation
therapy, renal insufficiency, or a requirement for
assisted ventilation. Of the 123 patients remaining,
all received a standardized evaluation including chest
x-ray, ECG, and ABG. After this preliminary evaluation,
the treating clinician was asked to decide whether
or not they believed that further evaluation for PE
was warranted. All patients were then further tested
with a d-dimer assay, lower extremity ultrasound,
and CT pulmonary angiogram. In those patients
where the attending physician believed that further
evaluation was indicated, 6.2% (95% confidence interval,
2.3%–17%) received a final diagnosis of PE after this
standardized work-up. In patients for whom the
clinician felt further workup was not necessary, 1.3%
(95% confidence interval, 0.3%–7.1%) were diagnosed
with PE. The authors interpreted these data as
supporting a more selective strategy for PE evaluation
in patients presenting with COPD exacerbation.
Although this study has many advantages, such as
its “real-life” approach looking at an undifferentiated
population presenting to an ED, the large number of
patients excluded from the analysis, the use of nonpatient oriented outcomes, and the large overlap in the
confidence intervals of patients eventually diagnosed
with PE limit its applicability to clinical practice.
The GOLD consensus guidelines state that “a low
systolic blood pressure and an inability to increase the

Special Circumstances

Are Patients With COPD Exacerbation At Especially High Table 8. Post-Intubation Troubleshooting
Problem
Interventions To Consider
Risk Of Thromboembolic Disease?
As with many of the other relevant clinical questions,
the data available on this question is often of
questionable validity for the ED patient. Pulmonary
Table 7. Initial Ventilator Settings For The Intubated COPD
Patient
Mode: Assist control
Respiratory rate: 10/min
Tidal volume: 6–8 mL/kg ideal body weight
PEEP: 5 mm Hg
FiO2: 1.0
ABG in 15–20 minutes
Allow hypoventilation/permissive hypercapnia to a pH as low as
7.20
Continue aggressive medical management
Avoid air trapping: high flows between 80 and 100 L/min
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High plateau pressure?

•
•
•
•

Consider pneumothorax
Increase inspiratory flow rate
Decrease I:E ratio
Perform trial of gradually increasing
PEEP
• Sedate patient as needed to facilitate
ventilation

Persistent hypoxia?

• Aggressive suctioning
• Ensure proper tube placement
• Consider pneumothorax

Hypotension?

• Decrease I:E ratio
• Provide fluid resuscitation
• Consider pneumothorax

PEA arrest?

• General ACLS measures
• Disconnect ET tube and apply
manual pressure to chest
• Place bilateral chest tubes
• Provide fluid resuscitation
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Clinical Pathway: Diagnostic Evaluation Of COPD Exacerbation

History suggestive of underlying COPD?
Known COPD
Advanced age
Smoking or compatible occupational history
“Chronic asthma”
YES

NO

Consider alternative diagnosis

Is this an exacerbation?
• Increased dyspnea and/or cough
• Increased sputum production
• Increased sputum purulence

NO

Always keep in mind differential of
alternative or comorbid diagnoses:

YES

Pneumonia
Decompensated heart failure
Asthma
Myocardial infarction
Pneumothorax
Pulmonary embolism
Lobar atelectasis
Pericardial effusion

Assess severity of exacerbation:
Does the patient appear clinically ill? Are
vital signs abnormal? Are there high risk
features present?
• History of frequent exacerbations or
relapse from recent exacerbation
• On home oxygen
• Advanced age
• FEV1 ≤ 50% of predicted (Table 1)
NO

YES

Mild exacerbation

Moderate to severe exacerbation

May consider discharge if responds
promptly to ED therapy

Diagnostic evaluation:
Chest x-ray (Class II)
ECG (Class III)
Complete blood count, electrolytes (Class III)
BNP (Class III)
Other studies as clinically indicated
Treat aggressively

The evidence for recommendations is graded using the following scale. For complete definitions, see back page. Class I: Definitely recommended.
Definitive, excellent evidence provides support. Class II: Acceptable and useful. Good evidence provides support. Class III: May be acceptable,
possibly useful. Fair-to-good evidence provides support. Class Indeterminate: Continuing area of research.
This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s
individual needs. Failure to comply with this pathway does not represent a breach of the standard of care.
Copyright © 2008 EB Practice, LLC. 1-800-249-5770. No part of this publication may be reproduced in any format without written consent of EB
Practice, LLC.
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Clinical Pathway: Therapeutic Management Of COPD Exacerbation

Primary survey: ABCs
Vital signs
Oxygenation
Work of breathing
Mental status
Patient in respiratory distress or
imminent respiratory failure?
NO

YES

Focused history and physical
monitoring
Pulse oximetry < 88%?

Contraindication to noninvasive positive pressure
ventilation (NPPV)?

