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Severe Asthma Exacerbation  
in Pediatric Patients: A Review

Acute asthma exacerbation is a common reason for emergency department (ED) 
visits during childhood. Most emergency physicians are comfortable managing a 
mild exacerbation or admitting/transferring a child who requires more than a 
few breathing treatments for further management. While inhaled beta-agonists 
and steroids will often easily and effectively manage most exacerbations, a small 
subset of children present in extremis requiring second- and third-line medications 
and airway management. These next steps in management are often less familiar 
to emergency physicians practicing outside of a pediatric ED. Failure to recognize 
or failure to reassess patients in status asthmaticus can lead to rapid deterioration 
and a more complicated, sicker child. Despite the best efforts, some patients will 
require aggressive airway support, including noninvasive ventilation and intu-
bation. The decision to intubate an asthmatic is a difficult one and one that most 
emergency physicians hope they will not to have to make. The key to management 
of the critical asthmatic is early recognition, a strategy of multiple medical thera-
pies, and noninvasive ventilation where appropriate. The goal of this article is to 
describe the initial assessment of children with severe asthma exacerbation and 
provide an outline and suggested hierarchy of medications and treatment strategies 
for stabilization, with intubation as a last resort. 

— Ann M. Dietrich, MD, FAAP

Epidemiology
Asthma is a chronic disease of the airways characterized by recurrent epi-

sodes of inflammation and bronchospasm characterized by wheezing, cough-
ing, shortness of breath, and chest tightness. Affecting approximately 1 in 10 
children, asthma is estimated to cost $3300 per asthmatic per year in medi-
cal expenses, and costs the average asthmatic child 4 days of missed school 
per year.1 Asthma attacks are frequent, with more than half of children with 
asthma reporting an attack and 2.1 million ED visits for asthma exacerba-
tions across all age groups in a 12-month period.1,2

Although only 3 per 100,000 asthmatics require hospitalization, there 
were 479,300 hospitalizations and 185 deaths across all age groups due to 
asthma reported in a 12-month period.1,2 The relative rarity of the criti-
cally ill asthmatic poses a challenge for provider comfort, research, and the 
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EXECUTIVE SUMMARY
 z The signs and symptoms of respiratory distress and 

impending respiratory failure can be subtle in the asthmatics, 
especially those with longstanding asthma who have become 
“poor perceivers” of the severity of their disease.

 z Likewise, soft wheezing or a “silent chest” should be more 
concerning than loud wheezes, as it indicates a higher degree 
of obstruction.

 z Children with concomitant food allergies and poor 

compliance with controller medications appear to have the 
highest rate of fatal asthma.

 z Treatment for status asthmaticus includes first-line therapies, 
which include inhaled beta-agonists, inhaled ipratropium, 
and systemic corticosteroids. This is followed by second-line 
therapy of magnesium sulfate and third-line therapy with 
epinephrine, aminophylline, and ketamine. Third-line therapy 
can also include helium-oxygen mixtures and noninvasive 
ventilator support.

establishment of standard practices. 
Two large multicenter retrospective 
studies of asthma exacerbations in 
pediatric intensive care units found a 
1- to 2-day median length of stay and 
extremely variable practice patterns.3,4 
Fortunately, death was rare even in 
this critically ill cohort. Of particular 
note, half of these critically ill patients 
initially presented to an outside ED, 
highlighting the importance of all 
emergency providers being capable of 
caring for the acutely ill asthmatic.4

Recognition
As with most pediatric emergen-

cies, recognition is of the utmost 
importance. The signs and symptoms 
of respiratory distress and impend-
ing respiratory failure can be subtle 
in the asthmatic, especially those 
with longstanding asthma who have 
become “poor perceivers” of the sever-
ity of their disease.5 The Pediatric 
Assessment Triangle is a bedside tool 
that helps providers rapidly identify 
children with respiratory distress and 
failure.6 Many authors have attempted 
to define asthma severity scores that 
will reliably predict the need for 
admission for intensive therapy,7-9 but 
none have been externally validated 
with good inter-observer reliability.10-12 
However, all of these scores focus on 
a combination of abnormal vital signs, 
pulse oximetry, and careful attention 
to the appearance, work of breath-
ing, and breath sounds. (See Table 1.) 
Pediatric patients have an amazing 
ability to maintain increased respira-
tory effort for a prolonged period 
of time when compared to adults. 
However, fatigue, hypoxia, and hyper-
carbia often can be first noticed by 

