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SECTION 5, MANAGING EXACERBATIONS OF ASTHMA 

K E Y  P O I N T S :   M A N A G I N G  E X A C E R B A T I O N S  O F  A S T H M A  

 Early treatment of asthma exacerbations is the best strategy for management.  Important 
elements of early treatment at the patient’s home include (EPR⎯2 1997): 

— Patient education, including a written asthma action plan to guide patient 
self-management of exacerbations at home, especially for patients who have moderate 
or severe persistent asthma and any patient who has a history of severe exacerbations 
(Evidence B).  A peak-flow-based plan may be particularly useful for patients who have 
difficulty perceiving airflow obstruction and worsening asthma (Evidence D). 

— Recognition of early signs of worsening asthma and taking prompt action (Evidence A). 

— Appropriate intensification of therapy by increasing inhaled short-acting beta2-agonist 
(SABA) and, in some cases, adding a short course of oral systemic corticosteroids 
(Evidence A). 

— Removal or withdrawal of the environmental factor contributing to the exacerbation. 

— Prompt communication between patient and clinician about any serious deterioration in 
symptoms or peak flow, decreased responsiveness to SABAs, or decreased duration of 
effect. 

 Management of asthma exacerbations requiring urgent medical care (e.g., in the urgent care 
setting or emergency department (ED)) includes: 

— Oxygen to relieve hypoxemia in moderate or severe exacerbations (EPR⎯2 1997). 

— SABA to relieve airflow obstruction, with addition of inhaled ipratropium bromide in 
severe exacerbations (Evidence A). 

— Systemic corticosteroids to decrease airway inflammation in moderate or severe 
exacerbations or for patients who fail to respond promptly and completely to a SABA 
(Evidence A). 

— Consideration of adjunct treatments, such as intravenous magnesium sulfate or heliox, 
in severe exacerbations unresponsive to the initial treatments listed above (Evidence B). 

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

— Preventing relapse of the exacerbation or recurrence of another exacerbation by 
providing:  referral to followup asthma care within 1–4 weeks; 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 
whenever possible; and consideration of initiating inhaled corticosteroids (ICSs) 
(Evidence B). 
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K E Y  D I F F E R E N C E S  F R O M  1 9 9 7  A N D  2 0 0 2  E X P E R T  P A N E L  
R E P O R T S  

 For the assessment of exacerbations, the current update (EPR—3:  Full Report 2007): 

— Simplifies classification of severity of asthma exacerbations. 

— Reinstates, for use in the urgent or emergency care setting, the 1991 cut points of forced 
expiratory volume in 1 second (FEV1) or peak expiratory flow (PEF) to indicate the goal 
for discharge from the urgent care or emergency care setting (≥70 percent predicted 
FEV1 or PEF); patients for whom response to therapy is incomplete and who usually 
require continued treatment in the ED (40–69 percent predicted); and the exacerbation 
severity level where adjunct therapies may be considered (<40 percent predicted).  
These cut points differ from those used to determine long-term asthma control and 
treatments, thus underscoring the distinction between acute and chronic asthma 
management. 

— Acknowledges the limited value of pulmonary function measures in very severe 
exacerbations. 

 For the treatment of exacerbations, the current update: 

— Adds levalbuterol as a SABA treatment for asthma exacerbations. 

— For home management of exacerbations, no longer recommends doubling the dose of 
ICSs. 

— For prehospital management (e.g., emergency transport), encourages standing orders 
for albuterol and—for prolonged transport—repeated treatments and protocols to allow 
consideration of ipratropium and oral corticosteroids. 

— For ED management, reduces dose and frequency of administration of oral 
corticosteroids in severe exacerbations, adds consideration of magnesium sulfate or 
heliox for severe exacerbations, and adds consideration of initiating an ICS upon 
discharge. 

— For hospital management, no longer recommends ipratropium bromide. 

—  
Introduction 

In this section, recommendations are presented for the assessment and treatment of 
exacerbations in the home, ED, and hospital.  See section 1, “Overall Methods Used To 
Develop This Report,” for literature search strategy and tally of results for this EPR—3:  Full 
Report 2007 section on “Managing Exacerbations of Asthma.”  Four Evidence Tables were 
prepared:  17, Increasing the Dose of Inhaled Corticosteroids; 18, IV Aminophylline; 19, 
Magnesium Sulfate; and 20, Heliox. 

Asthma exacerbations are acute or subacute episodes of progressively worsening shortness of 
breath, cough, wheezing, and chest tightness—or some combination of these symptoms.  
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Exacerbations are characterized by decreases in expiratory airflow that can be documented and 
quantified by simple measurement of lung function (spirometry or PEF).  These objective 
measures more reliably indicate the severity of an exacerbation than does the severity of 
symptoms.  In general, milder exacerbations may be managed “at home” (i.e., outside the 
health care system), whereas more serious exacerbations may require an unscheduled 
(“urgent”) office visit, an ED visit, or a hospital admission (see figure 5–1).  The most severe 
exacerbations require admission to the intensive care unit (ICU) for optimal monitoring and 
treatment.  Although assessment and treatment of young children pose unique challenges, the 
management of asthma exacerbations in older children and adults is fairly similar. 

Individuals who have their asthma under control with ICSs will decrease the risk of 
exacerbations.  Nonetheless, patients in good control can still be vulnerable to exacerbations, 
for example, when they have clinical respiratory infections (Reddel et al. 1999).  Diurnal 
variability, a marker of poor control, may not change during an exacerbation; thus, clinicians 
may fail to detect important changes in lung function.  The striking difference between PEF  

F I G U R E  5 – 1 .   C L A S S I F Y I N G  S E V E R I T Y  O F  A S T H M A  
E X A C E R B A T I O N S  I N  T H E  U R G E N T  O R  E M E R G E N C Y  C A R E  
S E T T I N G  

Note:  Patients are instructed to use quick-relief medications if symptoms occur or if PEF drops below 80 percent 
predicted or personal best.  If PEF is 50–79 percent, the patient should monitor response to quick-relief medication 
carefully and consider contacting a clinician.  If PEF is below 50 percent, immediate medical care is usually required.  
In the urgent or emergency care setting, the following parameters describe the severity and likely clinical course of an 
exacerbation. 

 Symptoms and Signs Initial PEF (or FEV1) Clinical Course 

Mild Dyspnea only with 
activity (assess 
tachypnea in young 
children) 

PEF ≥70 percent 
predicted or personal 
best 

 Usually cared for at home 
 Prompt relief with inhaled SABA 
 Possible short course of oral 

systemic corticosteroids 
Moderate Dyspnea interferes with 

or limits usual activity 
PEF 40−69 percent 
predicted or personal 
best 

 Usually requires office or ED visit 
 Relief from frequent inhaled SABA 
 Oral systemic corticosteroids; 

some symptoms last for 1–2 days 
after treatment is begun 

Severe Dyspnea at rest; 
interferes with 
conversation 

PEF <40 percent 
predicted or personal 
best 

 Usually requires ED visit and likely 
hospitalization 

 Partial relief from frequent inhaled 
SABA 

 Oral systemic corticosteroids; 
some symptoms last for >3 days 
after treatment is begun  

 Adjunctive therapies are helpful 
Subset:  Life 
threatening 

Too dyspneic to speak; 
perspiring 

PEF <25 percent 
predicted or personal 
best 

 Requires ED/hospitalization; 
possible ICU 

 Minimal or no relief from frequent 
inhaled SABA 

 Intravenous corticosteroids 
 Adjunctive therapies are helpful 

Key:  ED, emergency department; FEV1, forced expiratory volume in 1 second; ICU, intensive care unit; PEF, peak 
expiratory flow; SABA, short-acting beta2-agonist 
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variations during exacerbations, as compared with during poor asthma control, suggests 
differences in beta2-adrenoceptor function between these conditions.  The decrease in 
responsiveness to SABA during some severe exacerbations may help to explain the benefit of 
ipratropium bromide and other “alternative” approaches to bronchodilation. 

General Considerations 

Based on the scientific literature and the opinion of the Expert Panel, the Panel 
recommends that clinicians consider the following general principles and goals for 
managing asthma exacerbations:  early treatment, special attention to patients who are 
at high risk of asthma-related death, and special attention to infants (EPR⎯2 1997). 

 Early treatment is the best strategy for management of asthma exacerbations.  
Important elements of early treatment include: 

— A written asthma action plan (See “Component 2:  Education for a Partnership in 
Asthma Care,” figure 3–10) to guide patient self-management, especially for patients 
who have moderate or severe persistent asthma and any patient who has a history of 
severe exacerbations. 

— Recognition of early indicators of an exacerbation, including worsening PEF.  
Patients are instructed to recognize early signs and symptoms of worsening asthma and 
to use quick-relief medications if symptoms occur or if PEF drops below 80 percent 
predicted or personal best.  If PEF is 50–79 percent, the patient should carefully monitor 
the response to quick-relief medication and, based on the response, consider contacting 
a clinician.  If PEF is below 50 percent, immediate medical care is usually required (See 
sample written asthma action plans, figures 3–10a, b, and c.).  In the urgent or 
emergency care setting, different parameters are used to classify the severity of the 
exacerbation and determine the clinical course; see figure 5–1.  The Panel chose cut 
points of 40 percent and 70 percent of predicted (or personal best) because 40 percent 
denotes an exacerbation severity below which several adjunct therapies are effective, 
and 70 percent is a posttreatment goal for discharge from the ED or hospital. 

— Appropriate intensification of therapy, often including a short course of systemic 
corticosteroids. 

— Removal of or withdrawal from allergens or precipitating irritants in the 
environment that may be contributing to the exacerbation. 

— Prompt communication between patient and clinician about any serious 
deterioration in symptoms or peak flow, decreased responsiveness to SABA 
treatment, or decreased duration of effect. 

 Patients who are at high risk for asthma-related death require special attention—
particularly intensive education, monitoring, and care.  Such patients should be counseled to 
seek medical care early during an exacerbation and instructed about the availability of 
ambulance services.  Such patients include those who have identifiable risk factors (See 
figure 5–2a.). 

 Infants require special attention, especially due to their greater risk for respiratory failure 
(See figure 5–2b.). 
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F I G U R E  5 – 2 a .   R I S K  F A C T O R S  F O R  D E A T H  F R O M  A S T H M A  

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 
Key:  ED, emergency department; ICU, 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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F I G U R E  5 – 2 b .   S P E C I A L  C O N S I D E R A T I O N S  F O R  I N F A N T S  

 Assessment depends on physical examination rather than objective measurements.  Use of 
accessory muscles, inspiratory and expiratory wheezing, paradoxical breathing, cyanosis, 
and a respiratory rate >60 are key signs of serious distress. 