YES

NO

YES

NO

NPPV (Class I)
Aggressive
medical
management

Supplemental oxygen
via nasal cannulae
(Class III)
Pulse oximetry < 88%?
NO

YES

Oxygen via Venturi
mask, titrate to O2
sat 88%–92%
(Class III)

Aggressive medical
management:
Bronchodilators (Class I)
Steroids (Class I)
Antibiotics if increased sputum
volume or purulence (Class I-II)

Intubate

Post intubation
management:
Low rate
Low tidal volume
Permissive
hypercapnia
Continue aggressive
medical therapy

ED observation

Reevaluate:
good clinical
response?

YES

Safe to discharge?
• Good follow up
• Reliable patient
• Good social support

YES

Discharge home with:
Bronchodilators
Oral steroids
Antibiotics if indicated

NO
NO

Consider ABG
Consider NPPV
Continue
aggressive medical
therapy
Further
observation

Good clinical
response?

YES

Admit to medical ward

NO

Admit to monitored setting/ICU

The evidence for recommendations is graded using the following scale. For complete definitions, see back page. Class I: Definitely recommended.
Definitive, excellent evidence provides support. Class II: Acceptable and useful. Good evidence provides support. Class III: May be acceptable,
possibly useful. Fair-to-good evidence provides support. Class Indeterminate: Continuing area of research.
This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s
individual needs. Failure to comply with this pathway does not represent a breach of the standard of care.
Copyright © 2008 EB Practice, LLC. 1-800-249-5770. No part of this publication may be reproduced in any format without written consent of EB
Practice, LLC.
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PaO2 above 8.0 kPa (60 mm Hg) despite high-flow
oxygen also suggest pulmonary embolism. If there are
strong indications that PE has occurred, it is best to
treat for this along with the exacerbation.”1 Although
empiric treatment for PE may be appropriate in
patients who meet these criteria, we could not find
data to directly support this approach. Moreover, the
use of readily available bedside diagnostic modalities
(such as transthoracic echocardiography) may help
to confirm the diagnosis of a hemodynamically
significant PE, reducing the risk of potentially
dangerous empiric therapy if it is not truly indicated,
especially when fibrinolytic agents are being
considered.
In summary, the diagnosis of thromboembolic
disease in the setting of COPD remains difficult and
further research is needed to guide decision making.
Because of its significant incidence and specific
treatment, it remains an important consideration. In
the absence of a validated diagnostic methodology
specific to patients with COPD, using one of the
many published evaluation strategies for PE in the
undifferentiated patient with dyspnea is appropriate.

degrades elastin and other connective tissue elements.
Patients with a genetic lack of alpha-1 antitrypsin have
unopposed neutrophil elastase activity, resulting in
destruction of the connective tissue architecture of the
lung and emphysema. The most common clinically
significant mutation is the Z allele. This mutation is
most common in patients of northern European descent,
but it is found worldwide. Patients homozygous for
the Z allele account for 95% of clinically significant
disease, and these patients are at risk for development
of emphysema and COPD at an unusually young age:
in the fourth or fifth decade and even earlier in smokers.
Because the mutation prevents hepatic secretion of the
defective protein into the blood, intracellular buildup
can also cause liver disease and cirrhosis.
Current estimates are that 2%–3% of patients
with COPD have alpha-1 antitrypsin deficiency as
an underlying or contributory cause. Although
attempts have been made to slow lung function
decline in AAT patients by replacing the deficient
enzyme with intravenous infusions of purified
human alpha-1 antitrypsin, these efforts have been
met with only modest success at a high cost.151 Due
to these difficulties, screening for the presence of
the mutation has questionable benefit, and it is
currently recommended only for patients who develop
emphysema at a young age.1

Theophylline
Although becoming increasingly uncommon, there
are still some patients who use oral theophylline for
maintenance therapy of their COPD. Theophylline
is a methylxanthine, in the same class as caffeine.
It is highly protein-bound, has a small volume of
distribution, and is extensively metabolized by the
cytochrome P450 system. Serum levels correlate
poorly with the dosing history144 and can vary
widely due to drug interactions or concomitant liver
disease. Therapeutic levels are generally regarded as
being between 10 mcg/mL and 20 mcg/mL; however,
theophylline has a narrow therapeutic index. Toxic
effects begin even within the traditional therapeutic
range, and the incidence of serious toxic effects
correlates poorly with serum levels.145
The most common toxic effects are nausea
and vomiting, and the most serious are electrolyte
abnormalities, seizures, and dysrhythmias.
Theophylline predisposes to a wide range of atrial
and ventricular dysrhythmias, ranging from sinus
tachycardia or occasional PVCs to atrial fibrillation,
multifocal atrial tachycardia, and life-threatening
ventricular arrhthmias.146-150 Treatment includes
correction of electrolyte abnormalities, supportive
care, and hemodialysis or hemoperfusion for lifethreatening toxicity. Due to the lack of evidence
for benefit and the potential toxicities, it is not
recommended that methylxanthines be initiated in
patients presenting to the emergency department.

