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Acute asthma, prognosis, and treatment

Jennifer E. Fergeson, DO, Shiven S. Patel, MD, and Richard F. Lockey, MD  Tampa, Fla

Asthma affects about 300 million people globally and accounts
for 1 in every 250 deaths in the world. Approximately 12 million
people in the United States each year experience an acute
exacerbation of their asthma, a quarter of which require
hospitalization. Acute asthma should be differentiated from
poor asthma control. Patients with acute asthma will exhibit
increasing shortness of breath, chest tightness, coughing, and/or
wheezing. In contrast, poor asthma control typically presents
with a diurnal variability in airflow and is a characteristic that
is usually not seen during an acute exacerbation. The history
should include a review of comorbidities, adherence to
medications, previous episodes of near-fatal asthma, and
whether the patient has experienced multiple emergency
department visits or hospitalizations, particularly those
requiring admission to an intensive care unit involving
respiratory failure, intubation, and mechanical ventilation.
Patient education is important to ensure that the patient
understands that asthma is mostly a chronic disease and
necessitates the avoidance of allergens, prevention of infections,
adherence with routine vaccinations, management of comorbid
conditions, and adherence to treatment regimens. This article is
a structured review of the available literature regarding the
diagnosis and management of acute asthma. (J Allergy Clin
Immunol 2016;uNN;EEE-REEN,)
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Asthma exacerbations are avoidable with appropriate regular
therapy and patient education. Despite this, asthma affects about
300 million people globally and accounts for 1 in every 250
deaths.' In the United States alone, approximately 12 million
people each year experience an acute exacerbation of their
asthma, a quarter of which require hospitalization.” In Europe
approximately 30 million people have asthma, and 15,000 people
die yearly from this disease.” This article is about acute asthma
and its diagnosis, prognosis, and treatment.
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Abbreviations used
COPD: Chronic obstructive pulmonary disease
EPR-3: Expert Panel Report 3
ICS: Inhaled corticosteroid
MDI: Metered-dose inhaler
NPPV: Noninvasive positive pressure ventilation
OCS: Oral corticosteroid
Paco,: Partial pressure of arterial carbon dioxide
PEF: Peak expiratory flow
Pvco,: Venous partial pressure of carbon dioxide
SABA: Short-acting 3-agonist
SCS: Systemic corticosteroid

Various clinical symptoms and signs can assist the clinician in
determining the severity of acute asthma (Fig 1).>* To prevent
severe asthma exacerbations, the goals for the physician
managing subjects with asthma include (1) recognition of
patients who are at a greater risk for near-fatal or fatal asthma;
(2) education of the patient to recognize deterioration in their
disease; (3) provision of an individual action plan for the patient
to manage the exacerbation and to know when to seek
professional help; and (4) management of comorbidities, such
as rhinitis, sinusitis, obesity, gastroesophageal reflux disease,
obstructive sleep apnea, chronic obstructive pulmonary disease
(COPD), vocal cord dysfunction, and atopic dermatitis.””

PHYSICAL EXAMINATION

Clinical estimates of severity based on an interview and
physical examination can result in an inaccurate estimation of
disease severity; audible wheezing is usually a sign of moderate
asthma, whereas no wheezing can be a sign of severe airflow
obstruction. Symptoms of severe asthma include chest tightness,
cough (with or without sputum), sensation of air hunger, inability
to lie flat, insomnia, and severe fatigue. The signs of severe
asthma include use of accessory muscles of respiration,
hyperinflation of the chest, tachypnea, tachycardia, diaphoresis,
obtundation, apprehensive appearance, wheezing, inability to
complete sentences, and difficulty in lying down. Altered mental
status, with or without cyanosis, is an ominous sign, and
immediate emergency care and hospitalization are required.
A detailed examination should include examining for signs and
symptoms of pneumonia, pneumothorax, or a pneumomediasti-
num, the latter of which can be investigated by means of palpation
for subcutaneous crepitations, particularly in the supraclavicular
areas of the chest wall. Special attention should be paid to the
patient’s blood pressure, pulse, and respiratory rate. Tachycardia
and tachypnea might be suggestive of a moderate-to-severe
exacerbation, whereas bradycardia might indicate impending
respiratory arrest. Pulsus paradoxus is often present and might
correlate with the severity of exacerbation (Fig 1).>'°
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Mild
Symptoms
Breathlessness While walking
Can lie down
Talks in Sentences
Alertness May be agitated
Signs
Respiratory rate Increased
Use of accessory Usually not
muscles;
suprasternal
retractions
Wheeze Moderate, often
only end
expiratory
Pulse/minute < 100

Absent < 10 mm
Hg

Pulsus paradoxus

Functional
assessment

PEF percent
predicted or percent
personal best

Pag, (on air)

> 70 percent

Normal (test not

usually
necessary)
and/or
Pco, < 42 mm Hg
(test not usually
necessary)

Sao2 percent (on
air) at sea level

> 95 percent
(test not usually
necessary)

adolescents.