 Objective measurements, such as oxygen saturation (SaO2) of <90 percent, also indicate 
serious distress. 

 Response to SABA therapy can be variable and may not be a reliable predictor of 
satisfactory outcome.  However, because infants are at greater risk for respiratory failure, a 
lack of response noted by either physical examination or objective measurements should be 
an indication for hospitalization. 

 Use of oral systemic 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 may be accompanied by 
fever.  Antibiotics generally are not required. 

Key:  SABA, short-acting beta2-agonist 

Source:  EPR—2 1997. 

—  
Treatment Goals 

The principal goals and Expert Panel recommendations for treating asthma 
exacerbations are:   

 Correction of significant hypoxemia, in moderate or severe exacerbations, by 
administering supplemental oxygen.  In rare instances, alveolar hypoventilation requires 
mechanically assisted ventilation (EPR⎯2 1997). 

 Rapid reversal of airflow obstruction (Evidence A).  This is best achieved by: 

— Repetitive or continuous administration of a SABA (Camargo et al. 2003b; Karpel et al. 
1997; McFadden 2003; Travers et al. 2001) 

AND 

— Early in the course of treatment, administration of systemic corticosteroids to patients 
who have moderate or severe exacerbations or to patients who fail to respond promptly 
and completely to SABA treatment (McFadden 2003; Rachelefsky 2003; Rowe et al. 
2004). 

 Reduction of the likelihood of relapse of the exacerbation or future recurrence of 
severe airflow obstruction by intensifying therapy (Evidence A).  Often, a short course 
of systemic corticosteroids is useful (Rachelefsky 2003; Rowe et al. 2004). 
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 Achieving these goals requires careful assessment and monitoring (Evidence B).  The 
ability to predict care requirements, including the need for hospitalization, is based on 
repeated clinical assessments.  In adults, repeated measurements of lung function are often 
helpful.  The specific measurements chosen for monitoring will depend on the age of the 
patient and the available resources. 

— Children.  In children, no single assessment tool appears to be the best for assessing 
the severity of the exacerbation or for monitoring response to treatment and predicting 
hospital admission (Chey et al. 1999; Gorelick et al. 2004a,b; Keahey et al. 2002; Keogh 
et al. 2001; Smith et al. 2002; Sole et al. 1999; Wright et al. 1997). 

♦ Serial measurements of lung function.  Lung function measures using either FEV1 
or PEF may be useful for many children 5 years of age or older.  However, neither 
maneuver may be obtainable during an exacerbation.  Gorelick and colleagues 
(2004a) found that only 65 percent of children 5–18 years of age could complete 
either measurement during an acute exacerbation, and for children less than 5 years 
old, the maneuvers were almost impossible. 

♦ Pulse oximetry.  An initial pulse oximetry in infants and young children might be 
useful for assessing exacerbation severity but not for predicting the need for hospital 
admission (Keahey et al. 2002; Kelly et al. 2004; Keogh et al. 2001; Sole et al. 1999; 
Wright et al. 1997).  However, a repeat pulse oximetry of <92–94 percent (sea level) 
at 1 hour was a better predictor of need for hospitalization, and it may be useful to 
move those infants and children into the hospital and out of the ED at that time (Kelly 
et al. 2004; Sole et al. 1999; Wright et al. 1997). 

♦ Signs and symptoms scores.  Several severity assessment scores have been 
developed and tested in children to help predict the need for hospitalization early in 
the course of ED treatment (Gorelick et al. 2004b; Keogh et al. 2001; Rodrigo and 
Rodrigo 1998b; Smith et al. 2002).  None is 100 percent predictive, but the 
assessments may help to determine who should be transferred from the ED to the 
hospital after an initial 1- to 2-hour period of treatment, leaving the ED resources for 
those who are more likely to be able to go home after extended ED treatment and 
observation.  These assessment scores combine physician- or nurse-observed signs 
and symptoms—such as shortness of breath, chest tightness, ability to speak in 
sentences or phrases, emotional impact, and alertness—plus respiratory rate, use of 
intercostals muscles, timing and volume of wheezes as well as pulse oximetry and, if 
available and feasible, FEV1 or PEF.  One score (Gorelick et al. 2004b) has added a 
parental assessment of asthma control over the past several months and history of 
previous exacerbations requiring ED or hospital management.  Others add the 
continuing need for hourly SABA 4 or more hours after the administration of oral 
systemic corticosteroids. 

A recent study suggests that most children who require hospitalization can be 
identified by a repeat assessment 1 hour after initial treatment (Kelly et al. 2004).  
After 1 hour, those children who continue to meet the criteria for a severe 
exacerbation have >86 percent chance of requiring hospitalization; those who meet 
the criteria for moderate exacerbation at 1 hour have an 84 percent chance of 
requiring hospitalization; and those whose assessment has remained the same or 
dropped to the mild level have only an 18 percent chance of requiring hospitalization.  
These severity assessment studies highlight the importance of regular, multifaceted 
assessments and close observation of children and adolescents who present to the 
office or ED with acute asthma exacerbations (See figures 5–1 and 5–3.). 



Section 5, Managing Exacerbations of Asthma 

380 

August 28, 2007 

F I G U R E  5 – 3 .   F O R M A L  E V A L U A T I O N  O F  A S T H M A  E X A C E R B A T I O N  
S E V E R I T Y  I N  T H E  U R G E N T  O R  E M E R G E N C Y  C A R E  S E T T I N G  

 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 months 

2–12 months 
1–5 years 
6–8 years 

<60/minute 
<50/minute 
<40/minute 
<30/minute 

 

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 months 

1–2 years 
2–8 years 

<160/minute 
<120/minute 
<110/minute 

 

Pulsus paradoxus  Absent <10 mmHg  May be present 
10–25 mmHg  

Often present  
>25 mmHg (adult) 
20–40 mmHg (child)  

Absence suggests 
respiratory muscle 
fatigue 

Functional Assessment 
PEF  
percent predicted or 
percent personal best 

≥70 percent Approx.  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 mmHg 
(test not usually 
necessary) 

<60 mmHg:  possible 
cyanosis 

 

and/or  
PCO2  <42 mmHg (test not 

usually necessary) 
<42 mmHg (test not 
usually necessary)  

≥42 mmHg:  possible 
respiratory failure 
(See pages 393–394, 
399.) 

 

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. 

Key:  PaO2, arterial oxygen pressure; PCO2, partial pressure of carbon dioxide; PEF, peak expiratory flow; SaO2, oxygen saturation  
Notes:   
 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 followup (Ritz et al. 2000; Strunk and Mrazek 1986; von Leupoldt and Dahme 2005). 



Section 5, Managing Exacerbations of Asthma 

381 

August 28, 2007 

— Adults 

♦ Serial measurements of lung function.  FEV1 or PEF appear to be more useful in 
adults for categorizing the severity of the exacerbation and the response to treatment 
and in predicting the need for hospitalization.  Repeated measurements of PEF or 
FEV1 in adults at 1 hour and beyond are useful as isolated assessments in 
determining who will require hospitalization and who is likely to have sufficient 
response to treatment to allow continued ED care.  Indeed, repeated FEV1 or PEF 
measures at presentation to the ED and 1 hour after treatment were the strongest 
single predictor of hospitalization among adults who present to the ED with an 
asthma exacerbation (Karras et al. 2000; Kelly et al. 2004; McCarren et al. 2000; 
Rodrigo et al. 2004; Weber et al. 2002). 

When FEV1 is unavailable, PEF may be substituted.  Although percentage of 
personal best PEF or FEV1 would be ideal for patient management, individuals may 
report erroneous values (Diner et al. 2001).  Interpretation of percentage of predicted 
values is complicated by differences between formulas in the literature (Radeos and 
Camargo 2004).  Regardless of the calculation chosen, for severe exacerbations 
with obvious airway compromise and even cyanosis, the immediate testing of FEV1 
or PEF provides little additional information, and the maneuver can be very 
uncomfortable for acutely ill patients (Kelly et al. 2004). 

♦ Pulse oximetry is indicated for patients who are in severe distress, have FEV1 or 
PEF <40 percent of predicted, or are unable to perform lung function measures. 

♦ Signs and symptoms scores.  As in children, some multifaceted prediction models 
have been tested and shown to improve slightly on the accuracy of the FEV1 or PEF 
alone (Chey et al. 1999; Kelly et al. 2002b and 2004; McFadden 2003; Weber et al. 
2002).  Kelly and colleagues (2004) used multiple signs and symptoms to determine 
the level of the severity of the exacerbation at 1 hour after the first ED treatment as 
well as the duration of symptoms (either <6 hours or ≥6 hours) before the patient’s 
arrival at the ED (Kelly et al. 2002b) and found the additional measures improved the 
prediction rate by 5–10 percent.  (See paragraph above related to the same model 
used in children.) For EDs that have limited resources, the presence of drowsiness in 
a patient is a useful predictor of impending respiratory failure and reason to consider 
immediate transfer of the patient to a facility equipped to deal with ventilatory support 
(Cham et al. 2002).  As in the case with children, the ability to predict future care 
requirements is based on repeated clinical assessments, and, in adults, repeated 
measures of FEV1 or PEF (See figure 5–3.). 

Home Management of Asthma Exacerbations 

Beginning treatment at home avoids treatment delays, prevents exacerbations from becoming 
severe, and also adds to patients’ sense of control over their asthma.  The degree of care 
provided in the home depends on the patients’ (or parents’) abilities and experience and on the 
availability of emergency care.  General guidelines for managing exacerbations at home are 
presented in figure 5–4. 

The Expert Panel recommends preparing patients for home management of asthma 
exacerbations by taking the following actions (Also see “Component 1:  Measures of 
Asthma Assessment and Monitoring,” and “Component 2:  Education for a Partnership in 
Asthma Care.”). 
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F I G U R E  5 – 4 .   M A N A G E M E N T  O F  A S T H M A  E X A C E R B A T I O N S :   H O M E  
T R E A T M E N T  

— 

Assess Severity
Patients at high risk for a fatal attack (see figure 5–2a) require immediate medical attention 
after initial treatment.

Symptoms and signs suggestive of a more serious exacerbation such as marked breathlessness, 
inability to speak more than short phrases, use of accessory muscles, or drowsiness (see 
figure 5–3) should result in initial treatment while immediately consulting with a clinician.

Less severe signs and symptoms can be treated initially with assessment of response to therapy 
and further steps as listed below.

If available, measure PEF—values of 50–79% predicted or personal best indicate the need for 
quick-relief mediation.  Depending on the response to treatment, contact with a clinician may also 
be indicated.  Values below 50% indicate the need for immediate medical care. 