End Of Life Concerns
End-stage COPD can pose special challenges. As with
other terminal illnesses, patient autonomy is of utmost
importance, and patients’ wishes must be respected.
However, it is difficult to determine when “very severe”
COPD transitions into “end-stage” COPD— patients
may live for years with chronic respiratory failure, and a
large proportion of patients die of related comorbidities
rather than respiratory failure.
Decisions regarding goals of care are best made
collaboratively with patients, their families, and all of
the members of the health care team. Such decisions
should take into account the risks and discomforts
of aggressive supportive care, such as prolonged
invasive ventilation and/or tracheostomy. Ideally these
decisions should be made during a time of stability.
Unfortunately, these issues are often first considered
in the setting of impending respiratory failure in the
emergency department. Under such circumstances, the
above considerations still apply: when patient wishes
have been clearly expressed and documented, every
effort should be made to honor them. However, in the
absence of clear directives, the clinician must err on the
side of aggressive treatment until further information is
available.
As with any discussion of patient treatment
preferences, it is important to make a distinction
between Do Not Resuscitate (DNR) orders and end
of life care preferences. Patients and providers alike
frequently confuse these very different concepts. DNR
orders specifically refer to what interventions a patient

Alpha-1 Antitrypsin Deficiency
Alpha-1 antitrypsin (AAT) is a protein synthesized by
the liver and respiratory epithelium. It inhibits human
neutrophil elastase, a serine protease that normally
Emergency Medicine Practice © 2008
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wishes to be undertaken to interrupt or reverse death
in the event of a deterioration of condition that may
be sudden or unexpected. End of life care preferences
determine the acceptability of therapies and the goals
of care in the context of terminal illness or severely
reduced quality of life.
When it is determined that symptom palliation is
the primary goal of care, it is important to remember
the usefulness of opiates in reducing the tremendous
discomfort of dyspnea. Although most studies that
have examined opioid treatment for dyspnea have
employed small numbers of patients, a meta-analysis
showed benefit as compared with placebo, with only
minor effects on gas exchange and respiratory drive.152
The analysis showed that both oral and parenteral
opiates were effective, but nebulized opiates were
not. The precise dosing is unknown, but the relatively
rapid onset of most opiates makes a strategy of starting
with a modest dose and titrating up as necessary most
practical. Benzodiazepines may also be used to treat
anxiety.153 It is also important to remember to prevent
or treat the nausea and constipation caused by opiates.

Controversies/Cutting Edge
Oxygen Therapy
Although there is no doubt that prevention of
hypoxia is of paramount importance, it has long
been recognized that administration of high oxygen
concentrations to COPD patients sometimes
induces or worsens hypercapnia and may result
in respiratory acidosis, CO2 narcosis, and clinical
deterioration. However, the pathophysiologic
mechanisms underlying this phenomenon and its
clinical significance remain contentious. Suppression
of hypoxic respiratory drive and release of hypoxic
mediators of vasoconstriction (leading to worsened
ventilation/perfusion mismatch) are the two main
mechanisms believed to account for this phenomenon,
although others have been postulated. Studies
trying to determine which is the dominant factor are
conflicting,154-157 and they have used varying methods
and patient populations, making it difficult to draw
firm conclusions. Additionally, only a subset of COPD
patients are at risk of developing oxygen-induced
hypercapnia, but no reliable method of identifying
these patients has been uncovered. Conversely, some
patients will progress to hypercapnic respiratory
failure regardless of oxygen administration.158
Currently, the solution to this dilemma is to
use just enough oxygen therapy to avoid critical
hypoxia, while also avoiding delivery of higher
oxygen concentrations than are absolutely necessary.
Observational data suggests that a target oxygen
saturation level in the range of 88%–92% may help
avoid inducing further respiratory acidosis.39 This
target is also near the “flat” part of the oxygen/
hemoglobin dissociation curve, where increased partial
November 2008 • EBMedicine.net
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pressures of oxygen result in marginally smaller
benefits.
The most common methods to achieve this goal
are through the use of low-flow devices (such as nasal
cannulae) or through high-flow devices that allow
for tighter regulatory of FiO2 (such as Venturi masks).
Oxygen delivery by low-flow devices is dependent on a
patient’s minute volume, with hyperventilating patients
receiving a lower fraction of inspired oxygen. In theory,
high-flow devices achieve a more reliable FiO2 in the
face of patient hyperventilation. There is some data to
support this concept,159 although it is unknown whether
there are associated clinical benefits. More specific
recommendations, especially for identifying those
patients who are most at risk of suffering harm from
oxygen therapy, await further research and controlled
trials.