Moderate

While at rest (infant—
softer, shorter cry,
difficulty feeding)

Prefers sitting
Phrases
Usually agitated

Increased

Severe

While at rest (infant—
stops feeding)

Sits upright

Words
Usually agitated

Often > 30/minute

Guide to rates of breathing in awake children:

Age

< 2 mo
2-12 mo
1-5yr
6-8 yr
Commonly

Loud; throughout

Normal rate
< 60/min

< 50/min

< 40/min

< 30/min
Usually

Usually loud;

exhalation throughout inhalation
and exhalation

100-120 > 120

Guide to normal pulse rates in children:

Age Normal rate

2-12 mo < 160/min

1-2yr < 120/min

2-8 yr < 110/min

May be present 10-25
mm Hg

~ 40-69 percent or
response lasts < 2
hours

> 60 mm Hg (test not
usually necessary)

< 42 mm Hg (test not
usually necessary)

Often present > 25
mm Hg (adult), 20-40
mm Hg (child)

< 40 percent

< 60 mm Hg: possible
cyanosis

2 42 mm Hg: possible
respiratory failure

90-95 percent (test not < 90 percent

usually necessary)

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

Subset: Respiratory Arrest
Imminent

Drowsy or confused

Paradoxical thoracoabdominal
movement

Absence of wheeze

Bradycardia

Absence suggests respiratory
muscle fatigue

< 25 percent (Note: PEF
testing may not be needed in
very severe attacks)

FIG 1. Acute asthma severity: clinical signs and symptoms. Originally published as Fig 5-3 in EPR-3. Pao,,
Arterial oxygen pressure; Pco,, partial pressure of carbon dioxide.

DIFFERENTIAL DIAGNOSIS OF ACUTE ASTHMA

The differential diagnosis of acute asthma

includes COPD,

vocal cord dysfunction, bronchitis, bronchiectasis, epiglottitis,
foreign body, extrathoracic or intrathoracic tracheal obstruction,

cardiogenic pulmonary edema,

noncardiogenic pulmonary

edema, pneumonia, pulmonary embolus, chemical pneumonitis,

and hyperventilation syndrome.”

ACUTE ASTHMA TRIGGERS

Risk factors for asthma exacerbations can be identified from

the clinical history.

The patient interview should include

questions about recent events, including (1) upper or lower
respiratory tract infections; (2) cessation or reduction of
medication; (3) use of concomitant medication, such as nonse-

lective B-blockers; and (4) allergen or pollutant exposure.

2,10
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PREDICTORS OF FATAL OR NEAR-FATAL ASTHMA

Major risk factors for near-fatal and fatal asthma are
recognized, and their presence makes early recognition and
treatment of an asthma exacerbation essential. The history should
include a review of previous episodes of near-fatal asthma and
whether the patient has experienced multiple emergency
department visits or hospitalizations, particularly those requiring
admission to an intensive care unit, involving respiratory failure,
intubation, and mechanical ventilation. A history of allergic
asthma and other known or suspected allergic symptoms should
be obtained. For example, Nelson et al* identified allergy to the
mold Alternaria species and several dust mite species as a trigger
for severe asthma.'”

Adherence to medical treatment should be reviewed; poor
adherence with prescribed therapies is a major risk factor.
Inadequate therapy can include excessive use of [3-agonists,
concomitant use of [3-blockers, and failure to prescribe or use
inhaled corticosteroids (ICSs) as a primary therapy. Recent
withdrawal of oral corticosteroids (OCSs) suggests that the
patient is at greater risk for a severe exacerbation. Lack of a
written asthma action plan is another risk factor. Limited access
of the patient to appropriate health care and lack of education
about appropriate management strategies are additional risk
factors. Socioeconomic factors associated with severe asthma
exacerbations include the nonadherent adolescent or elderly
asthmatic patients living in inner-city environments. Certain
ethnic groups within a population might have a higher incidence
of severe asthma, such as Americans of African or Spanish
inheritance. Comorbidities, such as chronic lung, psychiatric,
and cardiovascular diseases are other risk factors.'*"'

