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Approximately 22.5 million Americans had asthma in 2005,
conferring an estimated financial burden of $19.7 billion in
annual health care costs (1). In 2005, nearly 1.8 million patients
with asthma were treated in emergency departments (EDs) (2).

An in-depth review of the National Asthma Education and
Prevention Program Expert Panel Report 2 guidelines was
conducted to identify knowledge gaps in relationship to newer
information regarding the appropriate emergency management
of patients with severe asthma exacerbations. Knowledge gaps
were identified in the following areas: (1) use of noninvasive
ventilation, (2) use of intubation and mechanical ventilation, (3)
appropriate discharge medications, (4) techniques for ensuring
proper follow-up after an ED visit, (5) asthma education in the
ED, (6) prehospital emergency treatment, (7) use of heliox, (8)
use of magnesium sulfate, (9) use of intravenous b-agonists, (10)
use of leukotriene modifiers for acute asthma, and (11) acute
use of inhaled corticosteroids.

A task force of physicians comprised of three members
(C.C., G.R., M.S.) of the American Academy of Asthma,
Allergy and Immunology; three members (B.B., A.K., R.N) of
the American Academy of Emergency Medicine; and three
members (T.C., J.K.) of the American Thoracic Society was

formed to develop evidence-based recommendations regarding
the above topics. Shortly after this task force was formed, plans
for updated National Asthma Education and Prevention Pro-
gram guidelines (Expert Panel Report 3 [EPR3]) were an-
nounced. In discussion with the EPR3 panel, it was determined
that items 5 to 11 above would be covered in the new EPR3
guidelines and that the current task force would focus on items
1 to 4. It was also determined that this task force report would
include a targeted summary of the EPR3 guideline recommen-
dations for the management of asthma in the ED.

The task force conducted a literature search for randomized
controlled trials and meta-analyses related to each of the four
chosen topics from 1997 to October 2006 (to conform with the
dates of the EPR3 review) in the PubMed and Cochrane
databases. Keywords were identified for each topic based on
MeSH terms, and editorial teams of three members each were
assigned to each topic. Each literature review underwent an
initial title and abstract review. On determining those articles
that were appropriate for review, the full-text article was
obtained, and a data summary was developed for each article.
The randomized controlled trials and meta-analyses retrieved
during the time period of the search (1997–2006) were supple-
mented by older randomized controlled trials and by observa-
tional studies at the discretion of the editorial teams. Summaries
of such articles deemed to warrant detailed presentation are
included separately in the RESULTS sections.

The body of evidence is discussed in detail for each topic,
and the task force provides specific recommendations at the end
of each topic discussion. The task force specified the level of
evidence used to justify the recommendations being made. The
task force used the same system to describe the level of
evidence as used by the EPR3 Expert Panel (3), which is
described as follows (4):

d Evidence Category A: randomized controlled trials, rich
body of data;

d Evidence Category B: randomized controlled trials, limited
body of data;

d Evidence Category C: nonrandomized trials and observa-
tional studies; and

d Evidence Category D: task force consensus judgment
based on clinical experience and other nonsystematic
clinical observations.

This system tracks well with the 4-point Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) quality-of-evidence system (high, moderate, low,
and very low) officially recommended by the American Tho-
racic Society after the initiation of the current project (5).

In addition to specifying the level of evidence supporting
a recommendation, the task force categorized the strength of a
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TABLE 1. NATIONAL ASTHMA EDUCATION AND PREVENTION PROGRAM EPR3 RECOMMENDATIONS

Recommendation 1 Management of Asthma Exacerbations Requiring Urgent Medical Care (e.g., in the urgent care setting or ED) Includes:

Oxygen to relieve hypoxemia in moderate or severe exacerbations (evidence not reviewed)

SABAs to relieve airflow obstruction, with addition of inhaled ipratropium bromide in severe exacerbations

(Evidence Category A)

Systemic corticosteroids to decrease airway inflammation in moderate or severe exacerbations or for patients who do not respond

promptly and completely to a SABA (Evidence Category A)

Conditional: consideration of adjunct treatments, such as intravenous magnesium sulfate or heliox, in severe exacerbations unresponsive

to the initial treatments listed above (Evidence Category B)

Monitoring response to therapy with serial measurements of lung function (Evidence Category B)

Recommendation 2 Preventing relapse of the exacerbation or recurrence of another exacerbation by providing referral to follow-up asthma care

within 1–4 wk; an ED asthma discharge plan with instructions for medications prescribed at discharge and for increasing

medications or seeking medical care if asthma worsens; review of inhaler techniques, when possible; and (conditional) consideration

of initiating inhaled corticosteroids (Evidence Category B)

Definition of abbreviations: ED 5 emergency department; SABA 5 short-acting b-agonist.

TABLE 2. CLINICAL PRACTICE RECOMMENDATIONS: NONINVASIVE VENTILATION

Recommendation 1 Conditional: a trial of NPPV before intubation and mechanical ventilation should be considered in selected patients with acute asthma

and respiratory failure (Evidence Category B).

Remarks: These would include patients who can tolerate and cooperate with this therapy. NPPV should only be used in these patients

provided that the respiratory therapists, nurses, and physicians who are responsible for their care are very familiar with this technology

and the patients are in an area where they can be constantly observed and monitored and can receive immediate intubation,

if needed.

Recommendation 2 Conditional: pending additional data, specific settings for NPPV should follow the protocol set forth in the article by Soroksky and

coworkers (6) (Evidence Category D).

Remarks: The protocol of Soroksky and colleagues (6) called for an initial expiratory pressure of 3 cm H2O that was increased by 1 cm

H2O every 15 minutes to a maximum pressure of 5 cm H2O.

The initial inspiratory pressure was set at 8 cm H2O and increased by 2 cm H2O every 15 min to a maximum pressure of 15 cm

H2O or until the respiratory rate was , 25 breaths/min, whichever came first. Settings should be

individualized and guided by careful evaluation of clinical response.

Definition of abbreviation: NPPV 5 noninvasive positive pressure ventilation.

TABLE 3. CLINICAL PRACTICE RECOMMENDATIONS: INTUBATION AND MECHANICAL VENTILATION

Recommendation 1 Criteria for intubation (Evidence Category D)

Clinical indications

Cardiac arrest

Respiratory arrest

Altered mental status

Progressive exhaustion

Silent chest

Laboratory indications

Severe hypoxia with maximal oxygen delivery

Failure to reverse severe respiratory acidosis despite intensive therapy

pH , 7.2, carbon dioxide pressure increasing by . 5 mm Hg/h or to . 55–70 mm Hg, or oxygen pressure of , 60 mm Hg

Recommendation 2 Intubation technique (Evidence Category D)

There are four choices of technique, each with its own benefits and risks:

Nasotracheal intubation

Awake orotracheal intubation

Orotracheal intubation with sedation

Orotracheal intubation with sedation and neuromuscular blockade

In general, orotracheal intubation with sedation and neuromuscular blockade are preferred for asthmatic

patients in critical respiratory distress.

The use of ketamine and propofol might be preferred over other sedative agents.

Recommendation 3 Recommendations for appropriate ventilator settings (Evidence Category D)

Control of hyperinflation and auto-PEEP

Reduction of respiratory rate might help control hyperinflation.

Reduction of tidal volume might help control hyperinflation.

An initial set-up of 80 L/min with a decelerating wave form configuration might be appropriate in adults.

Shortening of inspiration with a square wave pattern and an inspiratory flow rate of 60 L/min allows greater time for exhalation in

each respiratory cycle and might help control hyperinflation.

Auto-PEEP and plateau pressure should be followed during mechanical ventilation.

Hypercapnia is preferable to hyperinflation.

It should not be used in the presence of increased intracranial pressure.

An acceptable level of hypercapnia and acidosis is a pH as low as 7.15 and a PaCO2
of < 80 mm Hg.

Recommendation 4 Management in the postintubation period (Evidence Category D)

(Continued )
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recommendation. In EPR3, when a clinical practice ‘‘is recom-
mended,’’ this indicates a strong recommendation (3). When
a clinical practice should or might be ‘‘considered’’ in EPR3, this
indicates that the recommendation is less strong or conditional.
In the current document, recommendations are categorized as
strong or conditional, which is consistent with GRADE and
American Thoracic Society recommendations (5).

The EPR3 recommendations are summarized in Table 1, and
the recommendations of this task force are summarized in
Tables 2–5 (6). The recommendations in these tables are strong

recommendations, unless preceded by the term ‘‘conditional.’’
The task force recommendations are meant to provide guidance
to clinicians who manage acute asthma and are based on the
task force’s interpretation of the best available data and expert
opinion. It is hoped that the EPR3 recommendations combined
with those of this task force will improve the care and outcomes
for patients who present with asthma exacerbations. Because
many of the recommendations are based on only Evidence
Category D, we also hope that this report will stimulate
additional needed research.

TABLE 3. (CONTINUED)

Verify endotracheal tube placement with a carbon dioxide detector, adequate oximeter readings, and chest radiography.

Chest radiography will determine the depth of intubation but not esophageal intubation with the patient breathing

‘‘around the tube.’’

Postintubation sedation should be provided with a benzodiazepine.

Recommendation 5 Medical management of the intubated asthmatic patient

Continued treatment with inhaled bronchodilators, such as nebulized albuterol or albuterol administered with a metered-dose

inhaler (Evidence Category B)

Systemic corticosteroid treatment, such as 40 mg of methylprednisolone every 6 hours (Evidence Category B)

No routine use of heliox once the patient is intubated (Evidence Category D)

Recommendation 6 Prevention and treatment of complications (Evidence Category D)

Hypoxemia

Exclude right mainstem intubation (21 cm at incisors)

Exclude pneumothorax and place pleural drain

Exclude tube obstruction (kinking, biting of tube, or plugging)

Exclude pneumonia and other lung disease

Hypotension

Exclude pneumothorax but first perform a trial of apnea or hypopnea to decrease intrathoracic pressure unless unequivocal

evidence, such as tracheal shift with unilateral breath sounds or subcutaneous emphysema

Consider tension pneumothorax early. (This is a clinical diagnosis. If lung examination suggests this complication,

proceed with a needle thoracostomy followed by a chest tube thoracostomy.)

Administer fluids

Measure auto-PEEP and plateau pressure and apply reduction measures

Exclude other causes, such as myocardial infarction and sepsis

Cardiac arrest

A trial of apnea or hypopnea for no more than 30–60 s with external compressions and volume challenge is therapeutic for lung

hyperinflation as a cause of cardiac arrest.

Consider tension pneumothorax early (If lung examination suggests this complication, proceed with a needle thoracostomy

followed by a careful chest tube thoracostomy.)

Definition of abbreviations: PEEP 5 positive end-expiratory pressure.

TABLE 4. CLINICAL PRACTICE RECOMMENDATIONS: DISCHARGE MEDICATIONS

Recommendation 1 Conditional: consider IMCSs* in patients who are likely to have difficulty in obtaining or using OCSs after ED discharge.

Patients selected for IMCS therapy should be informed of an increased risk of local injection site complications (mostly

pain and bruising; Evidence Category B).

Recommendation 2 Conditional: consider a short course of very high-dose ICSs† instead of OCSs after ED discharge in patients with mild forms

of acute asthma and who are able to obtain, afford, and use ICSs correctly and/or have difficulty tolerating OCSs

(Evidence Category B). Such patients should receive adequate training about how to use ICSs before ED discharge.

Recommendation 3 Recommend initiating daily ICSs‡ (in patients not already receiving daily ICSs) or continuing daily ICSs‡ (in patients already

receiving daily ICSs) on ED discharge (in addition to a short course of OCSs)‡ for patients with a history compatible

with persistent asthma,x even between episodes of acute asthma (Evidence Category A). Consider initiating daily ICSs

in patients who have experienced an episode of asthma requiring OCSs in the prior 12 months (Evidence Category D).

Remarks: Patients starting ICSs should receive adequate training about how to use them before ED discharge.

Recommendation 4 Additional studies are needed to evaluate the efficacy and safety of macrolides and leukotriene modifiers in adults with acute

asthma after ED discharge before recommendations regarding their use can be made (Evidence Category B; no recommendation).

Definition of abbreviations: ED 5 emergency department; ICS 5 inhaled corticosteroid; IMCS 5 intramuscular corticosteroid; OCS 5 oral corticosteroid.

* Alphabetical order: betamethasone sodium phosphate, 6 mg, with betamethasone acetate, 6 mg, administered intramuscularly 3 1; dexamethasone, 10 mg,

administered intramuscularly 3 1; methylprednisolone sodium acetate, 80 to 160 mg, administered intramuscularly 3 1; or triamcinolone diacetate, 40 mg,

administered intramuscularly 3 1.
† Budesonide dry powder inhaler, 2,400 to 3,200 mg/d, inhaled in divided doses (2–4 times/d) for 7 to 10 d. Alternative regimens, in alphabetical order with estimated

equivalent daily doses, include flunisolide, 4,000 to 5,000 mg/d; fluticasone dry powder inhaler, 1,000 to 1,500 mg/d; mometasone dry powder inhaler, 800 to 1200,

mg/d; and triamcinolone acetonide, 3,000 to 4,000 mg/d.
‡ Alphabetical order: daily inhaled budesonide dry powder inhaler, 1,200 mg/d; flunisolide metered-dose inhaler, 2,000 mg/d; fluticasone dry powder inhaler, 500 mg/

d; mometasone dry powder inhaler, 400 mg/d; triamcinolone acetonide, 1,500 mg/d, in divided doses (twice per day) for 3 to 4 wk AND prednisone, 40 to 50 mg/d, for

5 to 7 d.
x Any of the following: prescribed daily controller use; daytime symptoms or use of rescue inhalers (e.g., albuterol) more than twice a week; interference with sleep

more than twice a month; activity limitation caused by asthma; exacerbations requiring systemic corticosteroids more than once a year; and airflow obstruction with

FEV1 of less than 80% of predicted value.

Introduction 355



Author disclosures were obtained by the Journal of Allergy and Clinical
Immunology (JACI) using questions determined by the American Academy of
Allergy, Asthma and Immunology (AAAAI) and JACI. Questions pertained to:
employment; financial interests between the author or members of the
author’s immediate family or household with organizations and commercial
interests; research support during the past calendar year; and legal consulta-
tion services/expert witness testimony during the past calendar year. Authors
were asked to state dollar amounts in ranges of either , $10,000 or >

$10,000. Authors were not required to disclose other facts that are now
requested by PATS in conformance with American Thoracic Society policy,
including knowledge of any significant financial relationship between the
author’s institution or employer and relevant commercial interests, and all
relationships with tobacco entities.

Disclosure of potential conflict of interest: M.S. has been a consultant for
GlaxoSmithKline and has received research support from Aerocrine, Genen-
tech, GlaxoSmithKline, and Merck. A.A.N.K. has declared that he had no
conflict of interest. B.B. has declared that he had no conflict of interest.
C.A.C., Jr. has been a consultant, speaker, or advisory board member for
AstraZeneca, Critical Therapeutics, Dey, Genentech, GlaxoSmithKline,
Merck, Novartis, and Schering-Plough and has received research support
from the National Institutes of Health, AstraZeneca, Critical Therapeutics,
GlaxoSmithKline, Merck, Novartis, and Respironics. T.C. is on the speakers’
bureau for GlaxoSmithKline. J. A. Krishnan has declared that he had no
conflict of interest. R.N. has declared that he had no conflict of interest. G.R.
has been a speaker or advisory board member for AstraZeneca, Schering-
Plough, CSL Behring, Merck, and Sanofi Aventis and has provided legal
consultation or expert witness testimony on the topic of environmental
injuries, mostly mold-related.

Acknowledgment: We thank Kersten Hammond for her editorial assistance and
Dr. Holger Schünemann for his valuable suggestions.

References

1. American Lung Association. American Lung Association Asthma in
Adults Fact sheet [accessed April 8, 2008]. Available from: http://
www.lungusa.org/site/apps/nl/content3.asp?c5dvLUK9O0E&b5

2058817&content_id5%7b39966A20-AE3C-4F85-B285-68E23EDC6CA8%
7d&notoc51.

2. Centers for Disease Control and Prevention. National Center for Health
Statistics national ambulatory medical care survey, 1992–2005. Na-
tional Hospital Ambulatory Medical Care Survey, 2005. Atlanta:
Centers for Disease Control and Prevention; 2005.

3. Jadad AR, Moher M, Browman GP, Booker L, Sigouin C, Fuentes M,
et al. Systematic reviews and meta-analyses on treatment of asthma:
critical evaluation. BMJ 2000;320:537–540.

4. National Asthma Education and Prevention Program Expert Panel
Report 3: guidelines for the diagnosis and treatment of asthma.
J Allergy Clin Immunol 2007;120:S94–S138.

5. Schunemann HJ, Jaeschke R, Cook DJ, Bria WF, El-Solh AA, Ernst A,
et al. An official ATS statement: Grading the quality of evidence and
strength of recommendations in ATS guidelines and recommendations.
Am J Respir Crit Care Med 2006;174:605–614.

6. Soroksky A, Stav D, Shpirer I. A pilot prospective, randomized placebo-
controlled trial of bilevel positive airway pressure in acute asthma
attack. Chest 2003;123:1018–1025.

TABLE 5. CLINICAL RECOMMENDATIONS: IMPROVING
FOLLOW-UP

Recommendation 1 Recommend that all patients with asthma seen in the

ED have their chronic asthma characterized by

National Asthma Education and Prevention Program

guidelines. Chronic severity assessment can be ac

complished by determining pre-exacerbation

medication use, daytime and nighttime symptoms,

history of activity limitation, and history of

exacerbations requiring oral corticosteroids. Patients

with persistent asthma or recurrent asthma

exacerbations need appropriate assessment

and asthma expertise that allows for comprehensive

care and management (Evidence Category D).

Recommendation 2 Recommend that the appointment to the primary care

physician, asthma specialist, or specialized asthma

clinic be made before leaving the ED, if possible, and

a reminder by telephone should occur several days

later (Evidence Category B). Conditional: when

indicated, consider providing a transportation

voucher for the appointment with the primary care

physician, the asthma specialist, or both (Evidence

Category B). Recommend that the follow-up visit

with the PCP, asthma specialist, or specialized

asthma clinic be within 1 week of the ED visit

(Evidence Category D). Conditional: consider faxing

an ED visit summary to the PCP, asthma specialist, or

asthma clinic before the follow-up visit (Evidence

Category D).

Recommendation 3 Recommend that elements of the follow-up include

optimal controller management, assurance of satis

factory inhaler technique, asthma self-monitoring

and self-management education, an individualized

action plan, trigger identification and avoidance

instruction, and arrangement for ongoing

follow-up. Such follow-up could occur in the ED

itself in a specialized clinic or in the offices of primary

care physicians or specialists and could be

augmented by telephone contact and home

visits (Evidence Category B).

Recommendation 4 Recommend that all patients with severe persistent

asthma or a history of prior severe exacerbations

requiring hospitalization be referred to an asthma

specialist (Evidence Category C) or specialized

asthma clinic (Evidence Category B) from the ED.

Conditional: consider referral to an asthma specialist

or specialized asthma clinic for patients with

moderate persistent asthma (Evidence

Category D).

Definition of abbreviations: ED 5 emergency department; PCP 5 primary care

physician.
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This article summarizes the recommendations regarding the
management of asthma exacerbations presented in the Expert
Panel Report 3 (EPR3) (1). The evidence supporting these
recommendations can be found in the report itself. All of the
recommendations in this article are strong recommendations,
unless indicated by the term ‘‘conditional.’’

Asthma exacerbations consist of acute or subacute episodes of
progressively worsening shortness of breath, coughing, wheezing,
and chest tightness or any combination thereof. These episodes
differ from poor asthma control in that diurnal variability in
airflow, a key marker of poor asthma control, might not change
during an exacerbation (2). An important advance in the new
National Asthma Education and Prevention Program (NAEPP)
EPR3 guidelines (1) is the creation of a chapter devoted to the
management of asthma exacerbations. Moreover, the new EPR3
guidelines present different spirometry cut points for assessing
the severity of acute asthma (exacerbations) versus chronic
asthma. These and other changes underscore the distinction
between acute and chronic asthma management.

Two patient populations at particular risk during an asthma
exacerbation include patients with one or more risk factors for
asthma-related death (Table 1) and infants, who are at greater
risk for respiratory failure because of differences in lung anatomy
and physiology. The assessment and treatment of young children
pose unique challenges, but management of asthma exacerba-
tions in older children is generally similar to that in adults.