Alternatives To Arterial Blood Gases
Although arterial blood gas analysis is performed
less frequently in the ED, there are still situations
where the information provided is useful. Because
of the discomfort and complications associated with
the procedure, there has been a search for alternative
methods of making these measurements, with
incomplete success.
The relationship between venous blood gas (VBG)
measurements and their arterial counterparts has been
studied. Although studies in mechanically-ventilated
ICU patients160 and in COPD-exacerbation patients161
have derived equations for predicting ABG values from
VBG values, these results are single center specific,
and most have not been validated. A well-designed
Australian study found that venous samples could be
used to reliably estimate arterial values of pH but not
pCO2.162 In a later validation study at the same center,
it was estimated that approximately 30% of ABGs could
be avoided by using a venous pCO2 of 45 mm Hg as
a cut-off value for ruling out hypercarbia (defined as
pCO2 > 50 mm Hg).163
Other methods of measuring blood gases have also
been studied. Sampling of capillary blood from the
earlobe has been shown to have satisfactory correlation
with blood gas values in patients presenting with
COPD exacerbation,164 although this method requires
placement of a vasodilatory paste on the earlobe
for 10 minutes prior to sampling, and there is some
question whether earlobe puncture is significantly less
painful than radial artery sampling. Transcutaneous
monitoring of pCO2 has also been shown to correlate
well with ABG values in a study of hospitalized patients
over age 65165 and in patients undergoing non-invasive
ventilation for COPD exacerbation.166
These alternative methods of blood-gas
measurement are subject to the same limitations as
traditional measurements from arterial puncture; they
cannot be interpreted separately from the other clinical
data available.
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reflexes. A recent randomized controlled trial evaluated
this technique; 39 patients with COPD exacerbation who
had failed non-invasive ventilation were randomized
to traditional endotracheal intubation or transtracheal
open ventilation.168 The transtracheal ventilation group
had similar blood gas values after randomization, but
they had significantly decreased complication rates and
lengths of stay in the ICU.

Capnography
Continuous monitoring of exhaled carbon dioxide
(capnography), long a standard of care during
operating room anesthesia, is becoming more
commonplace in the emergency department for a
variety of uses. Most commonly, it is used to confirm
tracheal intubation and to guide cardiopulmonary
resuscitation. Emerging uses include monitoring
during procedural sedation as well as for diagnostic
purposes. Aside from the obvious implications
for airway management in patients who require
intubation, capnography has potential for diagnostic
utility in COPD patients.167
Bronchospasm and airway obstruction cause a
delay in the exhalation of CO2 rich alveolar air that
changes the capnography tracing in characteristic
ways (Figure 2). Unfortunately, at the moment, this
diagnostic potential is limited to qualitative pattern
recognition by the emergency physician, since a
quantitative system to analyze the capnographic
tracing (analogous to ECG definitions such as waves
and intervals) has not been developed.
While it may seem that end-tidal CO2 may also
have application as a non-invasive proxy for the
measurement of arterial carbon dioxide tension, the
gradient between PaCO2 and end-tidal CO2, which
is very small in normal subjects, may be increased in
patients with lung disease. Thus, the measured endtidal CO2 may be falsely reassuring in precisely those
patients whose gas exchange is the most impaired.

Ultrasound
Bedside ultrasound in the emergency department has
been increasingly used to diagnose pneumothorax
in patients with both medical and traumatic
presentations. Ultrasound in this setting has excellent
test characteristics, with very high sensitivity and
specificity. However, until recently, the possible effect
that structural lung disease and emphysema may have
on diagnosis of pneumothorax had not been studied. A
2006 study of 41 patients, 9 of whom had pneumothorax
and 18 of whom had COPD, found that the presence of
COPD increased the false-positive rate.169 Although this
study involved a relatively small number of patients,
it suggests that ultrasound continues to be an effective
tool for ruling out pneumothorax in COPD patients, but
positive results should be confirmed by other diagnostic
modalities before therapy is instituted.

Biomarker-Guided Therapy

Transtracheal Open Ventilation
Due to its associated complications, such as
ventilator-associated pneumonia and paralysisassociated neuromuscular dysfunction, alternatives to
endotracheal intubation have been investigated. One
promising method is transtracheal open ventilation,
where a small cuffless tracheostomy tube is placed
within the trachea and the patient is ventilated using
high pressure-support settings. This allows the patient
to remain awake and preserve their airway protective
Figure 2. End Tidal Capnography Tracings
Normal capnography tracing:
Expiratory phase
40

CO2

0
Inspiratory phase

Time

Capnography tracing in bronchospasm and obstruction—note the
blunted upslope at the beginning of exhalation due to expiratory
airflow limitation
Expiratory phase

