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The case 

Peter, a 26-year-old man with chronic, poorly controlled
asthma, presents to a walk-in clinic reporting increasing
asthma symptoms over a period of one week. He has been
needing up to 20 puffs of salbutamol per day. An acute
exacerbation of asthma is diagnosed, and the patient is
immediately referred to the emergency department.

Acute asthma is a common medical emergency,
which, despite repeated review1−6 and the publica-
tion of international7 and national8 guidelines,

including the Canadian Asthma Consensus Guidelines,9–11

often remains poorly managed.12−20 Although there are some
signs that evidence-based management of this disorder is
improving,17,21−23 a recent survey of the management of
asthma in children and adults in the emergency department
revealed wide variations in care and substantial gaps in
management in certain key areas.19 These included poor
adherence to published guidelines on the management of
asthma, infrequent measurement of peak expiratory flow,
infrequent use of systemic cortico steroids and poor rates of
referral to asthma educational  services.

Exacerbations of asthma account for about 25% of the
total costs of asthma care in Canada.24 Most exacerbations
treated in the emergency department resolve within two hours
after presentation. Only about 6%–13% of affected patients
require admission to hospital,17,25 and far fewer require admis-
sion to a critical care unit.

The most common triggers of exacerbations are viral
infections and environmental allergens. Exposures in the
workplace (to allergens, sensitizers or irritants) can also trig-
ger exacerbations.26 The onset and duration of symptoms and
the worsening of airflow obstruction before presentation are
variable, but these problems usually occur over several
hours.2,27 Even in fatal or near-fatal attacks, this means there is
potential for early recognition and aggressive treatment.
Rarely, a patient has rapid, catastrophic onset of acute asthma,
which can be fatal. Whether this reflects a separate phenotype
of asthma is unclear.2,6,28−33

Although the prevalence of asthma is increasing, the over-
all rate of death from asthma has been falling in Canada, from
400–500 deaths in 199534 to 268 deaths in 2004.35 Asthma

mortality rates increase with age.35 Overall mortality from
acute exacerbations is low (< 0.1%), and most deaths related
to asthma occur before arrival at a hospital. There are many
risk factors for death or near death from acute asthma
(Table 1), but a key contributor is failure of patients or physi-
cians to appreciate the severity of the exacerbation, which
leads to delayed and insufficiently aggressive treatment.40,47,75–

77 Of note, both heightened and blunted perception of asthma
symptoms have been implicated in excess morbidity and mor-
tality related to asthma.27,51,62,64,78–81 Patients with blunted per-
ception of their symptoms do not recognize that an exacerba-
tion is occurring and therefore permit the exacerbation to
progress before seeking help. Patients with heightened sensi-
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Key points

• A patient with a history of severe asthma exacerbations is
at risk for potentially fatal asthma and will need close
monitoring and aggressive therapy.

• Continuous monitoring of oxyhemoglobin saturation and
objective measurement of airflow obstruction (by
spirometry) or peak expiratory flow are necessary for
optimal management of acute exacerbations of asthma.

• Bronchodilators should be administered by inhalation,
with administration by nebulizer and by pressurized
metered-dose inhaler (preferably with a valved holding
chamber) being equally effective.

• Combined use of high-dose inhaled corticosteroids and
oral corticosteroids at the time of discharge from the
emergency department is recommended to reduce the risk
of relapse of the asthma exacerbation.

• Upon discharge from the emergency department or the
hospital, every patient should have a written management
(action) plan detailing how to prevent and manage future
exacerbations.
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tivity to symptoms may exhibit overreliance on short-acting
β2-adrenergic bronchodilators, which can also result in delays
in seeking definitive treatment.

Effective and efficient treatment of acute asthma in the
emergency department requires prompt recognition of the
signs and symptoms that indicate a potentially fatal asthma
attack (Table 2). Appropriate management of patients whose
distress persists despite aggressive initial therapy also requires
an awareness of conditions that may mimic an acute attack of
asthma (Box 1). 

Once the acute exacerbation has been managed, most
patients will be well enough for discharge from the emergency
department. In both Canada and the United States, however,
relapse rates remain unacceptably high, ranging from 12% to
16% within two weeks after treatment in the emergency
department in one recent study.17 To reduce the risk of relapse,
optimizing management after discharge should be a high prior-
ity, but observations suggest that discharge planning in this
setting is poor.23 This may reflect an underappreciation of the
important role of patient education in the emergency depart-
ment.20,23,88−90 Most patients, but especially those with frequent
or severe exacerbations and those who meet other high-risk
criteria (Table 1), will benefit from formal referral to an
asthma specialist or an asthma educator.91,92

Sources of information

In this article, we present the Canadian Thoracic Society’s
updated evidence-based key messages for the nonventilatory
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Table 1: Risk factors for potentially fatal asthma  

Risk factor 
Level of 
evidence 

Control and severity of asthma  

Poor control of asthma27,36–43 II-2 

History of admission to hospital for asthma38,39,41,42,44,45 II-2 

Previous admission to an intensive care unit for 
asthma27,38,42 

II-2 

Previous need for mechanical ventilation for 
asthma27,38 

II-2 

History of multiple visits to the emergency 
department for asthma38,39,46 

II-2 

Failure to consult family physician for worsening 
asthma27,29,40,42,47 

II-2 

Pattern of sudden attacks29,30,48 II-2 

History of previous hypercapnic asthma attack2,49,50 II-2 

Use of medications  

Poor adherence with medications for asthma31,36,39,40,42 II-2 

Excessive or increasing reliance on short-acting  
β2-adrenergic bronchodilators38,51–53 

II-2 

Underuse of inhaled corticosteroids27,31,54 II-2 

History of need for oral corticosteroids27,31,38,41,44,45 II-2 

Monotherapy with a long-acting β2-adrenergic 
bronchodilator55–58 

I 

Prescription of multiple types of asthma 
medications44 

II-2 

Increased use of oral theophylline27,38,42 II-2 

Asthma that is worsened by acetylsalicylic acid or 
nonsteroidal anti-inflammatory drugs59–61 