PHYSIOLOGIC AND LABORATORY PARAMETERS

Serial measurements of lung function facilitate quantification
of the severity of airflow obstruction and response to therapy.
Measurement of peak expiratory flow (PEF) rate provides a
simple, quick, and cost-effective assessment of the severity
of airflow obstruction. Patients can be supplied with an
inexpensive PEF meter and taught to perform measurements
at home to detect deterioration of their asthma. An individual
management plan will be based on the personal best PEF
value. Predetermined PEF values can be set, at which time the
patient is alerted to the degree of severity of symptoms and can
institute appropriate therapy, consult their physician, or both
(Fig 2). In nonacute settings assessment of PEF and spirometry
before and after administration of a bronchodilator can indicate
the likely degree of improvement in lung function, which can
be achieved by using adequate therapy. PEF values of 50% to
79% of predicted or personal best value signify the need for
immediate treatment with an inhaled short-acting [(3-agonist
(SABA). Values of less than 50% indicate the need for
immediate medical care. Values of less than 35% indicate a
possible severe life-threatening episode. This treatment
should be administered with a SABA by using a nebulizer or
metered-dose inhaler (MDI). SABA dose, response, and further
management are depicted in Fig p 2114

FEV, is measured by means of spirometry to assess the volume
of air exhaled over 1 second and is the most sensitive test for
airflow obstruction. FEV, is less variable than PEF and is
independent of effort once a moderate effort has been made by
the patient. Postbronchodilator reversibility should be assessed,
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and an increase in FEV of 12% or greater and 200 mL or greater
is diagnostic of asthma.”"!

Most patients do not require laboratory testing for the diagnosis
of acute asthma. If laboratory studies are obtained, they must not
delay asthma treatment. Laboratory studies might assist in
detecting other comorbid conditions that complicate asthma
treatment, such as infection, cardiovascular disease, or diabetes.
Measurement of brain natriuretic peptide and a 2-dimensional
transthoracic echocardiogram aid in the diagnosis of congestive
heart failure. For patients taking diuretics who have comorbid
cardiovascular disease, serum electrolytes might be useful because
frequent SABA administration can cause transient decreases in
serum potassium, magnesium, and phosphate levels. A baseline
electrocardiogram and monitoring of cardiac rhythm are appro-
priate in patients older than 50 years and those with comorbid
cardiovascular disease or COPD. A complete blood cell count
might be useful in patients with fever or purulent sputum; however,
modest leukocytosis is common in asthmatic patients, and patients
with corticosteroids might have a corticosteroid-induced neutrophil
leukocytosis. Serum theophylline levels are essential for patients
taking theophylline because of its narrow therapeutic window. "'

Chest radiographs are not usually necessary for the diagnosis of
acute asthma if examination of the chest reveals no abnormal
findings other than the expected clinical signs and symptoms
associated with an acute exacerbation. If a complication is
suspected, such as pneumonia, pneumothorax, pneumomediasti-
num, congestive heart failure, or atelectasis secondary to mucous
plugging, a chest radiograph should be obtained.''

Arterial blood gas analysis should be considered in patients
who are critically ill and have oxygen saturations of less than 92%
or an FEV, of less than 30% who do not respond to intensive
conventional treatment. Proper interpretation of the pH, arterial
oxygen pressure, and partial pressure of arterial carbon dioxide
(Paco,) might help further assess the severity of an acute asthma
exacerbation (Fig 1). For example, a breathless asthmatic patient
presenting with a Paco, of 45 mm Hg or greater indicates a
life-threatening attack and the need for transfer to a medical
intensive care unit for further care. Less than 10% of asthmatic
patients presenting to the emergency department have arterial
oxygen values of less than 50 mm Hg and carbon dioxide levels
of greater than 45 mm Hg.'"'” Lactic acidosis is common in
patients with severe acute asthma. However, increased lactic
acid levels are also associated with high doses of inhaled
B,-agonist treatment.'®

Venous blood gases have been evaluated as a substitute for
arterial measurements because venous blood is easier to obtain.
However, The Expert Panel Report 3 (EPR-3) does not
recommend substituting venous partial pressure of carbon
dioxide (Pvco,) for arterial blood gas. Arteriovenous correlation
for partial pressure of carbon dioxide is poor, and therefore Pvco,
cannot be relied on as an absolute representation of Paco,.
However, a normal Pvco, has a good negative predictive value
for a normal Paco,. Therefore it might be used as a screening
test to exclude hypercapnic respiratory distress.' "'

TREATMENT

Treatment is based not only on assessment of lung function
parameters but also on clinical findings and the efficacy of
previous treatment. A seasonal exacerbation of asthma in
a pollen-sensitive patient is more easily treatable than an
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Assess Severity

after initial treatment.

and further steps as listed below.

m Patients at high risk for a fatal attack (see figure 5-2a) require immediate medical attention

m 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.

m Less severe signs and symptoms can be treated initially with assessment of response to therapy

m 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.
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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.