40

CO2

0
Inspiratory phase

Time
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Several biomarkers are being investigated as tools
to aid in the diagnosis and management of COPD
exacerbations.
Procalcitonin is a precursor of calcitonin, a hormone
released by neuroendocrine cells in the thyroid gland.170
Serum levels of procalcitonin have been found to
increase in response to systemic inflammation, but they
are suppressed by cytokines that are released during
viral infection. Because of these properties, it has
been investigated as a marker of bacterial infection. A
recent partially-blinded controlled trial randomized 208
patients presenting with COPD exacerbation to either
standard care or to procalcitonin testing, with high or
low serum levels “encouraging” or “discouraging”
antibiotic therapy. The patients in the intervention
group were prescribed antibiotics 44% less frequently
than the control group, with no rebound effect at
6-month follow up and no significant difference in
clinical outcomes.171
Other studies have looked at the diagnostic and
prognostic value of other sputum and serum markers.
Measurement of inflammatory cytokines in sputum
samples during an exacerbation has been found to
be predictive of the etiology as being either due to
viruses, Pseudomonas aeruginosa, or non-pseudomonas
bacteria.172 Persistent elevations of serum inflammatory
markers has been associated with risk of recurrent
exacerbation.173 Another study suggests that copeptin, a
precursor to vasopressin, may be useful as a prognostic
marker during COPD exacerbations.174 Although these
results have yet to be validated, and many of these
EBMedicine.net • November 2008

assays are not widely available, these are promising
areas for future research.

Although the concept of “hospital at home” is
specifically intended to avoid admission, it shares
many of the same components and selection issues that
apply to “early discharge” programs that are intended
to shorten inpatient stays for COPD exacerbation
patients by providing structured early discharge
criteria and appropriate home care. Some authors do
not make a distinction between hospital at home and
early discharge programs, making it difficult to make
recommendations that specifically apply to emergency
department decision making.
Naturally, these programs are very dependent on
local resources and conditions, and they require certain
financial and social support structures to be in place.
Nearly all of the relevant research has been conducted
in countries with socialized medical care and universal
coverage; therefore, the results may not be entirely
applicable to other systems.

Glycemic Control
Previous work has shown an association between
hyperglycemia and poor outcomes in critically
ill patients with a variety of medical and surgical
conditions, and a recent observational study has
found a similar association among COPD patients,
independent of prior diagnoses of diabetes mellitus.57
Prospective studies evaluating the clinical benefit of
tight glycemic control have yet to be conducted in
COPD exacerbations.

Hospital At Home
“Hospital at home” is an emerging management
strategy for COPD exacerbations; it is intended to
provide care at home via specially trained visiting
nurses. Ideally, this provides the advantages of
allowing the patient to remain in a familiar and
comfortable environment, while avoiding the high
costs of inpatient hospital stays.
Several studies, including a 2003 Cochrane
systematic review, have found that well-designed
hospital-at-home programs do not increase the
hospital readmission rate or mortality, and most
patients who are treated at home express a preference
for such care.175-180 Data suggest that approximately
25%–30% of patients evaluated meet inclusion criteria
for these programs.175,181 Two studies found that
overall costs were lower for patients in the hospital-athome group.177
A key component to any system of providing
care at home for COPD exacerbations is patient
selection. Most studies employed strict selection
criteria designed to limit patients to those with fairly
mild, uncomplicated exacerbations. Common criteria
include:
• Normal mental status
• Absence of acidemia
• Absence of significant comorbid conditions
• Absence of chest x-ray changes
• No need for additional supplemental oxygen
(beyond what the patient normally employs at
home)
• Stable social support at home

Disposition
Outpatient Versus Inpatient Care
Over the years, many studies have attempted to
identify prognostic factors in acute exacerbations of
COPD. Interpretation of this data is made difficult by
the variety of populations (unselected, medical ward,
specialty ward, ICU, or some combination of these)
and outcomes (short-term or long-term) studied as well
as varying methodological quality. COPD research
still awaits a robust decision rule to help risk stratify
patients and guide disposition and management, similar
to the tools available for pneumonia patients. One such
rule was developed for COPD exacerbations in the
1990s, but it was only able to identify 57% of patients
who would relapse in 48 hours.182
Among studies examining short term outcomes
such as mortality or relapse, the most consistently
identified prognostic factor is age.12,183-187 Other studies
have identified a wide variety of additional prognostic
factors, including markers of respiratory dysfunction
or severity of underlying COPD,46,185,186,188-191 severity of
exacerbation,184,192-194 history of frequent exacerbations
or relapse after exacerbation,182,195,196 presence or
severity of comorbidities,12,185-187,192 or poor general
health or functional status.194 However, many of these
measurements are inconsistent from study to study, and
none have been prospectively validated for use in risk
stratification.
The Global Initiative for Chronic Obstructive Lung
Disease (GOLD) and ATS/ERS guidelines for disposition
are shown in Table 9. Of note, one recent study has
found that there is a high level of concordance between
the consensus guidelines and clinical practice in EDs in
the U.S. and Canada.197