the patient’s appearance. This is best 
identified by observing the patient's 
level of alertness, the appropriateness 
of the patient’s interaction with medi-
cal staff and a strange environment, 
and the patient’s response to stimuli 
such as needle sticks or the placement 
of a nebulizer on the face. The most 
critical patients will demonstrate a 
dulled or limited response. The work 
of breathing is seen as a function of 
the patient’s respiratory effort and the 
appearance of retractions. Accessory 
muscle use is limited in younger 
children, so signs such as head bob-
bing and grunting should be seen as 
significant effort. Retractions are seen 
with many obstructive pulmonary 
pathologies, but critical asthma often 
can cause intercostal, scalene, and even 
sternal retractions. Chest ausculta-
tion should focus on timing of wheeze 
and the amount of air movement. 
Wheezing usually occurs during the 
expiratory phase but often can become 
biphasic or inspiratory-only in the case 
of a severe exacerbation. Likewise, soft 
wheezing or a “silent chest” should be 
more concerning than loud wheezes, 
as it indicates a higher degree of 
obstruction. Asking an older patient to 
speak or recite the alphabet can help 
distinguish those with enough reserve 
to speak in sentences from those who 
are ill enough to speak only in single 
words. Peak flow measurements can 
be very helpful in patients who know 
their baseline values and can cooperate 
with the exam.

Concurrent with this brief initial 
assessment, a focused history should 
be obtained from the patient or family 
regarding high-risk factors for severe 
asthma or sudden death. (See Table 

2.) Time is a precious commodity for 
critical asthma, so a history should 
be obtained in a hierarchal manner, 
with the most concerning risk factors 
(such as history of intubation, his-
tory of anaphylaxis, or previous ICU 
stay) being asked first. Children with 
concomitant food allergies and poor 
compliance with controller medica-
tions appear to have the highest rate 
of fatal asthma.13 Poor compliance 
with controller medications often 
leads to frequent albuterol use, which 
can down-regulate receptors and lead 
to a weaker response to rescue therapy 
in the ED.14 Non-white children and 
those who live in inner cities and 
have poor access to health care have a 
disproportionately high incidence of 
severe asthma and should be moni-
tored carefully.15

Treatment Strategy
To effectively manage critical 

asthma, providers should have a treat-
ment plan with multiple backup plans 
when successive medications fail. Table 
3 shows a suggested plan for treating 
status asthmaticus. First-line therapies 
include inhaled beta-agonists, inhaled 
ipratropium, and systemic corticoste-
roids.16-20 This is followed by second-
line therapy of magnesium sulfate and 
third-line therapy with epinephrine, 
aminophylline, and ketamine. Third-
line therapy includes helium-oxygen 
mixtures or bi-level positive pressure 
assistance. 

Immediate Intubation 
Initiation of medical therapy should 

include an assessment of whether the 
patient requires immediate intuba-
tion. Unfortunately, research-based 
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recommendations are lacking, leaving 
current recommendations to be opin-
ion-based. Clinical signs that strongly 
suggest the need for intubation 
include a decreasing mental status, 
cyanosis, respiratory fatigue, impend-
ing respiratory arrest, and cardiopul-
monary arrest.18 Objective measures 
of elevated CO2 (pCO2 > 50 mmHg) 
or hypoxemia (pO2 < 60 mmHg) are 
also indicative of a need for advanced 
respiratory support.18 Essentially, the 
decision to intubate immediately relies 
on the presence of respiratory failure 
or hypoxia so severe that it requires 
aggressive and immediate reversal to 
avert cardiopulmonary arrest.

Tied to the decision of intubation 
is making a prediction of whether the 
patient is likely to respond to medical 
therapy. The patient’s ability to com-
pensate can decline over time if signif-
icant respiratory effort continues. It is 
worth noting that although questions 
regarding frequency of symptoms, 
number of previous hospitalizations, 
number of ICU admissions, and 
number of previous intubations are 
mainstays of the asthma exacerbation 
history, 13% of patients admitted to 
the pediatric intensive care unit are 
newly diagnosed and 63% present 
with no hospitalization in the previ-
ous year.4 Additionally, frequent use 
of beta-agonists has been demon-
strated to result in downregulation, so 
a history of such is concerning for a 
decreased response to medical ther-
apy.14 A need for aggressive therapy in 
the ED and prior to arrival has been 
shown to be predictive of a continu-
ing need for intensive care during the 
admission.18,21 Initial presentation and 
SpO2 have been found to be less pre-
dictive than the patient’s response at 

30 minutes.22,23 Specifically, patients 
who at 30 minutes demonstrate a 
peak expiratory flow rate (PEFR) < 
40% of predicted or personal best or 
< 60% improvement in PEFR are 
predicted to respond poorly to medi-
cal treatment and require intensive 
care unit admission.23 A reasonable 
strategy in the patient who does not 
require immediate intubation would 
be a 30-minute trial of aggressive 
medical therapy to assess the patient’s 
anticipated response, followed by a 
reassessment, particularly in a patient 
requiring transfer to another facility.  