II-3 

Psychosocial profile  

Older age27,42 II-2 

Poor perception of breathlessness27,36,62–64 II-2 

Psychological dysfunction (psychosis, anxiety, 
depression, denial)36,37,45,46,63,65–69 

II-2 

Socio-economic factors (family discord, low 
income, ethnicity)6,43,61,70,71 

II-2 

Continued smoking38,72,73 II-2 

Failure to use a written asthma action plan73 II-2 

Poor understanding of asthma and its treatment III 

Frequent missed appointments III 

Substantial lifestyle alterations because of asthma III 

Self-discharge from hospital III 

Learning difficulties III 

Abuse of alcohol or drugs73,74 II-3 

Physician-related factors  

Failure to initiate (or delay in initiating) 
appropriately aggressive therapy40,47,75,76 

II-2 

Failure to initiate mechanical ventilation when 
appropriate47 

II-2 

Failure to objectively evaluate the severity of 
airflow obstruction47 

II-3 

Failure to recommend appropriate strategies 
for avoidance of allergens, irritants and 
workplace-related factors 

III 

Table 2: Signs and symptoms that may suggest a potentially 
fatal asthma attack 

Sign or symptom 
Level of 
evidence 

Signs  

Use of accessory muscles III 

Heart rate > 120/min or increasing2,6 II-2 

Respiratory rate > 25–30/min III 

Difficulty speaking because of dyspnea or fatigue III 

Altered level of consciousness III 

Quiet chest in a patient who has dyspnea or 
reduced level of consciousness 

III 

Diaphoresis82 II-2 

Inability to lie in the supine position because 
of breathing distress82 

II-2 

Peak expiratory flow < 30% of predicted or 
forced expiratory volume in 1 second < 25% 
of predicted 1–2 h after initial therapy83,84 

II-1 

Oxygen saturation < 90% III 

Cyanosis III 

Symptoms  

Sense of progressive breathlessness or air hunger  III 

Sense of fear or impending doom III 

Progressive agitation or anxiety III 
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management of acute asthma. A separate article in this series
addresses assisted ventilation for acute asthma. 93 In collating
evidence for this update, we did not undertake a formal meta-
analysis. Instead, we used the comprehensive PubMed search
that was used by the Global Initiative for Asthma group,7

extending it to August 2009. This search strategy used the fol-
lowing criteria: “asthma,” “adults,” “all fields,” “only items
with abstracts,” “clinical trial,” “human” and “all dates.” We
included the following additional criteria: “status asthmaticus,”
“near fatal asthma,” “acute disease” and “all languages.” We
used the same terms to search the database of the Cochrane
Airways Group. We also searched for review articles in the
Evidence-Based Medicine Reviews from the Coch rane
 (CENTRAL), MEDLINE, CINAHL and EMBASE databases
using the search criteria “acute severe asthma,” “life-threaten-
ing asthma” and “status asthmaticus.” We searched the bibli-
ographies of all identified reviews for additional relevant publi-
cations. We also reviewed three recent evidence-based
guidelines (the Global Initiative for Asthma,7 the British Guide-
line on the Management of Asthma8 and the report of a joint
task force of the American Academy of Asthma, Allergy and
Immunology, the American Academy of Emergency Medicine
and the American Thoracic Society94) and their respective bibli-
ographies. At least two members of the Canadian Thoracic
Society Asthma Committee who were also authors of the cur-
rent report verified relevant references and assigned the recom-
mendation grades and levels of evidence. 

We based our grades of evidence on those of the Canadian
Task Force on Preventive Health Care,95 as detailed in a previ-
ous article in this series.96 Because of the difficulty of con-
ducting randomized controlled trials of potentially fatal
asthma, some of the key messages presented later in this arti-
cle represent only grade I recommendations based on level 
II-3 or level III evidence. 

Overview of managing acute asthma
in the emergency department

Optimum management of acute asthma in the emergency
department requires rapid access to facilities and personnel
capable of delivering bronchodilators appropriately, obtaining
objective assessment of the severity of the episode (by mea-
surement of lung function), appropriately monitoring oxygen
delivery and ensuring safe disposition and referral of patients
with asthma.

The general approach to caring for a patient with acute
asthma in the emergency department starts with an initial
quick assessment to determine whether the patient has any of
the risk factors for (Table 1) or signs or symptoms of
(Table 2) potentially fatal asthma. Patients meeting these cri-
teria should be immediately triaged to a closely monitored
setting within  the emergency department for at least 
one to two hours after arrival. Because acute asthma is an
inherently unstable and unpredictable condition, an intra-
venous line should be inserted and oxygenation continuously
assessed and recorded by pulse oximetry. It is important to
obtain objective measurements of lung function in this set-

ting; therefore, all patients should undergo either baseline
spirometry (to determine forced expiratory volume in 1 sec-
ond [FEV1]) or measurement of peak expiratory flow rate,
and these measurements should be repeated every 30–60 min-
utes to help guide therapy. Following the principles of con-
current management,97 treatment with supplemental oxygen
and inhaled β2-adrenergic bronchodilators should begin
simultaneously with the initial assessment, and consideration
should also be given to administering an oral or intravenous
dose of cortico steroids immediately. Subsequent care will be
determined in part by the response to initial therapy and
should follow the recommendations outlined below. All
health care professionals treating patients in the emergency
setting should be skilled in crisis resource management,
which involves good communication, delegation of tasks and
frequent re-evaluation and reassessment of the patient.97

Most of the recommendations for treating acute asthma
that appeared in the 1996 guidelines of the Canadian Associa-
tion of Emergency Physicians and the Canadian Thoracic
Society9 and in the 1999 Canadian Asthma Consensus Guide-
lines10,11 remain unchanged. Here, we summarize new evi-
dence on the potential role of inhaled corticosteroids in the
management of acute asthma. The recommendations pre-
sented here either extend or do not differ substantially from
other recently published national8,9 and international7 guide-
lines for the management of acute asthma. 