It is important to note that, although the relapse/
readmission rate is not increased by the use of
hospital-at-home services, up to 10% of patients sent
home for treatment of an exacerbation will require
readmission before the resolution of the exacerbation.
Thus, although hospital at home programs will reduce
the number of admissions for carefully selected
patients, it is important for both care providers and
patients to understand that there is still a significant
chance that they may require admission in the near
term.
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Patients Who Are Going Home
Patients discharged home should receive a short course
of oral steroids and antibiotics (for those with an in19
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crease in sputum volume or purulence) in addition to
their maintenance medications (Table 10). If a patient
has not had pneumococcal or influenza vaccination,
these should be administered as well. Although they
have not been shown to have any effect on mortality,
there is some evidence that they may reduce the incidence of pneumonia and infective exacerbations, and
they have minimal side effects.198-201
Patients who smoke should be informed that
quitting is one of the most effective things they
can do to improve the course of their disease, and
they should be offered smoking cessation resources
upon discharge. Although emergency department
interventions have not been shown to have a
high efficacy, the American College of Emergency
Physicians has developed a guideline recommending
universal screening and brief interventions to help
patients quit.202

concomitant coronary artery disease or due to antiinflammatory effects (or a combination of both) is
unknown, and these results have yet to be prospectively
validated. However, it makes sense that, given the
common risk factors and high rates of comorbidity,
aggressive cardiac risk-factor modification should be
undertaken for COPD patients just the same as is done
for patients being evaluated for chest pain or active
coronary disease.

Discharge Checklist
• Ensure that there is a stable home environment/
support or good independent functional status
• Ensure availability of close primary physician
follow up—within several days
• Provide antibiotics, short-course oral steroids, and
short-acting bronchodilators as indicated for current
exacerbation
• Ensure that patients with moderate to severe
diseases have an inhaled long-acting bronchodilator
and inhaled steroids
• Provide influenza and pneumococcal vaccines as
indicated
• Provide brief smoking-cessation intervention

Additional Disposition Considerations
A recent large, well-designed trial in patients with
moderate to severe COPD (FEV1 < 60% of predicted)
has shown that combination therapy consisting of
an inhaled long-acting bronchodilator and inhaled
steroid reduces exacerbation frequency and improves
symptoms, although it does not reduce mortality.203
Another large study also found that treatment with
inhaled steroids reduces exacerbation frequency in
patients with severe COPD.204 This data supports
current consensus guidelines, which recommend
long acting inhaled bronchodilators for patients with
moderate to severe disease (FEV1 < 80% of predicted)
and inhaled steroids for patients with severe disease
(FEV1 < 50% of predicted).1 Additionally, all patients
should have a short-acting inhaled bronchodilator
to use as needed (analogous to a rescue inhaler for
asthma patients).
One recent retrospective study suggested that
statins may reduce mortality in COPD patients.205
Whether this is due to reduced mortality from

Summary
Compared to other major cardiopulmonary illnesses of
similar prevalence and morbidity, our understanding
of chronic obstructive pulmonary disease is in relative
infancy. With the current renaissance of investigation
into its pathophysiology and management, we can
expect and hope for continued advances that will help
our patients live longer and more full lives. As this
article has shown, there is already much we can do for
these patients to help them feel better, to help them
live longer, and to dispel the notion that COPD is an
untreatable illness.

Case Conclusions

Table 9. Indications For Hospital Admission

Patient 1: While simultaneously starting nebulized
bronchodilators and steroids for the 57-year-old male, you call
for chest x-ray and BiPAP. Although it takes a few minutes
for respiratory therapy to set things up, the patient responds
well to therapy and begins to turn around. An hour after
arrival, he is tolerating BiPAP well and appears much more
comfortable. His venous blood gas shows only mild acidosis
and hyponatremia. His chest x-ray is unremarkable, but he
describes a marked change in the quality of his sputum over
the past several days, so you start antibiotics. After several
hours of observation, you feel comfortable admitting him to
the medicine ward.
Patient 2: Given her age, comorbidities, and the unclear
clinical circumstances, you treat the 78-year-old female
aggressively for both decompensated COPD and heart
failure. You forgo the BNP, since it would be unlikely to
change your clinical management. You give her aspirin,

• Older age
• Significantly worsened symptoms (e.g., dyspnea)
• Significantly worsened signs: respiratory distress, tachypnea,
cyanosis, peripheral edema
• Severe underlying COPD, which may be assessed by
— Recent spirometry or pack-years smoked as a surrogate
marker
— Use of home oxygen
• Failure to respond to initial therapy
• Failure to respond to recent outpatient intervention or history of
relapse after exacerbation
• Presence of significant comorbidities (e.g., new onset
dysrhythmia, heart failure, diabetes)
• Uncertain diagnosis
• Lack of home support, inability to care for self, and poor
functional status
Indications for ICU/monitored setting admission:
• Intubation
• Severe dyspnea that does not improve with initial therapy
• Altered level of consciousness
• Refractory respiratory failure (PaO2 < 40 mm Hg or PaCO2 > 60
mm Hg) or acidemia (pH < 7.25)
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Risk Management Pitfalls For COPD
1.