First-Line Therapy
Inhaled albuterol or salbutamol 

remains the initial treatment of choice 
for asthma exacerbations due to its 
short onset of action (approximately 
5 minutes with a peak of action at 1 
hour, peak duration of 2 hours, and 
total duration of 4-6 hours). Pre- and 
post-treatment assessments are helpful 
in guiding the frequency of dosing. In 
patients requiring maximum dosages 
of albuterol, continuous administra-
tion via nebulizer has been demon-
strated effective and safe with only 
transient elevations in serum troponin 
and lactic acid.24 While nebulized 
solutions may be needed in critically 
ill patients unable to cooperate with 
a nebulizer, equal efficacy has been 
demonstrated with the proper use of a 
nebulizer or inhaler with a spacer.25-27 
The R-enantiomer of albuterol, leval-
buterol, is available on the market, but 
current studies have failed to demon-
strate a notable benefit.28 Typical start-
ing regimens for albuterol are either 
2.5-5 mg nebulized or 4 to 8 puffs 
from a metered dose inhaler every 20 
minutes for 1 hour.29 Patients who fail 

to respond or only minimally respond 
to the first hour of therapy may benefit 
from increasing doses of continuous 
albuterol or salbutamol.

Inhaled ipratropium acts as a useful 
adjunct to albuterol by contributing 
to further bronchodilation. Its longer 
onset of action (approximately 15 
minutes with a duration of 4 hours), as 
well as clinical trials, demonstrate that 
ipratropium alone is inadequate in 
treating acute exacerbations.30 The use 
of ipratropium as an adjunct on ini-
tial presentation is well validated, but 
there remains a question of its efficacy 
beyond initial presentation.31,32,33 Of 
note, downregulation does not occur 
with frequent use of ipratropium as it 
does with beta-agonists. Typical start-
ing regimens for ipratropium are 250-
500 mcg nebulized 1-3 times given 
with the initial doses of albuterol.29

Systemic steroids complement the 
action of bronchodilators, not only 
by decreasing airway inflammation 
but also by acting synergistically with 
beta-agonists by upregulating recep-
tors responsible for bronchodilation.22 
They have a longer onset of action 
when compared to bronchodilators 
but also have a duration of action 
on the order of days, which is help-
ful in avoiding relapse. The duration 
of systemic steroid therapy varies by 
formulation and severity of the exacer-
bation. A 5-day course of prednisone 
for a patient discharged from the ED 
is typical, although research demon-
strates 3 days of prednisone or even 

Table 2. Historical Risk 
Factors for Severe Asthma 
and Sudden Death 
Previous intubation

Previous ICU admission

Frequent albuterol use

Anaphylaxis

Multiple controller medications

Early age of diagnosis (< 5 years)

Adapted from: Mitchell I, Tough SC, Semple LK, 
et al. Near-fatal asthma: A population-based 
study of risk factors. Chest 2008:121:1407-
1413.

Table 1. Rapid Assessment of Pediatric Asthma Patients 

Appearance
Level of alertness
Interaction
Response to stimuli

Work of Breathing
Respiratory rate
Respiratory effort
Retractions

Breath Sounds Phase of wheezing
Degree of air movement
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a single-dose dexamethasone to be 
equivalently efficacious, with few  
side effects and higher compliance 
rates.34-37 Steroids administered via 
oral (PO), intravenous (IV), or intra-
muscular (IM) routes are similarly 
efficacious and guided largely by what 
access is available.38-40 However, most 
patients with critical asthma are at 
risk for aspiration due to their work 
of breathing; thus, the IV or IM route 
is often preferred for these cases. 
There is evidence suggesting a possible 
benefit to the supplementation of sys-
temic steroids with inhaled steroids.41 
Evidence for the use of inhaled ste-
roids alone is lacking.42,43 Typical doses 
of corticosteroids are:29

• Prednisone or prednisolone 1-2 
mg/kg (max 60 mg) PO/IV;

• Methylprednisolone 1-2 mg/kg 

(max 80-100 mg) PO/IM/IV;
• Dexamethasone 0.6-1.0 mg/kg 

(max 16 mg) PO/IM/IV.
First-line therapy of moderate and 

severe asthma exacerbations is rounded 
out by the use of supplemental oxygen 
for hypoxia and the judicious use of 
IV fluids.16,17 Because of their marked 
tachypnea, these patients are at risk for 
significant fluid losses and dehydra-
tion, but this must be balanced against 
the risk of pulmonary edema, which 
would further exacerbate their respira-
tory distress. 