Early treatment of asthma exacerbations is the best strategy
for management. Important elements of early treatment at the
patient’s home include a written asthma action plan; recognition
of early signs and symptoms of worsening; appropriate in-
tensification of therapy by increasing short-acting b-agonists
and, in some cases, adding a short course of oral corticosteroids;
removal, or withdrawal from an environmental factor contrib-
uting to the exacerbation; and prompt communication between
the patient and clinician, seeking emergency care for severe
manifestations, or both. Despite adherence to optimal chronic
asthma care, it is increasingly recognized that some patients will
require an urgent office visit or even an emergency department
(ED) visit for further asthma care.

CLASSIFYING THE SEVERITY OF
ASTHMA EXACERBATIONS

Symptoms of asthma exacerbations include breathlessness,
coughing, wheezing, and chest tightness. The signs of asthma
exacerbation include agitation, increased respiratory rate, in-
creased pulse rate, and decreased lung function as measured by
FEV1, peak expiratory flow (PEF), PaO2

, PaCO2
, and arterial

oxygen saturation (SaO2
). The use of accessory muscles and the

inability to talk in sentences or even in phrases might or might
not be present, depending on the severity of the exacerbation.

The severity of these symptoms and signs, along with
the findings on functional lung assessment, are used to catego-
rize asthma exacerbations as mild, moderate, severe, or life-
threatening (Table 2). The primary determinant of severity is
percent predicted FEV1 or PEF. The exacerbation severity
determines treatment. Mild exacerbations can usually be man-
aged at home, but more severe exacerbations might require
treatment and monitoring in the ED or, in more serious cases,
hospital admission.

INITIAL ASSESSMENT OF ASTHMA EXACERBATIONS
IN THE ED

Severe exacerbations of asthma are potentially life-threatening
and therefore require prompt care, close observation for de-
terioration, and frequent treatments. Serial measurement of
lung function provides an objective measure of improvement.
The NAEPP Expert Panel recommends that all clinicians
treating asthmatic patients be prepared to treat an asthma
exacerbation, recognize the signs and symptoms of severe and
life-threatening exacerbations (Table 2), and be familiar with
the risk factors for asthma-related death (Table 1). All patients
presenting with a reported asthma exacerbation should be
evaluated and triaged immediately, with treatment instituted

Abbreviations used: ED, Emergency department; EMS, emergency medical

services; EPR3, Expert Panel Report 3; MDI, metered-dose inhaler; PEF, peak

expiratory flow; SaO2
, arterial oxygen saturation.
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promptly on determination of a moderate, severe, or life-
threatening exacerbation (Figure 1).

While initial treatment is given, the clinician should ob-
tain a brief history and perform a brief physical examination.
The clinician should assess lung function (unless patient is in
respiratory extremis) and obtain laboratory studies only as needed.

HISTORY

The brief history should include the time of onset; any potential
causes of the exacerbation; the severity of symptoms, especially
compared with previous exacerbations; and the response to
any treatment given before admission to the ED. In addition,
the clinician should list all current medications and the time of
the last dose (especially for asthma medications), along with the
estimated number of previous unscheduled office visits, ED
visits, and hospitalizations for asthma, particularly within the
preceding year. It is also important to note any previous
episodes of serious respiratory insufficiency (e.g., involving loss
of consciousness or intubation) and any other potentially
complicating illness, particularly pulmonary or cardiac disease
or any disease that might be aggravated by systemic corticoste-
roid therapy, such as diabetes or hypertension.

PHYSICAL EXAMINATION

The objective of the brief physical examination is to assess both
the severity of the exacerbation (Table 2) and overall patient
status, including level of alertness, fluid status, presence of
cyanosis, respiratory distress, and wheezing, although wheezing
can be an unreliable indicator of airway obstruction. Any
possible complications, such as pneumonia, pneumothorax, or
pneumomediastinum, should be identified. Upper airway ob-
struction, such as that caused by foreign bodies, epiglottitis,
organic diseases of the larynx, vocal cord dysfunction, and
extrinsic and intrinsic tracheal narrowing, should be ruled out.
Clues to the presence of upper airway obstruction as a cause of
dyspnea include dysphonia, inspiratory stridor, monophonic
wheezing that is loudest over the central airway, normal PaO2

,
and complete resolution of airflow obstruction with intubation.
If upper airway obstruction is suspected, the patient should be
evaluated by using flow–volume curves and laryngoscopy, either
during or after the ED visit, depending on the severity of the
obstruction.

ASSESSMENT OF LUNG FUNCTION

In adults and most children older than 5 years, serial measure-
ment of lung function by using either FEV1 or PEF performed
at presentation and again 30 to 60 minutes after initial treat-
ment is very useful in categorizing the severity of the exacer-
bation and indicating the need for hospitalization. However, in
patients experiencing a severe or life-threatening exacerbation
with obvious airway compromise and cyanosis, these objective
measurements are not recommended at the time of presentation
because they provide little additional information and can be
very uncomfortable for the patient. In such cases the physical
presentation should suffice for initial clinical assessment, and
treatment should be initiated promptly. Thus 100% FEV1 or
PEF testing at triage is not a realistic or desirable goal. The
optimal percentage of early spirometric testing (e.g., . 80%)
will depend on the frequency of very severe exacerbations in
a given ED. For the patients who present in respiratory
extremis, for whom initial FEV1 or PEF assessment was not
performed, it is important to note that they are likely to benefit
from such testing later in the ED visit (e.g., after a few inhaled
short-acting b2-agonist treatments or before hospital admis-
sion).

Assessment of lung function is more difficult in children than
in adults. No single assessment tool appears to be the best for
determining the severity of exacerbation in children (3–11), and
in some children neither FEV1 nor PEF results are obtainable
during an exacerbation. In one study only 65% of children aged
5 to 18 years could complete either of these measurements
during an exacerbation; among children younger than 5 years,
these maneuvers were almost impossible (4).

For this reason, pulse oximetry performed at the time of
arrival to the ED and repeated 1 hour after initial treatment is
recommended for assessment of lung function in infants and
young children. After 1 hour, those children who continue to
meet the criteria for a severe exacerbation have a greater than
86% chance of requiring hospitalization, those who meet the
criteria for a moderate exacerbation have an 84% chance of
requiring hospitalization, and those in whom the second assess-
ment indicates mild exacerbation have only an 18% chance of
requiring hospitalization (7).

In infants, assessment of lung function depends more on
physical examination than on objective measurement. Use of
accessory muscles, inspiratory and expiratory wheezing, para-
doxical breathing, cyanosis, and a respiratory rate of greater
than 60 breaths/minute all signal serious distress, as does SaO2

of
less than 90%. Because infants are at greater risk of respiratory
failure, a lack of response to short-acting b2-agonist therapy, as
evidenced by either physical examination or objective measure-
ments, indicates the need for hospitalization (9). In infants it
is particularly important to monitor SaO2

by means of pulse
oximetry because infants’ ventilation–perfusion characteristics
cause them to become hypoxemic more readily than adults.
SaO2

should be normal for altitude, and a repeat SaO2
of less

than 92% on room air 1 hour after initial treatment is a reliable
predictor of the need for hospitalization (10, 12, 13). Use of oral
corticosteroids early in the episode is essential but should not
substitute for careful assessment by a physician. Most acute
wheezing episodes result from viral infections and might be
accompanied by fever; antibiotic treatment generally is not
required.

LABORATORY STUDIES

Most patients with an asthma exacerbation do not require
laboratory studies. If ordered, laboratory studies must not result

TABLE 1. RISK FACTORS FOR DEATH FROM ASTHMA
(ORIGINALLY PUBLISHED AS FIGURE 5-2A IN THE EPR3 [1])

Asthma history

Previous severe exacerbation (e.g., intubation or ICU admission for asthma)

Two or more hospitalizations for asthma in the past year

Three or more ED visits for asthma in the past year

Hospitalization or ED visit for asthma in the past month

Using . 2 canisters of SABA per month

Difficulty perceiving asthma symptoms or severity of exacerbations

Other risk factors: lack of a written asthma action plan, sensitivity to Alternaria

Social history

Low socioeconomic status or inner-city residence

Illicit drug use

Major psychosocial problems

Comorbidities

Cardiovascular disease

Other chronic lung disease

Chronic psychiatric disease

Definition of abbreviations: ED 5 emergency department; ICU 5 intensive care

unit; SABA, short-acting beta2-agonist.

Sources: Abramson et al., 2001; Greenberger et al., 1993; Hardie et al., 2002;

Kallenbach et al., 1993; Kikuchi et al., 1994; O’Hollaren et al., 1991; Rodrigo and

Rodrigo, 1993; Strunk and Mrazek, 1986; Suissa et al., 1994.
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in delay of treatment. Laboratory studies are used to detect
actual or impending respiratory failure, theophylline toxicity, or
conditions that complicate asthma treatment, such as cardio-
vascular disease, pneumonia, or diabetes. For example, arterial
blood gas measurements are helpful for evaluating PaCO2

in
patients with suspected hypoventilation, those in severe distress,
or those with FEV1 or PEF results of 25% or less of predicted
value after initial treatment. A complete blood cell count is
rarely needed, but might be appropriate in patients with fever
or purulent sputum, but clinicians should bear in mind that
modest leukocytosis is common in patients with asthma. A chest
radiograph is not recommended for routine assessment but
should be obtained for patients suspected of having congestive
heart failure, pneumothorax, pneumomediastinum, pneumonia,

or lobar atelectasis. A baseline electrocardiogram and monitor-
ing of cardiac rhythm are appropriate in patients older than 50
years and in those who have known coexistent heart disease or
chronic obstructive pulmonary disease.

TREATMENT OF ASTHMA EXACERBATIONS

Prehospital Management

The Expert Panel recommends that emergency medical services
(EMS) providers administer supplemental oxygen and inhaled
short-acting bronchodilators to all patients who have signs or
symptoms of an asthma exacerbation. EMS providers should
have a standing order allowing them to provide albuterol to
patients with an asthma exacerbation, which is consistent with

TABLE 2. CRITERIA FOR CATEGORIZING THE SEVERITY OF ASTHMA EXACERBATIONS (ORIGINALLY PUBLISHED AS FIGURE 5-3
IN THE EPR3 [1])

Mild Moderate Severe

Subset: Respiratory

Arrest Imminent

Symptoms

Breathlessness While walking While at rest

(infant—softer, shorter cry,

difficulty feeding)

While at rest

(infant—stops feeding)

Can lie down Prefers sitting Sits upright

Talks in Sentences Phrases Words

Alertness May be agitated Usually agitated Usually agitated Drowsy or confused

Signs

Respiratory rate Increased Increased Often . 30/minute

Guide to rates of breathing in awake children:

Age Normal rate

, 2 mo , 60/min

2–12 mo , 50/min

1–5 yr , 40/min

6–8 yr , 30/min

Use of accessory

muscles; suprasternal

retractions

Usually not Commonly Usually Paradoxical

thoracoabdominal

movement

Wheeze Moderate, often only

end expiratory

Loud; throughout

exhalation

Usually loud;

throughout inhalation

and exhalation

Absence of wheeze

Pulse/minute , 100 100–120 . 120 Bradycardia

Guide to normal pulse rates in children:

Age Normal rate

2–12 mo , 160/min

1–2 yr , 120/min

2–8 yr , 110/min

Pulsus paradoxus Absent , 10 mm Hg May be present

10–25 mm Hg

Often present . 25 mm Hg

(adult), 20–40 mm Hg

(child)

Absence suggests

respiratory muscle

fatigue

Functional

assessment

PEF percent

predicted or percent

personal best

> 70 percent z 40–69 percent or

response lasts , 2 hours

, 40 percent , 25 percent (Note:

PEF testing may

not be needed in very

severe attacks)

PaO2
(on air) Normal (test not

usually necessary)

> 60 mm Hg (test not

usually necessary)

, 60 mm Hg:

possible cyanosis

and/or

PCO2 , 42 mm Hg (test not

usually necessary)

, 42 mm Hg (test not

usually necessary)

> 42 mm Hg: possible

respiratory failure

SaO2
percent

(on air) at sea level

. 95 percent (test not

usually necessary)

90–95 percent (test not

usually necessary)

, 90 percent

Hypercapnia (hypoventilation) develops more readily in young children than in adults and adolescents.

Definition of abbreviations: PaO2
5 arterial oxygen pressure; PCO2 5 partial pressure of carbon dioxide; PEF 5 peak expiratory flow; SaO2

5 oxygen saturation.

The presence of several parameters, but not necessarily all, indicates the general classification of the exacerbation.

Many of these parameters have not been systematically studied, especially as they correlate with each other. Thus, they serve only as general guides (Cham et al.,

2002; Chey et al., 1999; Gorelick et al., 2004b; Karras et al., 2000; Kelly et al., 2002b and 2004; Keogh et al., 2001; McCarren et al., 2000; Rodrigo and Rodrigo 1998b;

Rodrigo et al., 2004; Smith et al., 2002).

The emotional impact of asthma symptoms on the patient and family is variable but must be recognized and addressed and can affect approaches to treatment and

follow up (Ritz et al., 2000; Strunk and Mrazek 1986; von Leupoldt and Dahme 2005).
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their legally authorized scope of practice and with local medical
directives. They should also have available a nebulizer, an
inhaler plus a spacer/holding chamber, or both for b2-agonist
administration. If b2-agonist treatment is not possible, sub-
cutaneous epinephrine or terbutaline can also be administered
for severe exacerbations (14, 15).

When administering bronchodilator treatment, EMS person-
nel should not delay patient transport to the hospital. Treatment
can be repeated while transporting the patient to a maximum of
three bronchodilator treatments during the first hour and then
one per hour thereafter. All EMS personnel should receive
training in how to respond to the signs and symptoms of severe
airway obstruction and impending respiratory failure (16).

ED Management

In the ED, the severity of the asthma exacerbation determines
the intensity of treatment and the frequency of patient moni-
toring. In general, primary treatment (i.e., administration of
oxygen, inhaled b2-agonists, and systemic corticosteroids) is the
same for all asthma exacerbations, but the dose and frequency
of administration, along with the frequency of patient monitor-
ing, differ depending on the severity of the exacerbation (Figure
1 and Table 3). In addition to these three primary treatments,

therapy with inhaled ipratropium bromide or other agents
might also be necessary in severe exacerbations.

Oxygen. Administration of oxygen through nasal cannulae
or a mask is recommended to maintain SaO2

at greater than
90% (. 95% in pregnant women and patients with concomitant
heart disease). Oxygen saturation should be monitored until
a clear response to bronchodilator therapy has occurred.

Inhaled short-acting b2-agonists. All patients should re-
ceive inhaled b2-agonist treatment because repetitive or con-
tinuous administration of these agents is the most effective
means of reversing airflow obstruction (Table 3) (17–20). In the
ED, three treatments administered every 20 to 30 minutes is
a safe strategy for initial therapy. Thereafter, frequency of
treatment varies according to patient response (i.e., improve-
ment in airflow obstruction and associated symptoms). About
60% to 70% of patients will respond sufficiently to the initial
three doses to be discharged, and most of these will demon-
strate a significant response after the first dose (18, 21, 22).

In patients with severe exacerbations (i.e., , 40% of pre-
dicted value for either FEV1 or PEF), continuous administra-
tion of b2-agonists might be more effective than intermittent
administration (17). The duration of bronchodilation from short-
acting b2-agonists is not precisely known, but might be signifi-
cantly shorter than in patients with stable asthma. Because of

Figure 1. Management of asthma exacerbations: ED-

and hospital-based care (originally published as Fig 5-6

in the EPR3 [1]).
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TABLE 3. DOSAGES OF DRUGS FOR ASTHMA EXACERBATIONS (ORIGINALLY PUBLISHED AS FIGURE 5-5 IN THE EPR3 [1])

Dosages

Medication Child Dose* Adult Dose Comments

Inhaled short-acting beta2-agonists (SABA)

Albuterol

Nebulizer solution

(0.63 mg/3 ml,

1.25 mg/3 ml,

2.5 mg/3 ml,

5.0 mg/ml)

0.15 mg/kg (minimum dose 2.5 mg) every

20 min for 3 doses then 0.15–0.3 mg/kg

up to 10 mg every 1–4 h as needed, or

0.5 mg/kg/h by continuous

nebulization.

2.5–5 mg every 20 min for 3

doses, then 2.5–10 mg every

1–4 h as needed, or

10–15 mg/h continuously.

Only selective beta2-agonists are recommen-

ded. For optimal delivery, dilute aerosols to

minimum of 3 ml at gas flow of 6–8 L/min.

Use large volume nebulizers for continuous

administration. May mix with ipratropium

nebulizer solution.

MDI (90 mg/puff) 4–8 puffs every 20 min for 3 doses, then

every 1–4 h inhalation maneuver as

needed. Use VHC; add mask in

children , 4 yr.

4–8 puffs every 20 min up to

4 h, then every 1–4 h

as needed.

In mild-to-moderate exacerbations, MDI plus

VHC is as effective as nebulized therapy with

appropriate administration technique and

coaching by trained personnel.

Bitolterol

Nebulizer solution

(2 mg/ml)

See albuterol dose; thought to be half as

potent as albuterol on mg basis.

See albuterol dose. Has not been studied in severe asthma

exacerbations. Do not mix with other drugs.

MDI (370 mg/puff) See albuterol MDI dose. See albuterol MDI dose. Has not been studied in severe asthma

exacerbations.

Levalbuterol

(R-albuterol)

Nebulizer

solution (0.63

mg/3 ml, 1.25

mg/0.5 ml

1.25 mg/3 ml)

0.075 mg/kg (minimum dose 1.25 mg)

every 20 min for 3 doses, then

0.075–0.15 mg/kg up to 5 mg every

1–4 h as needed.

1.25–2.5 mg every 20 min for

3 doses, then 1.25–5 mg

every 1–4 h as needed.

Levalbuterol administered in one-half the mg

dose of albuterol provides comparable

efficacy and safety. Has not been evaluated

by continuous nebulization.

MDI (45 mg/puff) See albuterol MDI dose. See albuterol MDI dose.

Pirbuterol

MDI (200 mg/puff) See albuterol MDI dose; thought to be half

as potent as albuterol on a mg basis.

See albuterol MDI dose. Has not been studied in severe asthma

exacerbations.

Systemic (injected)

beta2-agonists

Epinephrine 1:1,000

(1 mg/ml)

0.01 mg/kg up to 0.3–0.5 mg every

20 min for 3 doses sq.

0.3–0.5 mg every 20 min for

3 doses sq.

No proven advantage of systemic therapy over

aerosol.

Terbutaline (1 mg/ml) 0.01 mg/kg every 20 min for 3 doses then

every 2–6 h as needed sq.

0.25 mg every 20 min for

3 doses sq.

No proven advantage of systemic therapy over

aerosol.

Anticholinergics

Ipratropium bromide

Nebulizer solution

(0.25 mg/ml)

0.25–0.5 mg every 20 min for 3 doses,

then as needed

0.5 mg every 20 min for 3 doses

then as needed

May mix in same nebulizer with albuterol.

Should not be used as first-line therapy;

should be added to SABA therapy for severe

exacerbations. The addition of ipratropium

has not been shown to provide further

benefit once the patient is hospitalized.

MDI (18 mg/puff) 4–8 puffs every 20 min as needed up to 3 h 8 puffs every 20 min as needed

up to 3 h

Should use with VHC and face mask for

children , 4 yr. Studies have examined

ipratropium bromide MDI for up to 3 h.

Ipratropium with albuterol

Nebulizer solution (each

3-ml vial contains

0.5 mg ipratropium

bromide and

2.5 mg albuterol)

1.5 ml every 20 min for 3 doses, then as

needed

3 ml every 20 min for 3 doses,

then as needed

May be used for up to 3 h in the initial

management of severe exacerbations. The

addition of ipratropium to albuterol has not

been shown to provide further benefit once

the patient is hospitalized.

MDI (each puff contains

18 mg ipratropium

bromide and 90 mg of

albuterol)

4–8 puffs every 20 min as needed up to 3 h 8 puffs every 20 min as needed

up to 3 h

Should use with VHC and face mask for

children , 4 years.

Systemic corticosteroids

(Applies to all three corticosteroids)

Prednisone 1–2 mg/kg in 2 divided doses

(maximum 5 60 mg/d) until PEF is 70%

of predicted or personal best

40–80 mg/d in 1 or 2 divided

doses until PEF reaches 70%

of predicted or personal best

For outpatient ‘‘burst,’’ use 40–60 mg in single

or 2 divided doses for total of 5–10 days in

adults (children: 1–2 mg/kg/d maximum

60 mg/d for 3–10 d).

Methylprednisolone

Prednisolone

Definition of abbreviations: ED 5 emergency department; MDI 5 metered-dose inhaler; PEF 5 peak expiratory flow; VHC 5 valved holding chamber.

There is no known advantage for higher doses of corticosteroids in severe asthma exacerbations, nor is there any advantage for intravenous administration over oral

therapy provided gastrointestinal transit time or absorption is not impaired.