“His history didn’t include COPD.”

6.

Aside from patients who may not know their
medical history or who do not receive regular
medical care, the confusing array of terminology
associated with COPD may result in patients
not knowing their diagnosis. COPD should be
suspected in patients with a history of smoking
or other particulate exposure in middle-aged
or elderly patients, chronic poorly controlled
“asthma,” and clinical findings such as wheezing
or responsiveness to bronchodilators.
2.

Permissive hypercapnia is an effective strategy to
maintain oxygenation while avoiding iatrogenic
VILI. While it can be very uncomfortable to leave a
patient at a pH of 7.20, carbon dioxide narcosis is no
longer of concern once a patient is intubated, and
the mild acidemia does not appear to be of clinical
consequence.
7.

“I didn’t hear any wheeze.”

8.

“I didn’t give inhaled bronchodilators because
he was so tachycardic.”

9.

“I thought the rule about giving too much oxygen
is just for internists on the ward.”
For reasons that remain contentious and
poorly understood, some patients will develop
worsened hypercapnic respiratory failure in the
face of hyperoxia. We currently have no way
of identifying which patients will develop this
response. In the absence of a compelling argument
in favor of hyperoxia, the prudent approach is to
give no more oxygen than is necessary to achieve
an SaO2 in the range of 88%–92%.

5.

“His ABG didn’t indicate that he required
intubation,” or the closely related “His pulse-ox
was just fine until…”

“But it looked like a pneumothorax on CXR!”
Underlying structural lung disease can confound
radiographic diagnosis of pneumothorax, especially
in a patient who is already at risk for the same
and may have hypoxic respiratory failure and/
or decreased breath sounds. If the suspected
pneumothorax does not have the classical contour
on chest x-ray or if obviously severe bullous
abnormalities are visible, it may be necessary to
obtain a CT to confirm that it is not a bleb to avoid
unnecessary and possibly dangerous interventions.

10. “The nurses kept asking for more paralytics to
keep the vent from alarming and to keep the
patient still.”
Although paralytics may be necessary to ventilate
a patient initially after intubation, there are many
pitfalls to their use, including the possibility of
paralysis without adequate sedation and analgesia
as well as long-term neuromuscular dysfunction
and ventilator dependence. Analgesia and sedation
(e.g., benzodiazepines and opioids) are preferred
whenever possible to keep the patient comfortable
and in-sync with the ventilator.

Numeric values may be deceptive, especially in
the COPD patient, who may have striking and
unpredictable abnormalities at baseline and even
more so when acutely decompensated. Therefore,
it is of paramount importance that decisions
regarding airway management and aggressive
management be based on integration of the overall
clinical picture rather than one or two laboratory
or monitoring values.
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“Even intubation didn’t help.”
While adjusting ventilator settings, finding an
ICU bed, and managing a busy ED, it is easy to
forget to continue aggressive medical management
even after securing an airway. In-line nebulized
bronchodilators, antibiotics, steroids, and
management of comorbid conditions must continue
post-intubation.

Although tachycardia may be a side effect of
inhaled bronchodilators, it is rarely if ever
hemodynamically significant, and hemodynamic
compromise is of secondary concern if respiratory
failure is untreated (“B comes before C”).
4.

“I needled the chest after the breath sounds
decreased, but he coded anyway.”
Needle thoracostomy is insufficient therapy for
pneumothorax in the setting of positive pressure
ventilation—chest tube placement is mandatory.

Even though it seems obvious and is considered
a novice mistake, the paradox of decreased
breath sounds in patients who have such severe
obstruction that they are unable to move air may
trip up even experienced clinicians when coupled
with diagnostic uncertainty or clinical complexity.
3.

“I adjusted the ventilator to weight-appropriate
settings.”
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nitrates, bronchodilators, steroids, and antibiotics. She has
been largely sedentary and has normal renal function, so
you order a CT angiogram of her chest. Meanwhile, she
reports that the bronchodilators and nitrates have made her
breathing feel better. After confirming that the CT shows
no pulmonary emboli, you admit the patient to a telemetrymonitored bed where she can continue to have serial
troponins drawn.