Initial Treatment
Inhaled SABA:  up to two treatments 20 minutes apart of 2–6 puffs 
by metered-dose inhaler (MDI) or nebulizer treatments.
Note: Medication delivery is highly variable.  Children and 
individuals who have exacerbations of lesser severity may need 
fewer puffs than suggested above.

Good Response

No wheezing or dyspnea
(assess tachypnea in young 
children).
PEF ≥80% predicted or 
personal best.

Contact clinician for 
followup instructions and 
further management.
May continue inhaled 
SABA every 3–4 hours for 
24–48 hours.
Consider short course of 
oral systemic 
corticosteroids.

Incomplete Response

Persistent wheezing and 
dyspnea (tachypnea).
PEF 50–79% predicted or 
personal best.

Add oral systemic 
corticosteroid.
Continue inhaled SABA.
Contact clinician urgently 
(this day) for further 
instruction.

Poor Response

Marked wheezing and dyspnea.
PEF <50% predicted or 
personal best.

Add oral systemic 
corticosteroid.
Repeat inhaled SABA 
immediately.
If distress is severe and 
nonresponsive to initial 
treatment:

—Call your doctor AND
—PROCEED TO ED;
—Consider calling 9–1–1 

(ambulance transport).

To ED.

Key:  ED, emergency department; MDI, metered-dose inhaler; PEF, peak expiratory flow; SABA, short-acting 
beta2-agonist (quick-relief inhaler) 
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 Teach all patients how to monitor signs and symptoms so they can recognize early 
signs of deterioration and take appropriate action (Evidence A) (See “Component 2: 
Education for a Partnership in Asthma Care.”), particularly since many fatal asthma 
exacerbations occur out of hospital (Krishnan et al. 2006).  Patients should be taught how to 
adjust their medications early in an exacerbation (Kelly et al. 2002b) and when to call for 
further help or seek medical care.  Patients should seek medical help earlier if the 
exacerbation is severe; treatment does not give rapid, sustained improvement; or there is 
further deterioration. 

 Consider teaching how to monitor lung function, by using PEF to facilitate early and 
accurate assessment of exacerbations and response to treatment, to patients and 
parents of children who have moderate or severe persistent asthma or a history of 
severe exacerbations (Evidence B) and patients who are poor perceivers of airflow 
obstruction (Evidence D).  Signs and symptoms imperfectly mirror airflow obstruction; 
therefore, other tools may be required, especially in the group of people who are “poor 
perceivers” and have failed to recognize previous exacerbations or symptom deteriorations 
early (Hardie et al. 2002; Kikuchi et al. 1994).  Exacerbations recognized and treated within 
6 hours of onset may be less likely to result in hospitalizations (Kelly et al. 2002b).  When 
using PEF expressed only as a percent of personal best, the impact of any irreversible 
airflow obstruction must be considered.  For example, in a person whose personal best is 
only 160 L/min, a drop to 60 percent of personal best represents life-threatening airflow 
obstruction. 

 Provide to all patients a written asthma action plan that includes daily management 
and recognizing and handling worsening asthma, including self-adjustment of 
medications in response to acute symptoms or changes in PEF measures in the event 
of an exacerbation.  A written asthma action plan is particularly recommended for 
patients who have moderate or severe persistent asthma and any patient who has a 
history of severe exacerbations or poorly controlled asthma (Evidence B).  A peak-
flow-based plan may be particularly useful for patients who have difficulty perceiving 
airflow obstruction and worsening asthma (Evidence D).  See component 2—
Education for a Partnership in Asthma Care, figure 3–10 for a sample plan.  Children 
should also receive a plan appropriate to the school setting (See “Component 2:  Education 
for a Partnership in Asthma Care,” figure 3–16.).  The plan should direct the patient to adjust 
medications in response to particular signs, symptoms, and peak flow measurements and 
should state when to seek medical help.  Review the plan with the patient and family.  The 
clinician should tailor the plan to the needs of individual patients.  Patients who are at risk for 
asthma death (See figure 5–2a.) require especially close monitoring. 

 Advise patients who have moderate or severe persistent asthma or a history of 
severe exacerbations to have the medication (e.g., corticosteroid tablets or liquid) 
and equipment (e.g., peak flow meter, compressor-driven nebulizer for young 
children) for treating exacerbations at home (Evidence A). 

The Expert Panel recommends the following pharmacologic therapy for home 
management of exacerbations: 

 Increase the frequency of SABA treatment (Evidence A). 

 Initiate oral systemic corticosteroid treatment under certain circumstances 
(Evidence A).  Short courses or “bursts” of oral corticosteroids reduce the duration and may 
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prevent hospitalizations and relapse following an acute exacerbation (McFadden 2003; 
Rachelefsky 2003; Rowe et al. 2004).  The Expert Panel recommends that, unless 
working from a defined action plan, individuals contact their health care provider 
before instituting a course of oral systemic corticosteroids (Evidence D). 

 Doubling the ICS dose is not sufficient (Evidence B) (See Evidence Table 17, Increasing 
the Dose of Inhaled Corticosteroids.).  Doubling the dose of an ICS in those patients already 
receiving ICS therapy has not been effective at reducing the severity or preventing 
progression of exacerbations (FitzGerald et al. 2004; Garrett et al. 1998; Harrison et al. 
2004; Rice-McDonald et al. 2005).  However, higher doses of an ICS may be effective in the 
ED management of acute asthma exacerbations.  For example, preliminary evidence 
indicates that quadrupling the dose of an ICS for 7 days, starting at the first appearance of 
worsening symptoms, may prevent exacerbations requiring oral systemic corticosteroids 
(Foresi et al. 2000).  For patients who experience substantial adverse effects with oral 
systemic corticosteroids (e.g., mood changes, worsening diabetes), high-dose ICS may be 
an effective alternative for mild to moderate exacerbations. 

 Continue more intensive treatment for several days (EPR⎯2 1997).  Recovery from an 
exacerbation varies, with symptom relief in 1–2 days for moderate exacerbations but in 3 or 
more days for severe exacerbations (See figure 5–1.).  For many persons, the improvement 
is quite gradual.  Even when symptoms have resolved, evidence of inflammation in the 
airways may continue for up to 2–3 weeks (McFadden 1975).  In managing an exacerbation 
at home, patients’ greater use of SABA should be continued until symptoms and PEF are 
stable.  That said, patients should seek medical care rather than rely on bronchodilator 
therapy in excessive doses or for prolonged periods (e.g., >12 puffs/day for more than 
24 hours). 

The Expert Panel does not recommend the following home management techniques, 
because no studies have demonstrated effectiveness, and it is the opinion of the Panel 
that these techniques may delay patients from obtaining necessary care (EPR⎯2 1997). 

 Drinking large volumes of liquids or breathing warm, moist air (e.g., the mist from a hot 
shower). 

 Using over-the-counter products such as antihistamines or cold remedies.  Over-the-counter 
bronchodilators may provide transient bronchodilation, but their use should not delay 
seeking medical care. 

The Expert Panel also notes that although pursed-lip and other forms of controlled breathing 
may help to maintain calm during respiratory distress, these methods do not bring about 
improvement in lung function. 

Prehospital Management of Asthma Exacerbations 

The Expert Panel recommends that emergency medical services (EMS) providers 
administer supplemental oxygen and SABA to patients who have signs or symptoms of 
an asthma exacerbation (Evidence A). 

Prehospital administration of SABA reduces airflow obstruction and relieves symptoms 
(Fergusson et al. 1995; Markenson et al. 2004; Richmond et al. 2005).  Ideally, all EMS 
providers would receive a standing order to allow them to provide albuterol to their patients who 
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have asthma exacerbations.  Such an order would be consistent with their legally authorized 
scope of practice and local medical direction (Camargo 2006).  In such settings, EMS providers 
should have available a nebulizer and/or an inhaler plus spacer/holding chamber for SABA 
administration (see figure 5–5 for dosages).  If these are not available, subcutaneous 
epinephrine or terbutaline should be given for severe exacerbations (See figure 5–5.) (Sly et al. 
1977; Smith et al. 1977). 

When initiating bronchodilatory use, EMS personnel should not delay transport of the patient to 
the appropriate medical facility.  The treatment, however, may be repeated while transporting 
the patient.  Prolonged transport times (e.g., in a rural setting or during transport on congested 
urban streets) may necessitate multiple inhaled SABA treatments before arrival at the medical 
facility (Crago et al. 1998).  Patients should receive a maximum of three inhaled SABA 
treatments in the first hour, and then one per hour thereafter (consistent with practice in the ED 
setting; see figures 5–5 and 5–6).  After each treatment, EMS personnel should reassess and 
record the patient’s vital signs and lung sounds. 

Ambulance services should develop prehospital protocols for the treatment of acute asthma in 
children and adults (Markenson et al. 2004; Stead and Whiteside 1999).  With medical 
oversight, these protocols can allow for more frequent administration of several established 
acute asthma treatments, such as ipratropium bromide and oral systemic corticosteroids (Knapp 
and Wood 2003).  The latter medication is particularly important during prolonged transport 
times.  All prehospital providers should receive training in how to respond to the clinical signs 
and symptoms of severe airway obstruction and imminent respiratory failure (Camargo 2006). 

Emergency Department and Hospital Management of Asthma 
Exacerbations 

Severe exacerbations of asthma are potentially life threatening.  Care must be prompt.  
Effective initial therapies (i.e., SABA and the means of giving it by aerosol and a source of 
supplemental oxygen) should be available in a physician’s office.  Serious exacerbations, 
however, require close observation for deterioration, frequent treatment, and repetitive 
measurement of lung function.  Therefore, most severe exacerbations of asthma require prompt 
transfer to an ED for more complete therapy (McFadden 2003; Rowe et al. 2001).  Despite 
appropriate therapy, approximately 10–25 percent of ED patients who have acute asthma will 
require hospitalization (Pollack et al. 2002; Weber et al. 2002).  In the hospital, multidisciplinary 
(e.g., nursing and respiratory care) clinical pathways for asthma appear to be effective in 
reducing hospital length-of-stay and inpatient costs, but they have less clear impact on clinical 
outcomes (Banasiak and Meadows-Oliver 2004).  An overview of the treatment strategies in 
EDs and hospitals is presented in figure 5–6 and detailed below. 

ASSESSMENT 

The Expert Panel recommends the following activities to assess exacerbations: 

 All clinicians treating patients who have asthma should be prepared to treat an 
asthma exacerbation, be familiar with the symptoms and signs of severe and life-
threatening exacerbations (figures 5–1, 5–2a, and 5–3), and have procedures for 
facilitating immediate patient transfer to an emergency care facility (EPR⎯2 1997). 
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F I G U R E  5 – 5 .   D O S A G E S  O F  D R U G S  F O R  A S T H M A  E X A C E R B A T I O N S

  
 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 minutes for 
3 doses then 0.15–0.3 mg/kg 
up to 10 mg every 1–4 hours 
as needed, or 0.5 mg/kg/hour 
by continuous nebulization. 