Although initial attention should focus on acute treatment,
management of acute asthma begins with assessing the sever-
ity of the attack and determining whether the patient is at risk
of potentially fatal asthma.

The case continued
The patient is immediately started on supplemental oxygen
40% by mask and is given inhaled bronchodilators. Fifteen
minutes later, he is breathing somewhat more easily and is
able to provide additional history. He reports that as a child he
had numerous allergies. Now, he is living in a mouldy base-
ment apartment with a roommate who owns a cat. Although
he has prescriptions for salmeterol and fluticasone combined
in a single inhaler, he is unemployed and unable to afford this
medication. The last time he took inhaled cortico steroids was
three weeks ago, when he finished a physician’s sample of
budesonide. Since then, he has been relying on salbutamol,
which he has been getting from several walk-in clinics. In
addition, he has received two short courses of oral corticos-
teroids in the past three months.
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Box 1: Conditions that may mimic acute asthma

• Upper airway obstruction

• Foreign-body aspiration 

• Vocal cord dysfunction syndrome85−87

• Pulmonary edema

• Acute exacerbation of chronic obstructive pulmonary
disease

• Hysterical conversion reaction

• Munchausen syndrome
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Assessment and monitoring 

Meta-analyses and systematic reviews2,7,8,38,55,56,58,76,98,99 and case–
control27,29,36,39,42,46,51,54,64,65,73 and observational37,40,66,68,100 studies
have identified clinical and historical features that can be used
to identify patients at high risk for fatal or near-fatal asthma
(Table 1). An evaluation for these risk factors is important
because when stable, patients who have survived a near-fatal
episode of asthma are indistinguishable from other patients
with asthma, at least on clinical grounds.31 The strongest pre-
dictor of potentially fatal asthma is a history of previous
admission to hospital or intensive care for asthma.6,27,38

Patients with such a history should be identified and moni-
tored closely during the first one to two hours after arrival in
the emergency department, regardless of apparent stability or
improvement in response to initial therapy. Prior history of
unstable or poorly controlled asthma or recent need for
aggressive management (e.g., systemic corticosteroids)
should also alert the treating health care professional to the
possibility that the patient’s asthma could be resistant to first-
line treatment and therefore might escalate in severity and
become life-threatening. Obtaining a thorough history of the
patient’s use of prescription and nonprescription medications
and recent adherence with therapy is important, because this
will affect planned initial and long-term management. Psy-
chosocial factors may be associated with poorly controlled
and potentially fatal asthma.36,37,46,68,69 Patients with a poor per-
ception of dyspnea have been identified in some62,64,79 but not
all27,36,63 studies of risk factors for potentially fatal asthma, but
there is no simple, validated way to test for this factor in a pri-
mary care setting.101 Failure of the treating physician to appre-
ciate the severity of the acute asthma attack and to initiate
appropriately aggressive therapy has also been shown to be a
risk factor for a fatal outcome.40,47,75−77 

There is some consensus about the signs and symptoms
that may assist in the recognition of a potentially fatal exac-
erbation of asthma (Table 2).2,5−7,82−84,102,103 For example,
diaphoresis and an inability to lie in the supine position have
been correlated with severe airflow obstruction as measured
by peak expiratory flow rate. Increasing heart rate is closely
correlated with increasing severity of asthma,104 and it is
incorrect to assume that tachycardia is caused by use of a β2-
adrenergic bronchodilator.1 There is little correlation among
the signs listed in Table 2, which develop independently,
and their presence is not generally predictive of adverse
 outcomes.2,13,102,103,105

The absence of these symptoms and signs does not guaran-
tee that the exacerbation is unimportant, as patients who
appear well may have severe airflow obstruction.2 Although
pulsus paradoxus may correlate with the degree of obstruc-
tion,106 it can diminish as the patient becomes fatigued and
loses the ability to generate strong inspiratory efforts.
Absence of pulsus paradoxus may therefore be wrongly inter-
preted as a sign of improvement. Measuring pulsus paradoxus
in acute exacerbations is difficult and of limited prognostic
use.107 Similarly, the nature of wheeze has limited correlation
with objective measures of airway obstruction and is a poor
predictor of the need for admission to hospital.2,5,108 However,

the absence of wheeze in a patient with dyspnea or altered
level of consciousness is an ominous sign.50 Wheeze may
return as airflow improves in response to therapy. The physi-
cal examination should also include assessment for stridor,
which could indicate obstruction of the upper airway mimick-
ing asthma. Asymmetric breath sounds and subcutaneous
emphysema may indicate the presence of barotrauma, such as
pneumothorax.

Measuring airflow obstruction
Both patients and physicians tend to inaccurately gauge the
level of airflow obstruction, which can lead to undertreatment
and hence an unacceptable risk of relapse.62,78−81,102,105,109 There-
fore, airflow obstruction must be measured objectively when-
ever possible, using either FEV1 or peak expiratory flow.
Peak expiratory flow is an integral component of the Can -
adian Triage and Acuity Scale, a reliable and valid complaint-
based triage tool developed by Canadian emergency nurses
and physicians to prioritize the severity of a patient’s condi-
tion and the timing of care in the emergency department.110,111

Measurements of airflow obstruction can help to guide ther-
apy for acute asthma but are generally underutilized,12−16

despite their ease of performance. In one prospective study,
more than 90% of patients presenting to the emergency
department with acute asthma had valid spirometry measure-
ments when the test was administered by trained personnel.112