The total course of systemic corticosteroids for an asthma exacerbation requiring an ED visit of hospitalization may last from 3 to 10 days. For corticosteroid courses of

less than 1 week, there is no need to taper the dose. For slightly longer courses (e.g., up to 10 d), there probably is no need to taper, especially if patients are

concurrently taking ICSs.

ICSs can be started at any point in the treatment of an asthma exacerbation.

* Children < 12 years of age.
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potential cardiotoxicity, only selective short-acting b-agonists
(albuterol, levalbuterol, and pirbuterol) should be administered
in high doses.

In patients with milder exacerbations, treatment should
consist of high doses (4–12 puffs) of a b2-agonist adminis-
tered by trained personnel through a metered-dose inhaler
(MDI) with a valved holding chamber or by means of neb-
ulizer therapy. Nebulizer therapy might be preferred for those
patients who are unable to cooperate effectively in using an
MDI because of their age, agitation, or more severe exacer-
bations.

Systemic corticosteroids. Systemic corticosteroids are rec-
ommended for most patients (Table 3) because they speed the
resolution of airflow obstruction and reduce the rate of post-ED
relapse (23). In the ED, systemic corticosteroids should be
administered to all patients with moderate-to-severe exacerba-
tions and to those who do not respond to initial b2-agonist
therapy.

The Expert Panel recommends oral administration of pred-
nisone, which has been shown to have effects equivalent to
those of intravenous methylprednisolone (24, 25) but is less
invasive. Supplemental doses should be given to patients who
regularly take corticosteroids, even if the exacerbation is mild.
In patients with moderate-to-severe exacerbations, early ad-
ministration of corticosteroid therapy might reduce the likeli-
hood of hospitalization (23).

The Expert Panel agrees that current evidence is insufficient
to warrant recommending high-dose inhaled corticosteroids over
oral corticosteroids in the ED; more study is needed regarding
the use of inhaled corticosteroids for acute treatment (26).

Inhaled ipratropium bromide. The Expert Panel recom-
mends use of inhaled ipratropium bromide for acute treatment
in the ED. Multiple high doses (0.5 mg of nebulizer solution or 8
puffs by means of MDI in adults and 0.25–0.5 mg of nebulizer
solution or 4–8 puffs by means of MDI in children) should be
added to b2-agonist therapy to increase bronchodilation. The
combination of a b2-agonist and inhaled ipratropium bromide
has been shown to reduce hospitalizations, particularly in
patients with severe airflow obstruction (27, 28).

Other treatments. Antibiotics are not generally recommen-
ded for the treatment of asthma exacerbations because viruses
are a much more common cause of exacerbations than bacteria.
Thus antibiotics should be reserved for relatively rare cases in
which there is strong evidence of a coexistent bacterial infection
(e.g., pneumonia or sinusitis). Data on possible benefits of
macrolide antibiotics are discussed later in this issue, although
their use is still not recommended in the absence of other
clinical indications based on currently available data. Aggres-
sive hydration is not recommended for older children and adults
but might be appropriate for some infants and young children,
who could become dehydrated as a result of increased re-
spiratory rate and decreased oral intake. Fluid status should be
assessed before administering hydration therapy. The Expert
Panel does not recommend the use of methylxanthines, chest
physiotherapy, mucolytics, or sedation.

Repeat Assessment

The Expert Panel recommends that patients with severe exacer-
bations undergo repeat assessment after the initial dose of
inhaled bronchodilator treatment and that all patients, regardless
of exacerbation severity, are assessed after three doses of inhaled
bronchodilator treatment (i.e., 60–90 min after initiation of
therapy). Response to treatment in the ED is a better predictor
of the need for hospitalization than the severity of an exacerba-
tion at the time of presentation (3, 5, 7, 9, 29–35). All repeat
assessments should include the patient’s subjective response to

treatment, physical findings, and FEV1 or PEF results (or arterial
blood gas measurements or pulse oximetry in patients with
suspected hypoventilation, those who are in severe distress, and
those with FEV1 or PEF results < 25% of predicted value; see
earlier discussion of laboratory studies in INITIAL ASSESSMENT OF

ASTHMA EXACERBATIONS IN THE ED).

Impending Respiratory Failure

Although most patients respond well to therapy, a small
percentage will show signs of worsening ventilation. Because
respiratory failure can progress rapidly and is difficult to
reverse, early recognition and treatment are necessary. Signs
of impending respiratory failure include an inability to speak,
altered mental status, intercostal retraction (29), worsening
fatigue, and a PaCO2

of 42 mm Hg or greater. The Expert Panel
recommends that intubation not be delayed once it is deemed
necessary.

Because intubation of a severely ill asthmatic patient is
difficult and can result in complications, other treatments, such
as intravenous magnesium, heliox, and other treatments, are
sometimes attempted.

d Intravenous magnesium sulfate has no apparent value in
patients with exacerbations of lower severity, but it might
be considered (conditional recommendation) in those with
life-threatening exacerbations and those whose exacerba-
tions remain severe after 1 hour of intensive conventional
treatment (36, 37). The selective use of intravenous
magnesium sulfate already has been adopted by many
academic EDs (38). The dose is 2 g over 20 minutes in
adults and 25 to 75 mg/kg in children (up to a maximum of
2 g).

d Heliox-driven albuterol nebulization can also be consid-
ered (conditional recommendation) in these patients (39,
40). Heliox also can be used to quickly decrease the work
of breathing. Unfortunately, the heliox literature is com-
plicated by the small number of subjects in most trials and
by important methodological differences between trials.
For example, some studies have neglected to account for
the different effect of heliox versus oxygen on respirable
mass (41). A large multicenter study is needed to resolve
lingering questions about this promising therapy.

d Intravenous administration of b2-agonists is a largely un-
proved treatment (20), and the Expert Panel does not
recommend use of intravenous isoproterenol in the treat-
ment of asthma because of the danger of myocardial
toxicity. Similarly, there is insufficient evidence to date to
recommend the use of leukotriene modifiers (42) or non-
invasive ventilation (43) in the treatment of acute asthma.

Intubation

The Expert Panel makes the following recommendations with
regard to intubation:

d Patients presenting with apnea or coma should be intu-
bated immediately. Persistent or increasing hypercapnia,
exhaustion, and depressed mental status strongly suggest
the need for ventilatory support.

d Consultation with or comanagement by a physician expert
in ventilator management is essential because ventilation
of patients with severe asthma is complicated and risky.

d Because intubation is difficult in asthmatic patients, it
should be done semielectively and before respiratory
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arrest occurs. Once intubation is deemed necessary, it
should not be delayed and therefore should be performed
in the ED, with the patient transferred to an intensive care
unit appropriate to the patient’s age.

d Two issues must be considered at the time of intubation.
First, intravascular volume should be maintained or
replaced because hypotension commonly accompanies
the initiation of positive pressure ventilation. In addition,
high ventilator pressures, with their associated risks of
barotrauma, should be avoided.

d ‘‘Permissive hypercapnia’’ or ‘‘controlled hypoventilation’’
is the recommended ventilator strategy because it provides
adequate oxygenation while minimizing airway pressures
and the possibility of barotrauma (44–46). However, this
strategy is not uniformly successful in critically ill asth-
matic patients, and additional therapies are under evalu-
ation.

EDUCATION OF THE ASTHMATIC PATIENT IN THE ED

The Expert Panel acknowledges that more research is needed in
this area but, based on currently available information, advises
offering a focused patient-education intervention to individuals
who present to the ED with an asthma exacerbation. The
general points of focus for this intervention are general asthma
education, review of inhaler technique, a simple written asthma
discharge plan, and referral for follow-up.

To help patients recognize and respond to symptoms of
asthma, the provider should prepare a simple asthma discharge
plan for asthma symptoms and explain it and be sure to include
daily treatment plans, as well as plans for how to manage an
exacerbation (Figure 2). Because many patients do not use an
inhaler correctly, it is important to review inhaler technique
with the patient and correct technique errors (Figure 3). Also,
refer the patient for a follow-up asthma care appointment with
a primary care physician or an asthma specialist within 1 week

Figure 2. ED asthma discharge plan (originally pub-

lished as Fig 5-7 in the EPR3 [1]).
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and encourage the patient’s participation in a more formal
asthma education program.

PATIENT DISCHARGE

The Expert Panel recommends that patients who demonstrate
a rapid response to treatment be observed for 30 to 60 minutes
after the most recent dose of bronchodilator therapy to ensure
stability of response before discharge to home. In general,
patients can be discharged if FEV1 or PEF results are 70% or
more of predicted value or personal best and symptoms are
minimal or absent. Patients with an incomplete response to
therapy (i.e., FEV1 or PEF results of 50% to 69% of predicted
value or personal best) and with mild symptoms should be
assessed on an individual basis, taking into account any risk
factors for asthma-related death. Extended treatment or obser-
vation in a holding or overnight unit might be appropriate for
some patients.

Patients given systemic corticosteroids should be prescribed
sufficient medication to continue therapy for 3 to 10 days after
discharge. For those patients considered at high risk of non-
adherence, intramuscular depot injections might be as effective
as oral corticosteroids in preventing relapse (47–49). The need
for additional corticosteroid treatment should be assessed at
a follow-up visit. Patients who are currently receiving inhaled
corticosteroid therapy should continue this treatment while
taking systemic corticosteroids. The Expert Panel recommends

that clinicians consider (conditional recommendation) initiating
inhaled corticosteroids at discharge in patients not already
receiving them.

Because an ED visit is often the result of inadequate long-
term management of asthma, clinicians should stress the need for
regular care in an outpatient setting and ensure that all patients
are referred for a follow-up medical appointment. When possible,
the ED should schedule such an appointment before discharge to
increase the likelihood that the patient will keep the appointment.

A discharge plan is useful to ensure that patients are provided
with the necessary medications and taught how to use them,
instructed in how to monitor symptoms, given a follow-up
appointment, and instructed in a written plan for managing
recurrence of airflow obstruction (Figures 2 and 3).

SUMMARY

Most asthma exacerbations require immediate care, close obser-
vation for deterioration, frequent treatment, and repeated mea-
surement of lung function. The NAEPP Expert Panel recom-
mends that all clinicians treating asthmatic patients should be
prepared to treat an asthma exacerbation, recognize the signs and
symptoms of severe and life-threatening exacerbations, and be
familiar with the risk factors for asthma-related death. Because
infants are at greater risk for respiratory failure, clinicians should
also be familiar with special considerations in the assessment and
treatment of infants experiencing asthma exacerbations.

Figure 3. ED asthma discharge education: how to use

your MDI (originally published as Fig 5-7b in the EPR3

[1]).
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All patients presenting with an asthma exacerbation should
be evaluated and triaged immediately, with treatment instituted
promptly on determination of a moderate, severe, or life-
threatening exacerbation. Primary treatment consists of admin-
istration of oxygen, inhaled b2-agonists, and systemic cortico-
steroids, with the dose and frequency of administration, along
with the frequency of patient monitoring, dependent on the
severity of the exacerbation.

After treatment and repeat assessment, patients can generally
be discharged if FEV1 or PEF results are 70% or more of
predicted value or personal best and symptoms are minimal or
absent. Before discharge, patients should be prescribed 3 to 10
days of corticosteroid therapy to reduce the risk of recurrence
and provided with a follow-up appointment to evaluate the need
for additional corticosteroid treatment. Clinicians should consider
(conditional recommendation) initiating inhaled corticosteroids.
Patients should also be educated on correct use of the inhaler and
should be given a written discharge plan for increasing medica-
tions or seeking care in the event of worsening asthma.
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Noninvasive positive pressure ventilation (NPPV) offers venti-
latory assistance for respiratory failure. There are two principal
forms used: continuous positive airway pressure (CPAP) and
bilevel positive airway pressure (BiPAP). Both provide positive
airway pressure during the respiratory cycle, but BiPAP offers
pressure in a biphasic manner, with higher pressures during
inspiration than expiration. Studies in patients with obstructive
lung disease indicate that low-level CPAP offsets the detrimen-
tal effects of auto–positive end-expiratory pressure, which are
caused by gas trapped in alveoli at end expiration and decrease
inspiratory work of breathing (1). The addition of inspiratory
pressure support to CPAP (or BiPAP) generally improves tidal
volume in proportion to the amount of pressure applied (2).
Both CPAP and BiPAP have been used as an alternative to
intubation in patients with a variety of respiratory conditions,
including congestive heart failure with pulmonary edema and
chronic obstructive pulmonary disease (COPD), avoiding the
complications associated with endotracheal intubation (3, 4).

In acute exacerbations of COPD, a number of randomized
controlled trials have demonstrated that NPPV decreases re-
spiratory rate, dyspnea, PaCO2

, hospital length of stay, rates of
intubation, and mortality (3). Asthma exacerbations are similar
to COPD exacerbations in that increased airway obstruction
and dynamic hyperinflation impair ventilatory efforts, poten-
tially leading to respiratory muscle fatigue. However, there is
a paucity of randomized controlled trials on the use of NPPV in
asthma. Still, positive results have been reported in a limited
number of case reports, case series, or uncontrolled studies with
both CPAP and BiPAP (5–12). In these reports the experience

with NPPV in patients with acute severe asthma has been
encouraging, but its specific use in the treatment of acute
asthma remains poorly defined. The goal of this review is to
critically evaluate the body of literature relating to the use of
NPPV and resultant outcomes in patients with severe asthma
exacerbations. The authors combine evidence-based data with
expert opinion to provide guidance on this controversial topic.

METHODS

Two sets of keywords were selected for the systematic literature
review. The first set included the terms acute asthma, acute severe
asthma, acute bronchospasm, acute reactive airways disease, asthma
exacerbation, emergency asthma, and status asthmaticus. The second
set of keywords included the following terms: airway pressure ventila-
tion, bilevel positive airway pressure ventilation (BiPAP), continuous
positive airway pressure ventilation (CPAP), intermittent positive-pressure
ventilation, nasal ventilation, noninvasive mechanical ventilation, non-
invasive positive pressure ventilation, NIPPV, NPPV, noninvasive venti-
latory support, noninvasive ventilation, NIV, positive pressure ventilation,
pressure-controlled ventilation, ventilation support, and volume-controlled
ventilation. Additional details of the methodology for all literature re-
views in this supplement are provided in the introduction to this issue
(13). The task force specified the level of evidence used to justify the
recommendations being made, and the system used to describe the level
of evidence is also defined in the introduction to this issue.

RESULTS

The literature search produced eight randomized controlled trials
and three meta-analyses. Two of these randomized controlled
trials were deemed appropriate for this review, and two meta-
analyses were considered relevant. One of the randomized trials
(14) was included in one of the meta-analyses (15).

Randomized Controlled Trials

Soroksky et al. (14) reported on a randomized, placebo-con-
trolled study that compared conventional asthma treatment plus
3 hours of therapeutic BiPAP (n 5 15) with conventional
treatment plus sham BiPAP (n 5 15) in patients aged 18 to
50 years with acute asthma presenting to the emergency de-
partment. The protocol called for an initial expiratory pressure of
3 cm H2O that was increased by 1 cm H2O every 15 minutes to
a maximum pressure of 5 cm H2O. The initial inspiratory
pressure was set at 8 cm H2O and increased by 2 cm H2O every
15 minutes to a maximum pressure of 15 cm H2O or until the
respiratory rate was less than 25 breaths/minute, whichever came
first. Patients were eligible to be enrolled in the study if they had
an FEV1 of less than 60% of predicted value, a respiratory rate
of greater than 30 breaths/minute, at least a 1-year history of
asthma, and a current asthma attack duration of less than 7 days.
Intervention effectiveness was measured based on improvement
in lung function test results defined as an increase of at least 50%
in FEV1 compared with the baseline value on hospital admission
or an increase in FEV1 to greater than 60% of predicted value.
Secondary end points included need for hospitalization and
occurrence of respiratory failure with need for mechanical
ventilation. BiPAP improved lung function test results. Eighty
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percent of patients in the BiPAP group reached predetermined
primary end points compared with 20% of control patients. The
mean increase in FEV1 was 53.5% 6 23.4% with BiPAP
compared with 28.5% 6 22.6% in the conventional treatment
group (P 5 0.0006). Hospitalization was required in 17.6% of the
BiPAP group versus 62.5% of control group (P 5 0.0134). Based
on these findings, the researchers concluded that the addition of
BiPAP to conventional treatment improves lung function and
reduces the need for hospitalization in patients with severe acute
asthma exacerbations.

Thill et al. (16) tested the hypothesis that BiPaP improves
respiratory function in children with lower airway obstruction in
a prospective, randomized, crossover study. Lower airway
obstruction was defined as increased work of breathing, wheez-
ing, dyspnea, and a Clinical Asthma Score (CAS) of greater
than 3. A total of 20 children (mean age, 48 mo; range, 2 mo to
14 yr) with acute lower airway obstruction were randomized to
receive either 2 hours of noninvasive ventilation with a nasal
mask followed by crossover to 2 hours of standard therapy
(group 1) or 2 hours of standard therapy followed by 2 hours of
noninvasive ventilation (group 2). The primary end point of this
study was the efficacy of BiPAP, as demonstrated by a change in
respiratory rate, CAS, and assessment of gas exchange. All
patients received supplemental oxygen with the high-flow
Venturi mask system with fraction of inspired oxygen titrated,
inhaled b2-agonists, and intravenous corticosteroids. The study
demonstrated the following results: (1) BiPAP was associated
with a decrease in respiratory rate for all patients after 2 hours
compared with baseline values (49.5 6 13.9 versus 32.0 6 6.2
breaths/min, P , 0.01); (2) BiPAP was associated with lower
total CASs (2.1 6 1.0 versus 5.4 6 1.2, P , 0.0001); (3) BiPAP
was associated with lower scores for individual components of
accessory muscle use, wheezing, and dyspnea (all P , 0.01); (4)
discontinuation of BiPAP in group 1 at the 2-hour crossover
time point was associated with an increase in respiratory rate
and total CAS by the 4-hour data collection time point; (5)
BiPAP was not associated with significant differences in oxygen
saturation or transcutaneous CO2 measurement; and (6) the
delivered oxygen concentration needed to maintain oxygen
saturations of 90% or greater was lower when patients were
receiving BiPAP (0.57 versus 0.38, P , 0.0001). Based on these
results, the researchers concluded that BiPAP can be an effective
treatment for children with acute lower airway obstruction.

Meta-Analyses

Keenan and Brake (17) undertook a meta-analysis to determine
the level of evidence available in the literature to support the
use of NPPV in various causes of acute respiratory failure. A
systematic review of the literature was done using a Medline
search, review of personal files, and review of bibliographies of
relevant articles for randomized controlled trials, controlled
trials, and clinical trials. Numerous studies were identified, but
most were in the form of case reports or case series. Seven ran-
domized controlled trials were identified in the meta-analysis that
supported the use of NPPV in patients with severe exacerbation
of COPD. An additional single randomized controlled trial and
three case series were identified in the meta-analysis that pro-
vided evidence supporting the use of NPPV in patients with
a severe asthma exacerbation. Additional studies were identified
that evaluated the use of NPPV in patients with pneumonia,
adult respiratory distress syndrome, and cardiogenic pulmonary
edema. The authors found that numerous studies described the
use of NPPV, but most were in the form of case reports or case
series. The authors concluded that there is some evidence for
benefit in patients with COPD, but there is currently a lack of
randomized controlled trial data and therefore insufficient evi-

dence to support the use of NPPV in acute respiratory failure of
other causes.

Ram et al. (15) analyzed the literature to determine the
efficacy of various types of NPPV in adults with severe acute
asthma in comparison with usual medical care with respect to
mortality, tracheal intubation, changes in blood gases, and
hospital length of stay. Of 11 identified trials, 10 were excluded,
leaving only the trial by Soroksky et al. (14) discussed above.
Ram et al. (15) concluded that the results of Soroksky et al. (14)
are promising but that large, randomized controlled trials are
needed to determine the role of NPPV in status asthmaticus.
One point noted by Ram et al. (15) is that attempts to mask
NPPV treatment are possible, as demonstrated in the study by
Soroksky et al. (14), and this masking should be encouraged in
future studies to reduce bias in the study outcomes.

Other Studies

Shivaram et al. (5) studied the effects of CPAP on 21 asthmatic
patients and 19 control subjects. The fractional inspiratory time,
a marker of diaphragm fatigue, was significantly reduced, with
the best sensation of comfort in asthmatic patients occurring at
a mean of 5.3 cm H2O CPAP. The authors concluded that low-
to-medium levels of CPAP assist inspiratory muscles, thereby
decreasing the potential for fatigue. CPAP reduces the magnitude
of the inspiratory effort during spontaneous breathing by over-
coming detrimental effects of auto–positive end-expiratory pressure.
At higher levels of CPAP, beneficial effects might be offset by de-
creased expiratory flow rates and an increase in lung hyperinflation.