Second-Line Therapy
Inhaled beta-agonists remain the 

mainstay of rescue medication in sta-
tus asthmaticus, so patients who have 
not improved after the first round 
of therapy should have albuterol or 

salbutamol continuously nebulized 
at increasingly higher doses (max 20 
mg/hour). Magnesium sulfate has 
become established as the second-line 
therapy for severe asthma exacerba-
tions that have failed or are unlikely 
to adequately respond to bronchodila-
tors and systemic steroids. It acts as 
a smooth-muscle relaxant and thus a 
bronchodilator, but in a different man-
ner than first-line therapies. When 
given intravenously, it has been shown 
to reduce admission rates and increase 
pulmonary function.44-46 There has 
been some research into the use of 
nebulized magnesium but the current 
evidence is inconclusive.46,47 The great-
est efficacy for magnesium has been 
demonstrated in severe exacerbations. 
Although the evidence supporting 
magnesium is not as robust as that 
of the bronchodilators and systemic 
steroids, magnesium's demonstrated 
benefit and safety make it a standard 
adjunct in the care of the moderate to 
severe asthma exacerbation. Typical 
dosing for magnesium sulfate is a 
single dose of 25-75 mg/kg (2 g maxi-
mum dosage) IV over 20 minutes.29

Third-line Therapy
A number of additional phar-

macologic interventions have been 
investigated, though their role in the 
severe asthmatic has yet to be robustly 
defined, especially in the pediatric 
population. Consultation with a pedi-
atric intensivist or someone familiar 
with these medications may be of 
value.

Epinephrine (an alpha- and beta-
agonist) and terbutaline (a beta-
agonist) are potential adjuncts or 
alternatives to albuterol. Terbutaline 
may be most useful in patients who 
have bronchospasm so severe that 
inhaled therapy cannot reach the 
target receptors; however, the added 
vasoconstriction effects of epineph-
rine can help decrease airway edema 
and may be a more favorable choice. 
Nebulized racemic epinephrine, in 
particular, has been demonstrated to 
be comparable to albuterol for acute 
asthma, though with a higher side 
effect profile and without a proven 
safety profile when multiple doses are 
administered.4,48,49 Although these 

Table 3. Suggested Treatment Plan for Status Asthmaticus

RECOGNIZE

First-line Therapy

Bronchodilators

• Albuterol/salbutamol 2.5-5 mg nebs every 20 minutes
• Ipratropium 250-500 mcg nebs every 20 minutes for three doses

Steroids

• Prednisone or prednisolone 1-2 mg/kg (max 60 mg) PO/IV
or

• Methylprednisolone 1-2 mg/kg (max 80-100 mg) PO/IM/IV
or

• Dexamethasone 0.6-1.0 mg/kg (max 16 mg) PO/IM/IV

REASSESS

Second-line 
Therapy

• Albuterol/salbutamol 10 mg or higher (max 20 mg) nebs 
continuously

• Magnesium sulfate 25-75 mg/kg (max 2 g) IV over 20 minutes

REASSESS

Third-line Therapy

• Epinephrine (racemic) 0.5 mL nebs every 20 minutes
• Epinephrine (1:1000) 0.01 mg/kg (max 0.5 mg) IM every 5-15 

minutes
• Terbutaline 2-10 mcg/kg (loading dose) with 0.1-0.4 mcg/kg/min 

infusion
• Ketamine (dissociative dose) 0.5-1 mg/kg IV or 2-4 mg/kg IM
• Heliox or BiPAP as available and/or tolerated
• Ketamine (induction dose) 1-2 mg/kg IV

Intubation After failure of third-line therapy or at any time if patient clinically 
deteriorates
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medications may be nebulized as an 
adjunctive therapy, a more likely role 
for these medications is IV or IM 
administration in the patient whose 
exacerbation is so severe that pulmo-
nary delivery of nebulized medication 
is compromised, though their efficacy 
is in question.50,51 Typical dosing for 
racemic epinephrine is 0.5 mL in 
3-5 mL of normal saline nebulized.29 
Typical dosing for epinephrine is 0.01 
mg/kg (max 0.5 mg) IM every 5-15 
minutes.29 Typical dosing for terbuta-
line is 2-10 mcg/kg for a loading dose 
followed by an infusion of 0.1-0.4 
mcg/kg/min.29

Ketamine is a dissociative anesthetic 
frequently given in the ED setting for 
procedural sedation or induction for 
intubation. When given at dissocia-
tive doses, it has been demonstrated to 
improve respiratory distress through 
bronchodilation and prevent intuba-
tion.52-55 It is a well-accepted practice 
in adults, but pediatric literature is 
currently limited to case reports and 
small cohort studies.56 Ketamine is 
probably best used as a last attempt to 
avert intubation after all preparations 
for intubation have been made. While 
there is some debate, repeat boluses 
can be given, as the added benefit of 
a continuous infusion is questionable, 
and acquiring a ketamine infusion in 
a timely manner is often not possible 
in the ED.52,57 Typical dissociative 
dosing is 0.5-1 mg/kg IV (slowly over 
60 seconds to minimize the risk of 
laryngospasm or respiratory depres-
sion) or 2-4 mg/kg IM.52 Given the 
faster onset and need for IV access in 
preparation of intubation, IV dosing is 
recommended.