Peak expiratory flow below 200 mL or less than 30% of pre-
dicted or FEV1 below 1.0 L or less than 25% of predicted at
any time during an exacerbation of asthma indicates a high
degree of obstruction and suggests the presence of elevated
partial pressure of carbon dioxide (PCO2) and the potential for
fatigue of the respiratory muscles in particular and of the
patient more generally.1,2,83 

Monitoring oxygen saturation
Oxygen saturation should be continuously monitored by
pulse oximetry, because cyanosis is a late sign reflecting
severe hypoxemia (arterial partial pressure of oxygen [PO2] 
< 40 mm Hg). For several reasons, oximetry is generally pre-
ferred over arterial blood gas analysis to assess oxygenation.
Oximetry provides real-time, continuous measurements,
whereas blood gases are monitored only intermittently and
the samples take time to process. Oxyhemoglobin saturation
is more meaningful than PO2 in assessing arterial oxygen
content. Finally, oximetry is much easier to perform and is
less painful for the patient. Nonetheless, there are some
caveats to the use of pulse oximetry.113 To obtain reliable
readings, the oximeter must be placed at a well-perfused site,
and the pulse recorded by the oximeter should match the
patient’s pulse determined manually, as a sign that the
oximeter signal is strong. Pulse oximeters may not provide
reliable data for patients with global hypoperfusion or
peripheral vasoconstriction or in rare cases in which car-
boxyhemoglobinemia or methemoglobinemia is a possibility.
In the setting of acute asthma, determining arterial blood gas
levels is indicated if there is concern that the patient is not
improving and there are no oximetry data or if the data are
thought to be unreliable.
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Arterial blood gas analysis is rarely needed for optimum
management of acute asthma. However, blood gas levels,
either arterial or venous, should be determined if the treating
physician wishes to know the PCO2 and the pH, or if spirome-
try or peak expiratory measurements are either not available
or not possible for a patient whose condition is not improv-
ing or is deteriorating. Venous pH and venous PCO2 closely
parallel arterial values and are adequate for identifying major
acid–base disturbances.114−116 Venous gas measurement may
be preferred over arterial blood gas analysis because the
venous sample can be drawn by anyone skilled at venipunc-
ture and is less painful for the patient. However, the venous
PO2 and venous oxygen saturation should be ignored, as they
are not representative of arterial values. The presence of
hypercapnia can be inferred112 if the FEV1 is less than 25% of
predicted or peak expiratory flow is less than 30% of pre-
dicted.83,84 Hypercapnia during an acute asthma attack is a
sign of severe airflow obstruction, but it does not always pre-
dict the need for assisted ventilation.49,50 Because most exac-
erbations of asthma are associated with hyperventilation
causing hypocapnia and respiratory alkalosis, the finding of
rising or normal arterial or venous PCO2 in the setting of
acute asthma should be interpreted as a sign of impending
respiratory failure and the possible need for assisted ventila-
tion if it persists or worsens.

Additional investigations
Chest radiography should be performed if there is no response
to therapy or if there is suspicion of an infectious cause, to
identify or exclude unrecognized pneumothorax, pneumome-
diastinum or pneumonia.117 Obtaining an electrocardiogram is
unnecessary for patients with acute asthma unless an acute
coronary syndrome is suspected. Because most exacerbations
of asthma are triggered by viral infections, sputum culture is
not warranted unless the exacerbation is complicated or
caused by obvious pneumonia.

Patients with combinations of the risk factors, signs and
symptoms listed in Tables 1 and 2 are at high risk of death
and should be monitored closely, particularly during the first
one to two hours after arrival in the emergency department,
even if their condition seems to improve with initial therapy.
The early response of FEV1 or peak expiratory flow at 30 to
60 minutes after initial treatment is the best predictor of
 outcome.3,103,105

The case continued
At this point, a venous sample for blood gas analysis is
obtained, and the patient attempts bedside peak flow measure-
ment. The peak expiratory flow rate is about 25% of pre-
dicted. The venous pH is 7.32, and the venous PCO2 is
50 mm Hg. Furthermore, his bicarbonate level is 25 mmol/L,
which indicates that the hypercapnia is mostly acute (in rela-
tion to the current attack).

Because the patient has severe hypoxemia and is still in dis-
tress, despite initial treatment, a portable chest radiograph is
ordered. Additional bronchodilator treatments (eight puffs each
of salbutamol and ipratropium through a metered-dose inhaler
with a valved holding chamber) are administered, along with

2 g of magnesium sulphate, given intravenously over 20 min-
utes. Next, eight puffs of fluticasone propionate are given by
metered dose inhaler and chamber. The chest radiograph shows
extreme hyperinflation, but no signs of pneumothorax, medi-
astinal or subcutaneous emphysema, or pneumonia.

Therapy for acute asthma

The rapidity of response to initial therapy, as defined by
changes in symptoms, signs and FEV1 or peak expiratory
flow, may be a more useful measure of severity and the need
for more aggressive therapy than the clinical status at presen-
tation.2,3 Definitions of the terms “status asthmaticus,” “life-
threatening” or “near fatal,” and a “severe” episode of asthma
are imprecise and should not be used to determine the level of
therapy for acute asthma. Here, we use the term “moderate to
severe asthma,” by which we mean patients who have no
clinical improvement with initial standard therapy and those
whose presenting FEV1 or peak expiratory flow is less than
25%–30% of predicted. 

The use of structured management plans and care maps for
acute asthma has been shown to improve the use of objective
measurements of airflow obstruction, increase the frequency
of re-evaluation and reassessment, and reduce admission rates
and length of stay in both the emergency department and the
hospital.1,21,23,118−122 A structured management plan, the emer-
gency department asthma care pathway,123 was recently pre-
pared as part of the Asthma Plan of Action of the Ontario
Ministry of Health and Long-Term Care124 and has been
endorsed by the Canadian Thoracic Society and the Canadian
Association of Emergency Physicians (Appendix 1, available
at www .cmaj .ca /cgi/content/full/cmaj.080072/DC1). It was
modelled in part on a similar plan in an earlier Canadian
guideline9 and other successful care maps for asthma.21,23

Based on clinical criteria, including objective indices of air-
flow obstruction, this care map classifies the severity of acute
asthma in four categories: mild, moderate, severe and life-
threatening. Each category is linked to the appropriate level in
the Canadian Triage and Acuity Scale111 to guide the timing
and nature of both initial assessment and therapy.