In a separate study Shivaram et al. (6) studied the effects of
5 and 7.5 cm H2O CPAP on 21 acutely ill asthmatic patients. Six
control subjects were fitted with sham CPAP at ambient pres-
sure. Application of either level of CPAP reduced respiratory
rate and dyspnea without adverse effects on gas exchange, ex-
piratory airflow, or hemodynamics.

Meduri et al. (7) evaluated the effects of BiPAP in an un-
controlled study of 17 patients with acute severe asthma and
ventilatory failure. Therapy was initiated with CPAP (4 6 2 cm
H2O) and inspiratory pressure support (14 6 5 cm H2O), and the
mean peak inspiratory pressure required to achieve target goals
(respiratory rate , 25 breaths/min and exhaled tidal volume . 7
ml/kg) was 18 6 5 cm H2O. BiPAP-treated patients demonstrated
rapid improvements in gas exchange abnormalities. Two patients
were subsequently intubated for worsening hypercapnia. All
patients survived. In a separate report Meduri et al. (8) reported
that within a larger group with respiratory failure, all 5 of a subset
with acute severe asthma and respiratory failure improved with
CPAP, and only 1 required intubation and mechanical ventilation.

Patrick et al. (9) reported on 2 patients with acute severe
asthma (1 with a PaCO2

of 73 mm Hg and a pH of 7.17) requiring
immediate therapy and treated with proportional assist venti-
lation. Neither patient was intubated, and both were later
discharged from the hospital. These authors concluded that
proportional assisted ventilation is useful in patients with
respiratory failure, including acute asthma.

Fernandez et al. (10) in 2001 reported a retrospective trial of 22
patients, detailing their clinical experience with the use of CPAP
in patients with acute asthma admitted to their intensive care unit.
They concluded that CPAP was a suitable method for improving
alveolar ventilation and could decrease the need for intubation in
a selected group of patients with severe acute asthma.

In a retrospective study published in 2005, Carroll and
Schramm (11) reviewed the treatment of status asthmaticus
with BiPAP in 5 children. They found that BiPAP was well
tolerated and that there was improvement in respiratory rate
(P 5 0.03) and modified pulmonary index scores (P 5 0.03)
after the initiation of BiPAP.
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Finally, Beers et al. (12) recently evaluated 83 pediatric
patients with status asthmaticus to examine the safety, tolerance,
and benefit of BiPAP used with b2-agonist therapy. Of the 77%
(73/83) who tolerated BiPAP, 77% showed an average respira-
tory rate decrease of 23.6%. Improved oxygen saturation (aver-
age of 6.6%) was experienced by 88%. Furthermore, 22% (16/73)
of the patients started on BiPAP in the emergency department
avoided designated admission to the pediatric intensive care unit.
BiPAP was found to be well tolerated and safe in these patients
and provided benefits when used as an adjunct treatment.

DISCUSSION

As reviewed above, retrospective studies, case series, and
subgroup analyses of larger studies in patients with respiratory
failure have shown that patients with acute severe asthma have
improved with treatment with NPPV. In our search of the
literature for recent controlled trials and meta-analyses, four
studies were identified that were believed to be relevant to the
current review of the use of NPPV in patients with severe
asthma exacerbations. Two of the studies were randomized
controlled trials, and two were meta-analyses. The two random-
ized controlled studies examined two different clinical aspects
of the use of NPPV: (1) the effects of BiPAP on respiratory
function in children with lower airway obstruction and (2) the
use of nasal bilevel pressure ventilation combined with conven-
tional treatment in adults.

In both studies the outcomes supported the use of NPPV in
the treatment of an acute exacerbation of asthma. In the study
by Thill et al. (16) of children with lower airway obstruction,
there was an improvement in respiratory rate and clinical signs
of asthma with the use of BiPAP, although oxygen saturation
did not change with the addition of BiPAP. This was the first
prospective study of BiPAP in children, and it demonstrated
that BiPAP was feasible and resulted in both clinically and
statistically significant improvements in asthma symptoms.
Although patient compliance with BiPAP might be more
difficult to achieve in very young patients, these authors were
able to demonstrate successful use of BiPAP in children as
young as 2 months of age. In the study by Soroksky et al. (14),
adults treated with nasal bilevel pressure ventilation had
improved lung function and less need for hospitalization.

The two meta-analyses that were examined also reported
results that were supportive of the use of NPPV in the
treatment of respiratory failure. The two meta-analyses studied
the use of NPPV in adults with acute asthma (15) and the use of
CPAP in various types of respiratory failure with a limited
number of asthmatic patients (17). The former meta-analysis
only found that the Soroksky et al. (14) study met their criteria
for review. The second meta-analysis demonstrated benefit in
severe acute exacerbations of COPD in multiple randomized
controlled trials but found much less evidence in patients with
severe asthma attacks. The conclusions from the meta-analyses
regarding asthma are limited by a lack of randomized controlled
trial data because much of the information about patient
response to NPPV in severe asthma exacerbations comes from
case reports, which are subject to selection bias and other biases
that might affect the conclusions. Nonetheless, limited con-
trolled data suggest that NPPV might be useful in the treatment
of severe asthma exacerbations.

SUMMARY OF RECOMMENDATIONS

Overall, the current systematic review of the literature suggests
that NPPV might be a useful adjunct in the treatment of severe
asthma exacerbations. However, despite these encouraging

reports, the data from randomized prospective controlled trials
currently available are minimal. Thus although no definitive
conclusion about the role of NPPV in the treatment of severe
acute asthma can be made from the literature search, the
following recommendations are provided by the authors given
the current knowledge regarding NPPV and acute asthma.

1. Conditional: a trial of NPPV before intubation and me-
chanical ventilation should be considered in selected
patients with acute asthma and respiratory failure (Evidence
Category B). These would include patients who can tolerate
and cooperate with this therapy. NPPV should only be used
in these patients provided that the respiratory therapists,
nurses, and physicians who are responsible for their care are
very familiar with this technology and the patients are in an
area where they can be constantly observed and monitored
and can receive immediate intubation, if needed.

Given the minimal complications reported to date with NPPV
use in patients with acute severe asthma and the potential
ability to avoid intubation and mechanical ventilation for some
of these patients, this seems to be a reasonable approach until
further clinical trials are reported.

2. Conditional: pending additional data, specific settings
should follow the protocol set forth in the article by
Soroksky et al. (14) (Evidence Category D). Settings
should be individualized and guided by careful evalua-
tion of clinical response.
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There are approximately 2 million emergency department visits
for acute asthma per year with 12 million people reporting
having had asthma ‘‘attacks’’ in the past year (1). Approxi-
mately 2% to 20% of admissions to intensive care units (ICUs)
are attributed to severe asthma, with intubation and mechanical
ventilation deemed necessary in up to one third in the ICU (2)
and mortality rates in patients receiving intubation from 10% to
20% in this patient population (3).

The onset of acute asthma symptoms ranges from hours to
weeks. Type I acute asthma, also known as slow-onset asthma,
often presents as a gradual deterioration of the clinical scenario,
which is superimposed on a background of chronic and poorly
controlled asthma. Type II acute asthma, or rapid-onset asthma,
tends to be more dangerous and frequently presents with
sudden narrowing of the airways (4).

This article reviews the recent evidence-based data regarding
the indications, techniques, and complications of intubation and
mechanical ventilation in the treatment of acute asthma in the
emergency department (ED). It also discusses possible strate-
gies for preventing the need for intubation in patients with
severe exacerbations who are not responding to conventional
therapy. Finally, this article provides practical management
recommendations in this clinical setting.

METHODS

Three sets of keywords were used for the systematic literature review.
The first set included the terms acute asthma, acute severe asthma, acute

bronchospasm, acute reactive airways disease, asthma exacerbation,
emergency asthma, and status asthmaticus. The second set of keywords
included the following terms: mechanical ventilation, mechanical
ventilator, invasive ventilation, mechanical ventilatory support, continuous
mandatory ventilation (CMV), assist-control ventilation, synchronized
intermittent mandatory ventilation (SIMV), intermittent positive-pressure
ventilation, and complications of mechanical ventilation. The third set
of keywords included the following terms: hypercapnea, hypercapnia,
hypopnea, hypercapnic, respiratory failure, respiratory insufficiency,
respiratory arrest, arrest, hypoventilation, hypoxemia, intubation,
endotracheal intubation, oral intubation, orotracheal intubation, nasal
intubation, nasotracheal intubation, intratracheal intubation, respiratory
acidosis, fatal, and life-threatening. Additional details of the methodology
for all literature reviews in this issue are provided in the introduction to
this issue (5). The task force specified the level of evidence used to justify
the recommendations being made, and the system used to describe the
level of evidence is also defined in the introduction to this issue.

RESULTS

The search for the topic of intubation produced 41 randomized
controlled trials (RCTs) and 6 meta-analyses. Five RCTs were
deemed appropriate for this review. The search for the topic of
mechanical ventilation revealed 5 RCTs and 4 meta-analyses.
None of these RCTs or meta-analyses was deemed appropriate
for this review because they did not deal specifically with
mechanical ventilation of asthmatic patients or effects of
mechanical ventilation on airway function.

RCTs

Groeben et al. (6) conducted a study on 10 asthmatic patients
(2 women and 8 men) to assess the effect on lung function of
awake fiberoptic intubation after lidocaine or dyclonine in-
halation with or without pretreatment with salbutamol. Baseline
FEV1 was recorded, and inhalational challenge with histamine
was administered to confirm bronchial hyperreactivity. There
were 3 hypotheses: (1) awake tracheal intubation during topical
anesthesia leads to a decrease in FEV1; (2) there is no
difference in the response to awake tracheal intubation when
either lidocaine or dyclonine are used for topical anesthesia;
and (3) pretreatment with salbutamol attenuates the response
to awake tracheal intubation and eliminates possible minor
differences in the response after topical anesthesia with either
lidocaine or dyclonine. On 4 different days in a randomized
double-blind fashion, the volunteers inhaled either dyclonine or
lidocaine with or without salbutamol pretreatment. FEV1 did
not change significantly from baseline values with lidocaine
inhalation versus placebo (4.43 6 0.67 versus 4.29 6 0.72 L) or
dyclonine inhalation compared with placebo (4.53 6 0.63 versus
4.42 6 0.80 L); however, salbutamol slightly but significantly
increased FEV1 in the treatment group receiving lidocaine
compared with the placebo group (4.45 6 0.76 versus 4.71 6

0.61 L, P 5 0.0034) and with the treatment group receiving
dyclonine versus the placebo group (4.48 6 0.62 versus 4.71 6

0.61 L, P 5 0.0121). After awake intubation, FEV1 decreased
significantly with lidocaine topical anesthesia (4.29 6 0.72 to
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Intensive care unit; MDI, Metered-dose inhaler; PEEP, Positive end-expiratory
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2.86 6 0.87 L) and decreased to an even greater degree with
dyclonine (4.24 6 0.80 to 2.20 6 0.67 L, P , 0.0001). The
decrease in FEV1 was significantly attenuated by salbutamol,
both in the lidocaine group (4.72 6 0.62 to 3.37 6 1.03 L,
P 5 0.0011) and in the dyclonine group (4.73 6 0.62 to 2.74 6

0.98 L, P 5 0.0003). The study concluded combined treatment
with lidocaine and salbutamol can be recommended for awake
intubation; however, bronchial hyperreactivity might be a con-
traindication to the use of dyclonine.

A study by Conti et al. (7) was conducted to evaluate the
effects of the last-generation opioid alfentanil on respiratory
system mechanics in a group of American Society of Anesthe-
siology classification I nonasthmatic patients ventilated mechan-
ically during general anesthesia. A total of 20 patients (10 men
and 10 women) were randomized into 2 groups. Group A
received alfentanil at 15 mg/kg, and group B received alfentanil
at a dose of 30 mg/kg. Respiratory mechanics variables were
obtained at baseline and after 3, 10, and 15 minutes. There were
no statistically significant differences in respiratory mechanics
variables after administration of alfentanil. The various compo-
nents of respiratory system resistance (Rrs) were all within the
standard limits for intubated patients and showed no variations
after alfentanil administration. Furthermore, there were no other
respiratory or hemodynamic side effects recorded during the
study or surgical procedure, and no respiratory adverse effect was
reported after intravenous alfentanil administration. Although
opioids are believed to have a bronchoconstrictor effect, alfenta-
nil did not appear to cause bronchoconstriction when adminis-
tered intravenously to nonasthmatic patients; additional data are
required to demonstrate safety in asthmatic patients.

Scalfaro et al. (8) tested the hypothesis that the preanesthetic
administration of inhaled salbutamol would prevent the Rrs
increase after tracheal intubation during sevoflurane-induced
anesthesia in asthmatic children. Nineteen patients were ran-
domly assigned to receive either salbutamol or placebo. When
patients inhaled 3% sevoflurane in a mixture of 50% nitrous
oxide in oxygen, there was no difference in ventilation variables
and respiratory mechanics in patients pretreated with salbuta-
mol or placebo. Mean Rrs was similar between groups; how-
ever, there was a significant difference in percentage change
between the groups and the number of patients experiencing
increased Rrs after tracheal intubation. With salbutamol, the
Rrs decreased by a mean of 6.0% (95% CI, 225.2% to
113.2%) compared with a 17.7% mean decrease with placebo
(95% CI, 4.4% to 30.9%; P 5 0.04). A significantly larger
proportion of patients in the placebo group manifested in-
creased Rrs after tracheal intubation in comparison with
pretreated patients (91% versus 46%, P 5 0.03). The research-
ers concluded that salbutamol prevented increases in Rrs in
asthmatic children having their tracheas intubated during sevo-
flurane induction. These data suggest that a preanesthetic
treatment with salbutamol is useful in asthmatic children to
protect against an increase in Rrs after tracheal intubation.

Maslow et al. (9) compared respiratory response during
intubation after administration of intravenous lidocaine with that
after inhaled albuterol in a group of patients with asthma
scheduled for elective surgery requiring general anesthesia and
tracheal intubation. These authors reported that inhaled albu-
terol blunted the airway response to tracheal intubation in
asthmatic patients, whereas intravenous lidocaine did not. A
total of 60 patients were randomized to receive 1.5 mg/kg
intravenous lidocaine or placebo, which was administered
3 minutes before intubation. Fifty additional patients were
randomized to receive 4 puffs of inhaled albuterol or placebo,
which was administered 15 to 20 minutes before intubation. All
patients were premedicated with midazolam and had anesthesia

induced with propofol. The lidocaine and placebo groups were
not different in terms of peak lower pulmonary resistance before
isoflurane administration (8.2 versus 7.6 cm H2O/L/s) or fre-
quency of airway response to intubation (lidocaine: 6 of 30 versus
placebo: 5 of 27). In contrast, the albuterol group had lower peak
lower pulmonary resistance (5.3 versus 8.9 cm H2O/L/s, P , 0.05)
and a lower frequency of airway response (1 of 25 versus 8 of 23,
P , 0.05) than the placebo group. Thus pretreatment with
lidocaine administration did not blunt the intubation-induced
bronchospasm compared with placebo, but pretreatment with
albuterol did appear to blunt the hyperactive airway response.

Wu et al. (10) studied the efficacy of fenoterol and ipra-
tropium in treating asthmatic patients with intraoperative
bronchospasm. Sixteen asthmatic patients were enrolled in the
study, all with a minimum 3-year history of clinically diagnosed
asthma, regular treatment with b-adrenergic agents, and in-
creased Rrs after intubation. They were randomized to receive
either 10 puffs of fenoterol or 10 puffs of ipratropium through
a metered-dose inhaler (MDI) with a spacer 5 minutes after
intubation. All patients had an Rrs value at least 2 SDs greater
than the previously established mean value, which confirmed
the presence of hyperreactive airways. Rrs 30 minutes after
treatment represented a 58% (SD, 6) decrease from 5 minutes
after intubation (pretreatment) for fenoterol compared with
17% (SD, 5) for ipratropium. The percentage decrease in Rrs
for patients in the fenoterol group was significantly greater than
that for patients in the ipratropium group at all times
(P , 0.05). The authors concluded that patients with a history
of asthma were at high risk of having an exaggerated response
to tracheal intubation and that fenoterol was effective in
reducing Rrs after tracheal intubation in asthmatic subjects.

Other Studies

A study was conducted by Tobin (11) to determine the in-
cidence, risk factors, and outcome of barotrauma in a cohort of
mechanically ventilated patients. A total of 5,183 patients were
studied, and barotrauma was present in 154 (2.9%) patients.
Eighty percent of patients who had barotrauma did so within
the first 3 days of mechanical ventilation. The incidence varied
according to the reason for mechanical ventilation; 6% had
asthma. The study found that patients with and without
barotrauma did not differ in any ventilator parameter; however,
patients with underlying lung diseases, such as adult respiratory
distress syndrome and asthma, are more likely to have baro-
trauma with mechanical ventilation.

Behbehani et al. (12) conducted a retrospective cohort study
over a 10-year period of all asthmatic patients receiving
mechanical ventilation at 2 centers in Vancouver to determine
the incidence of acute myopathy and examine predictors of
development. The authors reported there was a high incidence
of acute myopathy when neuromuscular blocking agents were
used for near-fatal asthma. The development of myopathy was
significantly associated with the duration of muscle relaxation,
with an odds ratio of 2.1 (95% CI, 1.4–3.2) with each additional
day of muscle relaxation. It was noted that the dose and type of
corticosteroid were not significantly associated with myopathy
in a multiple logistic regression analysis.

DISCUSSION

The ED task force identified 7 key areas for discussion from the
review of the literature and their clinical experience:

1. prevention of intubation,

2. criteria for intubation,
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3. recommendations for intubation technique,

4. recommendations for appropriate ventilator settings,

5. management in the immediate postintubation period,

6. medical management of asthma in the ventilated patient,
and

7. prevention and treatment of complications.

Prevention of Intubation

The decision to intubate a patient in the ED is multifactorial
and must be weighed carefully. Studies have shown that most
asthmatic patients are able to be treated without intubation.
Braman and Kaemmerlen (13) reported that of 2,094 patients
admitted for asthma over a 10-year period, 80 were admitted to
the ICU, and only 24 required mechanical ventilation. Moun-
tain and Sahn (14) studied patients with hypercapnia and noted
that only 5 of 61 patients required intubation.

Prevention of intubation is an important goal in the treat-
ment of severe acute asthma because mortality rates range from
10% to 20% in patients requiring intubation (3). Patients with
severe asthma exacerbations often respond to first- and second-
line therapies, such as b2-adrenergic agonist use, corticosteroids,
anticholinergic agents, magnesium, aminophylline, and systemic
catecholamines. However, there are times when patients with
severe acute asthma do not respond to first- or second-line
therapies, and special therapies might be necessary for the
possible prevention of intubation (Table 1) (15). Noninvasive
ventilation is discussed in a separate article.

Criteria for Intubation

Clinical. There are 4 indications for intubation, including (1)
cardiac arrest, (2) respiratory arrest or profound bradypnea, (3)
physical exhaustion, and (4) altered sensorium, such as lethargy
or agitation, interfering with oxygen delivery or anti-asthma
therapy. For example, a patient who repeatedly pulls off his or
her oxygen mask and states ‘‘I cannot breathe’’ might require
intubation (Table 2) (16).

Clinical judgment must determine whether intubation is
appropriate in the setting of physical exhaustion and altered
mental status. In the past, respiratory acidosis or an increasing
PaCO2

was considered an indication for intubation; however,
a systematic review of the literature by Leatherman (17)
determined that intubation might not be necessary for a success-
ful outcome in most asthmatic patients with hypercarbia. In-
tubation is indicated with a progressively increasing PaCO2

that is
unresponsive to therapy and possibly associated with a change
in mental status; however, a high PaCO2

alone might not be an
indication for intubation, provided the patient has no change in
mental status and does not appear to be exhausted.

Arterial blood gases. In general, it is not necessary to obtain
arterial blood gases (ABGs) for asthmatic patients presenting to
the ED with bronchospasm. ABGs are usually obtained for
patients who are refractory to therapy. The literature suggests
the following ABG results are indications for intubation and
mechanical ventilation: pH less than 7.2, carbon dioxide pres-
sure increasing by more than 5 mm Hg/h or greater than 55 to
70 mm Hg, or oxygen pressure less than 60 mm Hg on 100%
oxygen delivered through a mask.

In addition to the above clinical and laboratory indications
for intubation, additional factors that might need to be taken
into consideration include a respiratory rate of greater than
40 breaths/minute, silent chest despite respiratory effort,
complicating barotrauma, or unresolving lactic acidosis (18).
Corbridge and Hall (19) and Zimmerman et al. (20) have

emphasized that observation of a patient’s clinical condition
and course might be more valuable than laboratory testing.