ICU admission are so expensive. Be aggressive
with the use of non-invasive positive pressure
ventilation—use early and often.
Risk Management Caveat: Remember the
contraindications to NPPV: it is not for patients who
are not breathing spontaneously or protecting their
airway or who are hemodynamically unstable.
3.

Key Points

Vaccinate.
Although the supporting data for routine
vaccination in COPD patients is not as robust as
for vaccination of elderly patients in general, there
is some evidence that influenza and pneumococcal
vaccines reduces the frequency of exacerbations.
Given the low cost of this intervention, even a
modest reduction in the number of exacerbations
would make vaccination cost effective.

• Although it is a frequently encountered entity,
COPD should not be underestimated in its
complexity and clinical impact.
• The differential diagnosis of COPD exacerbation
includes some serious diagnoses and no easy
exclusions. Keep these in mind!
• A, B, and C: Antibiotics, Bronchodilators, and
4. Help patients quit smoking.
Corticosteroids are the mainstays of medical
The cost-saving benefits of COPD prevention are
therapy.
simultaneously the most difficult to measure and
• Since there is no clinical difference between routes
possibly the most effective. Although smokingof administration for bronchodilators, use what is
cessation interventions in the ED by themselves
most practical (cost, ease of use).
have a low success rate, they are low cost and
• Think early institution of NPPV and be liberal
are recommended by several leading emergency
with its use—it is one of our most effective
medicine organizations.
therapies for avoiding intubation and bad
outcomes.
• Don’t let numbers—ABG, BNP, pulse-ox,
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CME Questions
1.

2.

3.

4.

5.

Which of the following is a risk factor for
development of COPD?
a. Exposure to airborne particulate matter
b. Low fiber diet
c. Obesity
d. Family history
What is believed to cause most COPD
exacerbations?
a. Relative adrenal insufficiency
b. Myocardial ischemia
c. Surfactant depletion
d. Respiratory tract infection
Which of the following is associated with poor
prognosis in the patient presenting with COPD
exacerbation?
a. Smoking history
b. Decreased body mass index
c. Female gender
d. Caucasian race
The dominant physiologic abnormality believed
to correlate with worsened dyspnea during an
exacerbation is:
a. FEV1
b. Dynamic hyperinflation
c. Increased vital capacity
d. Increased FEV1/FVC
What is the approximate target oxygen saturation
level for a COPD patient?
a. 75%–80%
b. 80%–85%
c. 88%–92%
d. 98%–100%
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10.

11.

12.

13.

14.

27

Which of the following tests is indicated in most
patients who present to the emergency department
for COPD exacerbation?
a. Blood cultures
b. Arterial blood gas sampling
c. Sputum gram stain and culture
d. Chest x-ray
Which of the following DVT/pulmonary
embolism testing modalities has significantly
degraded performance in COPD patients?
a. Ventilation perfusion scanning
b. D-dimer
c. CT angiography
d. Angiography
Which of the following therapies is considered
second-line for COPD exacerbation?
a. Inhaled beta-agonists
b. Intravenous methylxanthines
c. Oral steroids
d. Inhaled anticholinergics
What is the most common adverse effect of
corticosteroid administration?
a. Psychosis
b. Urinary retention
c. Hyperglycemia
d. Tachycardia
Antibiotics should be administered in a patient
who presents with:
a. Increased fatigue
b. Dehydration
c. Wheezing
d. Increased sputum purulence
Which of the following is a contraindication to the
use of non-invasive positive pressure ventilation?
a. Significant respiratory distress
b. Obtundation
c. Pulmonary edema
d. PaCO2 > 45
When should non-invasive positive pressure
ventilation be initiated in an awake patient with
moderate to severe COPD exacerbation?
a. After unsatisfactory response to medical therapy
b. Just prior to intubation
c. As soon as possible
d. After pneumonia has been ruled out
Which of the following is a likely cause of
hypotension immediately after intubation?
a. Overzealous bag-valve-mask ventilation
b. Gastric distention
c. Pulmonary embolism
d. Septic shock
What is the appropriate response to PEA arrest
following intubation of a COPD patient?
a. Defibrillation
b. Pericardiocentesis
c. Intravenous tPA
d. Disconnection of the ET tube, bilateral tube
thoracostomy
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Coming In Future Issues
Hypothermia
Severe TBI
Cervical Spine Injuries
STDs

Errata: Volume 10, Number 7
In the August 2008 article, “Ventilator Management: Maximizing
Outcomes In Caring For Asthma, COPD, and Pulmonary Edema,” the
information below was incorrect. We regret any confusion this may
have caused.
• Page 8, Figure 10: “I-time too short” should be “E-time too
short.”
• Page 15, Figure 12: “Low compliance and decreased change in
volume/pressure” should be at the very top of the curve.
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• Occasionally positive results

Class Indeterminate
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Significantly modified from: The
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