Oxygen
Hypoxia is the main cause of death in cases of acute asthma.
Therefore, oxygen should be titrated to achieve oxygen satura-
tion of at least 92%. In general, supplemental oxygen will not
suppress the drive to breathe in patients with acute asthma.
Even though a slight rise in PCO2 may occur in response to
oxygen therapy, this is of no clinical  consequence.125

Bronchodilators
Rapid-acting inhaled β2-adrenergic bronchodilators are first-
line therapy for acute asthma. Because the optimal doses nec-
essary to achieve maximal bronchodilation have not been
defined, dosing is empiric and should be titrated using an
objective measure of airflow obstruction, such as FEV1 or
peak expiratory flow and clinical response. Recommended
starting doses for bronchodilators and corticosteroids are
unchanged from previous guidelines9−11 and are listed in
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Appendix 1. These drugs are safe for patients with acute
asthma, and the heart rate usually falls with successful
response to high doses of β2-adrenergic bronchodilators in
this setting.126 Furthermore, these drugs remain effective for
patients who have self-treated unsuccessfully with the same
agents before arrival in the emergency department.127 For
patients with acute asthma, the inhaled route for bronchodila-
tors is as good as or better than giving the same drugs intra-
venously.128−131 Concerns have been raised about the safety of
intravenously administered epinephrine for acute asthma,132

but additional research is warranted. Intravenous administra-
tion of β2-adrenergic bronchodilators or intramuscular or sub-
cutaneous administration of epinephrine133 should be reserved
for patients who are unable to use or who are unresponsive to
the inhaled route. Such patients may require intubation and
assisted ventilation.

Use of a pressurized metered-dose inhaler, preferably with
a valved holding chamber or spacer, is at least as effective as
wet nebulization in acute asthma134−136 and has the advantages
of lower cost and ability to provide sequential doses more
quickly (four to eight puffs in 2 minutes v. 10–20 minutes for
a single nebulization). It also provides an opportunity for
health care professionals to demonstrate correct use of the
inhaler to the patient. When nebulization is used in severe
asthma, continuous nebulization appears superior to intermit-
tent nebulization for improvements in airflow obstruction and
reduction in the need for admission to hospital.126,137,138

Although ipratropium bromide, a short-acting anticholiner-
gic bronchodilator, has a slower onset of action than the 
β2-adrenergic bronchodilators, randomized controlled trials
and a meta-analysis have shown that combining these 
two agents results in greater improvements in lung function
and a significant reduction in the need for admission to hospi-
tal than use of β2-adrenergics alone, particularly for patients
with severe airflow obstruction (FEV1 ≤ 30% of predict -
ed).139,140 As with β2-adrenergic bronchodilators, multiple dos-
ing from a metered-dose inhaler with a valved holding cham-
ber or delivery by multiple wet nebulizations is recommended
(Appendix 1, available at   www.cmaj.ca /cgi /content /full /cmaj
.080072/DC1).

Corticosteroids
A dose of systemic corticosteroids should be administered
within the first hour of treatment for acute asthma for all but
patients with the mildest form of the disease.141 This therapy is
particularly important for patients with severe asthma and
those already receiving systemic corticosteroids, as recently
confirmed by a large prospective study of asthma care that
clearly demonstrated an inverse relation between need for
hospital admission for acute asthma and time to administra-
tion of systemic corticosteroids.19 There is no evidence from
controlled trials of an advantage for the intravenous over the
oral route for corticosteroids in moderate to severe asth -
ma.141,142 However, for patients with severe asthma who are
too breathless to swallow an oral medication, who are experi-
encing nausea and vomiting, who have been intubated or who
are unable to absorb oral medications, the intravenous route is
preferred, at least initially.143 Optimal doses of systemic corti-

costeroids for acute asthma have not been determined, but a
meta-analysis and two systematic reviews suggested that
doses equivalent to 30–80 mg prednisone or methylpred-
nisolone per day (150–400 mg hydrocortisone) are adequate
and that higher doses do not seem to confer added advan-
tage.142,144,145 Conventional doses for corticosteroids in acute
asthma are listed in Appendix 1 (available at www .cmaj .ca
/cgi /content /full /cmaj .080072 /DC1).

Short-term administration of high-dose inhaled cortico -
steroids appears to accelerate recovery from acute asthma rel-
ative to systemic corticosteroids alone, particularly for
patients with prolonged attacks and severe airflow obstruc-
tion.146−148 The rapid effect of inhaled corticosteroids in acute
asthma may reflect a mechanism of action different from their
traditional anti-inflammatory effects. It has been postulated
that high-dose inhaled corticosteroids have topical non -
genomic effects on the airway epithelium, including vasocon-
striction and mucosal decongestion.147 Although it is possible
that the addition of early, high-dose inhaled corticosteroids to
systemic corticosteroids may confer additional benefit over
the use of systemic corticosteroids alone, this has not yet been
demonstrated,149 and additional research is required. There is,
however, insufficient evidence to suggest that inhaled cortico -
steroids should replace systemic corticosteroids for the treat-
ment of severe acute asthma.150

Other therapies
There is no support for the routine use of intravenous magne-
sium sulphate for acute asthma, but there is evidence that it is
effective for patients with no response to first-line initial ther-
apy and those with initial, severe airflow obstruction (FEV1 or
peak expiratory flow < 25%–30% predicted).151 The need for
admission to hospital can be reduced and measurements of
airflow improved with a single bolus dose (2 g intravenously
for adults), which has only minor and infrequent adverse
effects. The authors of one systematic review suggested that
the combination of aerosolized, rather than intravenous, mag-
nesium sulphate with standard care (systemic corticosteroids
and inhaled β2-adrenergic bronchodilators) lessened airflow
obstruction and reduced admissions to hospital,152 but addi-
tional research is required before this route of delivery can be
widely adopted.