Intubation Technique

Once the decision to intubate the patient has been made, the
appropriate method for achieving intubation is controversial.
There are 4 methods of intubation, including awake nasotra-
cheal intubation, awake orotracheal intubation, orotracheal
intubation with sedation, or orotracheal intubation with seda-
tion and neuromuscular blocks (Table 3).

Although there are advantages to nasal intubation, such as
more rapid preparation and less need for sedation, oral
endotracheal intubation is generally preferred for patients in
critical respiratory distress. Asthmatic patients are more likely
to have nasal polyps and sinus pathology that complicate
nasotracheal intubation (21). In addition, oral intubation allows
the use of an endotracheal tube of a larger diameter, facilitating
secretion removal and bronchoscopy, if needed (21).

Because even minor manipulation of the airway during
intubation can elicit laryngospasm and worsen bronchospasm,
the airway should be established by experienced personnel.
Atropine can be administered initially to attenuate the vagal
reflexes that lead to these responses, and lidocaine can be used
for topical anesthesia, as mentioned above.

Sedation can make intubation easier to achieve. Intubation
with a rapid sequence of sedation and muscle paralysis is
preferred, although some advocate awake intubation because
of concern for the potential for apnea with sedation (22).
Although there might be some concern about sedating a patient
who is in respiratory distress, once intubation is planned, there
is no contraindication to sedation (23).

Ketamine is one option to consider for preintubation seda-
tion. It stimulates the release of catecholamines and might have
a direct relaxation effect on bronchial smooth muscle, leading to
bronchodilation (24, 25). This, in turn, allows for easier venti-
lation in the peri-intubation period. Side effects associated with
ketamine include hypersecretion, hypotension and hyperten-
sion, arrhythmias, and hallucinations, and its use is contra-
indicated in patients with ischemic heart disease, hypertension,
preeclampsia, and increased intracranial pressure.

TABLE 1. ALTERNATIVE THERAPIES FOR POSSIBLE PREVENTION
OF INTUBATION

Heliox

Ketamine

Glucagon

Leukotriene inhibitors

Nebulized clonidine

Nitroglycerin

Nebulized calcium channel blockers

Nebulized lidocaine

External chest compression

Modified with permission from Panacek and Pollack (15).

TABLE 2. CONSENSUS INDICATORS FOR INTUBATION (16)

Clinical

Cardiac arrest

Respiratory arrest

Altered sensorium

Progressive exhaustion

Silent chest

Laboratory

Severe hypoxemia with maximal oxygen delivery

Failure to reverse severe respiratory acidosis despite intensive therapy
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Propofol (2 mg/kg administered intravenously over 2 min) is
an excellent alternative to ketamine to achieve sedation in the
peri-intubation period, particularly in the hypertensive patient.
Propofol is a short-acting agent with bronchodilatory effects
that allows for rapid awakening (24). It does not cause hyper-
kalemia, except during rare cases of propofol infusion syndrome
associated with high-dose use. Features of this syndrome include
hyperlipidemia, hepatomegaly, hyperkalemia, rhabdomyolysis,
severe metabolic acidosis, renal failure, and cardiovascular
collapse (26). A short-acting and rapid-onset benzodiazepine,
such as midazolam, can also be used for patient sedation.
Opioids, such as morphine sulfate, are not used in asthmatic
patients for intubation because of the potential for histamine
release, nausea and vomiting, and hypotension, and although
the clinical significance of histamine release is doubtful in this
setting, its other side effects preclude routine use (21).

In addition to ketamine or propofol, succinylcholine or
a competitive neuromuscular blocking agent can be used for
muscle paralysis (27). Succinylcholine offers the advantage of
a rapid onset and short duration of action. Some authorities

prefer a nondepolarizing agent, such as vecuronium, because
succinylcholine causes a greater histamine release, which could
theoretically worsen bronchospasm. On the other hand, the
clinical significance of histamine release in this setting is once
again doubtful (16). However, the increase in potassium levels
caused by succinylcholine might cause severe cardiac arrhyth-
mias if the patient has hyperkalemia from respiratory acidosis.
Vecuronium does not carry the risk of hyperkalemia but
produces a longer duration of paralysis (28). Before inducing
muscle paralysis, the physician should be sure that the patient
can be ventilated and intubated, particularly with a longer-
acting agent, such as vecuronium. This might be difficult to
ascertain because of the severe bronchospasm preventing
ventilation by means of bag valve mask. Facial features of
patients and preintubation assessments (dentures, loose teeth,
and Mallampati score) might provide important clues to the
success of intubation.

In summary, rapid-sequence induction can be safely achieved
in most patients by using 1.0 to 1.5 mg/kg ketamine administered
intravenously and 1.0 to 1.5 mg/kg succinylcholine administered

TABLE 3. BENEFITS/RISKS OF INTUBATION METHODOLOGY

Method of Intubation Benefits/Risks Contraindications

Nasotracheal Benefits Nasal polyps

Minimal need for sedation Coagulation disorder

Rapidity of preparation Thrombocytopenia

Greater postintubation comfort for awake patient Abnormal nasal anatomy

Maintenance of semiupright posture

Maintenance of spontaneous respiration

Decreased likelihood of aspiration

Risks

Epistaxis

Purulent sinusitis

Orotracheal Benefits

Larger-sized endotracheal tube

Direct visualization

Relative ease of obtaining pharyngeal anesthesia

Risks

Oral or tracheal trauma

Esophageal intubation

Vocal cord injury

Aspiration

Awake orotracheal Benefits

Avoid rendering patient apneic

Risks

Oral or tracheal trauma

Esophageal intubation

Vocal cord injury

Aspiration

Patient might be unable to tolerate the procedure

Coughing reflex can be triggered

Orotracheal with sedation Benefits

Rapid procedure, less traumatic than awake

Intubation might be easier to accomplish

Risks

Oral or tracheal trauma

Esophageal intubation

Vocal cord injury

Aspirationtrun -1

Hypotension caused by excessive sedation

Opioids might cause bronchospasm

Orotracheal with

neuromuscular blockade

Benefits

Increases the ease of intubation by reducing muscular resistance

Eliminates the risk of coughing

Might provide superior control during intubation compared with

sedation alone (Baumgarten, Can J Anaesth 1988;35:5–11)

Risks

Few, rarely serious

Side effects of neuromuscular blocking agents

Sedation is necessary in addition to neuromuscular blockade

Airway loss caused by inability to intubate, ventilate, or both

374 PROCEEDINGS OF THE AMERICAN THORACIC SOCIETY VOL 6 2009



by means of intravenous push or 2 mg/kg propofol administered
intravenously over 2 minutes with succinylcholine (23). Propofol
is preferred over ketamine for patients with hypertension, and
succinylcholine should be avoided in patients with hyperkalemia.

Recommendations for Appropriate Ventilator Settings

When an asthmatic patient is ventilated, severe hyperinflation
can result from breath stacking, placing the patient at risk for
hypotension and barotrauma (29). It is essential to recognize,
measure, and control hyperinflation and auto–positive end-
expiratory pressure (PEEP) to ensure a good outcome in the
intubated asthmatic patient (30).

Auto-PEEP occurs when diminished expiratory flow causes
incomplete emptying of alveolar gas. As end-expiratory lung
volume increases, so does end-inspiratory volume for a given
tidal volume predisposing to lung hyperinflation (30, 31). There
are 3 ventilator strategies that can be used to reduce hyperin-
flation and auto-PEEP in the intubated asthmatic patient: (1)
reduction of the respiratory rate, (2) reduction of tidal volume,
and (3) shortening of inspiration by increasing inspiratory flow
to allow greater time for exhalation with each respiratory cycle.
Changes in respiratory rate have the greatest effect on hyper-
inflation and auto-PEEP. In most intubated asthmatic patients,
an inspiratory flow with decelerating waveform configuration is
reasonable during the initial setup if inspiratory time is not
excessively long. However, if one is unable to reduce the
respiratory rate enough for reduction of hyperinflation and
auto-PEEP to acceptable levels (10–15 cm H2O, see below),
inspiratory time can be shortened to allow for a proportionately
longer time for exhalation per respiratory duty cycle by in-
creasing the inspiratory flow rate. Reduction of tidal volume is
appropriate; however, it is limited by its progressive effect
on the dead-space fraction. Increasing pressure limitation to
100 cm H2O might be necessary so that patient receives the full
tidal volume. The use of a square wave-flow pattern and
increasing flow rate shortens inspiratory time and might be
appropriate because it does not represent a significant danger
for barotrauma and should reduce auto-PEEP and hyperinfla-
tion (30, 31). One concern regarding the use of high flow rates is
that the patient’s respiratory rate might increase in response to
high flows, particularly during assist-control ventilation, thereby
decreasing expiratory time and worsening auto-PEEP (32).

Decreasing respiratory rate can cause hypercapnia. Fortu-
nately, hypercapnia is often well tolerated, even with arterial
PaCO2

values as high as 90 mm Hg, and in selected, critically ill
patients it might be safer to accept hypercapnia than to over-
ventilate to a normal PaCO2

at the cost of critical hyperinflation.
Anoxic brain injury and severe myocardial dysfunction are
contraindications to permissive hypercapnia because of the
potential for hypercapnia to dilate cerebral vessels, constrict
pulmonary vessels, and decrease myocardial contractility (33).
In patients with mild-to-moderate myocardial dysfunction, the
clinician must balance the benefits of decreasing lung hyperin-
flation with the potential adverse effects of hypercapnia.

Determining the severity of lung hyperinflation is central to
assessing patients and adjusting ventilator settings. Several
methods have been proposed to assess lung inflation, including
the measurement of exhaled gases and the volume at end-
inspiration (Vei) (34). This volume is determined by collecting
expired gas from total lung capacity to functional residual
capacity during 40 to 60 seconds of apnea. A Vei of greater
than 20 ml/kg correlates with barotrauma; however, Vei might
underestimate air trapping if there are slowly emptying lung
units. This measure requires staff training and patient paralysis
and is not performed in routine ICU practice.

In common practice 2 relatively easy-to-measure pressures
are used as surrogate markers of lung inflation: auto-PEEP and
plateau pressure (Pplat). Auto-PEEP is an estimate of the
lowest average alveolar pressure achieved during the respira-
tory cycle. It is obtained by measuring airway-opening pressure
during an end-expiratory hold maneuver. The presence of
expiratory gas flow at the beginning of inspiration (which can
be detected by means of auscultation or flow tracings) also
suggests auto-PEEP. Auto-PEEP can underestimate the sever-
ity of hyperinflation when there is poor communication between
the alveoli and the airway opening (35).

Pplat (or lung distension pressure) estimates average end-
inspiratory alveolar pressure. Pplat is affected by the entire
respiratory system, including lung parenchyma, the chest wall,
and the abdomen. It is determined by temporarily stopping flow
at end-inspiration during a single delivered breath.

Accurate measurements of Pplat and auto-PEEP require
patient-ventilator synchrony and absence of patient effort.
Paralysis is generally not required. Unfortunately, neither
auto-PEEP nor Pplat have been validated as a predictor of
complications of mechanical ventilation. Still, many experts
agree that complications are rare when Pplat is less than
30 cm H2O and auto-PEEP is less than 15 cm H2O (36).

Ventilator-applied PEEP is not recommended in sedated
and paralyzed patients because it increases lung volume if used
excessively. However, use of low levels of ventilator-set PEEP
(e.g., 5 cm H2O) in spontaneously breathing patients decreases
the inspiratory work of breathing by decreasing the pressure
gradient required to overcome auto-PEEP without worsening
lung inflation (11).

Table 4 (31) lists appropriate initial ventilator settings for the
intubated asthmatic patient.

Management in the Immediate Postintubation Period

Sedation. Effective sedation improves patient comfort,
decreases oxygen consumption and carbon dioxide production,
and allows synchronism between the patient and the ventilator
(37). Sedation also prevents the risk of an awakening patient
becoming combative, self-extubating, or triggering auto-PEEP
because of a rapid respiratory rate (31). Benzodiazepines are
commonly used for this purpose, but other agents are used as
well. Propofol is a useful sedating agent because it can be
titrated to provide deep sedation and has bronchodilating
properties (37). However, propofol can lead to seizures, hyper-
triglyceridemia, and increased carbon dioxide production when
used long-term (37). High doses of propofol should be avoided
to minimize the risk of propofol infusion syndrome (26). To
provide the best combination of amnesia, sedation, analgesia,
and suppression of respiratory drive, a narcotic, such as fentanyl
or alfentanil, should be added to either propofol or a benzodi-
azepine, such as lorazepam (37).

After intubation, inhaled anesthetic agents might be useful
because of their potent direct bronchodilatory effect and their
ability to decrease airway responsiveness (37, 38). The benefits
of the use of these agents must be balanced against the risk of
inducing myocardial depression and arrhythmias (37) and the
logistical problems associated with their use (31).

TABLE 4. INITIAL VENTILATOR SETTINGS FOR THE INTUBATED
ASTHMATIC PATIENT (31)

Controlled mechanical ventilation at 10 breaths/min

Tidal volume at 7–8 ml/kg (ideal body weight)

Peak inspiratory flow at 60 L/min (constant flow) or 80–90 L/min (decelerating

flow)

Fraction of inspired oxygen at 1.0
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Neuromuscular blockade. Continuing neuromuscular block-
ade during mechanical ventilation might reduce the risk for
barotrauma, avoids coughing and dyssynchronous breathing,
and allows the respiratory muscles to rest (37). In this regard
cisatracurium is a good choice because it is essentially free of
cardiovascular effects, does not release histamine, and does not
rely on hepatic and renal function for clearance.

Because paralytic agents can cause a myopathy, particularly
when used concomitantly with corticosteroids, neuromuscular
blockade after intubation is recommended only for patients who
do not have adequate relaxation with deep sedation alone to
allow for a passive response to the ventilator (31). Neuromus-
cular blockade should be limited, when possible, to less than 24
hours to avoid an associated myopathy, particularly because
deep sedation is generally all that is required by that time (30).
Full resolution of the myopathy generally occurs, although the
recovery time might be prolonged (31).

Heliox. Heliox is a mixture of oxygen and helium that
decreases airway resistance by reducing airflow turbulence in
the bronchial passages. The results of studies on the benefits of
the use of heliox are conflicting, but there might be some
benefit to its use in patients with severe asthma before in-
tubation as a means of avoiding intubation. There is currently
insufficient evidence to support the use of heliox in intubated
patients.

Medical Management of Asthma in the Intubated Patient

Systemic corticosteroids. Because bronchospasm continues
after intubation, inhaled bronchodilators and systemic cortico-
steroids should be continued (30). Systemic corticosteroids are
the gold standard of treatment in intubated asthmatic patients.
Manser et al. (39) conducted a systematic review of the
literature and determined that 40 mg every 6 hours of methyl-
prednisolone (or equivalent) is appropriate, and higher doses do
not appear more efficacious.

Inhaled b-agonists. Inhaled b-agonists are also indicated;
however, the most effective dosing is debated. The literature
shows that delivery of sufficient puffs of b-agonists through an
MDI using a well-designed reservoir system is cost-effective and
has proved to be as effective as using a nebulizer in intubated
asthmatic patients (40). Table 5 (31) summarizes guidelines for
the use of MDIs and nebulizers in mechanically ventilated
patients.

Other bronchodilators. The clinical benefits of intravenous
theophylline in intubated patients are unknown, but outcomes
in hospitalized asthmatic patients in general do not appear to
improve with intravenous theophylline (Expert Panel Report
3).

Prevention and Treatment of Complications

Intubation-induced bronchospasm. It is well known that tra-
cheal intubation increases airway resistance in patients with
bronchial hyperreactivity (41). It is, however, unknown to what
extent reflex bronchoconstriction in asthmatic patients occurs
after awake tracheal intubation. Four studies addressed these
issues.

Groeben et al. (6) (see RESULTS) determined that dyclonine
inhalation might be contraindicated in patients with bronchial
hyperreactivity, given the greater than 50% decrease in FEV1 in
the asthmatic patients they studied. Furthermore, they found
the decrease in FEV1 was significantly mitigated (35%) by
administration of lidocaine for topical anesthesia, and salbuta-
mol pretreatment might have provided additional attenuation.
Therefore they recommended combined pretreatment with
lidocaine and salbutamol for awake intubation in patients with
acute asthma.

In an attempt to better understand the ability of intravenous
lidocaine to prevent intubation-induced bronchospasm, Maslow
et al. (9) (see RESULTS) found inhaled albuterol blunted the
airway response to tracheal intubation in asthmatic patients,

TABLE 5. GUIDELINES FOR THE USE OF MDIs AND NEBULIZERS IN MECHANICALLY VENTILATED PATIENTS (31)

MDI Technique Nebulizer Technique

Ensure tidal volume . 500 ml in adults during assisted ventilation Place the drug solution in the nebulizer using a fill volume (2–6 ml)

that ensures the greatest aerosol-generating efficacy*

Aim for an inspiratory time (excluding the inspiratory pause)

of . 0.3 of total breath duration

Place the nebulizer in the inspiratory line at least 30 cm from the

ventilator wye†

Ensure that the ventilator breath is synchronized with the patient’s inspiration Ensure an airflow of 6–8 L/min through the nebulizer‡

Shake the MDI vigorously Ensure adequate tidal volume (. 500 ml in adults);

attempt to use duty cycle . 0.3, if possible

Place the canister in the actuator of a cylindrical spacer situated in the

inspiratory limb of the ventilator circuitx
Adjust minute volume to compensate for additional

airflow through the nebulizer, if required

Actuate the MDI to synchronize with the precise onset of inspiration by the ventilator{ Turn off flow-by or continuous-flow mode on ventilator

Allow a breath hold at the end of inspiration for 3–5 secondsk

Allow passive exhalation Observe nebulizer for adequate aerosol generation throughout use

Repeat actuation after 20–30 seconds the until total dose is delivered** Disconnect nebulizer when all medication is nebulized

or when no more aerosol is being produced

Reconnect ventilator circuit and return to original

ventilator settings

* The volume of solution placed in the nebulizer (i.e., the fill volume) that achieves maximal efficiency varies among nebulizers.
† Bypassing the humidifier has been suggested as a means of improving aerosol delivery in mechanically ventilated patients. However, administration of dry gas might

lead to drying of the airway mucosa; therefore administration with humidified gas is preferred for routine bronchodilatory therapy. This is the description of airway lines

leading from the patient.
‡ The nebulizer can be operated continuously or only during inspiration; the latter method is more efficient. Some ventilators provide inspiratory gas flow to the

nebulizer; alternatively, the nebulizer can be powered by continuous gas flow from an external source.
x With MDIs, it is preferable to use a spacer that remains in the ventilator circuit to avoid disconnecting the ventilator circuit for each treatment. Although bypassing

the humidifier can increase aerosol delivery, it prolongs each treatment and requires disconnecting the ventilator circuit.
{ In ambulatory patients with an MDI placed near the mouth, actuation is recommended briefly after initiation of inspiratory airflow. In mechanically ventilated

patients using an MDI and spacer combination, actuation should be synchronized with the onset of inspiration.
k The effect of a postinspiratory breath hold has not been evaluated in mechanically ventilated patients.

** The manufacturer recommends repeating the dose after 1 minute. However, MDI actuation within 20 to 30 seconds after the prior dose does not compromise drug

delivery.
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whereas intravenous lidocaine did not. Hence intravenous
lidocaine cannot be recommended as a means of preventing
intubation-induced bronchospasm.

Scalfaro et al. (8) (see RESULTS) investigated the protective
effect of an inhaled b2-adrenergic agonist in the setting of
increased Rrs in children having their tracheas intubated and
showed that in children with mild-to-moderate asthma, a pre-
anesthetic treatment with inhaled salbutamol can prevent the
increase of Rrs, as evidenced by a 6.0% decrease in Rrs with
salbutamol treatment.

One additional study assessed medication effects on total
Rrs. Wu et al. (10) (see RESULTS) investigated the effects of a b-
agonist and cholinergic antagonist on postintubation total Rrs in
asthmatic patients who experienced an increase in resistance
after tracheal intubation and concluded that fenoterol can
reduce Rrs after tracheal intubation in asthmatic patients.

Overall, one can therefore conclude from these studies that
(1) airway resistance does increase in response to intubation
and (2) pretreatment with bronchodilators appears to be useful
in decreasing or preventing this complication of intubation in
patients with hyperreactive airways.