The methylxanthines theophylline 
and aminophylline act as bronchodila-
tors through competitive nonselec-
tive phosphodiesterase inhibition. 
Multiple studies and reviews have 
failed to demonstrate an improvement 
in outcomes.58-62 A single study reports 
increased length of stay and duration 
of symptoms.63 Given their poorly 
demonstrated efficacy and possibly 
worsened outcomes, there is likely 
an extremely limited role for these 
medications.

Montelukast, a leukotriene recep-
tor antagonist, improves airway 

inflammation and is frequently used 
as an adjunct controller medication in 
asthmatics. A Cochrane review found 
no role for oral leukotriene in acute 
exacerbations and inadequate evidence 
to assess IV administration.64 Its role 
in acute asthma is likely extremely 
limited. 

Nebulized furosemide has been 
demonstrated by limited evidence to 
improve pulmonary function in mild-
to-moderate disease without signifi-
cant adverse events.65 Studies specific 
to pediatrics and studies assessing out-
comes such as admission, intubation, 
and mortality are lacking, but there is 
sufficient evidence to consider furo-
semide a reasonable adjunct. Typical 
study doses were 1 mg/kg of nebulized 
furosemide.

Respiratory Support
In the severe asthmatic who con-

tinues to decline or fails to improve, 
helium-oxygen (heliox) and nonin-
vasive positive pressure ventilation 
(NIPPV) may help avoid intubation. 
Heliox is a mixture of helium and oxy-
gen that is able to deliver higher FiO2 
at lower gas densities. The benefit of 
this is a decreased respiratory effort 
when compared to standard air-O2 
mixtures and subsequent improve-
ment in respiratory fatigue. Current 
evidence supports the use of heliox but 
is limited to small case reports or case 
studies in the pediatric population.66-68

NIPPV similarly works to decrease 
respiratory effort. By providing 
positive airway pressure and pres-
sure support for respiration, it works 
to decrease respiratory fatigue and 
increase the delivery of inhaled medi-
cations and oxygen. NIPPV is highly 
effective in improving oxygenation 
by maintaining airway pressures and 
improving ventilation by decreasing 
the work associated with breathing in 
a tired asthmatic. The most basic form 
of NIPPV is a high flow nasal cannula 
(HFNC) that supplies > 2 L per min-
ute of humidified oxygen. Increasingly 
greater flow rates will provide increas-
ing levels of positive airway pressure, 
though it is most effective on infants, 
and even then, variable from patient to 
patient. To provide a more consistent 
level of airway pressure, a nasal mask 

or a full face mask can be applied 
to create a tighter seal. With these 
devices, continuous positive airway 
pressure (CPAP) or bilevel positive 
airway pressure (BiPAP) can be deliv-
ered depending on the machine avail-
able. BiPAP allows respiratory support 
during both inspiration and expiration 
utilizing a high and low pressure vs 
CPAP, which delivers one pressure 
through the entire respiratory cycle. 
One study showed only 7% of pedi-
atric patients on noninvasive positive 
pressure ventilation went on to require 
intubation.69 This therapy is gener-
ally well tolerated in patients who are 
alert and able to protect their airway, 
though children may need low dose 
sedation and continuous monitoring.

Intubation
The decision to intubate a pediatric 

patient should be made after all other 
options have been exhausted. Only a 
minority of patients with status asth-
maticus require intubation, though 
nearly 8% of these patients will die on 
the ventilator.70,71 Those patients who 
cannot maintain their work of breath-
ing, as evidenced by altered mentation, 
decreasing respiratory effort, and poor 
perfusion, must be intubated according 
to a provider’s best judgment. To date, 
no literature exists that demonstrates 
a laboratory value that predicts the 
need for intubation apart from clinical 
gestalt; however, blood gas values, such 
as hypercarbia and hypoxemia, can 
correlate to somnolence and air hun-
ger, respectively. 