Aminophylline is not recommended for acute asthma, as
systematic reviews have consistently concluded that it confers
no additional benefits over β2-adrenergic bronchodilators
alone. In addition, this drug has a narrow therapeutic margin
and can cause substantial toxic effects, especially among
hypoxemic patients.153,154

Despite the biological plausibility of modulation of turbu-
lent airflow, systematic reviews have concluded that there is
no role for the routine use of helium–oxygen mixtures in the
initial treatment of acute asthma.155,156 There may, however, be
benefit for patients with more severe airflow obstruction in
whom aggressive first-line therapy has failed.

Acute wheezing and breathing distress may be caused by
conditions other than asthma, some of which are listed in
Box 1. These conditions should be considered if reassessment
indicates no response to initial first-line therapy.
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Treatment in pregnancy
Exacerbations of asthma in pregnancy occur primarily in the
late second trimester, the major triggers being viral infection
and nonadherence with inhaled corticosteroid therapy.157 Preg-
nant women with acute asthma appear to be treated less often
with systemic corticosteroids than nonpregnant patients and
are more likely to report continuing asthma exacerbation after
discharge from the emergency department.158 Because a
severe asthma attack during pregnancy poses a greater risk to
the fetus than do the adverse effects of asthma therapy, man-
agement of acute asthma in pregnancy should be no different
than for nonpregnant patients.

Outcome of the case 
The patient continues to receive additional bronchodilator
therapy and gradually begins to improve. After two hours of
therapy, he is breathing much more comfortably and is able to
lie back, relax and sleep intermittently. Oxygen saturation is
92% with oxygen (4 L/min) administered by nasal cannulae,
and he is no longer relying on his accessory muscles of
breathing. Repeat spirometry and venous blood gas analysis
reveal FEV1 70% of predicted, peak expiratory flow 75% of
predicted, pH 7.36 and venous PCO2 46 mm Hg. He asks to be
discharged home, stating that he will take his inhaled corti-
costeroid more regularly in the future. However, despite the
strong response to treatment, this patient is clearly at very
high risk for fatal asthma, and an urgent consultation with the
internist on call is arranged. After the consultation, the patient
agrees to a short admission. 

Decision to admit

Both clinical and lung function data are used in making the
decision to admit a patient to hospital. Patients who continue
to exhibit indications of severe asthma despite two to three
hours of aggressive treatment should probably be admitted.
Several studies have identified factors associated with relapse
after discharge from the emergency department.159,160 The
response to initial treatment is a better predictor of the safety
of discharge from the emergency department or the need for
hospital admission than is the apparent severity of an asthma
exacerbation at presentation.3,103,105 Patients who present with
pretreatment FEV1 or peak expiratory flow less than 25%–
30% of predicted and those with values after treatment that
are less than 40% of predicted should usually be admitted to
hospital.1,2,84,161 Patients who achieve FEV1 or peak expiratory
flow of at least 60% of predicted can usually be discharged
safely,84,162,163 provided adequate postdischarge care and fol-
low-up are assured. For patients with intermediate FEV1 or
peak expiratory flow values (i.e., 40%–60% of predicted)
after treatment, decision-making must be individualized on
the basis of the examining physician’s knowledge of the
patient’s previous ability to manage an exacerbation, the like-
lihood that the patient will be adherent with medications and
instructions, and the home or environmental circumstances to
which the patient will return. If there are concerns about
adherence, particularly historical features suggesting that the
patient has a high risk of fatal asthma (Table 1), a cautious

approach is prudent and a short admission (one or two days)
may be indicated.

Prevention of relapse

To reduce the risk of relapse, most patients with moderate to
severe asthma exacerbations and almost all patients who were
previously taking inhaled corticosteroids should have a course
of oral corticosteroids added at the time of discharge164,165

(Appendix 1, available at www.cmaj.ca /cgi /content /full
/cmaj.080072/DC1, for dose and duration). Gradual tapering
of the dose is unnecessary if the duration of oral corticos-
teroid use is less than one to two weeks.164,166

In a randomized controlled trial, the addition of high-dose
inhaled corticosteroids to a course of oral corticosteroids at
discharge was associated with a lower risk of relapse of the
asthma exacerbation at 21 days than the use of oral cortico -
steroids alone.167 In a recent prospective study of asthma care
in the emergency department, the risk of relapse at 28 days
was inversely correlated with new prescriptions for inhaled
corticosteroids at the time of discharge from the emergency
department.19 Studies comparing the effectiveness of high-
dose inhaled and oral corticosteroids alone at the time of dis-
charge from the emergency department for preventing relapse
have not demonstrated any significant differences between
these two management strategies, but additional studies are
required.168,169 The effect of combinations of a long-acting β2-
adrenergic bronchodilator with an inhaled corticosteroid170 or
an inhaled corticosteroid with a leukotriene receptor antago-
nist in reducing rates of relapse after discharge have also been
studied,171 but there is currently insufficient evidence to rec-
ommend these approaches.