\ 4

\ 4

Y

Good Response

No wheezing or dyspnea
(assess tachypnea in young
children).

PEF >80% predicted or
personal best.

m Contact clinician for
followup instructions and
further management.

B May continue inhaled
SABA every 3—4 hours for
24-48 hours.

m Consider short course of
oral systemic
corticosteroids.

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

B Add oral systemic

corticosteroid.
m Continue inhaled SABA.

m Contact clinician urgently
(this day) for further
instruction.

Poor Response

Marked wheezing and dyspnea.

PEF <50% predicted or
personal best.

W Add oral systemic
corticosteroid.

B Repeat inhaled SABA
immediately.

m If distress is severe and
nonresponsive to initial
treatment:

—Call your doctor AND

—PROCEED TO ED;

—Consider calling 9-1-1
(ambulance transport).

m To ED.

FIG 2. Management of asthma exacerbations: home treatment predicted. Originally published as Fig 5-4 in

EPR-3. ED, Emergency department.

exacerbation triggered by a viral infection. Allergic asthma is
more likely to respond immediately to an inhaled (3,-agonist and
an adjustment in ICSs, whereas the infected patient is more likely
to require a systemic corticosteroid (SCS).* A patient who is
overusing short-acting [3,-agonists might be refractory to
nebulized [3,-agonists and will usually require an SCS. Physician
knowledge of an individual patient will suggest whether an SCS is
required or whether an exacerbation can be managed on high
doses of ICSs.”'"!'*

There are various national and international guidelines
available for the diagnosis and management of acute asthma. In
particular, the EPR-3 guidelines are referenced in this article
because it is centered on a systematic review of the published
scientific literature and provides the best evidence for clinical
practice guidelines. EPR-3 recommended treatment choices in
order of introduction in the acute setting are listed below and
depicted in Fig 3. Treatment options and their recommended
doses are listed in Fig 4.
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Initial Assessment
| examina

Brief history, ph

on (auscultation, use of acce
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ry muscles, heart rate, respiratory rate),

PEF or FEV,, oxygen saturation

and other te

as indicated

v

FEV, or PEF 240% (Mild-to-Moderate)

‘Oxygen to achieve SaO, >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

Repeat Assessment
Symptoms, physical examination, PEF, O

FEV, or PEF <40% (Severe)
~Oxygen to achieve Sa0,
>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

saturation, other tests as needed

v

Impending or Actual
Respiratory Arrest
_=Intubation and mechanical
ventilation with 100%

oxygen
='Nebulized SABA and
ipratropium
ntravenous corticosteroids
=Consider adjunct therapies

Admit to Hospital Intensive Care
(see box below)

.

Moderate Exacerbation
FEV, 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

L

v

Severe Exacerbation

chest retraction
History: high-risk patient

~Oxygen

FEV, or PEF <40% predicted/personal best
Physical exam: severe symptoms at rest, accessory muscle use,

No improvement after initial treatment
[='Nebulized SABA + ipratropium, hourly or continuous

[="Oral systemic corticosteroids
‘Consider adjunct therapies

Good Response
‘FEV, or PEF 270%

‘Response sustained 60 minutes

after last treatment
‘No distress
‘Physical exam

normal

v v

Incomplete Response

‘FEV, or PEF 40-69%
Mild-to-moderate symptoms

Individualized decision re:
hospitalization (see text)

Poor Response
FEV,
PCO,

or PEF <40%
42 mm Hg

Physical exam

\'.yln;?[(‘ll]\' severe

drowsiness, confusion

| Discharge Home
[“"Continue treatment with inhaled SABA.
[Z"Continue course of oral systemic
corticosteroid.
[=Consider initiation of an ICS.
[ZPatient education
- Review medications, including inhaler
technique.

Admit to Hospital Ward

[FOxygen

[ZInhaled SABA

[="Systemic (oral or
intravenous) corticosteroid

[(Z'Consider adjunct therapies

[='Monitor vital signs, FEV, or
PEF, Sa0,

Admit to Hospital Intensive Care

[~*Oxygen

[(ZInhaled SABA hourly or
continuously

[=*Intravenous corticosteroid

[Z*Consider adjunct therapies

[="Possible intubation and
mechanical ventilation

- Reviewl/initiate action plan.
~ Recommend close medical followup.