2.5–5 mg every 20 minutes 
for 3 doses, then 2.5–10 
mg every 1–4 hours as 
needed, or 10–15 mg/hour 
continuously. 

Only selective 
beta2-agonists are 
recommended.  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 mcg/puff) 

4–8 puffs every 20 minutes 
for 3 doses, then every 1–4 
hours inhalation maneuver as 
needed.  Use VHC; add mask 
in children <4 years. 

4–8 puffs every 20 minutes 
up to 4 hours, then every  
1–4 hours 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 mcg/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 minutes for 3 doses, then 
0.075–0.15 mg/kg up to  
5 mg every 1–4 hours as 
needed. 

1.25–2.5 mg every 
20 minutes for 3 doses, 
then 1.25–5 mg every  
1–4 hours as needed. 

MDI 
(45 mcg/puff) 

See albuterol MDI dose. See albuterol MDI dose. 

Levalbuterol administered 
in one-half the mg dose of 
albuterol provides 
comparable efficacy and 
safety.  Has not been 
evaluated by continuous 
nebulization. 

Pirbuterol    
MDI 

(200 mcg/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 0.3–0.5 mg every 

20 minutes for 3 doses sq.   
1:1,000 (1 mg/mL) 

0.01 mg/kg up to 0.3–0.5 mg 
every 20 minutes for 3 doses 
sq.    

No proven advantage of 
systemic therapy over 
aerosol. 

Terbutaline 0.25 mg every 20 minutes 
for 3 doses sq. 

(1 mg/mL) 

0.01 mg/kg every 20 minutes 
for 3 doses then every 
2–6 hours as needed sq.  

No proven advantage of 
systemic therapy over 
aerosol. 

 

*
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F I G U R E  5 – 5 .   D O S A G E S  O F  D R U G S  F O R  A S T H M A  
E X A C E R B A T I O N S  ( C O N T I N U E D )  

Dosages 
Medication Child Dose* Adult Dose Comments 

Anticholinergics    
Ipratropium bromide    

Nebulizer solution  
(0.25 mg/mL) 

0.25–0.5 mg every 20 minutes 
for 3 doses, then as needed 

0.5 mg every 20 minutes 
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 mcg/puff) 

4–8 puffs every 20 minutes as 
needed up to 3 hours 

8 puffs every 20 minutes 
as needed up to 3 hours 

Should use with VHC and face 
mask for children <4 years.  
Studies have examined 
ipratropium bromide MDI for up 
to 3 hours.   

Ipratropium with 
albuterol 

   

Nebulizer solution  
(Each 3 mL vial 
contains 0.5 mg 
ipratropium bromide 
and 2.5 mg 
albuterol.) 

1.5-3 mL every 20 minutes for 
3 doses, then as needed 

3 mL every 20 minutes for 
3 doses, then as needed  

May be used for up to 3 hours 
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 mcg ipratropium 
bromide and 90 
mcg of albuterol.) 

4–8 puffs every 20 minutes as 
needed up to 3 hours 

8 puffs every 20 minutes 
as needed up to 3 hours 

Should use with VHC and face 
mask for children <4 years. 

Systemic Corticosteroids 
 (Applies to all three corticosteroids) 

Prednisone 40–80 mg/day in 1 or 2 
divided doses until PEF 
reaches 70% of predicted 
or personal best 

Methylprednisolone  

Prednisolone 

1-2 mg/kg in 2 divided doses 
(maximum = 60 mg/day) until 
PEF is 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/day 
maximum 60 mg/day for  
3–10 days). 

 
 

*Children ≤ 12 years of age 
Key:  ED, emergency department; MDI, metered-dose inhaler; PEF, peak expiratory flow; VHC, valved holding chamber 

Notes: 

 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 days), 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. 
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F I G U R E  5 – 6 .   M A N A G E M E N T  O F  A S T H M A  E X A C E R B A T I O N S :  
E M E R G E N C Y  D E P A R T M E N T  A N D  H O S P I T A L - B A S E D  C A R E  

Initial Assessment (see figures 5–1, 5–3)
Brief history, physical examination (auscultation, use of accessory muscles, heart rate, respiratory rate), 
PEF or FEV1, oxygen saturation, and other tests as indicated.

FEV1 or PEF ≥40% (Mild-to-Moderate)
Oxygen to achieve SaO2 ≥90%
Inhaled SABA by nebulizer or MDI with 
valved holding chamber, up to 3 doses 
in first hour
Oral systemic corticosteroids if no 
immediate response or if patient 
recently took oral systemic 
corticosteroids

FEV1 or PEF <40% (Severe)
Oxygen to achieve SaO2
≥90%
High-dose inhaled SABA plus 
ipratropium by nebulizer or 
MDI plus valved holding 
chamber, every 20 minutes or 
continuously for 1 hour
Oral systemic corticosteroids

Impending or Actual 
Respiratory Arrest

Intubation and mechanical 
ventilation with 100% 
oxygen
Nebulized SABA and 
ipratropium
Intravenous corticosteroids
Consider adjunct therapies

Repeat Assessment 
Symptoms, physical examination, PEF, O2 saturation, other tests as needed

Admit to Hospital Intensive Care
(see box below)

Severe Exacerbation
FEV1 or PEF <40% predicted/personal best
Physical exam:  severe symptoms at rest, accessory muscle use, 
chest retraction
History:  high-risk patient
No improvement after initial treatment

Oxygen
Nebulized SABA + ipratropium, hourly or continuous
Oral systemic corticosteroids
Consider adjunct therapies

Moderate Exacerbation
FEV1 or PEF 40–69% 
predicted/personal best
Physical exam:  moderate symptoms

Inhaled SABA every 60 minutes
Oral systemic corticosteroid
Continue treatment 1–3 hours, 
provided there is improvement; 
make admit decision in <4 hours

Incomplete Response 
FEV1 or PEF 40–69%
Mild-to-moderate symptoms

Poor Response 
FEV1 or PEF <40%
PCO2 ≥42 mm Hg
Physical exam:  
symptoms severe, 
drowsiness, confusionIndividualized decision re: 

hospitalization (see text)

Discharge Home
Continue treatment with inhaled SABA.
Continue course of oral systemic 
corticosteroid.
Consider initiation of an ICS.
Patient education
− Review medications, including inhaler 

technique.
− Review/initiate action plan.
− Recommend close medical followup.

Admit to Hospital Ward
Oxygen
Inhaled SABA
Systemic (oral or 
intravenous) corticosteroid
Consider adjunct therapies
Monitor vital signs, FEV1 or 
PEF, SaO2

Admit to Hospital Intensive Care
Oxygen
Inhaled SABA hourly or 
continuously 
Intravenous corticosteroid
Consider adjunct therapies
Possible intubation and 
mechanical ventilation

Improve Improve

Discharge Home
Continue treatment with inhaled SABAs.
Continue course of oral systemic corticosteroid.
Continue on ICS. For those not on long-term control therapy, consider 
initiation of an ICS.
Patient education (e.g., review medications, including inhaler technique and, 
whenever possible, environmental control measures; review/initiate action 
plan; recommend close medical followup).
Before discharge, schedule followup appointment with primary care provider 
and/or asthma specialist in 1–4 weeks.

Good Response
FEV1 or PEF ≥70%
Response sustained 60 minutes 
after last treatment
No distress
Physical exam:  normal

 
Key:  FEV1, forced expiratory volume in 1 second; ICS, inhaled corticosteroid; MDI, metered dose inhaler; PCO2, partial pressure 
carbon dioxide; PEF, peak expiratory flow; SABA, short-acting beta2-agonist; SaO2, oxygen saturation 
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 Initial assessment should include a brief history, brief physical examination, and, for 
most patients, objective measures of lung function.  Initial laboratory studies may be 
helpful, but they are not required for most patients, and they should not delay 
initiation of asthma treatment (EPR⎯2 1997). 

 In the ED, all patients presenting with a reported asthma exacerbation must be 
evaluated and triaged immediately, based on at least vital signs and an overall 
physical assessment (e.g., ability to breathe well enough to talk).  Treatment should 
begin immediately following recognition of a moderate, severe, or life-threatening 
exacerbation by assessment of symptoms, signs, or, when possible, lung function 
(EPR⎯2 1997). 

 While treatment is given, obtain a brief, focused history and physical examination 
pertinent to the exacerbation (See figure 5–3.).  Take a more detailed history and 
complete physical examination and perform laboratory studies only after initial 
therapy has been completed (Evidence D). 

 The objectives of functional assessment (the frequency and number of 
measurements) will depend on the severity of the exacerbation and the response to 
treatment (See figure 5–6.) are to: 

— Obtain objective lung function measurements. 

♦ FEV1 or PEF values provide important information about the level of airflow 
obstruction both initially and in response to treatment.  Because low PEF values 
cannot distinguish between poor effort, restrictive ventilatory disorders (e.g., 
neuromuscular weakness, pneumonia), and obstructive ventilatory disorders (e.g., 
asthma), FEV1 measurements are preferable if they are readily available 
(Evidence D). 

♦ In the initial assessment of a life-threatening asthma exacerbation, FEV1 or PEF are 
not indicated (Evidence D). 

♦ Very severe exacerbations may preclude performance of a maximal expiratory 
maneuver and, in such cases, the clinical presentation should suffice for clinical 
assessment and prompt initiation of therapy (Evidence D). 

♦ In less severe exacerbations, in the office or ED, FEV1 or PEF should be obtained on 
arrival and 30–60 minutes after initial treatment (Evidence B). 

♦ In the hospital, FEV1 or PEF should be measured on admission and 15–20 minutes 
after bronchodilator therapy during the acute phase and at least daily thereafter until 
discharge (Evidence C). 

♦ Any FEV1 or PEF value <25 percent of predicted that improves by <10 percent after 
treatment or values that fluctuate widely are potential indications for ICU admission 
and close monitoring for respiratory failure (Evidence C). 

♦ Flow-volume loops should be obtained to distinguish between upper and lower 
airway obstruction in patients who have atypical asthma symptoms (e.g., dysphonia) 



Section 5, Managing Exacerbations of Asthma 

390 

August 28, 2007 

or findings on exam (e.g., stridor) or if response to therapy is inadequate 
(Evidence D). 

— Monitor oxygen saturation. 

♦ Pulse oximetry is indicated for children unable to perform FEV1 or PEF or for any 
patient who is in severe distress or has an FEV1 or PEF <40 percent of predicted to 
assess the adequacy of arterial oxygen saturation (SaO2) (Connett and Lenney 
1993; Geelhoed et al. 1994; Sole et al. 1999; Wright et al. 1997) (Evidence C). 