The most experienced intuba-
tor should attempt intubation, as 
these patients are likely to rapidly 
desaturate. A cuffed endotracheal tube 
should be used if available to allow 
for adequate ventilator pressures. 
Preparation for intubation should 
include multiple backup plans in the 
event that rapid sequence induction 
fails. Patient should be pre-oxygenated 
with a non-rebreather or, if tolerated, 
positive pressure ventilation. Applying 
an HFNC at 10-15 L while attempt-
ing intubation is known as apneic 
oxygenation and may add valuable 
seconds to the intubation process.72 
Ketamine has become the induc-
tion agent of choice when intubating 



6    Pediatric Emergency Medicine Reports / January 2016  AHCMedia.com

patients in status asthmaticus due to 
its complementary bronchodilatory 
effects, minimal effect on hemody-
namics, and ability to maintain spon-
taneous respirations.73,74 Induction 
should be with 1-2 mg/kg given over 
about 5 seconds.75

Once the patient has been success-
fully intubated, there will be a careful 
balance between providing enough 
pressure to oxygenate the patient but 
not so much as to cause barotrauma 
or prevent venous return and impair 
cardiac output. It is acceptable to 
optimize oxygenation and pulmonary 
pressures at the expense of hypercap-
nea.76-78 Mechanical ventilation modes 
that allow for pressure-regulated 
support and long expiratory times 
should be used to adequately balance 
these needs. Initial ventilator settings 
should allow for maximum pressures 
of 36-40 cm H2O, a respiratory rate 
of 12-14 breaths per minute, and an 
inspiratory-to-expiratory time ratio of 
1:4-1:5.78 Peri- and post-intubation 
is a high-risk time for cardiac arrest. 
Deterioration of blood pressure or 
oxygenation should prompt an imme-
diate assessment for sources utilizing 
the DOPE mnemonic (D – dislodg-
ment, O – obstruction, P – pneumo-
thorax, E – equipment malfunction).79 
The patient should be taken off of 
the ventilator and manually bagged 
on 100% oxygen. The tube should be 
suctioned and its placement verified. 
Needle or tube thoracotomy should 
be performed for suspected pneu-
mothorax if critical. Hyperinflation 
can cause severe obstructive shock 
and may be worsened acutely after 
intubation and positive pressure ven-
tilation. Compression of the chest 
immediately after intubation may help 
deflate the lungs somewhat to reduce 
this pressure. In patients who con-
tinue to have poor oxygenation and/
or hemodynamics despite aggressive 
ventilator strategies, aggressive airway 

clearance with bronchoscopy, inhaled 
volatile anesthetics, or even extracor-
poreal membrane oxygenation may be 
indicated.80-82

Pitfalls in Critical Asthma
Patients with status asthmaticus 

often do not respond to initial therapy 
due to the severity of their disease. 
However, there are other conditions 
that may mimic asthma or complicate 
asthma that may prevent an appropri-
ate response to typical therapy. (See 
Table 4.) Most laboratory studies are 
not helpful during the ED phase of a 
patient’s exacerbation, though a base-
line potassium level may be helpful to 
the intensive care team, who will con-
tinue to monitor while the patient is 
on continuous albuterol. A chest X-ray 
should be obtained in most any severe 
asthma exacerbation. (See Figure 1.) 
Asthma patients with pneumonia or 
influenza may have a longer duration 
of symptoms and will be more difficult 
to treat.83 Such patients should be 
screened for pneumonia and influenza 
and may benefit from blood cultures 
if febrile. They also will require anti-
biotics and treatment according to 
sepsis guidelines. A chest X-ray may 
reveal evidence of a pneumothorax, 
which may require tube thoracostomy. 
Younger pediatric patients can also 
be prone to foreign body aspiration, 
sometimes without a witnessed event. 
Persistent cough, focal wheezing, 
or a recurrent focal pneumonia may 
be clues to the presence of a foreign 
body. The degree of wheezing is often 
dependent on the size of the foreign 
body, with larger foreign bodies creat-
ing a “ball-valve” effect and causing air 
trapping. (See Figure 2.) A chest X-ray 
with a left and right lateral decubitus 
view can sometimes reveal hyperinfla-
tion on the affected side due to air 
trapping, though this is not a sensitive 
test.84 The foreign body can sometimes 
be identified on chest X-ray, though 
the majority are food products and 

other radiolucent items.
The “atopic triad” includes asthma, 

eczema, and allergies. Patients with 
asthma also may have significant aller-
gies that manifest with anaphylaxis. A 
presentation of wheezing and respira-
tory distress may appear to be status 
asthmaticus at first glance, but will not 
respond to typical treatment due to a 
different pathophysiology. Anaphylaxis 
can be diagnosed by exposure to a 
likely allergen with involvement of 
two or more systems (gastrointestinal, 
skin, respiratory, or cardiovascular).85 
Thus, patients with concomitant rash, 
hypotension, edema, vomiting, or 
diarrhea may benefit from a dose of 
epinephrine for both critical asthma 
and possible anaphylaxis. Also, if there 
is any concern the child has had skin 
exposure to an anaphylactic trigger the 
skin should be washed to terminate 
the exposure.