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.

FIG 3. Acute asthma management: emergency department and hospital-based care. Originally published
as Fig 5-6 in EPR-3. Pco,, Partial pressure of carbon dioxide; Sao,, arterial oxygen saturation.

Primary treatment choices include:
1. SABAs inhaled through an MDI or by means of

3. heliox-driven albuterol nebulization;
4. intubation and mechanical ventilation; and

nebulization; 5. noninvasive positive pressure ventilation (NPPV).
2. anticholinergics inhaled through an MDI or by means of

nebulization;
3. corticosteroids (parenteral, oral, or inhaled); and
4. oxygen. SABAs

EPR-3 guidelines recommend the use of only selective SABAs
in high doses (ie, albuterol and levalbuterol) because of the risk of
cardiotoxicity, especially in elderly asthmatic patients. Initial
treatment should begin with albuterol, either administered
through an MDI with a spacer device or mask (children
<4 years of age) or nebulizer.

Some patients might not respond to primary treatment and
show signs of worsening asthma. Other treatments are sometimes
used in these patients and might include:

1. epinephrine, either intramuscular or subcutaneous;
2. magnesium sulfate, parenteral;
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Medication Child Dose* Adult Dose Comments
Inhaled Short-Acting Beta:-Agonists (SABA)
Albuterol
Nebulizer solution 0.15 mg/kg (minimum dose 2.5-5mg every 20 minutes  Only salective
{0.63 mgi3 mL, 2.5 mg) every 20 minutes for  for 3 doses, then 2.5-10 bela; sgonisls are
1.25 mg/3 mL, 3doses then 0.15-0.3malky  mg every 1—4 hours as recommended. For optimal
25mgiE mL, up lo 10 mg every 1-4 hours  needed, or 1015 mghowr  debvery, dilule aerosals 1o
5.0 mg/mL) a8 neaded, or 0.5 mgMghour  conti . minimum af 3 mL at gas
by continuous nebulization. fiow of 6-8 L/min. Use
large volume nebulizers for
continuous administration.
May mix with ipratropium
nebulizer solution.
MDi 4-3 pufts every 20 minules 48 pufts every 20 minutes  In mild-to-moderale
(50 meg/puf) for 3 doses, then every 1-4 up 1o 4 howrs, then every  exacerbafions, MO plus
hours inhalaion maneuver 88 14 hows as needed. VHC is as effective as
needed. Use VHC, add mask nebulized therapy with
in children <4 years. appropriate administration
technigue and coaching by
trained personnal.
Eilolierol
Nebulizer solution See albuterol dose; thought 1o See albuterol dose. Has not been siudied in
{2 mgimL) be half as potent as albutesol severe sshma
on mg basis. exaterbations. Do not mix
with ofher drugs.
MDI See albuterol MDI dose. See albulerol MDI dose. Has not been studied in
(370 megipufm) savere asthima
exacarbalions.
Levabuterol
(R-alibuterol)
Nebulizer solution 0.075 mglkg (minkmum 1.25-2.5 myg every Levalbuterol adminisiered
{0.63 mgi3 mL, dose 1.25 myg) every 20 minutes for 3 doses, in one-hall the mg dose of
1.25 mg/D.5 mL 20 minutes for 3 doses, then  then 1.25-5 mg every albutenol provides
1.25mg/3 mi) 0.075-0.15 mg/kg up to 14 houwrs as needed. comparable eficacy and
5 mg every 1—4 hours as safely. Has not been
needed. evaluated by continuous
MDI See albuterol MDI dose. See albuterol MDI dose. nebulization.
(45 megiput)
Pirbuterod
MDI See albuterol MDI dose; See albulerol MDI dose.  Has not been studied in
{200 megipuff) thought 1o be hall as patent savere asthma
e !?!w‘ “rs !al m. .??!3'.. e J.l...l'll...l;Illl--ll.l.--l
Systemic (Injected) Beta--Agonists
Epinephrine 0.01mykgupto0.3-0.5mg  0.3-0.5 mg every Mo proven advantage of
every 20 minutes for 3 doses 20 minutes for 3 doses aq.  systemic therapy over
1:1,000 (1 mgimL) sq. aerosol.
Termutaline 0.01 mg/kg every 20 minutes  D.25 mg every 20 minules Mo proven advantage of
for 3 doses then every for 3 doses aq. gystemic therapy over
{1 mgimL) 2-6 hours as needed sq. aerosol.