♦ Serial pulse oximetry measurements can be useful to assess both the severity of the 
exacerbation and improvement with treatment (Evidence B).  By contrast, a single 
pulse oximetry value on admission is of relatively little value for predicting hospital 
admission (Boychuk et al. 2006; Keahey et al. 2002; Wright et al. 1997). 

 Objectives of the brief history are to determine (EPR⎯2 1997): 

— Time of onset and any potential causes of current exacerbation. 

— Severity of symptoms, especially compared with previous exacerbations, and response 
to any treatment given before admission to ED. 

— All current medications and time of last dose, especially of asthma medications. 

— Estimate of number of previous unscheduled office visits, ED visits, and hospitalizations 
for asthma, particularly within the past year. 

— Any prior episodes of respiratory insufficiency due to asthma (loss of consciousness or 
intubation and mechanical ventilation). 

— Other potentially complicating illness, especially other pulmonary or cardiac disease or 
diseases that may be aggravated by systemic corticosteroid therapy (such as diabetes, 
peptic ulcer, hypertension, and psychosis). 

 Objectives of the initial brief physical examination are to (EPR⎯2 1997): 

— Assess the severity of the exacerbation, as indicated by the findings listed in figure 5–3. 

— Assess overall patient status, including level of alertness, fluid status, and presence of 
cyanosis, respiratory distress, and wheezing.  Wheezing can be an unreliable indicator 
of obstruction; in rare cases, extremely severe obstruction may be accompanied by a 
“silent chest” (Shim and Williams 1980). 

— Identify possible complications (e.g., pneumonia, pneumothorax, or 
pneumomediastinum); although rare, these will influence management of the asthma 
exacerbation. 

— Rule out upper airway obstruction.  Both intrathoracic and extrathoracic central airway 
obstruction can cause severe dyspnea and may be diagnosed as asthma. 
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♦ Causes include upper airway foreign bodies, epiglottitis, organic diseases of the 
larynx, vocal cord dysfunction, and extrinsic and intrinsic tracheal narrowing (See 
“Component 1:  Measures of Asthma Assessment and Monitoring.”). 

♦ Clues to the presence of alternative reasons for dyspnea include dysphonia, 
inspiratory stridor, monophonic wheezing loudest over the central airway, normal 
values for PO2, and unexpectedly complete resolution of airflow obstruction with 
intubation. 

♦ When upper airway obstruction is suspected, further evaluation is indicated by 
flow-volume curves and by referral for laryngoscopy (See “Component 1:  Measures 
of Asthma Assessment and Monitoring.”). 

 Laboratory studies.  Most patients who have an asthma exacerbation do not require any 
initial laboratory studies.  If laboratory studies are ordered, they must not delay initiation of 
asthma treatment (EPR⎯2 1997).  The most important objective of laboratory studies is 
detection of actual or impending respiratory failure.  Other objectives include detection of 
theophylline toxicity or conditions that complicate the treatment of asthma exacerbations 
(such as cardiovascular disease, pneumonia, or diabetes).  For example: 

— Consider arterial blood gas (ABG) measurement for evaluating arterial carbon dioxide 
tension (PCO2) in patients who have suspected hypoventilation, severe distress, or FEV1 
or PEF ≤25 percent of predicted after initial treatment.  (Note:  Respiratory drive is 
typically increased in asthma exacerbations, so a “normal” PCO2 of 40 mmHg indicates 
severe airflow obstruction and a heightened risk of respiratory failure.)  

— Venous levels of PCO2 have been tested as a substitute for arterial measurements, and 
a venous PCO2 of >45 mmHg may serve as a screening test but cannot substitute for 
the ABG evaluation of respiratory function (Kelly et al. 2002a). 

— Complete blood count (CBC) is not required routinely but may be appropriate in patients 
who have fever or purulent sputum.  Keep in mind that modest leukocytosis is common 
in asthma exacerbations and that corticosteroid treatment causes a further outpouring of 
polymorphonuclear leukocytes within 1–2 hours of administration. 

— Measure serum theophylline concentration in patients who have taken theophylline 
before presentation. 

— It may be prudent to measure serum electrolytes in patients who have been taking 
diuretics regularly and in patients who have coexistent cardiovascular disease, because 
frequent SABA administration can cause transient decreases in serum potassium, 
magnesium, and phosphate. 

— Chest radiography is not recommended for routine assessment but should be obtained 
for patients suspected of a complicating cardiopulmonary process, such as congestive 
heart failure, or another pulmonary process such as pneumothorax, 
pneumomediastinum, pneumonia, or lobar atelectasis. 

— Electrocardiograms are not required routinely, but a baseline electrocardiogram and 
continual monitoring of cardiac rhythm are appropriate in patients older than 50 years of 
age and in those who have coexistent heart disease or chronic obstructive pulmonary 
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disease (COPD).  The electrocardiogram may show a pattern of right ventricular strain 
that reverses promptly with treatment of airflow obstruction. 

 Assessment considerations unique to children and infants are as follows:   

— It is often difficult for physicians and parents to determine the severity of the airway 
obstruction in infants and small children who have asthma.  However, using a 
combination of the subjective and objective parameters in figure 5–3 permits a fairly 
accurate assessment to guide initial therapy.  Many of these parameters have not been 
studied systematically, so they serve only as general guides. 

— The differences in the anatomy and physiology of the lungs of infants place them at 
greater risk for respiratory failure.  These differences include greater peripheral airway 
resistance, fewer collateral channels of ventilation, further extension of airway smooth 
muscle into the peripheral airways, less elastic recoil, and mechanical disadvantage of 
the diaphragm.  Viral infections, particularly respiratory syncytial virus (RSV), are the 
most common cause of acute wheezing illness in infants.  The edematous inflammatory 
response in the airways leads to air trapping and hyperinflation, atelectasis, increased 
respiratory rate, and wheezing.  This sequence of changes can rapidly progress to 
respiratory failure, and close monitoring is critical. 

— It is particularly important to monitor SaO2 by pulse oximetry in infants because their 
ventilation/perfusion characteristics lead them to become hypoxemic more readily than 
adults.  SaO2 should be normal for altitude (>95 percent at sea level).  Decreased SaO2 
is often an early sign of severe airway obstruction, and an SaO2 <92 percent of room air 
1 hour after initial treatment is a good predictor of the need for hospitalization in small 
infants (Connett and Lenney 1993; Geelhoed et al. 1994; Sole et al. 1999). 

— Capillary or ABG measurements should be performed on infants suspected of 
respiratory failure.  PCO2 is the best measurement of ventilation in infants, as it is in 
adults.  Children who have a normal PCO2 but are in obvious respiratory distress are at 
high risk for respiratory failure. 

— After initial treatment is begun, it is important to consider possible coexisting conditions, 
as is done in adults.  In infants, considerations should include RSV infection, foreign 
body aspiration, history of bronchopulmonary dysplasia (prematurity) or cystic fibrosis. 

TREATMENT 

The Expert Panel recommends as initial treatments:  oxygen for most patients, SABA for 
all patients; adding multiple doses of ipratropium bromide for ED patients who have 
severe exacerbations (but ipratropium bromide is not recommended during 
hospitalization); and systemic corticosteroids for most patients.  For severe 
exacerbations unresponsive to the initial treatments, adjunct treatments (magnesium 
sulfate or heliox) merit consideration to decrease the likelihood of intubation.  (See the 
following discussion for evidence levels.) 

The Expert Panel does not recommend:  methylxanthines, antibiotics (except as needed 
for comorbid conditions), aggressive hydration, chest physical therapy, mucolytics, or 
sedation.  (For evidence levels, see the following discussion.) 
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In the ED and hospital, tailor the intensity of treatment and surveillance to the severity of the 
exacerbation.  The primary therapies—the administration of oxygen, SABA, and systemic 
corticosteroids—are constant, but the dose and frequency with which they are given and the 
frequency with which the patient’s response is assessed may vary.  Thus, for patients 
presenting with a severe exacerbation, give SABA therapy at the higher dose plus ipratropium 
bromide (figure 5–5) either repeatedly (three treatments in the first hour) or continuously (by 
nebulization) (Evidence A).  Give systemic corticosteroids immediately, and watch closely for 
signs of worsening airflow obstruction or fatigue.  For patients who have mild exacerbations, 
give SABA therapy and assess the patient’s response before deciding whether additional 
therapy is necessary.  When SaO2 monitoring is not available, give supplemental oxygen to 
patients who have significant hypoxemia and to patients who have FEV1 or PEF <40 percent of 
predicted. 

The Expert Panel recommends the following treatments: 

 Oxygen is recommended for most patients (EPR⎯2 1997).  Administer supplemental 
oxygen (by nasal cannulae or mask, whichever is best tolerated) to maintain an SaO2 
>90 percent (>95 percent in pregnant women and in patients who have coexistent heart 
disease).  Monitor SaO2 until a clear response to bronchodilator therapy has occurred. 

 SABA treatment is recommended for all patients (Evidence A) (For recommended 
doses, see figure 5–5.). 

— The repetitive or continuous administration of SABAs is the most effective means of 
reversing airflow obstruction (Camargo et al. 2003b; Karpel et al. 1997; McFadden 2003; 
Travers et al. 2001). 

— In the ED, three treatments of SABA spaced every 20–30 minutes can be given safely 
as initial therapy.  Thereafter, the frequency of administration varies according to the 
improvement in airflow obstruction and associated symptoms and the occurrence of side 
effects.  Continuous administration of SABA may be more effective in more severely 
obstructed patients (Camargo et al. 2003b; Papo et al. 1993). 

— Because of the risk of cardiotoxicity, use only selective SABA (albuterol, levalbuterol, 
pirbuterol) in high doses. 

— In mild or moderate exacerbations, equivalent bronchodilation can be achieved either by 
high doses (4–12 puffs) of a SABA by MDI with a valved holding chamber (VHC) in 
infants, children, and adults under the supervision of trained personnel or by nebulizer 
therapy (Cates et al. 2003; Dolovich et al. 2005).  However, nebulizer therapy may be 
preferred for patients who are unable to cooperate effectively in using an MDI because 
of their age, agitation, or severity of the exacerbation. 

— The onset of action for SABAs is less than 5 minutes; repetitive administration produces 
incremental bronchodilation.  In about 60–70 percent of patients, response to the initial 
three doses in the ED will be sufficient to discharge them, and most patients will have a 
significant response after the first dose (Karpel et al. 1997; Rodrigo and Rodrigo 1998b; 
Strauss et al. 1997). 
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— Duration of action of bronchodilation from SABAs in severe asthma exacerbations is not 
precisely known, but duration can be significantly shorter than that observed in stable 
asthma. 