Persistent or worsening hypoxemia. Persistent or worsening
hypoxemia during mechanical ventilation suggests the develop-
ment of a complication of mechanical ventilation. Complica-
tions such as right main stem intubation (proper endotracheal
tube placement is generally 21 cm at the incisors in a woman
and 23 cm in a man), pneumothorax, endotracheal tube
displacement, endotracheal tube blockage, leakage of air
around the endotracheal tube, gastric distention decreasing
respiratory system compliance, mechanical malfunction of the
ventilatory apparatus, aspiration, and progressive broncho-
spasm can all contribute to hypoxemia and must be addressed
individually as appropriate. In addition, appropriate settings for
mechanical ventilation (see below), treatment of recurrent or
persistent bronchospasm, nasogastric tube placement to de-
compress the stomach, and frequent reassessment of the patient
to determine the cause of hypoxemia and the response to
interventions are critical.

Hypotension. Hypotension is another common complica-
tion that can develop after intubation. During periods of asthma
exacerbations, patients typically have decreased oral intake and
faster respiratory rates, both of which contribute to a negative
fluid balance. This relative or actual dehydration can contribute
directly to hypotension. Hypotension can also result from
complications related directly to mechanical ventilation. The
increase in intrathoracic pressure caused by mechanical venti-
lation leads to decreased systemic venous return, potentially
leading to a decrease in cardiac output. These effects of
ventilation can be avoided by preventing complications that
increase intrathoracic pressure, such as hyperinflation, gastric
distention, and tension pneumothorax. Lastly, medications used
for sedation or medical management can cause hypotension.
For example, the general anesthetic isoflurane improved PaCO2

in pediatric patients but caused hypotension severe enough to
require vasopressor support in 8 of the 10 children studied (42).

A fluid bolus is an immediate measure that is useful for
managing hypotension (unless there are contraindications to
a fluid bolus, such as concurrent pulmonary edema). Decreasing
the respiratory rate and adjusting the ventilatory cycle to allow
for a shorter inspiratory cycle and longer expiratory cycle are
typical strategies for avoiding complications caused by lung
hyperinflation (see the discussion on ventilatory settings). In
critical hypotension (defined as a decrease in systolic blood
pressure to , 90 mm Hg or a reduction of . 40 mm Hg from
baseline value), a trial of hypopnea (2–3 breaths/min) or apnea
in a preoxygenated patient for 30 to 60 seconds can be both

diagnostic and therapeutic for lung hyperinflation. Critical
hypotension for which a reversible cause cannot be immediately
found is an indication for epinephrine.

Cardiac arrest. Cardiac arrest can occur as a result of
critical lung hyperinflation by (1) decreasing preload to the
right ventricle, (2) increasing pericardial pressure and tampo-
nade physiology, (3) increasing total pulmonary vascular re-
sistance and right ventricular strain, and (4) predisposing to
tension pneumothorax. A trial of apnea or hypopnea for no
more than 30 to 60 seconds, external chest compressions,
volume challenge, and epinephrine are indicated for cardiac
arrest presenting as pulseless electrical activity.

Tension pneumothorax is a clinical diagnosis. If lung exam-
ination suggests this complication (e.g., tracheal shift with
unilateral breath sounds or subcutaneous emphysema), proceed
with needle thoracostomy followed by careful chest tube
thoracostomy. Note that if the hyperinflated lung is punctured
inadvertently, this could produce a rush of air similar to
releasing a tension pneumothorax but result in ineffective
ventilation. Note further that patients with tension pneumotho-
rax might respond initially to a trial of apnea or hypopnea.

Other causes of cardiac arrest include hypoxemia, acidemia,
electrolyte abnormalities (including lethal hyperkalemia if
succinylcholine was used for intubation of a patient with
respiratory acidosis), myocardial ischemia (particularly if high-
dose b-agonists were used systemically), and endotracheal tube
displacement, kinking, or plugging. Use of illicit drugs, such as
heroin or crack cocaine, should also be considered.

Barotrauma. Increased morbidity and mortality are associ-
ated with barotrauma (43–46). The issue of development of
barotrauma in relation to airway pressure, PEEP, and tidal
volume is controversial. Amato et al. (47) reported that the use
of small tidal volumes and PEEP titrated to lung mechanics
reduced the frequency of barotrauma in patients with acute
respiratory distress syndrome. Conversely, Weg et al. (48) found
no relationship between the development of barotrauma and
high airways pressures or high tidal volumes in patients with
acute respiratory distress syndrome.

As noted above (11), patients with underlying lung diseases,
such as acute respiratory distress syndrome and asthma, are more
likely to experience barotrauma with mechanical ventilation.

A case-control analysis showed increased mortality rates in
patients with barotrauma (51.4% versus 39.2%, P 5 0.04) and
prolonged ICU stay (14 6 13.6 days in patients with barotrauma
versus 10.9 6 11.4 days in patients without barotrauma, P 5 0.04).
In asthmatic patients Tuxen and Lane (34) have demonstrated
that a Vei of greater than 20 ml/kg correlates with barotrauma
(see above).

Myopathy. Acute muscle weakness after mechanical venti-
lation has been shown to be secondary to acute myopathy (49).
The pathogenesis of muscle injury has been linked to cortico-
steroids and neuromuscular blocking agents, such as pancuro-
nium, vecuronium, and atracurium (50). As noted above,
Behbehani et al. (12) reported that there was a high incidence
of acute myopathy when neuromuscular blocking agents were
used for near-fatal asthma, but corticosteroids were not in-
dependently associated with myopathy in their study.

Extubation. Because patients often have prolonged hold
times in the ED while waiting for critical care beds, weaning
and extubation have become germane to emergency medicine.
Weaning and extubation criteria have not been validated for
patients with acute asthma. One approach is to perform
a spontaneous breathing trial in an awake patient once PaCO2

normalizes, airway resistance is less than 20 cm H2O, auto-
PEEP is less than 10 cm H2O, and neuromuscular weakness has
not been identified. Extubation should proceed in a timely
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manner to avoid complications of mechanical ventilation, in-
cluding endotracheal tube–induced bronchospasm. After extu-
bation, observation in an ICU is recommended for an additional
12 to 24 hours. During this time, the focus can switch to safe
transfer to the ward and outpatient management.

SUMMARY OF RECOMMENDATIONS (ALL STRONG)

1. Criteria for intubation (Evidence Category D)

d Clinical indications

— Cardiac arrest
— Respiratory arrest
— Altered mental status
— Progressive exhaustion
— Silent chest

d Laboratory indications

— Severe hypoxia with maximal oxygen delivery
— Failure to reverse severe respiratory acidosis

despite intensive therapy
— pH , 7.2, carbon dioxide pressure increasing by

more than 5 mm Hg/h or greater than 55 to 70 mm
Hg, or oxygen pressure of less than 60 mm Hg

2. Intubation technique (Evidence Category D)

d There are 4 choices of technique, each with its own
benefits and risks:

— nasotracheal intubation,
— awake orotracheal intubation,
— orotracheal intubation with sedation, and
— orotracheal intubation with sedation and

neuromuscular blockade.
d In general, orotracheal intubation with sedation and

neuromuscular blockade are preferred for asthmatic
patients in critical respiratory distress.

d The use of ketamine and propofol might be preferred
over other sedative agents. Pretreatment with broncho-
dilators might reduce airway bronchospasm associated
with tracheal intubation in patients with nonacute asthma
requiring intubation. Patients with acute asthma almost
invariably would have received bronchodilation before
intubation unless presenting in arrest or near arrest.

3. Recommendations for appropriate ventilator settings
(Evidence Category D)

d Control of hyperinflation and auto-PEEP

— Reduction of respiratory rate might help control
hyperinflation.

— Reduction of tidal volume might help control
hyperinflation.

— An initial set-up of 80 L/min with a decelerating
waveform configuration might be appropriate in
adults.

— Shortening of inspiration with a square wave
pattern and an inspiratory flow rate of 60 L/min
allows greater time for exhalation in each
respiratory cycle and might help control
hyperinflation.

— Auto-PEEP and Pplat should be followed during
mechanical ventilation.

d Hypercapnia is preferable to hyperinflation.

— Hypercapnia should not be used in the presence
of increased intracranial pressure.

— An acceptable level of hypercapnia and acidosis
is a pH as low as 7.15 and a PaCO2

of up to 80 mm Hg.

4. Management in the postintubation period (Evidence
Category D)

d Verify endotracheal tube placement with a carbon
dioxide detector, adequate oximeter readings, and
chest radiography. Chest radiography will determine
the depth of intubation but not esophageal intubation
with the patient breathing ‘‘around the tube.’’

d Postintubation sedation should be provided with
a benzodiazepine.

5. Medical management of the intubated asthmatic patient

d Continued treatment with inhaled bronchodilators,
such as nebulized albuterol or albuterol administered
with an MDI (Evidence Category B)

d Systemic corticosteroid treatment, such as 40 mg of
methylprednisolone every 6 hours (Evidence Cate-
gory B)

d No routine use of heliox once the patient is intubated
(Evidence Category D)

6. Prevention and treatment of complications (Evidence
Category D)

d Hypoxemia

— Exclude right mainstem intubation (21 cm at
incisors)

— Exclude pneumothorax and place pleural drain
— Tube obstruction (kinking, biting of tube, or

plugging)
— Exclude pneumonia and other lung disease

d Hypotension

— Consider pneumothorax early but first perform
a trial of apnea or hypopnea to decrease
intrathoracic pressure unless there is unequivocal
evidence of pneumothorax, such as tracheal shift
with unilateral breath sounds or subcutaneous
emphysema

— Tension pneumothorax is a clinical diagnosis. If
a lung examination suggests this complication,
proceed with a needle thoracostomy followed by
a chest tube thoracostomy.

— Fluids
— Measure auto-PEEP and Pplat and apply

reduction measures
— Exclude other causes, such as myocardial

infarction and sepsis
d Cardiac arrest

— A trial of apnea or hypopnea for no more than 30
to 60 seconds with external compressions and
volume challenge is therapeutic for lung
hyperinflation as a cause of cardiac arrest.

— Consider tension pneumothorax early. If lung
examination suggests this complication, proceed
with a needle thoracostomy followed by a careful
chest tube thoracostomy.
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Airway inflammation from respiratory infections or exposure to
allergens, irritants, or both leads to increased airflow obstruction
and respiratory symptoms in patients with acute asthma. Anti-
inflammatory therapy with systemic corticosteroids (CSs) is there-
fore a cornerstone of the management of patients with acute
asthma, particularly those presenting to the emergency depart-
ment (ED) (1, 2). After initial management in the ED, most
patients improve sufficiently to be discharged home with instruc-
tions to complete a short course of daily oral corticosteroids
(OCSs) and short-acting inhaled bronchodilators as needed for
symptom relief. Unfortunately, up to one third of patients who
initially respond to therapy relapse within the first 3 to 4 weeks
after ED discharge (e.g., require treatment escalation, urgent care
or ED visits, or hospitalizations for asthma) (3, 4). The propensity
of many patients to relapse after ED discharge has led to a number
of randomized clinical trials evaluating alternative outpatient anti-
inflammatory treatment strategies in this population, including the
use of inhaled corticosteroids (ICSs), intramuscular corticosteroids
(IMCSs), and noncorticosteroid anti-inflammatory regimens.

The objective of this systematic review is to synthesize the
results of randomized clinical trials in adults with acute asthma,
comparing alternative outpatient anti-inflammatory treatment
strategies to reduce the risk of relapse after discharge home
from the ED. More specifically, this systematic review exam-
ined the following anti-inflammatory treatment options in
adults after ED discharge: (1) IMCSs versus OCSs, (2) ICSs

versus OCSs, (3) combination of ICSs plus OCSs versus OCSs
alone, and (4) noncorticosteroid anti-inflammatory agents (mac-
rolide antibiotics and leukotriene modifiers) in addition to
systemic corticosteroids. This report updates previously pub-
lished systematic reviews in acute asthma (5–7) with subse-
quently published studies and provides a single document
summarizing this body of literature for easy use by clinicians.

METHODS

The following keywords and combinations were used for the search:
asthma exacerbation 1 discharge 1 medication; acute asthma 1

discharge medication; asthma 1 emergency department 1 discharge
medication; asthma 1 emergency 1 department 1 adherence; and
severe 1 asthma 1 adherence 1 emergency 1 department.

Additional details of the methodology for all literature reviews in
this supplement are provided in the introduction to this supplement (8).
The task force specified the level of evidence used to justify the
recommendations being made, and the system used to describe the
level of evidence is also defined in the introduction to this supplement.

RESULTS

The literature search identified 37 clinical randomized con-
trolled trials (RCTs) and 5 meta-analyses potentially relevant to
the study questions. After excluding noneligible studies, 5 RCTs
were identified comparing IMCSs with OCSs; 1 meta-analysis of
7 trials comparing ICSs with OCSs, 2 of which were specifically
in adults; 1 meta-analysis of 3 trials comparing ICSs plus OCSs
versus OCSs alone; and 2 RCTs of noncorticosteroid anti-
inflammatory agents.

IMCSs versus OCS

There are 5 randomized, placebo-controlled clinical trials com-
paring IMCSs with OCSs in a total of 599 adults with acute
asthma (Table 1) (4, 9–12). All 5 trials used a double-dummy
design (IMCS plus oral placebo versus intramuscular placebo
plus OCS) to keep patients and investigators masked to treat-
ment assignment. These studies compared a single dose of
various formulations of IMCSs with a 5- to 8-day course of
OCSs and assessed outcomes over a 5- to 21-day period. Rates of
study completion were high, ranging from 89% to 100%. Overall,
there were no significant differences in symptoms, lung function
parameters, or rates of relapse between the 2 treatment groups.
Some studies, however, reported a higher rate of complications
at the injection sites (e.g., pain or bruising) in patients who
received IMCSs. For example, in the study by Lahn et al. (12),
mean pain scores (3.3/10 versus 1.9/10, P , 0.05) and rates of
bruising (8% versus 0%, P , 0.05) were significantly higher in
the IMCS group compared with those in the OCS group at the
follow-up visit. Taken together, these studies suggest that IMCSs
represent a similarly effective regimen in preventing relapse after
ED discharge compared with several days’ therapy with OCSs.

Abbreviations used: ED, Emergency department; ICS, Inhaled corticosteroid;

IMCS, Intramuscular corticosteroid; OCS, Oral corticosteroid; RCT, Randomized

clinical trial.
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ICSs versus OCSs

For more information, see Table 2 (13, 14). A meta-analysis by
Edmonds et al. (7) evaluated the results of 7 trials comparing
ICSs with OCSs in patients with acute asthma. In this meta-
analysis 4 trials focused on pediatric populations and 1 study
focused on patients presenting to their primary care physicians’
offices. The remaining 2 trials, in a total of 269 adults, compared
high-dose ICSs with OCSs for 7 to 10 days, using a double-
dummy design, in adults with acute asthma discharged from the
ED after initial therapy (13, 14). Rates of study completion
were high (96% [13] and 89% [14]), and there were no
significant differences in relapse or other outcomes, including
need for rescue medications, improvements in lung function,
asthma symptoms, and quality of life. The low relapse rates in
the control groups (7% at 7 d [13] and 12% at 10 d [14]),
together with lung function measurements on ED discharge
(FEV1 of 64% of predicted value [13] and peak expiratory flow
of 407 L/min [14]), suggest that participants in this study had
mild or moderate forms of acute asthma. There were also no

significant differences in outcomes when analysis included all
patients (adults and children) across the 7 trials (7).

Combination of ICSs Plus OCSs versus OCSs Alone

For more information, see Table 3 (15–17). Edmonds et al. (5)
performed a meta-analysis of 3 trials (total n 5 912 adults)
that investigated the efficacy of combining ICSs and OCSs
versus use of OCSs alone in patients discharged from the ED
after initial treatment for acute asthma (15–17). Only 2 of
these studies have been published (15, 16). Moderate-to-high
doses of ICSs combined with 5- to 7-day courses of oral
prednisone at 40 to 50 mg/day were compared with oral
prednisone alone, and outcomes were assessed up to 20 to
24 days after ED discharge. The study by Rowe et al. (15),
which had the highest follow-up rate (97%) and the highest
overall relapse rate (19%) of all 3 studies, reported a signifi-
cant reduction in the risk of relapse in patients assigned
combination therapy versus an OCS alone (12.8% versus
24.5%, P 5 0.049). In contrast, no significant differences in
relapse rates by treatment group were reported in the other 2

TABLE 1. RANDOMIZED CLINICAL TRIALS COMPARING IMCSs WITH OCSs AFTER ED DISCHARGE (TOTAL N 5 599 PARTICIPANTS)

Reference Study Design* Treatment Groups† Country Age (yr) No. (%)‡ Follow-up (d)x Relapse (%)k

Hoffman and

Fiel, 1988 (9)

RCT,

double-dummy

Methylprednisolone sodium acetate,

80 mg IM, vs methylprednisolone,

32 mg BID PO with an 8-d taper

United States 15–55 16/18 (89) 5-7 20.0% vs 0%,

P 5 NS

Lee et al.,

1992 (10)

RCT,

double-dummy

Dexamethasone, 10 mg IM,

vs dexamethasone, 1.5 mg BID PO

with an 8-day taper, vs double placebo

(IM and PO)

Taiwan 16–60 52/52 (100) 7 5.9% vs 6.2%,

P 5 NS

Shuckman et al.,

1998 (11)

RCT,

double-dummy

Triamcinolone diacetate, 40 mg IM,

vs prednisone, 40 mg/d PO 3 5 d

United States 18–50 154/168 (92) 7 9.0% vs 14.5%,

P 5 NS

Chan et al.,

2001 (4)

RCT,

double-dummy

Betamethasone sodium phosphate,

6 mg, 1 betamethasone acetate,

6 mg IM, vs prednisone, 50 mg/d

PO 3 7 d

Canada .18 159/171 (93) 21 36.8% vs 31.0%,

P 5 NS

Lahn et al.,

2004 (12)

RCT,

double-dummy

Methylprednisolone acetate, 160 mg IM,

vs methylprednisolone, 32 mg

PO with an 8-d taper

United States 18–45 180/190 (95) 21 18.5% vs 22.7%,

P 5 NS

Definition of abbreviations: BID 5 twice daily; ED 5 emergency department; IM 5 intramuscularly; IMCSs 5 intramuscular corticosteroids; NS 5 not significant;

OCSs 5 oral corticosteroids; PO 5 by mouth; RCT 5 randomized clinical trial.

* Double-dummy refers to use of a placebo in both treatment groups.
† Corticosteroid treatment groups.
‡ Study completion rate: numbers (percentages) of participants who completed versus enrolled in the study are shown.
x Follow-up period during which outcomes were compared between treatment groups.
k Relapse during the follow-up period in the IMCS versus OCS groups, as defined in individual studies (e.g., need for treatment intensification, ED visit, or

hospitalization).

TABLE 2. RANDOMIZED CLINICAL TRIALS COMPARING ICSs VERSUS OCSs AFTER ED DISCHARGE (TOTAL N 5 269 PARTICIPANTS)

Reference Study Design* Treatment Groups† Country Age (yr) No. (%)‡ Follow-up (d)x Relapse (%)k

Nana et al.,

1998 (13)

RCT,

double-dummy

Budesonide DPI,

1,600 mg BID 3 7 d,

vs prednisolone, 40 mg/d

with a 7-d taper

Thailand 16–50 81/84 (96) 7 11.9% vs 7.1%,

P 5 NS

Fitzgerald et al.,

2000 (14)

RCT,

double-dummy

Budesonide DPI,

600 mg QID 3 7–10 d,

vs prednisone,

40 mg/d 3 7–10 d

Canada 15–50 151/185 (82) 10 10% vs 11.8%,

P 5 NS

Definition of abbreviations: BID 5 twice daily; DPI 5 dry powder inhaler; ED 5 emergency department; NS 5 not significant; OCSs 5 oral corticosteroids; QID 5 4

times daily; RCT 5 randomized clinical trial.

* Double-dummy refers to use of a placebo in both treatment groups.
† Corticosteroid treatment groups.
‡ Study completion rate: numbers (percentages) of participants who completed versus enrolled in the study are shown.
x Follow-up period during which outcomes were compared between treatment groups.
k Relapse during the follow-up period in the ICS versus OCS groups, as defined in individual studies (e.g., need for treatment intensification, ED visit, or

hospitalization).
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studies. When data were pooled across all 3 studies, there was
a nonsignificant trend toward a reduction in relapse rates with
combination therapy (odds ratio for relapse with combination
therapy versus OCS alone, 0.68; 95% CI, 0.46–1.02). There
were no significant differences in other pooled outcomes
between treatment groups, including lung function, use of
b-agonists, asthma symptoms, or adverse effects of ICSs (e.g.,
hoarseness or sore throat).