FIG 4. Dosages of drugs for asthma exacerbations. Originally published as Fig 5-5 in EPR-3. *Children
12 years of age and younger. ED, Emergency department; VHC, valved holding chamber. Notes: There is no
known advantage for higher doses of corticosteroids in patients with 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 SCSs for an asthma exacerbation requiring an ED
visit or hospitalization can 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 (eg, up to 10 days), there is probably 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.

mmm 2016
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g
Medication Child Dose* Adult Dose Comments
Anticholinergics
Ipratropium bromide
Nebulizer solution 0.25-0.5 mg every 20 minutes 0.5 mg every 20 minutes May mix in same nebulizer with
(0.25 mg/mL) for 3 doses, then as needed for 3 doses then as albuterol. Should not be used
needed 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 4-8 puffs every 20 minutes as 8 puffs every 20 minutes Should use with VHC and face
(18 mcg/puff) needed up to 3 hours as needed up to 3 hours mask for children <4 years.
Studies have examined
ipratropium bromide MDI for up
to 3 hours.
Ipratropium with
albuterol
Nebulizer solution 1.5-3 mL every 20 minutes for 3 mL every 20 minutes for  May be used for up to 3 hours
(Each 3 mL vial 3 doses, then as needed 3 doses, then as needed in the initial management of
contains 0.5 mg severe exacerbations. The
ipratropium bromide addition of ipratropium to
and 2.5 mg albuterol has not been shown to
albuterol.) provide further benefit once the
patient is hospitalized.
MDI 4-8 puffs every 20 minutes as 8 puffs every 20 minutes Should use with VHC and face
(Each puff contains  needed up to 3 hours as needed up to 3 hours mask for children <4 years.
18 mcg ipratropium
bromide and 90
P OIIINCRY. .t e S A B A e R R S i
Systemic Corticosteroids
(Applies to all three corticosteroids)
Prednisone 1-2 mg/kg in 2 divided doses  40-80 mg/day in 1 or 2 For outpatient "burst.” use
(maximum = 60 mg/day) until  divided doses until PEF 40-60 mg in single or 2 divided
PEF is 70% of predicted or reaches 70% of predicted doses for total of 5~10 days in
personal best or personal best adults (children: 1-2 mg/kg/day
Methylprednisolone maximum 60 mg/day for
3-10 days).
Prednisolone

FIG 4. (Continued).

Treatment should be continued until the patient has stabilized
or a decision to hospitalize is made. Studies show that either an
MDI or nebulizer for delivery of inhaled SABAs produces similar
outcomes. Nebulizer treatment might be preferred in patients who
are unable to cooperate with an MDI because of the severity of
acute asthma, age, or agitation. Additionally, continuous nebuli-
zation should be considered in patients with very severe asthma
based on evidence of reduced admissions and improved pulmo-

nary function.' 11921
Levalbuterol (R-albuterol) nebulizer solution can be
administered in a similar fashion. Notably, levalbuterol

administered at one-half the milligram dose of albuterol is found
to provide comparable efficacy and safety. However, the efficacy
of continuous nebulization has not been evaluated. Continuous
administration of albuterol through large-volume nebulizers
might be more efficacious when compared with intermittent
administration in patients with severe asthma.''

For patients unable or unwilling to use an MDI/spacer or
nebulizer, epinephrine can be used, either injected subcutaneously
or intramuscularly, as long as the patient is carefully monitored for

signs of adrenergic toxicity. At this time, there is no proved
advantage of use of epinephrine over SABAs. If there is no
immediate response to epinephrine, treatment should be
discontinued, and the patient should be hospitalized."'

IPRATROPIUM BROMIDE

Ipratropium bromide is a quaternary derivative of atropine
sulfate available as a nebulizer solution. It provides compet-
itive inhibition of acetylcholine at the muscarinic cholinergic
receptor, thus relaxing smooth muscle in the large central
airways. It is not a first-line therapy but can be added in
patients with severe asthma, particularly when albuterol is not
optimally beneficial. It can be administered with albuterol or
levalbuterol and can be used for up to 3 hours in the initial
management of acute asthma. There is increasing support for
adding ipratropium bromide to [3,-agonist therapy in children
with more severe asthma exacerbations. Studies indicate that
combined therapy reduces the risk of hospital admission by
250, 11:21.22
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CORTICOSTEROIDS: TREATMENT IN THE
AMBULATORY SETTING