— A recent meta-analysis of six trials suggests that the use of nebulized magnesium 
sulfate in combination with SABAs may result in further improvements in pulmonary 
function (Blitz et al. 2005), but further research is needed. 

 Inhaled ipratropium bromide. 

— In the ED:  recommended (Evidence A).  Adding multiple high doses of ipratropium 
bromide (0.5 mg nebulizer solution or 8 puffs by MDI in adults; 0.25–0.5 mg nebulizer 
solution or 4–8 puffs by MDI in children) to a selective SABA produces additional 
bronchodilation, resulting in fewer hospital admissions, particularly in patients who have 
severe airflow obstruction (Plotnick and Ducharme 2000; Rodrigo and Castro-Rodriguez 
2005). 

— In the hospital:  not recommended (Evidence A).  Two controlled clinical trials failed 
to detect a significant benefit from the addition of ipratropium to treatment after 
hospitalization for severe acute asthma (Craven et al. 2001; Goggin et al. 2001).  
Studies of hospitalized adults are not available. 

 Systemic corticosteroids are recommended for most patients (For recommended 
doses, See figure 5–5.): 

— In the ED:  Give systemic corticosteroids to patients who have moderate or severe 
exacerbations and patients who do not respond completely to initial SABA 
therapy (Evidence A).  These medications speed the resolution of airflow obstruction 
and reduce the rate of relapse and may reduce hospitalizations (Edmonds et al. 2003; 
Rowe et al. 2001; Rowe et al. 2004). 

♦ Oral administration of prednisone has been shown to have effects equivalent 
to those of intravenous methylprednisolone (Evidence A) (Harrison et al. 1986; 
Ratto et al. 1988) and, in the opinion of the Expert Panel, is usually preferred 
because it is less invasive. 

♦ Give a 5- to 10-day course following ED discharge to prevent early relapse 
(EPR⎯2 1997). 

♦ Intramuscular depot injections of corticosteroids may be considered as an 
alternative to oral corticosteroids for patients who are at high risk of 
nonadherence (Evidence D).  Intramuscular depot injections may be as effective as 
oral corticosteroids for preventing relapse after discharge from the ED (Lahn et al. 
2004; Rowe et al. 2001; Schuckman et al. 1998). 

♦ Give supplemental doses of oral corticosteroids to patients who take them 
regularly, even if the exacerbation is mild (Evidence D). 

— In the hospital:  Give systemic corticosteroids to patients who are admitted to the 
hospital (Evidence A), because oral systemic corticosteroids speed the resolution of 
asthma exacerbations (Manser et al. 2001; Smith et al. 2003). 
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 High doses of an ICS may be considered in the ED, although current evidence is 
insufficient to permit conclusions about using ICSs rather than oral systemic 
corticosteroids in the ED (Evidence B).  (See Evidence Table 17, Increasing the Dose of 
Inhaled Corticosteroids.)  Although simply doubling the dose of the ICS that a patient is 
taking for long-term therapy at the onset of an exacerbation does not appear to be effective 
(FitzGerald et al. 2004; Garrett et al. 1998; Harrison et al. 2004; Rice-McDonald et al. 2005), 
there is increasing evidence that multiple high doses of an ICS (6 mg flunisolide over 
3 hours) (Rodrigo and Rodrigo 1998a) or 3 mg fluticasone/hour for 3 hours (Rodrigo 2005) 
are beneficial when initiated in adults early in the ED (See Evidence Table 17.).  The data 
on ICS use in children are inconsistent (Rowe et al. 2004).  This may be a result of the 
inconsistency of dosing.  One trial reporting greater efficacy for oral corticosteroids used a 
single high dose of an ICS (2 mg fluticasone) (Schuh et al. 2000), whereas a trial giving 
multiple doses of budesonide (1.2 mg total) reported increased efficacy for the inhaled route 
(Singhi et al. 1999).  The level of acute asthma severity also may explain apparent 
discrepancies found in the literature.  Although the data are suggestive, a meta-analysis 
concluded that evidence was insufficient for firm conclusions (Edmonds et al. 2003).  
Further investigations with greater attention to dosing and acute asthma severity level are 
required. 

 For severe exacerbations unresponsive to the initial treatments listed above, whether 
given before arrival at the acute care setting or in the ED, adjunct treatments may be 
considered to decrease the likelihood of intubation:  intravenous magnesium or 
heliox may be useful (Evidence B).  These therapies are discussed below, in the 
subsection on “Impending Respiratory Failure.” 

The following treatments are NOT recommended: 

 Methylxanthines are not recommended (Evidence A).  (See Evidence Table 18, 
IV Aminophylline.) 

— In the ED:  Theophylline/aminophylline is not recommended because it appears to 
provide no additional benefit to optimal SABA therapy and increases the frequency of 
adverse effects (Parameswaran et al. 2000). 

— If patients are currently taking a theophylline-containing preparation, determine serum 
theophylline concentration to prevent theophylline toxicity. 

— In the hospital:  Therapy with oral or intravenous methylxanthines does not improve 
lung function or other outcomes in hospitalized adults (Parameswaran et al. 2000).  Most 
studies show no benefit, but increased toxicity, with theophylline in children who are 
hospitalized with severe asthma (Mitra et al. 2005).  The meta-analysis, however, 
reported that those patients receiving intravenous aminophylline had a small  
(8–9 percent) but significant greater improvement in percent predicted FEV1.  This 
difference was due to the weight of one study (Yung and South 1998), and this 
difference in lung function did not result in significant differences in length of stay, ICU 
admission or stay, or symptoms; however, significantly greater numbers of patients in 
the theophylline group had therapy discontinued due to adverse effects. 

 Antibiotics are not generally recommended for the treatment of acute asthma 
exacerbations except as needed for comorbid conditions (Evidence B).  Bacterial, 
Chlamydia, or Mycoplasma infections infrequently contribute to exacerbations of asthma; 
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therefore, the use of antibiotics is generally reserved for patients who have fever and 
purulent sputum and for patients who have evidence of pneumonia (EPR⎯Update 2002).  
When the presence of bacterial sinusitis is strongly suspected, treat with antibiotics. 

 Aggressive hydration is not recommended for older children and adults but may be 
indicated for some infants and young children (Evidence D).  Intravenous or oral 
administration of large volumes of fluids does not play a role in the management of severe 
asthma exacerbations.  Some infants and young children may become dehydrated, 
however, as a result of increased respiratory rate and decreased oral intake.  In these 
patients, clinicians should make an assessment of fluid status (urine output, urine specific 
gravity, mucus membrane moisture, electrolytes) and provide appropriate corrections.  The 
placement of intravenous lines is not without complication, and the emotional impact of this 
procedure may prove counterproductive.  Oral routes of hydration are preferable except in 
very severe exacerbations with the possibility of endotracheal intubation. 

 Chest physical therapy is not generally recommended (Evidence D).  For most 
exacerbations, chest physiotherapy is not beneficial and is unnecessarily stressful for the 
breathless asthma patient.  Because mucus plugging is a major contributing cause of fatal 
asthma (Kuyper et al. 2003), further studies are needed on the role of improved airway 
clearance in near-fatal exacerbations. 

 Mucolytics are not recommended (Evidence C).  Avoid mucolytic agents (e.g., 
acetylcysteine, potassium iodide) because they may worsen cough or airflow obstruction. 

 Sedation is not generally recommended (Evidence D).  Anxiolytic and hypnotic drugs are 
contraindicated in severely ill asthma patients because of their respiratory depressant effect.  
In asthmatic patients who have severe emotional impact, and possible comorbid anxiety 
disorder, therapy should stay focused on the asthma exacerbation; the benefit of short-
acting sedatives is not known. 

REPEAT ASSESSMENT 

The Expert Panel recommends that repeat assessment of patients who have severe 
exacerbations be made after the initial dose of a SABA and that repeat assessment of all 
patients be made after three doses of a SABA (60–90 minutes after initiating treatment) 
(Evidence A). 

The response to initial treatment in the ED is a better predictor of the need for hospitalization 
than is the severity of an exacerbation on presentation (Cham et al. 2002; Chey et al. 1999; 
Gorelick et al. 2004b; Karras et al. 2000; Kelly et al. 2002b and 2004; McCarren et al. 2000; 
Rodrigo and Rodrigo 1993, 1998c; Smith et al. 2002).  The elements to be evaluated include the 
patient’s subjective response, physical findings, FEV1 or PEF, and measurement of pulse 
oximetry or ABG (if the patient meets the criteria described in the earlier discussion of laboratory 
studies). 

HOSPITALIZATION 

The Expert Panel recommends that the decision to hospitalize a patient be based on 
duration and severity of symptoms, severity of airflow obstruction, response to ED 
treatment (See earlier section on monitoring in “Treatment Goals.”), course and severity 
of prior exacerbations, medication use at the time of the exacerbation, access to medical 
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care and medications, adequacy of support and home conditions, and presence of 
psychiatric illness (Evidence C) (Pollack et al. 2002; Weber et al. 2002.). 

In general, the principles of care in the hospital and recommendation for treatment 
resemble those for care in the ED and involve both treatment (with oxygen, aerosolized 
SABA, and systemic corticosteroids and, perhaps, adjunct therapies) and frequent 
assessment, including clinical assessment of respiratory distress and fatigue as well as 
objective measurement of airflow (PEF or FEV1) and oxygen saturation (EPR⎯2 1997). 

IMPENDING RESPIRATORY FAILURE 

The Expert Panel recommends that intubation not be delayed once it is deemed 
necessary; exactly when to intubate is based on clinical judgment (Evidence D).  Most 
patients respond well to therapy.  However, a small minority will show signs of worsening 
ventilation, whether from worsening airflow obstruction, worsening respiratory muscle fatigue, or 
a combination of the two.  Signs of impending respiratory failure include inability to speak, 
altered mental status, intercostal retraction (Cham et al. 2002), worsening fatigue, and a PCO2 
of ≥42 mmHg.  Because respiratory failure can progress rapidly and can be difficult to reverse, 
early recognition and treatment are critically important. 

The Expert Panel recommends that adjunct treatments such as magnesium sulfate or 
heliox may be considered to avoid intubation, but intubation should not be delayed once 
it is deemed necessary (Evidence B).  Because intubation of a severely ill asthma patient is 
difficult and associated with complications, additional treatments are sometimes attempted. 