Disposition
Final disposition is a clinical deci-

sion. Patients requiring albuterol every 
4 hours and breathing comfortably on 
room air can generally be discharged 
home. Patients requiring intubation or 
continuous bronchodilator nebulization 
require admission to the intensive care 
unit. Between these two extremes is a 
broad spectrum in which the disposi-
tion to the floor or intensive care unit 
relies on clinical judgement and local 
practice patterns without evidence-
based decision rules. The following are 
some indicators that suggest admission 
to an intensive care unit:18,21

• Previous severe exacerbation;
• Two or more hospitalizations in 

the past year;
• Three or more ED visits in the 

past year;
• Hospitalization or ED visit in 

the past month;
• Use of more than two canisters 

of short-acting beta-agonist in 
the past month;

• Difficulty perceiving or articu-
lating asthma symptoms;

• Persistence of PEFR < 40% 
predicted.

Patients requiring transfer to 
another facility warrant special con-
sideration. The potential for decom-
pensation en route and the limited 

Table 4. Asthma Comorbidities

Infectious Traumatic Allergic
• Pneumonia
• Influenza

• Pneumothorax
• Foreign body

• Anaphylaxis
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resources available during transport, in 
comparison to what is available at the 
originating facility, must be carefully 
considered. Some specific consider-
ations include:

• Avoid weaning albuterol to a 
lower frequency or dose than 
what the patient has proven to 

be able to tolerate.
• A dose of ipratropium prior to 

transport provides several hours 
of adjunctive bronchodilation. 

• Early administration of steroids 
allows maximal effect during 
transport.

• Liberal administration of 

magnesium is preferable to 
decompensation en route.

• Carefully consider whether 
the patient needs pre-emptive 
intubation based on clinical 
status, improvement to current 
therapies, and the duration of 
transport. 

Figure 1. Chest X-ray with Hyperinflation

Figure 2. Chest X-ray with Bronchial Foreign Body
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Summary
Status asthmaticus can be frighten-

ing for patients and providers. Early 
recognition of severe asthma from the 
patients’ appearance, work of breath-
ing, and breath sounds will lead to 
prompt response to their illness. A 
planned approach with multiple tiers 
of medications and clear endpoints 
can help direct the management of 
these patients. Prompt administration 
of first-line medications, including 
inhaled beta-agonists and anticholin-
ergics with systemic steroids, may turn 
patients around quickly. Second-line 
therapy with magnesium sulfate can 
be added quickly to non-responders, 
in addition to continuous beta-agonist 
nebulization. Third-line agents can be 
started to treat refractory status asth-
maticus, and consultation with a pedi-
atric intensivist may be helpful at this 
time. Patients in severe respiratory dis-
tress who can tolerate a mask may ben-
efit from noninvasive positive pressure 
ventilation. The decision to intubate 
an asthmatic must be based on clinical 
judgment, though the decision can be 
aided by hypercarbia or hypoxia on a 
blood gas. The most experienced intu-
bator should make the first attempt, 
as the risk of cardiac arrest peri- and 
post-intubation is high for asthmatics. 
Ventilator managements should focus 
on preventing barotrauma, allowing for 
long exhalation times, and maximiz-
ing oxygenation. Chest radiography 
is recommended for all patients in 
status asthmaticus to look for alternate 
diagnosis or triggers for their exacerba-
tion. Anaphylaxis should be considered 
for patients with comorbid allergies. 
Patients who require continuous nebu-
lization or advanced respiratory support 
should be admitted or transferred to a 
pediatric intensive care unit for further 
management.
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CME/CNE Questions

1. Which of the following observations 
can help early identification of a criti-
cal asthmatic?
A. Appearance
B. Work of breathing
C. Breath sounds
D. All of the above

2. Which of the following medica-
tions should be first-line therapy for 
all asthmatics, including those with 
severe exacerbations?
A. Magnesium sulfate
B. Ipratropium
C. Terbutaline
D. Ketamine

3. An 8-year-old male comes to the 
ED for an asthma exacerbation. He 
is found to be tachypneic, speaking 
in short phrases, and using accessory 
muscles. Which of the following find-
ings on chest auscultation would be 
most concerning?
A. Faint end-expiratory wheeze
B. High-pitched inspiratory wheeze
C. Coarse biphasic wheeze
D. No audible breath sounds