Adherence with medical advice after a hospital stay is
reportedly poor among patients with acute asthma.160,172 For
example, 12% to 22% of patients leaving the emergency
department do not fill their prescriptions.173,174 Reasons for poor
adherence are complex and include the cost of medications, a
poor understanding of asthma and its therapy, limited access to
health care professionals and psychological influences, includ-
ing depression.175,176 If the risk of relapse is considered high and
the likelihood of adherence with the postdischarge asthma
management plan is thought to be low, options include a short
stay in hospital or an intramuscular dose of corticosteroid at
discharge (see Appendix 1 for details).177−179 The second of
these approaches has been associated with a lower rate of
relapse than placebo178 but appears equivalent to a short course
of oral corticosteroids.164,177,179 The potential for adverse effects
with corticosteroids does not appear to be higher with the
intramuscular route than with oral  administration.177

There are no clinical markers to identify individuals at risk
for sudden onset of a near-fatal asthma exacerbation, but any
patient who survives such an attack should be referred to an
asthma specialist for a thorough investigation, including
occupational and allergy assessment. Furthermore, it seems
prudent to give an autoinjector for epinephrine to these indi-
viduals and to anyone with a history of anaphylaxis or
angioedema.

The majority of patients who experience an asthma ex -
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acerbation will have had poor asthma control preceding the
exacerbation. Whether the patient is discharged from the
emergency department or admitted to hospital, health care
professionals treating the exacerbation should review with the
patient what is meant by control of asthma and any barriers to
achieving asthma control that may have existed before the
exacerbation. Patient education should include the role of
medications (especially the importance of anti-inflammatory
therapy and the proper use of inhalers) and the importance of
avoiding allergens, irritants and workplace exposures if
appropriate.26

Action plans
There is strong evidence to support the role of action plans
detailing how to prevent and manage future exacerba-
tions.99,180,181 Written action plans specifying an increase in
inhaled corticosteroid dose and a concurrent course of oral
corticosteroids are effective in reducing admissions to hospi-
tal for acute asthma.99 In contrast, verbal action plans are inad-
equate: in one study, the odds ratio for death from asthma was
four times lower with a written action plan than with a verbal

action plan.73 In general, written action plans contain four
essential elements: when to increase therapy, how to increase
therapy, the duration of increased therapy and the point at
which to cease self-management and seek medical help.180

Canadian data have confirmed that simply handing out an
action plan, without educational discussion, is ineffective in
improving asthma control.182 For some patients, the provision
of an action plan based on use of a peak flow meter and
asthma education can significantly reduce the risk of
relapse,183 but for most patients, action plans based on self-
monitoring of symptoms seem to be just as efficacious as
plans based on peak flow.184 Many examples of asthma action
plans are available (see, for example, www.asthmaguide-
lines.com or www.lung.ca, or the sample action plan pre-
sented as an appendix to an earlier article in this series185).

Reassessment and re-evaluation are crucial elements in
achieving and maintaining control of asthma. Therefore, opti-
mal management of an asthma exacerbation includes referral
to the patient’s primary care physician, if possible, and/or to
an asthma educator or asthma specialist, if available. In one
randomized controlled trial, a scheduled appointment with a
primary care provider, initiated in the emergency department,
was associated with a higher prevalence of primary care fol-
low-up (65%) than either advice alone (42%) or telephone
reminders to seek follow-up (48%).92 However, at one year,
there were no differences among groups in terms of use of
inhaled corticosteroids, visits to the emergency department or
quality of life. Facilitated referral to an asthma specialist after
treatment of acute asthma in the emergency department
reduced the likelihood of relapse during the ensuing  six
months.91

Inpatient treatment of acute asthma

The principles of inpatient treatment of acute asthma are the
same as those outlined for therapy in the emergency depart-
ment. Several studies have demonstrated that the use of struc-
tured care plans and observation units is associated with
reduced rates of hospital admission and reduced lengths of
stay.119,121,186

Patients who require admission to hospital for asthma
exacerbation have clearly demonstrated poor asthma control
and should be referred to an asthma specialist.91,99,187 The goals
of such referral are to enhance the prospects for success of
education related to self-management, which will involve
development of a written action plan, to review any barriers
to asthma control and to improve the likelihood of adherence
with follow-up. If possible, such consultation should take
place before the patient is discharged.

Gaps in knowledge and care 

The key messages for the nonventilatory management of
asthma in adults in the emergency department are presented
in Box 2, Box 3 and Box 4.

Gaps in knowledge exist in several areas, representing
opportunities for future research in the assessment and man-
agement of acute asthma.
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Box 2: Key messages for assessment and monitoring
of acute asthma* 

Assessment and monitoring

• Historical features that identify patients at risk for
potentially fatal asthma should be sought as part of the
initial assessment of every acute exacerbation of asthma
(grade B recommendation; level II-2 evidence).

• Features of the physical examination that characterize a
severe and potentially fatal asthma attack should be
sought as part of the initial assessment of every acute
exacerbation of asthma (grade B recommendation; level 
II-2 evidence).

• Objective measurement of airflow obstruction, by means
of spirometry or measurement of peak expiratory flow, is
recommended for optimal management of acute asthma
(grade B recommendation; level II-1 evidence).

• Measurement of arterial or venous blood gases is
recommended in the presence of severe airflow obstruction,
particularly if the forced expiratory volume in 1 second (FEV1)
or the peak expiratory flow is less than 40% of predicted or
if the patient has had suboptimal response to first-line
therapy (grade B recommendation; level II-2 evidence).

• Continuous monitoring of oxyhemoglobin saturation by
transcutaneous pulse oximetry should be undertaken for
all patients with acute exacerbation of asthma.

• Patients deemed at high risk for potentially fatal asthma
should be closely monitored in a critical care area. 

• Routine chest radiography is not required, especially if
there is an appropriate response to bronchodilator
therapy. 

• Electrocardiography is not routinely required unless there
is a high degree of suspicion for ischemic heart disease
that might be aggravated by the exacerbation or its
treatment.

• Routine examination and culture of sputum is not
required. 