 Intravenous magnesium sulfate.  Consider intravenous magnesium sulfate in patients 
who have life-threatening exacerbations and in those whose exacerbations remain in 
the severe category after 1 hour of intensive conventional therapy (Evidence B).  (See 
Evidence Table 19, Magnesium Sulfate.)  Meta-analyses of studies of both children and 
adults (Cheuk et al. 2005; Rowe et al. 2000) show that intravenous magnesium sulfate (2 
grams in adults and 25–75 mg/kg up to 2 grams in children) added to conventional therapy 
reduces hospitalization rates in ED patients who present with severe asthma exacerbations 
(PEF <40 percent).  However, not all individual studies have found positive results 
(Boonyavorakul et al. 2000; Porter et al. 2001; Scarfone et al. 2000).  The treatment has no 
apparent value in patients who have exacerbations of lesser severity, and one study 
(Silverman et al. 2002) found that intravenous magnesium sulfate improved pulmonary 
function only in patients whose initial FEV1 was <25 percent predicted, and the treatment did 
not improve hospital admission rates. 

 Heliox.  Consider heliox-driven albuterol nebulization for patients who have 
life-threatening exacerbations and for those patients whose exacerbations remain in 
the severe category after 1 hour of intensive conventional therapy (Evidence B).  (See 
Evidence Table 20, Heliox.) 

Because of helium’s low density, a mixture of helium and oxygen (heliox) could improve gas 
exchange in patients who have airway obstruction (Gupta and Cheifetz 2005).  However, a 
meta-analysis of six studies (four in adults, two in pediatric patients) performed between 
1996 and 2002 did not find a statistically significant improvement in pulmonary function or 
other measured outcomes in patients receiving heliox compared to oxygen or air (Ho et al. 
2003).  Likewise, a more recent study did not demonstrate a statistically significant benefit in 
children who had moderately severe asthma and received standard initial therapy followed 
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by continuous albuterol nebulization with heliox compared to air/oxygen (Rivera et al. 2006).  
In contrast, another recent study (Kim et al. 2005) did report a significant improvement in 
pulmonary index and a trend toward reduced hospitalizations in children who had 
moderate-to-severe exacerbations and received heliox-driven albuterol nebulization 
compared to children who received oxygen-driven nebulization.  Other investigators recently 
described two randomized controlled trials (RCTs) of adults that demonstrated more rapid 
and greater improvements in peak flow and dyspnea scores in patients who presented with 
severe exacerbations and received initial treatment with heliox versus oxygen-driven 
albuterol therapy (Lee et al. 2005).  The discrepancy in findings may result from small 
sample sizes.  More importantly, however, some studies have neglected to account for the 
different effect of heliox versus oxygen (or room air) on respirable mass (Hess et al. 1999).  
For example, failure to increase the gas flow rate for those on heliox greatly complicates 
interpretation (and synthesis) of the literature. 

 Other adjunct therapies to avoid intubation include intravenous beta2-agonists, 
intravenous leukotriene receptor antagonists (LTRAs), and noninvasive ventilation; 
however, insufficient data are available to make recommendations regarding these 
possible adjunct therapies (Evidence D). 

— Intravenous beta2-agonists remain a largely unproven treatment.  Current evidence does 
not suggest an improved benefit from intravenous beta2-agonists compared to aerosol 
administration (Travers et al. 2001), but data are sparse (Browne et al. 1997) on the 
benefit of adding an intravenous beta2-agonist to high-dose nebulized therapy.  
Nevertheless, the Expert Panel does not recommend use of intravenous isoproterenol in 
the treatment of asthma because of the danger of myocardial toxicity (Evidence B) 
(Maguire et al. 1991). 

— Intravenous LTRAs could provide another pathway to rapid bronchodilation during 
impending respiratory failure.  A randomized trial of intravenous montelukast in 
moderate and severe exacerbations demonstrated significant improvement in pulmonary 
function within 10 minutes of administration (Camargo et al. 2003a).  The oral 
formulation LTRA would not be expected to provide benefit for at least 90 minutes 
(Dockhorn et al. 2000). 

— Noninvasive ventilation is another experimental approach for treatment of respiratory 
failure due to severe asthma exacerbation, but data are very limited (Ram et al. 2005). 

— Review of other experimental adjunct therapies is beyond the scope of this report. 

The Expert Panel recommends the following actions regarding intubation:   

 Patients who present with apnea or coma should be intubated immediately (EPR⎯2 
1997).  There are no other absolute indications for endotracheal intubation, but persistent or 
increasing hypercapnia, exhaustion, and depression of mental status strongly suggest the 
need for ventilatory support (Evidence D). 

 Intubate semielectively, before the crisis of respiratory arrest, because intubation is 
difficult in patients who have asthma (EPR⎯2 1997). 
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 Intubation should be performed by a physician who has extensive experience in 
intubation and airway management (EPR⎯2 1997). 

— Because intubation should not be delayed once it is deemed necessary, it is often 
performed in the ED or inpatient ward, and the patient is subsequently transferred to an 
ICU appropriate to the patient’s age. 

— Children who are intubated for asthma should be admitted to a pediatric ICU or 
transferred to a facility that has such a unit. 

— Even without intubation, patients who have severe exacerbations and are slow to 
respond to therapy may benefit from admission to an ICU, where they can be monitored 
closely and intubated if it is indicated. 

— Despite theoretical benefits from using ketamine as a premedication for intubation, 
clinical trials in nonintubated patients who have severe exacerbations have not shown 
clinical benefit (Allen and Macias 2005; Howton et al. 1996).  Studies of intubated 
patients are not available. 

— Although many issues require consideration at the time of intubation, clinicians should 
pay close attention to maintaining or replacing intravascular volume, because 
hypotension commonly accompanies the initiation of positive pressure ventilation. 

 “Permissive hypercapnia” or “controlled hypoventilation” is the recommended 
ventilator strategy (Evidence C).  Permissive hypercapnia provides adequate oxygenation 
and ventilation while minimizing high airway pressures and barotrauma (Darioli and Perret 
1984; Menitove and Goldring 1983; Tuxen 1994).  It involves administration of as high a 
fraction of inspired oxygen as is necessary to maintain adequate arterial oxygenation, 
acceptance of hypercapnia, and treatment of respiratory acidosis with intravenous 
sodium bicarbonate.  Adjustments are made to the tidal volume, ventilator rate, and 
inspiration-to-expiration ratio to minimize airway pressures.  Consultation with or 
comanagement by physicians who have expertise in ventilator management is appropriate, 
because mechanical ventilation of patients who have severe refractory asthma is 
complicated and fraught with risk.  Continuation of a SABA in ventilated patients is 
recommended, although no RCTs provide evidence for or against this practice (Dhand and 
Tobin 1997; Jones et al. 2001).  This ventilator strategy is not uniformly successful in 
critically ill asthma patients, and additional therapies are being evaluated.  Their review is 
beyond the scope of this report. 

PATIENT DISCHARGE 

The Expert Panel recommends that clinicians, before patients’ discharge from the ED or 
hospital, provide patients with necessary medications and education on how to use 
them, a referral for a followup appointment, and instruction in an ED asthma discharge 
plan for recognizing and managing relapse of the exacerbation or recurrence of airflow 
obstruction (Evidence B). 
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The Expert Panel recommends the following actions for discharging patients from the 
ED: 

 Release of the patient from the ED depends on the patient’s response to treatment 
(EPR⎯2 1997). 

— In general, discharge is appropriate if FEV1 or PEF has returned to ≥70 percent of 
predicted or personal best and symptoms are minimal or absent.  Patients who have an 
incomplete response to therapy (FEV1 or PEF 50–69 percent of predicted or personal 
best) and with mild symptoms should be assessed individually for their suitability for 
discharge home, with consideration given to factors listed in figure 5–2a (Evidence C). 

— The Expert Panel’s opinion is that patients who have a rapid response should be 
observed for 30–60 minutes after the most recent dose of bronchodilator to ensure their 
stability of response before discharge to home. 

— Extended treatment and observation in a holding area, clinical decision unit, or overnight 
unit to determine the need for hospitalization may be appropriate, provided there is 
sufficient monitoring and nursing care (McCarren et al. 2000). 

 Prescribe sufficient medications for the patient to continue treatment after discharge. 

— Patients given systemic corticosteroids should continue oral systemic 
corticosteroids for 3–10 days (Evidence A).  The need for further corticosteroid 
therapy should be assessed at a followup visit.  For corticosteroid courses of less than 
1 week, there is no need to taper the dose.  For 10-day courses, there remains no need 
to taper if patients are concurrently taking ICSs (O'Driscoll et al. 1993). 

— Consider initiating an ICS at discharge, in addition to oral systemic 
corticosteroids (Evidence B).  A retrospective review of a large patient database found 
a significant reduction in the risk of subsequent ED visits among patients using ICS 
therapy after ED discharge (Sin and Man 2002).  A clinical RCT comparing ED patients 
discharged with and without ICSs demonstrated that ICSs added to oral systemic 
corticosteroids halved patients’ risk of relapse events (Rowe et al. 1999).  A Cochrane 
review (Edmonds et al. 2000) noted that two other relapse trials did not report similar 
benefit, but the review found that the combined estimate of the three available trials had 
borderline statistical significance (odds ratio 0.68; 95 percent CI 0.46 to 1.02).  The 
Expert Panel concludes that initiating ICS therapy (e.g., providing a 1–2 month supply) 
at discharge from ED should be considered, given the potential for ICSs is to reduce 
subsequent ED visits, the strong evidence that long-term-control ICS therapy reduces 
exacerbations in patients who have persistent asthma, and the opinion of the Expert 
Panel that the initiation (and continuation) of ICS therapy at ED discharge can be an 
important effort to bridge the gap between emergency and primary care for asthma.  
Patients already taking ICS therapy should continue it following discharge. 

 Emphasize the need for continual, regular care in an outpatient setting, and refer the 
patient for a followup asthma care appointment (either primary care provider (PCP) or 
asthma specialist) within 1–4 weeks (Evidence B).  If appropriate, consider referral to 
an asthma self-management education program (Evidence B).  A visit to the ED is often 
an indication of inadequate long-term management of asthma or inadequate plans for 
handling exacerbations.  Having fewer general practice contacts in the previous year has 
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been independently associated with an increased risk of fatal asthma (Sturdy et al. 2005), 
and an observational study found that having followup appointments within 30 days of an 
asthma-related ED visit was associated with a reduced 90-day readmission rate (Sin et al. 
2002).  Likewise, referral of patients in the ED to an asthma specialist for consultation was 
associated with a reduced rate of subsequent ED visits (Zeiger et al. 1991).  These results 
contrast, however, with two recent randomized trials that found that facilitated referral of ED 
patients to the PCP did not alter long-term asthma outcomes (Baren et al. 2006; Smith et al. 
2004).  Although the evidence from RCTs regarding optimal referral practice is limited (e.g., 
PCP or asthma specialist), the ED and hospital staff should notify the patient’s health care 
professional (or provide a referral to one if the patient does not name a source of asthma 
care) and encourage the patient to contact his/her health care provider (e.g., by telephone) 
for asthma-related problems during the first 3–5 days after ED or hospital discharge.  The 
ED and hospital staff should instruct the patient to seek a followup medical appointment 
within 1–4 weeks.  Whenever possible, the ED should schedule such an appointment before 
the patient is discharged, because this action will increase the likelihood that the patient 
actually receives an appointment and attends the followup (Baren et al. 2006; Zorc et al. 
2003).  At the followup appointment, the health care provider should try to ascertain the 
cause of the exacerbation and institute appropriate, specific, preventative therapy if 
possible.  The followup visit should also include a detailed review of the patient’s 
medications, inhaler and peak flow meter technique, and development of a comprehensive 
written asthma action plan that will help prevent subsequent exacerbations and urgent or 
emergency care visits (See section 3, “Component 2:  Education for a Partnership in Asthma 
Care,” figures 3–10a, b, and c; 3–11; and 3–14.).  If appropriate, consider referring the 
patient to an asthma self-management education program. 