Noncorticosteroid Anti-inflammatory Agents

For more information, see Table 4 (3, 18). Johnston and other
Telithromycin in Acute Exacerbations of Asthma investigators
(18) conducted a multicenter, double-blind, placebo-controlled
clinical trial to compare the efficacy and safety of telithromycin
(800 mg/d), a macrolide, in 278 adults with acute asthma
presenting to the urgent care clinic, ED, or hospital. Findings
indicate a significantly greater improvement in asthma symp-
toms in the telithromycin group compared with the placebo
group during the 10-day treatment period (20.3 points [0- to 6-
point scale], P 5 0.004). Benefits were also noted in other
outcomes during the treatment period, including a greater
improvement in FEV1 (0.63 versus 0.34 L, P 5 0.001). In-
terestingly, results were similar in patients with and without
laboratory evidence of infection with atypical bacteria at
enrollment. However, differences in lung function disappeared
by the end of the 42-day follow-up period, and relapse rates

were very low and similar in both treatment groups (1.5%

each). Nausea was significantly more common in the telithro-

mycin-treated versus placebo-treated patients (5.3% versus 0%,

P 5 0.01), but other adverse events were uncommon and similar

across treatment groups.
In a multicenter study Silverman et al. (3) evaluated the

effects of adding zafirlukast, an oral leukotriene receptor antag-

onist, or placebo to a standardized regimen of systemic cortico-

steroids and an inhaled b2-agonist in 546 participants. Study

participants were given a single oral dose of zafirlukast (160 mg

or 20 mg) or placebo in the ED. Patients who were discharged

from the ED (86% of all study participants) were enrolled in an

outpatient phase and randomly assigned to continue treatment

with 20 mg of zafirlukast twice daily or placebo by mouth for 28

days (in addition to other asthma medications). The zafirlukast

group had a significantly lower 28-day relapse rate (primary

outcome) compared with the placebo group (23.6% versus

28.9%, P 5 0.047), better lung function (FEV1 of 2.49 versus

2.27 L), lower mean daytime symptom scores (0.82 versus 1.01),

less frequent b-agonist use (3.3 versus 4.1 puffs/d, P , 0.01), and

fewer disruptions of daily activities (20% versus 26%, P 5 0.02).

Adverse events were uncommon and similar between the

treatment groups, including increases in alanine aminotransferase

levels (1% versus 2%, P 5 not significant).

TABLE 3. RANDOMIZED CLINICAL TRIALS COMPARING ICSs PLUS OCSs VERSUS OCSs ALONE AFTER ED DISCHARGE
(TOTAL N 5 912 PARTICIPANTS)

Reference Study Design* Treatment Groups† Country Age (yr) No. (%)‡ Follow-up (d)x Relapse (%)k

Rowe et al.,

1999 (15)

RCT,

double-dummy

Budesonide DPI,

800 mg BID 3 3 wk, 1 prednisone,

50 mg/d PO 3 7 d, vs prednisone,

50 mg/d PO 3 7 d

Canada 18–60 186/191 (97) 21 12.8% vs 24.5%,

P 5 0.049

Brenner et al.,

2000 (16)

RCT,

double-dummy

Flunisolide MDI,

1,000 mg BID 3 24 d, 1 prednisone,

40 mg/d PO 3 5 d, vs prednisone,

40 mg/d PO 3 5 d

United States 18–50 73/104 (70) 24 7.8% vs 7.5%,

P 5 NS

Camargo,

2000 (17)

RCT,

double-dummy

Fluticasone Diskhaler,

250 mg BID 3 20 d, 1 prednisone,

50 mg/d PO 3 5 d, vs prednisone,

50 mg/d PO 3 5 d

United States 12–54 517/617 (84) 20 9.7% vs 12.0%,

P 5 NS

Definition of abbreviations: BID 5 twice daily; DPI 5 dry powder inhaler; ED 5 emergency department; NS 5 not significant; OCSs 5 oral corticosteroids; PO 5 by

mouth; RCT 5 randomized clinical trial.

* Double-dummy refers to use of a placebo in both treatment groups.
† Corticosteroid treatment groups.
‡ Study completion rate: numbers (percentages) of participants who completed versus enrolled in the study are shown.
x Follow-up period during which outcomes were compared between treatment groups.
k Relapse during the follow-up period in the ICS plus OCS versus OCS groups, as defined in individual studies (e.g., need for treatment intensification, ED visit, or

hospitalization).

TABLE 4. RANDOMIZED CLINICAL TRIALS EVALUATING NONCORTICOSTEROID TREATMENTS AFTER ED DISCHARGE

Reference Study Design Treatment Groups Country Age (yr) No. (%)* Follow-up (d)† Relapse (%)‡

Johnston et al.,

2006 (18)

RCT,

double-blind

Telithromycin,

800 mg/d PO, vs placebo,

PO 3 10 d

Multiple 18–55 231/278 (83) 42 1.5% vs 1.5%,

P 5 NS

Silverman et al.,

2004 (3)

RCT,

double-blind

Zafirlukast,

160 mg or 20 mg

PO 3 1 and then 20 mg

PO BID, vs placebo

PO 3 28 d

United States 12–65 457/546 (84)x 28 23.6% vs 28.9%,

P 5 0.047

Definition of abbreviations: BID 5 twice daily; ED 5 emergency department; NS 5 not significant; PO 5 by mouth; RCT 5 randomized clinical trial.

* Study completion rate: numbers (percentages) of participants who completed versus enrolled in the study are shown.
† Follow-up period during which outcomes were compared between treatment groups.
‡ Relapse rates in the treatment versus placebo groups, as defined in individual studies (e.g., need for treatment intensification, ED visit, or hospitalization).
x Six hundred forty-one patients were initially enrolled in the ED; 549 were eligible and enrolled in the outpatient (post-ED discharge) phase.
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DISCUSSION

The main findings of this systematic review of clinical trials in
adults with acute asthma after ED discharge are as follows: (1)
IMCS regimens appear to be as effective as OCS regimens in
preventing relapse (total n 5 599 participants); (2) in patients
with mild-to-moderate acute asthma, ICS and OCS regimens
are similarly effective in preventing relapse (total n 5 269
participants); (3) there was a nonsignificant trend suggesting
that combination therapy with ICSs and OCSs might be more
effective than an OCS alone in preventing relapse (total n 5 912
participants); and (4) additional studies are needed to examine
the safety and efficacy of initiating macrolide antibiotics (in the
absence of infection) and leukotriene modifiers after an episode
of acute asthma.

Several studies have documented a link between low rates of
patient adherence to asthma therapy and poorly controlled
asthma, including increased risk of ED visits or hospitalizations
for acute asthma (19, 20). Nonadherence to systemic cortico-
steroid treatment is even common immediately after ED or
hospital discharge (21–23). A single intramuscular dose of
a long-acting (depot or repository) corticosteroid achieves
a prolonged anti-inflammatory effect and might therefore be
superior to discharging patients with an OCS regimen (which
depends on patients to fill prescriptions and then use them
appropriately). However, findings from this systematic review
failed to detect differences in relapse rates or other efficacy
outcomes between patients treated with IMCSs and OCSs, and
1 study found higher rates of injection-site pain and bruising
with IMCSs. The available data are based on studies comparing
IMCSs versus OCSs provided at ED discharge (not a prescrip-
tion for an OCS), suggesting that the study designs might have
underestimated the benefits of depot IMCSs that would be
observed in clinical practice. Also, the studies were not
designed as equivalency trials and therefore enrolled too few
patients in any single study (range, 18–190 patients) to exclude
the possibility of a small but clinically important reduction in
the rate of relapse with IMCSs. Nevertheless, findings from
studies to date suggest that IMCSs offer an attractive alternative
in selected patients who are likely to have difficulty in obtaining
or using an OCS after ED discharge.

There are ample data from clinical trials to support the use of
ICSs in chronic asthma (2, 24). Results of this review suggest that
adults with mild or moderate acute asthma discharged from the
ED with ICSs or OCSs have similar short-term (< 10 d) out-
comes. However, because these studies were not designed as
equivalency studies, it is not possible to exclude clinically
important differences in relapse rates between ICS and OCS
regimens after discharge. Also, ICSs are more costly and difficult
for patients to use compared with OCSs. Therefore we recom-
mend using ICSs instead of OCSs only in patients with milder
forms of acute asthma who are able to obtain, afford, and use ICSs
appropriately; have difficulty tolerating OCSs because of adverse
effects (e.g., hyperglycemia or sleep disturbance); or both.

Observational studies suggest that ICS treatment (compared
with no ICS treatment) might reduce acute asthma relapse rates
after ED discharge by about 50% (20, 25–26). Many RCTs show
that ICSs reduce exacerbations in patients with persistent
asthma (24). Results of this review (with . 900 total partic-
ipants), however, only found a trend toward a lower relapse rate
when high-dose ICSs (versus placebo) are added to a 5- to 7-day
OCS regimen. Thus the available evidence is insufficient to
recommend combination corticosteroid therapy in all adults
with acute asthma after ED discharge but does not rule out
a clinically important benefit either, including a long-term
benefit in reducing exacerbations (24). A number of studies

have documented low rates of ICS prescription at ED discharge
in this population (16% to 24%) (27–29), even in patients with
evidence of poorly controlled asthma (e.g., a history of ED
visits). Because national asthma guidelines recommend daily
ICSs in patients with persistent asthma (2, 30), based on their
documented efficacy in such patients, we recommend discharg-
ing patients with daily ICSs (in addition to a short course of an
OCS) when there is evidence of persistent asthma between
episodes of acute asthma. Based on current guidelines (30),
discharging patients with a daily ICS regimen in addition to
a short course of an OCS should also be considered in patients
with an exacerbation requiring OCSs in the prior 12 months.
Because poor inhaler technique is common in patients present-
ing with acute asthma, all patients prescribed ICSs should
receive adequate training before ED discharge (31–33).

The antibacterial effects of macrolide antibiotics are well
known, particularly against atypical bacteria, such as Myco-
plasma pneumoniae and Chlamydia pneumoniae. There is in-
creasing awareness, however, that macrolides also possess
separate immunomodulatory effects that could suppress airway
inflammation and might be the basis for clinical benefits
observed in patients with cystic fibrosis and diffuse panbron-
chiolitis (34). There are now promising data (from 1 trial [18]),
suggesting that a 10-day course of telithromycin, a macrolide
antibiotic, initiated during acute asthma might improve symp-
tom control and lung function. However, these effects were
temporary and disappeared after treatment discontinuation,
and no benefit on the risk of relapse was observed. Moreover,
the U.S. Food and Drug Administration recently added a ‘‘black
box’’ warning regarding an increased risk of serious and possibly
fatal hepatotoxicity after use of telithromycin (35). Thus
although promising, additional studies are needed about the
role of macrolide antibiotics in acute asthma, and until then, we
recommend against the use of macrolide antibiotics in the
absence of other clinical indications (e.g., concomitant commu-
nity-acquired pneumonia).

Cysteinyl leukotrienes, potent mediators of airway inflam-
mation and bronchoconstriction in patients with chronic
asthma, can be further increased during episodes of acute
asthma (36, 37). Results of a single trial (3) suggest that a 28-
day course of the leukotriene receptor antagonist zafirlukast
might significantly reduce relapse rates and improve lung
function and symptoms when initiated in the ED and continued
after ED discharge. As with macrolide antibiotics, these results
are promising, and additional studies are needed to confirm the
safety and efficacy of initiating leukotriene modifiers during and
after acute asthma.

SUMMARY OF RECOMMENDATIONS

1. Conditional: consider IMCSs* in patients who are likely

to have difficulty in obtaining or using OCSs after ED

discharge. Patients selected for IMCS therapy should be

informed of an increased risk of local injection site

* In alphabetical order: betamethasone sodium phosphate, 6 mg, with betame-

thasone acetate, 6 mg, administered intramuscularly 31; dexamethasone, 10

mg, administered intramuscularly 31; methylprednisolone sodium acetate, 80 to

160 mg, administered intramuscularly 31; or triamcinolone diacetate, 40 mg,

administered intramuscularly 31.

† Budesonide dry powder inhaler, 2,400 to 3,200 mg/d, inhaled in divided doses

(2–4 times a day) for 7 to 10 days. Alternative regimens, in alphabetical order,

with estimated equivalent daily dose (29) include flunisolide, 4,000 to 5,000 mg/d;

fluticasone dry powder inhaler, 1,000 to 1,500 mg/d; mometasone dry powder

inhaler, 800 to 1,200 mg/d; triamcinolone acetonide, 3,000 to 4,000 mg/d.

Krishnan, Nowak, Davis, et al.: Antiinflammatory Treatment after Discharge from the ED 383



complications (mostly pain or bruising) (Evidence Cate-

gory B).

2. Conditional: consider a short course of a very high-dose

ICS† instead of an OCS after ED discharge in patients

with mild forms of acute asthma who are able to obtain,

afford, and use ICSs correctly; have difficulty tolerating

OCSs; or both (Evidence Category B). Such patients

should receive adequate training about how to use ICSs

before ED discharge.

3. Strong: recommend initiating daily ICSs‡ (in patients not

already receiving a daily ICS) or continuing daily ICSs‡

(in patients already receiving a daily ICS) on ED dis-

charge (in addition to a short course of an OCS)‡ for

patients with a history compatible with persistent asthma,x

even between episodes of acute asthma (Evidence Cate-

gory A). Conditional: consider initiating daily ICSs in

patients who have required OCSs for an asthma exacer-

bation in the prior 12 months (Evidence Category D).

Patients starting ICSs should receive adequate training

about how to use them before ED discharge.

4. Additional studies are needed to evaluate the efficacy and

safety of macrolides and leukotriene modifiers in adults

with acute asthma after ED discharge before recommen-

dations regarding their use can be made (Evidence

Category B, no recommendation).
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specialist care

Emergency departments (EDs) are commonly used for the
acute and chronic management needs of patients with asthma
in the United States and account for nearly 2 million visits each
year (1–5). Traditionally, the role of emergency physicians in
caring for patients with acute asthma has been to provide
emergency treatment and then to suggest follow-up visits with
the primary care provider for ongoing preventive care. However,
rates of follow-up with primary care providers are often low (6).

Effective and timely outpatient care of asthma can prevent
adverse asthma outcomes, specifically ED visits and hospital-
izations (7, 8). For example, Ford et al. (7) assessed the effect of
an asthma education program on African American and white
adults with asthma and found patients who received an asthma
education intervention demonstrated a decrease in ED visits
after the education intervention versus patients who did not
receive the educational intervention, with the most significant
period of improvement observed in the first 4 months of
receiving the educational intervention program. A case-control
study on children ages 0 to 14 years was conducted to identify
outpatient management practices associated with increased or
decreased risk of adverse outcomes. It was noted that patients
with written asthma management plans were half as likely to have
a hospitalization or an ED visit as those who lacked a plan (9).

The current systematic review is an attempt to identify
effective strategies for patient follow-up after an asthma exac-
erbation that lead to improved clinical outcomes and decreased
rates of subsequent exacerbations. Studies in both children and
adults are included. Although follow-up after an asthma ED visit
was the specific subject of the review, studies that report follow-
up interventions after an asthma hospitalization that could be

used after an ED visit are also included. The goal is to formulate
specific follow-up management recommendations based on this
review.

METHODS

Two sets of keywords were selected for the systematic literature
review. The first set included the following terms: emergency asthma;
status asthmaticus; acute asthma; severe asthma; and asthma exacerba-
tion. The second set of keywords included the following terms: allergist
care; asthma specialist; discharge planning; discharge instructions;
follow-up care; follow-up; long-term asthma care; patient care planning;
preventative healthcare; preventative care; preventative health mainte-
nance; primary health care provider; pulmonologist care; respiratory
specialist care; and specialist care. Additional details of the methodol-
ogy for all literature reviews in this supplement are provided in the
introduction to this issue (10). The task force specified the level of
evidence used to justify the recommendations being made, and the
system used to describe the level of evidence is also defined in the
introduction to this issue.

RESULTS

The literature search produced 25 randomized controlled trials
and 6 meta-analyses. Ten randomized controlled trials were
deemed relevant for this review, with none of the meta-analyses
considered relevant. The relevant randomized controlled trials
and other articles deemed important by the editorial team were
organized by themes.

Achieving the Follow-up Appointment

Randomized controlled trials. Four studies have tested inter-
ventions to improve follow-up with primary care physicians
after ED visits (Table 1) (11–14). One studied adults only (11),
1 studied children and adults (12), and 2 studied children
only (13, 14). The studies by Baren et al. (11, 12) used free
prednisone, transportation vouchers, and appointment re-
minder telephone calls in 1 study (11) and actually scheduled
the appointment before discharge in the other (12). The
interventions improved follow-up in both studies. Factors
associated with improved follow-up in the first study (11) were
identified to be a prior relationship with a primary care pro-
vider, older patient age, regular access to transportation for
scheduled medical care, black race, and lack of health insurance
coverage. Although follow-up improved, the intervention in the
second study (12) was not associated with improved outcomes,
such as proportion of patients with relapse events; subsequent
urgent care visits, ED visits, or hospitalizations; reported
activity limitation; or use of asthma controllers.

The 2 studies in children by Smith et al. (13, 14) tested
monetary incentives and coaching, either by telephone (13) or
in the ED (14), to enhance follow-up. The largest study (13),
which used telephone coaching on days 2 and 5 after the ED
visit, was associated with an increased likelihood of follow-up
and reduced symptoms. The smaller study (14), which used
asthma coaching in the ED but not telephone coaching, was not

Abbreviations used: ED, Emergency department.
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associated with increased verified follow-up. It is of interest that
of the visits of patients who reported having follow-up in that
study, only 37% could be verified by medical record review.

Other studies. Sin et al. (15) conducted a relevant non-
randomized controlled trial in Edmonton, Alberta, Canada, in
which patients were allocated to the intervention group during
certain weeks and to the usual care group during other weeks.
The intervention consisted of a study coordinator offering to
make the follow-up appointment directly with the patient’s
primary care physician on behalf of the patient and a reminder
call 1 or 2 days before the scheduled follow-up visit. Patients in
the intervention group (n 5 63) were significantly more likely
(P < 0.003) to make at least 1 follow-up visit in the first month,
3 months, and 6 months after the ED visit compared with
patients in the usual care group (n 5 62). However, similar to
the above results, there were no significant differences between
groups in mean asthma control scores or the occurrence of
subsequent asthma-related ED visits or hospitalizations during
the first 1, 3, 6, or 12 months after the index ED visit.

Asthma Education after an Asthma Exacerbation

Three studies tested various educational models for their effect

after an asthma ED visit or hospitalization (Table 2) (16–18).

The information provided in all 3 programs dealt with reinforc-

ing treatment recommendations, optimizing inhaler technique,

and self-management education. Two studies in children, one

testing a telephone education session (16) and the other testing
an enhanced nurse education visit (18), reported improved
outcomes, ranging from increased likelihood of using preventer
medication and written action plans in one study (16) to reduced
emergency hospital care and greater patient satisfaction in the
other (18). In contrast, a study in adults and children (17), which
used a facilitated follow-up visit, optimization of medical ther-
apy, a tailored self-management plan, and a home visit to identify
triggers, was not associated with subsequent reduced urgent care
visits. However, 39% of the intervention patients did not comply
with post-ED visit activities in that study.

Comprehensive Follow-up Interventions

Three studies described trials of comprehensive follow-up
interventions in adults or children (Table 3) (19–21). Outcomes
evaluated in all 3 studies were also comprehensive, including
medical utilization and quality-of-life parameters. The inter-
vention in the study by Castro et al. (19) used a multifaceted
approach consisting of 7 key elements: (1) nurse’s suggestion of
simplification or consolidation of the patient’s medical regimen
to the primary physician (based on National Asthma Education
and Prevention Program II guidance); (2) daily completion of
an asthma care flow sheet; (3) asthma education in accordance
with patient education, cultural beliefs, and motivation; (4)
psychosocial support and screening for professional counseling;

TABLE 1. RANDOMIZED CONTROLLED TRIALS ADDRESSING ACHIEVING THE FOLLOW-UP APPOINTMENT

Reference Country Age (yr)

No. of Subjects

(Intervention/

Control Groups) Intervention Results: Primary Outcome Other Results

Baren et al.,

2001 (11)

United States 22.4–39.8 95/83 Five-day course of 50 mg

of prednisolone daily

Asthma follow-up with

PCP within 4 wk of

index ED visit more

common in intervention

group (RR, 1.6; 95% CI,

1.1–2.4)

Study intervention was inexpensive

(3-part intervention approximately

$15 per patient).Taxicab vouchers

Asthma information

card

Written instructions

Appointment reminder

telephone call in 48 h

Baren et al.,

2006 (12)

United States 2–54 126 (a); 132 (b)/

126 (c)

Free prednisone (a and b) Follow-up higher in

group b (65%) vs group

a (48%) or group c

(42%) (P 5 0.002)

There was no improvement in

long-term clinical and functional

outcomes in group b (better

follow-up) compared with groups

a or c.