4. Which of the following patients in 
status asthmaticus is most likely to 
need immediate intubation upon 
arrival to the ED?
A. A 5-year-old female with severe 

respiratory distress and hives
B. A 10-year-old female with an 

oxygen saturation of 90% on a 
non-rebreather

C. A 6-year-old male with central 
cyanosis and lethargy

D. A 12-year-old male with a fever to 
39.5° C speaking in single words

5. Which of the following third-line 
medications has the best evidence to 
support its use in the management of 
a severe asthma exacerbation? 
A. Ketamine
B. Aminophylline
C. Furosemide
D. Montelukast

6. Which route of administration for 
systemic steroids provides the best 
efficacy for treatment of an acute 
asthma exacerbation?
A. Oral
B. Intravenous
C. Intramuscular
D. All of the above routes are equally 

efficacious
7. Which of the following statements is 

true regarding intubation of the criti-
cal pediatric asthmatic?
A. Cuffed endotracheal tubes should 

not be used.
B. Pre-oxygenation with a non-

rebreather or noninvasive positive 
pressure ventilation should be 
performed whenever possible to 
optimize intubation conditions.

C. Ketamine should be avoided as an 
induction agent due to the risk of 
laryngospasm.

D. An arterial blood gas must be 
obtained before deciding whether 
or not to intubate an asthmatic.

8. Which diagnostic test is most likely 
to add clinically important informa-
tion to the management of a pediatric 
patient with status asthmaticus in the 
ED?
A. Arterial blood gas
B. Chest X-ray
C. Complete blood count with dif-

ferential
D. Blood culture

9. A 9-year old male with a history of 
asthma arrives by EMS with dif-
ficulty breathing for the past hour. 
He has also had profuse vomiting 
and hives. Patient reports being stung 
by a bee prior to symptoms. He has 
diffuse expiratory wheeze on exam 
with marked tachypnea and acces-
sory muscle use. The remainder of the 
exam is normal. On his way to the 
ED, he received treatment with alb-
uterol, ipratropium, and methylpred-
nisolone without any improvement. 
Which of the following medications 
is most likely to provide a clinical 
improvement?
A. Epinephrine
B. Magnesium sulfate
C. Terbutaline
D. Continuous salmeterol
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Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Severe Asthma Exacerbation  
in Pediatric Patients: A Review

Rapid Assessment of Pediatric Asthma Patients 

Appearance
Level of alertness
Interaction
Response to stimuli

Work of Breathing
Respiratory rate
Respiratory e� ort
Retractions

Breath Sounds Phase of wheezing
Degree of air movement

Asthma Comorbidities

Infectious Traumatic Allergic
• Pneumonia
• In� uenza

• Pneumothorax
• Foreign body

• Anaphylaxis

Suggested Treatment Plan for Status Asthmaticus

RECOGNIZE

First-line Therapy

Bronchodilators

• Albuterol/salbutamol 2.5-5 mg nebs every 20 minutes
• Ipratropium 250-500 mcg nebs every 20 minutes for three doses

Steroids

• Prednisone or prednisolone 1-2 mg/kg (max 60 mg) PO/IV
or

• Methylprednisolone 1-2 mg/kg (max 80-100 mg) PO/IM/IV
or

• Dexamethasone 0.6-1.0 mg/kg (max 16 mg) PO/IM/IV

REASSESS

Second-line 
Therapy

• Albuterol/salbutamol 10 mg or higher (max 20 mg) nebs 
continuously

• Magnesium sulfate 25-75 mg/kg (max 2 g) IV over 20 minutes

REASSESS

Third-line Therapy

• Epinephrine (racemic) 0.5 mL nebs every 20 minutes
• Epinephrine (1:1000) 0.01 mg/kg (max 0.5 mg) IM every 5-15 

minutes
• Terbutaline 2-10 mcg/kg (loading dose) with 0.1-0.4 mcg/kg/min 

infusion
• Ketamine (dissociative dose) 0.5-1 mg/kg IV or 2-4 mg/kg IM
• Heliox or BiPAP as available and/or tolerated
• Ketamine (induction dose) 1-2 mg/kg IV

Intubation After failure of third-line therapy or at any time if patient clinically 
deteriorates
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Historical Risk Factors 
for Severe Asthma and 
Sudden Death 
Previous intubation

Previous ICU admission

Frequent albuterol use

Anaphylaxis

Multiple controller medications

Early age of diagnosis (< 5 years)

Adapted from: Mitchell I, Tough SC, Semple LK, 
et al. Near-fatal asthma: A population-based 
study of risk factors. Chest 2008:121:1407-
1413.

Chest X-ray with Bronchial Foreign Body

Chest X-ray with Hyperin� ation
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