 Review discharge medications with the patient and provide patient education on 
correct use of an inhaler (Evidence B) (See section 3, “Component 2:  Education for a 
Partnership in Asthma Care,” figures 3–12 and 3–14.). 

 Give the patient an ED asthma discharge plan with instruction for medications 
prescribed at discharge and for increasing medications or seeking medical care if 
asthma should worsen (Evidence B).  Although evidence from RCTs is limited, for many 
patients, a thoughtful, asthma-oriented ED discharge plan will suffice.  If local staff and 
resources permit, however, the provision of a more detailed plan may be appropriate, 
especially for patients who had severe exacerbations or who do not have regular asthma 
care.  See figure 5–7 for a sample ED asthma discharge plan and “Component 2:  
Education for a Partnership in Asthma Care.” 

 Consider issuing a peak flow meter and giving appropriate education on how to 
measure and record PEF to patients who have difficulty perceiving  airflow 
obstruction or symptoms of worsening asthma (Evidence D).  Studies document that 
some patients are unable to perceive signs of deterioration that would indicate a need to 
increase medication (Hardie et al. 2002; Kikuchi et al. 1994).  These “poor perceivers” may 
particularly benefit from action plans based on peak flow monitoring, because this tool may 
prevent delays in treating exacerbations.  Although clinical trials have not yet evaluated 
issuing peak flow meters at discharge from ED, it is the opinion of the Expert Panel that this 
approach warrants consideration.  See “Component 1:  Measures of Asthma Assessment 
and Monitoring” and “Component 2:  Education for a Partnership in Asthma Care” for 
discussions of the advantages and disadvantages of peak flow monitoring. 
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F I G U R E  5 – 7 .   E M E R G E N C Y  D E P A R T M E N T — A S T H M A  D I S C H A R G E  
P L A N  

 

Reprinted by permission from Carlos Camargo, M.D., Principal Investigator of Agency for Health Care Research and Quality.  Grant No. R13H31094. 

 
Source:  Camargo CA Jr, Emond SD, Boulet L, Gibson PG, Kolbe J, Wagner CW, Brenner BE.  Emergency Department⎯Asthma Discharge Plan.  
Developed at "Asthma Education in the Adult Emergency Department:  A Multidisciplinary Consensus Conference," New York Academy of Medicine, 
New York, NY; 2001 April 1–5.  Boston, MA:  Massachusetts General Hospital, 2001.  2 pp. 
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F I G U R E  5 – 7 b .   E M E R G E N C Y  D E P A R T M E N T — A S T H M A  D I S C H A R G E  
P L A N :   H O W  T O  U S E  Y O U R  M E T E R E D - D O S E  I N H A L E R  

Using an inhaler seems simple, but most patients do not use it the right way.  When you use your inhaler the wrong 
way, less medicine gets to your lungs. 

For the next few days, read these steps aloud as you do them or ask someone to read them to you.  Ask your doctor, 
nurse, other health care provider, or pharmacist to check how well you are using your inhaler. 

Use your inhaler in one of the three ways pictured below.  A or B are best, but C can be used if you have trouble with 
A and B.  Your doctor may give you other types of inhalers. 

Steps for Using Your Inhaler 

Getting ready  1. Take off the cap and shake the inhaler. 
2. Breathe out all the way. 
3. Hold your inhaler the way your doctor said (A, B, or C 

below). 
Breathe in slowly 4. As you start breathing in slowly through your mouth, 

press down on the inhaler one time.  (If you use a 
holding chamber, first press down on the inhaler.  Within 
5 seconds, begin to breathe in slowly.) 

5. Keep breathing in slowly, as deeply as you can. 
Hold your breath 6. Hold your breath as you count to 10 slowly, if you can. 

7. For inhaled quick-relief medicine (short-acting 
beta2-agonists), wait about 15–30 seconds between puffs.  
There is no need to wait between puffs for other 
medicines. 

inches in front of 
your mouth (about 
the width of two 
fingers). 

chamber.  These come in 
many shapes and can be 
useful to any patient. 

 

mouth.  Do not use for 
steroids. 

   
Clean your inhaler as needed, and know when to replace your inhaler.  For instructions, read the package 
insert or talk to your doctor, other health care provider, or pharmacist. 

 

A.  Hold inhaler 1 to B.  Use a spacer/holding               C.   Put the inhaler in your 
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The Expert Panel recommends the following actions for discharging patients from the 
hospital: 

 Prior to discharge, adjust the patient’s medication to an outpatient regimen (EPR⎯2 
1997).  During the first 24 hours after this medication adjustment, observe the patient for 
possible deterioration. 

 Discharge medications should include a SABA and sufficient oral systemic 
corticosteroids to complete the course of therapy (Evidence A) and instructions to 
continue long-term control therapy until the followup appointment (Evidence B).  
Consider initiating ICS therapy for patients who did not use an ICS prior to the 
hospital admission (Evidence B).  If the decision is made to start the patient on an ICS, 
the ICS should be started before the course of oral corticosteroids is completed, because 
their onset of action is gradual (Kraan et al. 1988).  Starting the ICS therapy before 
discharge gives the patient additional time to learn and demonstrate appropriate technique. 

 Provide patient education:   

— Review patient understanding of the causes of asthma exacerbations, the 
purposes and correct uses of treatment (including inhaler technique), and the 
actions to be taken for worsening symptoms or peak flow measures (Evidence B) 
(See “Component 2:  Education for a Partnership in Asthma Care.”).  An 
exacerbation severe enough to require hospitalization may reflect a failure of the 
patient’s self-management, particularly in patients who have low levels of health literacy 
(Paasche-Orlow et al. 2005).  Some studies report that 35 percent of adult patients 
presenting to the ED are current smokers (Silverman et al. 2003).  It would be 
appropriate to query patients hospitalized for asthma about their smoking status and 
encourage smoking cessation along with their asthma discharge plan.  Hospitalized 
patients may be particularly receptive to information and advice about their illness (See 
“Component 2:  Education for a Partnership in Asthma Care.”). 

— Educate patients about their discharge medications and the importance of taking 
medications as prescribed and attending their followup visit (Evidence B).  Low 
levels of adherence to asthma medications are common, even in patients recently 
hospitalized for severe asthma exacerbations (Krishnan et al. 2004). 

— Referral to an asthma specialist should be considered for patients who have a 
history of life-threatening exacerbations or multiple hospitalizations (Evidence B) 
(Harish et al. 2001; Mahr and Evans 1993; Mayo et al. 1990; Sperber et al. 1995). 

— Consider issuing a peak flow meter and giving appropriate education on peak flow 
monitoring to patients who are ≥5 years of age (and parents) who have a history of 
severe exacerbations or who have moderate or severe persistent asthma 
(Evidence B) and those who poorly perceive airflow obstruction or worsening 
asthma (Evidence D). 
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 Review or develop a written plan for managing either relapse of the exacerbation of 
recurrent symptoms or exacerbations (Evidence B).  The plan should describe the signs, 
symptoms, and/or peak flow values that should prompt increases in self-medication, contact 
with a health care provider, or return for emergency care.  The plan given at discharge from 
the ED may be quite simple (e.g., instructions for discharge medications and returning for 
care if asthma worsens; see figure 5–7).  The preparation for discharge from the hospital 
should be more complete (See figure 5–8.).  A detailed written asthma action plan for 
comprehensive long-term management and handling of exacerbations should be developed 
by the regular provider at a followup visit (See figure 3–10a, b, and c; “Component 2: 
Education for a Partnership in Asthma Care.”).   

F I G U R E  5 – 8 .   C H E C K L I S T  F O R  H O S P I T A L  D I S C H A R G E  O F  
P A T I E N T S  W H O  H A V E  A S T H M A  

Intervention Dose/Timing  Education/Advice  M.D./R.N.  Initials 

Inhaled medications  
(e.g., MDI with valved holding 
chamber (VHC or spacer); 
nebulizer)  

Select agent, dose, and 
frequency (e.g., albuterol)  

 SABA 2–6 puffs every 3–4 hours as 
needed 

 Corticosteroids Medium dose 

 Teach purpose  
 Teach and check technique  
 For MDIs, emphasize the 

importance of VHC or 
spacer  

 

Oral medications  Select agent, dose, and 
frequency (e.g., prednisone 
50 mg qd for 5 days)  

 Teach purpose  
 Teach side effects  

 

Peak flow meter  For selected patients:  measure 
a.m. and p.m. PEF, and record 
best of three tries each time  

 Teach purpose 
 Teach technique 
 Distribute peak flow diary  

 

Followup visit  Make appointment for followup 
care with primary clinician or 
asthma specialist  

Advise patient (or caregiver) 
of date, time, and location of 
appointment, ideally within 7 
days of hospital discharge  

 

Action plan Before or at discharge Instruct patient (or caregiver) 
on simple plan for actions to 
be taken when symptoms, 
signs, or PEF values suggest 
airflow obstruction 

 

Key:  MDI, metered-dose inhaler; PEF, peak expiratory flow; SABA, short-acting beta2-agonist. 
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For More Information 
 
The National Heart, Lung, and Blood Institute (NHLBI) Health Information Center is a service of 
the NHLBI of the National Institutes of Health.  The NHLBI Health Information Center provides 
information to health professionals, patients, and the public about the treatment, diagnosis, and 
prevention of heart, lung, and blood diseases and sleep disorders.  For more information, 
contact: 
 
NHLBI Health Information Center 
P.O. Box 30105 
Bethesda, MD  20824-0105 
Phone:  301-592-8573 
TTY:  240-629-3255 
Fax:  301-592-8563 
Web site:  http://www.nhlbi.nih.gov 
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