High-dose ICSs can be initiated in selected patients.
Evidence suggests equivalence in treatment of mild asthma
exacerbations with OCSs. However, because of limited data,
high-dose ICSs should be reserved for patients with mild
asthma and those who refuse or cannot tolerate OCSs (eg, have
brittle diabetes or experience major side effects from SCSs).
Guidelines recommend at least quadrupling the recommended
dose of ICS. For example, a top recommended maintenance
dose of fluticasone can be increased from 220 pg administered
as 2 puffs 2 times/d to 220 g administered as 4 puffs 4
times/d for exacerbations. Beclomethasone can be increased
from 160 pg administered as 2 puffs 2 times/d to 160 pg
administered as 4 puffs 4 times/d.””’ Treatment should be
started before the patient becomes too ill to manage their dis-
ease at home. Inhaled therapy reduces the risk of unwanted
side effects associated with SCS treatment, such as insomnia,
increased appetite, hyperactivity, psychosis, and effects on
bone metabolism and other organ systems. ICSs are less likely
to be effective in patients with upper respiratory tract
infections or those who are overusing [3;-agonists. An OCS,
with instructions for its use, should be prescribed as a backup
treatment regimen so that the patient, family, or both
understand when to start it. They should also have immediate
access to a physician, other health care professional, or
both until the asthma exacerbation is resolved.”” > When
an ICS is prescribed for mild asthma and is not effective,
OCSs are indicated, regardless of their potential side
effects. Glucocorticoid-induced psychosis, hypertension, and
other side effects should be concomitantly treated until the
OCS is tapered and no longer necessary for treatment.

Short courses of OCSs are effective to establish control of
flare-ups of asthma or during a period of gradual deterioration
of asthma not responding to increased doses of an ICS.
Treatment should be continued until the patient is well or
achieves a PEF of 80% of personal predicted best. Improve-
ment can be seen between 5 and 14 days, although patients
whose asthma is corticosteroid resistant might take several
weeks to respond. It is not necessary to taper OCSs after
3 weeks or less of treatment, but when used for longer than
3 weeks, it is advisable to taper the medication over 1 to
2 weeks to decrease withdrawal side effects, such as fatigue,
myalgias, nausea/vomiting, abdominal pain, decreased appetite,
and joint pain.’' 12

CORTICOSTEROIDS: TREATMENT IN THE ACUTE
SETTING

There are no substantial data to indicate that SCSs are
immediately helpful in the acute asthma setting because the
onset of action does not occur for hours after administration.
However, SCSs are the best medications available to reduce
airway inflammation and should be used immediately until
the attack has abated, as evidenced based on their clinical
response or by the PEF and FEV, returning to near-baseline
levels.'!

Intramuscular or intravenous corticosteroids can be used in the
initial treatment of acute asthma; however, there is no evidence
that these routes have a more rapid onset of action or are more
effective than oral administration.'!

J ALLERGY CLIN IMMUNOL
mmm 2016

CORTICOSTEROIDS: TREATMENT AFTER
DISCHARGE FROM THE HOSPITAL

After discharge from the hospital, approximately 10% to 20%
of patients treated for acute asthma will relapse within 2 weeks.
This might be due to unresolved inflammation associated with
asthma. As a result, EPR-3 encourages treatment with OCSs after
emergency department discharge. ICS therapy should be resumed
or short/long-term ICS therapy initiated to reduce the chances of a
relapse. When the patient’s asthma is stable, the ICS dose should
be incrementally reduced to maintain an asymptomatic state and a
PEF at a personal best level. A combination of a long-acting
[3>-agonist and an ICS can be considered to achieve the lowest
ICS dose possible.' >

MAGNESIUM SULFATE

Magnesium sulfate has both immediate bronchodilator and
mild anti-inflammatory effects. Intravenous magnesium is a safe
and effective treatment and can be considered in patients
presenting with severe life-threatening asthma exacerbations
(FEV, <25% of predicted value) and those who remain in the se-
vere category after 1 hour of intensive conventional treatment.”"'