*All grade I recommendations, based on level II-3 or level III evidence, unless
indicated otherwise.
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Research is needed into ways of identifying the specific
phenotype of asthma that is associated with high risk for poten-
tially fatal asthma.31 Sudden asphyxic asthma30 may represent a
particular phenotype, and efforts are needed to better character-
ize this relatively rare occurrence and its risk factors. Although
it is known that poor preventive management of asthma predis-
poses people to poor asthma control and heightens the risk of
death from asthma, novel methods for monitoring the adequacy
of anti-inflammatory control of asthma should be developed
and simplified for widespread use.188 This might entail the
development of serologic markers, simplified management of

cytologic examination of induced sputum, or reliable and prac-
tical methods of analyzing exhaled breath condensate. 

Wider use of structured management plans or care maps
and observation units would help to standardize care and
should be incorporated into the criteria for accreditation of
hospitals. Strategies should be developed to increase the use
of spirometry and the measurement of peak expiratory flow in
the emergency department.19,20 Educational strategies to
improve the early recognition of potentially fatal exacerba-
tions and to promote appropriate and timely aggressive inter-
vention should also be developed. 
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Box 3: Key messages for treatment of acute asthma*

• The aggressiveness of treatment should be based on the
degree of airflow obstruction and symptoms.

• The use of structured management plans, including care
maps, is recommended for the treatment of acute asthma
in the emergency department (grade A recommendation;
level I evidence).

• Oxygen should be administered to all patients with acute
asthma, with the goal of maintaining oxygen saturation at
92% or above.

• Rapid-acting inhaled β2-adrenergic bronchodilators are
first-line therapy for acute asthma.

• Bronchodilators should be administered by inhalation and
are equally effective with administration by nebulizer or
by pressurized metered-dose inhaler, preferably with a
valved holding chamber (grade A recommendation; level I
evidence).

• The combined use of short-acting anticholinergic and 
β2-adrenergic bronchodilators is recommended for patients
with moderate to severe acute asthma (grade A
recommendation; level I evidence).

• A single dose of systemic corticosteroids within one hour
of presentation to the emergency department is
recommended for patients with moderate to severe acute
asthma (grade A recommendation, level I evidence).

• Early, frequent use of high doses of inhaled
corticosteroids, in addition to systemic corticosteroids, may
be considered for patients with moderate to severe acute
asthma.

• Intravenous administration of magnesium sulphate is
recommended for patients with severe acute asthma that
is unresponsive to therapy with bronchodilators and
systemic corticosteroids (grade B recommendation; level II-I
evidence).

• Intravenous administration of aminophylline is not
recommended during the first four hours of treatment
(grade E recommendation; level I evidence).

• Helium–oxygen mixtures should be reserved for patients
with acute asthma that is unresponsive to standard first-
line therapy who are likely to require assisted ventilation
(grade C recommendation; level I evidence).

• Exacerbations of asthma during pregnancy should be
treated aggressively in the same manner as for
nonpregnant individuals.

• Patients whose acute asthma is not responding to
appropriate therapy should be reviewed for the adequacy
of current therapy and for conditions that may mimic or
complicate asthma. 

*All grade I recommendations, based on level II-3 or level III evidence, unless
indicated otherwise.

Box 4: Key messages for subsequent care of patients
with acute asthma*

Decision to admit or discharge 

• Measurement of peak expiratory flow or forced expiratory
volume in 1 second (FEV1) is recommended to help in the
decision to admit a patient with acute asthma to hospital
or to safely discharge him or her from the emergency
department (grade B recommendation; level II-1 evidence).

• Any patient with persisting signs and symptoms of severe
asthma after two to three hours of appropriate and
aggressive treatment should be admitted to hospital. 

Prevention of relapse after discharge

• For patients with moderate to severe acute asthma, a short
course of oral corticosteroids is recommended upon
discharge from the emergency department to help reduce
the risk of relapse of the asthma exacerbation (grade A
recommendation; level I evidence).

• The combined use of high-dose inhaled corticosteroids and
oral corticosteroids at the time of discharge from the
emergency department is recommended to reduce the risk
of relapse of the asthma exacerbation (grade A
recommendation; level I evidence).

• If the risk for nonadherence with oral corticosteroid therapy
after discharge from the emergency department and the
risk of relapse are thought to be high, consideration may be
given to administering an intramuscular dose of
corticosteroid, instead of a course of oral corticosteroid
(grade B recommendation; level II-2 evidence).

• People who survive sudden-onset, near-fatal exacerbations
should be identified, their history should be studied for
risk factors, and they should be given an autoinjector for
epinephrine.

• Health care professionals should take the opportunity
provided by an exacerbation of asthma to educate the
patient about the definition of and how to achieve control
of asthma.

• Upon discharge from the emergency department or
hospital, every patient should have a written management
plan (action plan) detailing how to prevent and manage
future exacerbations (grade B recommendation; level II-1
evidence).

• Efforts should be directed at ensuring follow-up with a
health care professional after a visit to the emergency
department for management of an exacerbation of
asthma (grade A recommendation; level I evidence).

• Consultation with an asthma specialist is recommended for
patients who have been admitted to hospital for asthma. 

*All grade I recommendations, based on level II-3 or level III evidence, unless
indicated otherwise.
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The combination of inhaled β2-adrenergic and anticholiner-
gic bronchodilators is useful in the management of acute
asthma139,140 but is currently not available in metered-dose
inhaler format in Canada. Development of such a combination
inhaler should be pursued as a means of making inhaled ther-
apy of acute asthma more efficient. Research is needed on the
role of early use of high-dose inhaled corticosteroids in addi-
tion to systemic corticosteroids for acute asthma,147 as is
research on the potential roles of aerosolized magnesium152 and
intravenous administration of leukotriene receptor antago-
nists189 in this setting. Additional research is also needed on the
role of helium–oxygen to improve the delivery of inhaled
asthma medications,155 as is research to develop novel ways of
controlling airway inflammation in asthma, through low-dose
theophylline190 and the new phosphodiesterase inhibitors191 and
through the development of newer anti-inflammatory agents.
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