Transportation

vouchers (a and b)

Telephone reminder

for appointment (a)

Scheduling of appointment

before discharge (b)

Smith et al.,

2004 (13)

United States Parents of

children

2–12

263/264 Telephone coaching on

days 2 and 5 after

ED visit

Intervention

group more likely to

attend asthma planning

visit within 15 d of ED

visit (35.7%) than

control group (18.9%;

P , 0.0001)

Greater decrease in asthma symptoms

was seen in the first 2 wk in the

intervention vs control groups.

The proportions of children with

asthma planning visits and acute

asthma care visits during the 16-d to

6-mo period were similar for both

groups.

Coaching addresses

recommendations for

and benefits of follow-up,

barriers to follow-up

Monetary incentive ($15)

for achieving follow-up

Smith et al.,

2006 (14)

United States Parents of

children

2–12

50/42 Asthma coaching in the ED,

including discussing the

importance and

advantages of seeking

follow-up care with the

child’s PCP, discussing

barriers to such care, and

discussing strategies for

overcoming those barriers

No significant

differences between

groups in verified

follow-up PCP visits

(intervention group,

22.0% [95% CI, 11.5%

to 36.0%]; control

group, 23.8% [95% CI,

12.0% to 39.4%])

Fifteen dollar monetary

incentive for completing

the follow-up visit

Definition of abbreviations: ED 5 emergency department; PCP 5 primary care physician.
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(5) individualized asthma self-management plans; (6) social
service professional consultations for discharge planning facil-
itation; and (7) outpatient follow-up through telephone contact,
home visits, and follow-up appointments with the primary care
physician. The intervention group in this study experienced
fewer readmissions, less missed work and school, and lower
health care costs.

The study by Gorelick et al. (20) was a randomized, 3-arm,
single-blind trial. The first arm received standard care, which
included patient education, a written care plan, and instructions
to follow up with the primary care provider within 7 days. In
addition to the above, the second arm received assistance with
scheduling follow-up. The third arm received all of the above,
plus enrollment in a case management system, which included
up to 6 home visits and several telephone calls during the 6-
month follow-up period. There were no differences between
groups in subsequent ED visits, quality of life, or controller use,
although the latter 2 improved in all groups.

The intervention in the study by Teach et al. (21) was a single
follow-up visit to a clinic located physically in the ED. The visit
focused on 3 domains: (1) asthma self-monitoring and manage-
ment, including an individualized action plan, device teaching,
controller medications, and symptom and/or peak flow self-
monitoring; (2) environmental modification and trigger control;
and (3) linkages and referral to ongoing primary care, including

sending reports of the clinic visits to each child’s primary care
physician and scheduling a follow-up appointment with the
primary care physician. The intervention group experienced
significantly fewer unscheduled visits, demonstrated more in-
haled corticosteroid use, and reported better quality of life
compared with the control group.

Asthma Specialist Follow-up

Randomized controlled trials. No recent randomized clinical
trials addressing outcomes achieved by specialist follow-up after
an ED were identified. Two older randomized controlled trials
have been reported that evaluated asthma hospitalizations in
previously hospitalized patients who were managed by asthma
specialists compared with patients receiving usual care. Mayo
et al. (8) studied 104 adult asthmatic patients previously admitted
for asthma. Forty-seven were randomly assigned to an intensive
outpatient treatment program in the chest clinic, and 57 contin-
ued to receive their previous outpatient care. Intervention
patients required one third the number of admissions per patient
(P , 0.004) compared with those receiving usual care.

Hughes et al. (22) studied 95 children and adolescents who
had been admitted with a diagnosis of asthma in the prior
5 years. Forty-seven intervention patients were followed by
1 pediatric respirologist, and 48 patients continued to receive
regular care from a family physician or pediatrician. Interven-

TABLE 2. RANDOMIZED CONTROLLED TRIALS ADDRESSING ASTHMA EDUCATION AFTER AN ED VISIT

Reference Country Age

No. of Subjects

(Intervention/

Control Groups) Intervention Results: Primary Outcome Other Results

Khan et al.,

2004 (16)

Australia Parents of

children

ages 1–15 yr

discharged

from ED

with asthma

136/130 Asthma educator provides

telephone consultation

Symptom

improvement

(days of wheezing

and doses of reliever)

similar between groups

Intervention patients

were more likely than

control subjects to possess

a written action plan.

Teach patient empowerment,

use family/social system

theory, reinforce

recommendations

Provide written educational

materials with facts on use

of spacer device,

management and prevention

of exercise-induced asthma,

questions to ask and

information to share with

physician on follow-up

Ng et al.,

2006 (18)

China Children

ages 2–15 yr

55/45 Nurse visit 1–2 d after

hospital admission

providing written and

verbal education and

an asthma diary

Intervention group

less likely than

control subjects to

experience asthma

ED visits (P 5 0.004)

or hospitalizations

(P 5 0.004)

Intervention group

demonstrated improved

compliance and satisfaction

with care.

Enhanced program

included a predischarge

nurse session, a video,

and a 1-wk postdischarge

follow-up nurse

telephone call

Brown et al.,

2006 (17)

United States 80 adults/

110 children

117/122 Facilitated primary care

physician and nurse

educator visit

There were no

significant differences

between groups in the

occurrence of an

urgent asthma visit,

which occurred in 23.1%

of the intervention group

and 31.1% of the usual

care group (HR, 0.79;

95% CI, 0.48-1.29).

Subgroup analysis

suggested greater

(but still not significant)

benefit in children

(HR, 0.62; 95% CI,

0.33-1.19) than adults

(HR, 1.08; 95% CI,

0.50-2.33). It should

be noted that 39%

of the patients assigned

to the intervention group

did not comply with any

of the post-ED activities.

Optimizing medical therapy

Asthma self-management

education

Tailored asthma self-

management plan

Home visit to identify triggers

and reinforce education

Definition of abbreviations: ED 5 emergency department; HR 5 hazard ratio.
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tion subjects had less school absenteeism than control subjects
(10.7 versus 16.0 days, P 5 0.04), but there were no significant
differences in the rates of hospitalizations or ED visits during
the study year. However, fewer days were spent in the hospital
by the intervention patients admitted compared with the control
patients (3.7 versus 11.2 days, P 5 0.02).

Other studies. Two nonrandomized (alternate assignment)
controlled intervention studies have shown reduced ED visits in
patients with prior emergency asthma care who were followed
by allergists compared with patients followed by generalists.
Zeiger et al. (23) reported on pediatric and adult patients
presenting to the ED with acute asthma who were alternately
assigned to receive a facilitated referral and follow-up in the
allergy clinic (intervention group, n 5 149) or continued out-
patient management from generalist physicians (control group,
n 5 160). Compared with the control group, the intervention
group noted an almost 50% reduction in asthma ED relapses
over the next 6 months (P 5 0.017).

Kelly et al. (24) described 80 children with a history of 2 or
more ED visits or at least 1 hospitalization for asthma in the
previous year. Patients assigned (based on alternating assign-
ment) to the intervention group (n 5 38) were managed in
a tertiary care pediatric allergy clinic, and patients assigned to
the control group (n 5 40) received care from their primary
care providers. Compared with intervention patients, control
patients were more than twice as likely (P 5 0.04) to require
a hospitalization and 40% more likely to have an ED visit (P 5

0.04) after adjusting for preintervention history.

DISCUSSION

The systematic literature review revealed no meta-analyses but
several randomized controlled trials on the subject of follow-up
in patients treated in the ED or hospital for an asthma
exacerbation. It is assumed that appropriate follow-up is
essential to optimize outcomes after acute asthma. The knowl-

TABLE 3. RANDOMIZED CONTROLLED TRIALS ADDRESSING COMPREHENSIVE FOLLOW-UP INTERVENTIONS

Reference Country Age

No. of Subjects

(Intervention/

Control Group) Intervention Results: Primary Outcome Other Results

Castro et al.,

2003 (19)

United States 18–65 yr 50/46 Nurse-focused

intervention

Sixty percent

reduction in total

readmissions in

intervention group

(P 5 0.04)

Intervention group

experienced less

missed work and

school and lower

health care costs.

Simplify medication

regimen

Have patient complete

‘‘asthma care flow sheet’’

daily

Asthma education with

patient education

considering patient

cultural beliefs/motivation

Psychosocial support/screening

for counseling

Asthma self-management plan

Discharge planning/facilitation

with social services

Outpatient follow-up through

telephone contact, home

visits, and follow-up

appointments with PCP

Gorelick et al.,

2006 (20)

United States 24 mo to 18 yr 95 (a); 81

(b) /99(c)

Copy of ED chart

and letter with

recommendations

faxed to PCP office

(a and b)

No difference

between treatment

groups in subsequent

ED visit for asthma

(group a, 39.2%;

group b, 35.8%;

group c, 38.4%)

No difference

between intervention

group and usual

care group in quality

of life or controller

use, although the

latter improved

substantially in both

groups.

Telephone call reminders/

assistance with making

follow-up appointment

(a and b)

Case manager enrollment,

including home visits,

telephone calls, environmental

assessments, personalized care

plan, asthma education,

and referral to

community services (b)

Teach et al.,

2006 (21)

United States 12 mo to 17 yr 219/218 Single follow-up

visit to clinic in ED

Intervention group

had significantly

fewer unscheduled

visits for asthma

care during follow-up

(1.39 vs 2.34; RR,

0.60; 95% CI,

0.46–0.77).

Intervention group

demonstrated more

inhaled corticosteroid

use and reported

better quality of life.

Visit focused on asthma

self-monitoring

and management,

environmental

modifications and

trigger control,

and linkages and

referrals to ongoing care

Definition of abbreviations: ED 5 emergency department; PCP 5 primary care physician; RR 5 relative risk.

Schatz, Rachelefsky, and Krishnan: Follow-up after Acute Asthma Episodes 389



edge gaps lie in identifying and implementing the most effective
methodology for achieving successful follow-up and documen-
tation of the effect follow-up has on clinical, functional, and
economic patient outcomes in this clinical setting.

Studies published earlier than the starting point chosen for
the current review (January 1997) have shown a relationship
between improved outcomes and regular outpatient follow-up.
Mayo et al. (8) found that the use of an intensive educational
program in addition to a dynamic medical regimen decreased
hospital use in adult asthmatic patients who had required repeat
readmissions for acute asthma exacerbations in the past.
Another study demonstrated a reduction in the cost of asthma
care when using an educational intervention and regular out-
patient follow-up visits, showing the mean total cost of care
decreasing from $43,066.00 to $4,914.00 (P , 0.001) (25).

Achieving the Follow-up Appointment

Baren et al. (11) (see RESULTS and Table 1) identified certain
characteristics that were associated with primary care provider
follow-up. They determined that providing medication, trans-
portation vouchers, and a telephone reminder to make an
appointment increased the likelihood that discharged patients
with asthma would obtain a follow-up visit with the primary
care physician.

Smith et al. (13, 14) (see RESULTS and Table 1) conducted 2
studies in children from low-income families, testing interven-
tions to improve the rate of follow-up with primary care
providers after acute asthma visits in the ED. The studies found
that ED or telephone coaching and a modest monetary in-
centive were not able to overcome many barriers to follow-up
because only 22% to 36% of intervention patients in these
studies received follow-up care. Telephone coaching after the
ED visit appeared to significantly increase the chance of follow-
up (13), whereas coaching in the ED did not (14). Although
telephone coaching and a monetary incentive achieved im-
proved follow-up in the first 15 days, there was no difference
in asthma planning visits from 16 days to 6 months after the ED
visit, and there were no differences in long-term asthma
morbidity in the intervention and control groups during the 6-
month follow-up period (13).

The 2006 study by Baren et al. (12) (see RESULTS and Table 1)
found that an intervention that includes transportation vouch-
ers, appointment assistance, and free medication significantly
increased the likelihood that discharged asthmatic patients will
obtain primary care follow-up. However, as in the Smith et al.
study (13), there were no improvements in long-term clinical or
functional outcomes.

The study by Gorelick et al. (20) also did not show improved
outcomes with an intensive primary care linkage and care
management program compared with usual care. However, in
that study both groups improved substantially regarding quality
of life and controller use, and usual care in that study consisted
of important interventions in the ED, including showing an
educational video, teaching proper peak flow monitor and
inhaler technique, and providing an individualized action plan.
Finally, the nonrandomized controlled trial by Sin et al. (15)
showed that making follow-up appointments for patients in-
creased the likelihood of. patients having such follow-up
primary care visits, but there was no demonstrable improve-
ment in subsequent asthma control or reduction in exacerba-
tions in intervention patients.

These studies suggest that interventions such as telephone
reminders, transportation vouchers, and monetary incentives
can increase the likelihood of follow-up appointments after an
ED visit. However, these appointments did not substantially

improve asthma outcomes. This suggests that the content of the
follow-up appointments might have been inadequate for these
higher-risk patients.

Elements of Successful Follow-up Appointments

Studies have documented that the following factors, which
could be addressed at a follow-up appointment, are related to
an increased risk of asthma ED visits or hospitalizations:
inadequate asthma knowledge (26–28); not having an action
plan (9, 26–30); incorrect use of metered-dose inhalers (31);
adverse environmental exposures, especially regarding environ-
mental tobacco smoke (32–34) and mites (9, 35–37); and
adverse psychosocial circumstances (35, 38–40). This review
focuses on studies that have tested various comprehensive or
nonpharmacologic interventions to improve patient self-man-
agement. The evidence supporting discharge medications is
reviewed in another article in this issue (41).

Education

At a meeting of the Emergency Department Demonstration
Program and Centers for Disease Control and Prevention
projects, preliminary recommendations for providing asthma
education after an ED visit were discussed (42). These were the
recommendations based on the experience of select EDs across
the country that had an opportunity to provide asthma educa-
tion to patients with asthma coming to the EDs (42):

d Simplify educational messages and take into consideration
patient culture and educational level, making the message
primarily visual.

d Use a multifaceted, automated system for follow-up
appointments with reminders, incentives, and positive
feedback.

d Focus on basic elements of asthma education with key
messages:

— need for regular follow-up care with a primary care
physician or asthma specialist and

— need to understand difference between controller and
rescue medications and use.

Khan et al. (16) (see RESULTS and Table 1) tested the hypothesis
that asthma education by telephone after an ED visit would
achieve several outcomes and found that the children in the
intervention group were more likely to possess a written asthma
action plan than those in the control group after 6 months of
follow-up and that the intervention group was more likely to use
the plan often and occasionally. This could be clinically
important because possession of action plans has been shown
in the past to reduce the likelihood of asthma ED visits and
hospitalizations (9, 26–30).

Similarly, Ng et al. (18) showed that an intensive education
program in children improved outcomes, including reduced
subsequent ED visits and hospitalizations, and improved com-
pliance and satisfaction with care. The intensive education
intervention included written information with cartoon figures,
a video that delivered trigger avoidance and medication com-
pliance messages, a 30-minute teaching session that included
inhalation technique and self-monitoring, and a follow-up
telephone session to answer questions. Some of this education
was completed before the patient left the hospital. In contrast,
a single education visit after an ED visit had no effect on
subsequent urgent care visits in the study by Brown et al. (17),
but 39% of the intervention patients did not comply with the
post-ED intervention. No matter how effective an educational
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program, it must be administered in a way that patients will take
advantage of it.

The need for effective, simple, yet multifaceted education
after an ED visit and the recommendations for providing such
education have face validity. Two of the above studies do
indeed show improved outcomes from educational interven-
tions in this setting. Moreover, education has been an important
part of effective multifaceted interventions for patients after
acute asthma (see below).

Other Elements

Castro et al. (19) (see RESULTS and Table 1) hypothesized that
there would be a benefit from a nurse-focused intervention in
asthmatic patients with a history of frequent health care use. The
study found that a multifaceted approach decreased the read-
mission rate in the intervention group, with a 69% reduction in
total hospital days. In addition, the intervention group experi-
enced cost savings of $2,220 per patient (P 5 0.03). Similarly,
Teach et al. (21) showed that a visit to an ED-based, specialized
asthma follow-up clinic could improve several types of outcomes
in a high-morbidity pediatric population. A multidimensional
approach (see Table 1) led to fewer unscheduled visits, improved
controller use, and improved quality of life in the intervention
group. Compliance with the follow-up visit was high in this
setting. These 2 comprehensive approaches led to improved
outcomes of importance to patients and society in general.

The scope of this review did not include provider education
to improve asthma outcomes. However, improved knowledge
and clinical skill in physicians managing patients during and
after an ED visit would be expected to improve asthma
outcomes in their patients. Macias et al. (43) described an
educational intervention for ED physicians that led to sustained
(. 6 mo) improved ability to diagnose asthma and use
standardized acute and chronic asthma severity classifications.
Boychuk et al. (44) reported the results of a multipronged
approach in Hawaii that included asthma education for ED staff
and community-based health care providers in which the pro-
portion of patients using controller medications and possessing
a written action plan increased substantially after intervention.
Although the best methods of providing education to providers
who manage patients during and after an asthma ED visit have
not been identified and data showing a definitive relationship
between provider education and reduced subsequent asthma
ED visits are lacking, more attention to the role of provider
education in improving asthma outcomes in high-risk patients is
probably warranted.

Asthma Specialist Follow-up

No recent randomized clinical trials addressing outcomes
achieved by means of specialist follow-up after an ED visit
were identified. As summarized above, earlier randomized and
nonrandomized clinical trials suggest that follow-up with
asthma specialists reduces subsequent asthma exacerbations
(8, 23, 24). Several observational studies have also reported
reduced ED visits, hospitalizations, or both in patients managed
by asthma specialists compared with patients managed by
generalists (45–51). Such studies have also reported fewer
symptoms, less b-agonist use, improved quality of life, and
higher patient satisfaction in patients followed by asthma
specialists (48, 52–54).

CONCLUSION

The existing interventional and observational data suggest
several conclusions. A follow-up visit can be facilitated by

financial and cognitive assistance at and immediately after an
ED visit. An alternative approach is a telephone consultation
that can at least increase the possession of action plans.
However, a visit alone does not ensure improved outcomes.
An effective visit includes addressing multiple aspects of asthma
care, including educational, environmental, pharmacologic, and
psychosocial factors. Presumably, patient self-assessment and
provider supervision must be ongoing to achieve maximal and
persistent benefits. Follow-up with an asthma specialist or
a specialized asthma clinic appears to be more likely to reduce
subsequent emergency hospital care than follow-up with a pri-
mary care provider.

SUMMARY OF RECOMMENDATIONS

In the attempt to improve the effectiveness of patient follow-up
after an asthma ED visit, the following recommendations were
developed by the current authors and are based on the current
available evidence and expert consensus.

1. Strong: recommend that all patients with asthma seen in
the ED have their chronic asthma characterized by
National Asthma Education and Prevention Program
guidelines. Chronic severity assessment can be accom-
plished by determining pre-exacerbation medication use,
daytime and nighttime symptoms, history of activity
limitation, and history of exacerbations requiring oral
corticosteroids (Table 4) (55). Patients with persistent
asthma or recurrent asthma exacerbations need appropri-
ate assessment and asthma expertise that allows for
comprehensive care and management (Evidence Cate-
gory D).

2. Strong: recommend that the appointment to the primary
care physician, asthma specialist, or specialized asthma
clinic be made before leaving the ED, if possible, and
a reminder by telephone should occur several days later
(Evidence Category B). Conditional: when indicated,
consider providing a transportation voucher for the
appointment with the primary care physician, asthma
specialist, or both (Evidence Category B). Strong: recom-
mend that the follow-up visit with the primary care
physician, asthma specialist, or specialized asthma clinic
be within 1 week of the ED visit (Evidence Category D).
Conditional: consider faxing an ED visit summary to the
primary care physician, asthma specialist, or asthma clinic
before the follow-up visit (Evidence Category D).

3. Strong: recommend that elements of the follow-up visit
include optimal controller management, assurance of
satisfactory inhaler technique, asthma self-monitoring
and self-management education, an individualized action
plan, trigger identification and avoidance instruction, and
arrangement for ongoing follow-up. Such follow-up could
occur in the ED itself in a specialized clinic or in the
offices of primary care physicians or specialists and could

TABLE 4. CHARACTERISTICS OF PATIENTS WITH
PERSISTENT ASTHMA (55)

Any of the following (before the current exacerbation):

Regular controller use

Symptoms or rescue therapy use more than twice a week

Interference with sleep more than twice a month

Activity limitation caused by asthma

Exacerbations requiring oral corticosteroids more than once in past year
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be augmented with telephone contact and home visits
(Evidence Category B).

4. Strong: recommend that all patients with severe persistent
asthma or a history of prior severe exacerbations re-
quiring hospitalization be referred to an asthma specialist
(Evidence Category C) or specialized asthma clinic
(Evidence Category B) from the ED. Conditional: con-
sider referral to an asthma specialist or specialized asthma
clinic for patients with moderate persistent asthma
(Evidence Category D).
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