HELIOX-DRIVEN ALBUTEROL

The role of heliox-driven albuterol in the treatment of acute
exacerbations is controversial. Despite these uncertainties,
heliox-driven albuterol can be considered in both children and
adults who exhibit severe life-threatening exacerbations and those
who remain in the severe category after 1 hour of intensive
conventional therapy.''~

HOSPITALIZATION

Failure to respond to treatment necessitates hospitalization.
The patient’s fluid status should be assessed, and oral or
intravenous hydration therapy should be administered, as
indicated. Hydration in young infants and children might be
essential because these patients are at increased risk for
dehydration because of poor oral intake and an increased
respiratory rate. Oxygen can be administered at 2 to 4 L/min
through a nasal cannula or mask, whichever is better tolerated, to
maintain an arterial oxygen saturation of 90% or greater. In
pregnant patients and those with underlying cardiac disease, an
arterial oxygen saturation of 95% or greater is recommended. The
patient should be monitored continuously with pulse oximetry
and telemetry. Blood gases should be obtained until the patient is
stable. The patient should be treated with continuous nebulized
albuterol or levalbuterol, with or without ipratropium bromide,
and a corticosteroid. Viral respiratory tract infections are more
common in patients with acute asthma exacerbations, and
therefore antibiotics should be reserved for patients who present
with evidence of a coexisting bacterial infection (ie, pneumonia,
bronchitis, and sinusitis). EPR-3 does not recommend the use of
methylxanthines, mucolytics, sedation, or chest physiotherapy for
the treatment of acute asthma.”''*°

IMPENDING RESPIRATORY FAILURE
The use of NPPV in the treatment of severe acute asthma can be
tried in patients who are at increased risk of respiratory failure,
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can safely cooperate with NPPV treatment, and do not require
emergency intubation.'' A review article by the Cochrane
Reviews Group carried out a search of randomized controlled
trials of adults with severe acute asthma who presented to the
emergency department or were admitted to the hospital. Studies
in the article were included if the intervention was usual medical
care for the management of severe acute asthma plus NPPV
compared with usual medical care alone. All 6 studies that were
reviewed concluded that NPPV might be beneficial. The results
did not show a clear benefit for NPPV use for its primary
outcomes (ie, mortality rate and tracheal intubation). However,
NPPV use did show favorable outcomes in many secondary
objectives, such as number of hospital admissions, length of
intensive care unit stay, length of hospital stay, and improvement
in lung function parameters (PEF; forced vital capacity; FEV;
and forced expiratory flow, midexpiratory flow).

Study quality of the evidence was an issue in this review
because all 6 studies included had at least 1 identifiable source of
unclear or high risk of bias. Because only 6 studies were reviewed
by the Cochrane Reviews Group, no guidelines or implications for
current practice can be made. Randomized controlled trials with a
large sample size, good methodological design, and minimizing
the risk of bias are needed to answer the question of the use of
NPPV in patients with acute asthma.”

The EPR-3 recommends that intubation should not be
delayed in a patient once it is deemed necessary. Patients who
present with apnea or coma should be intubated immediately.
Persistent or increasing hypercapnia, exhaustion, and mental
status changes strongly suggest the need for mechanical
ventilation. Intubation is difficult in patients with acute asthma
and should be performed, where possible, by a physician who
has extensive experience in airway management. Ventilator
management by a physician expert is important because
ventilation of patients with severe acute asthma is complicated.
An important issue to consider at the time of intubation is
intravascular volume, which must be maintained or replaced,
because hypotension commonly accompanies the introduction
of positive pressure ventilation. In addition, high ventilator
pressures should be avoided, where possible, because of their
associated risks of barotrauma. “Permissive hypercapnia” or
“controlled hypoventilation” is the preferred ventilator strategy
because this provides adequate oxygenation and ventilation
without the risks of barotrauma associated with high ventilator
pressures. SABAs should be continued in ventilated patients,
although no randomized controlled trials provide evidence to
support their use.

CONCLUSION

Asthma affects approximately 300 million people in the world
and accounts for 1 in every 250 deaths. The World Health
Organization recognizes asthma as a major global health issue
affecting all age groups in all countries. All patients presenting
with an asthma exacerbation should be triaged and evaluated
immediately. Treatment should be based on recognition of a
moderate, severe, or life-threatening exacerbation. Clinicians
should recognize the symptoms, signs, and risk factors (including
comorbidities) for severe and life-threatening exacerbations.
Primary treatment includes oxygen administration, SABAs, and
SCSs. If the patient cannot tolerate SCSs, high-dose ICSs can be
initiated in selected patients. For patients who do not respond to

FERGESON, PATEL, AND LOCKEY 9

primary treatment and show worsening signs of ventilation,
secondary treatment options can be used. These include
epinephrine, magnesium sulfate, heliox-driven albuterol,
intubation and mechanical ventilation, and NPPV.

At the time of discharge, education on self-management of
asthma can reduce the frequency of emergency department visits.
Physicians and other health care professionals should assess
inhaler techniques for all prescribed medications and reinforce
correct technique. Patients should be referred for a follow-up
appointment with a primary care physician or asthma specialist
within 1 to 4 weeks.

Key points

e Asthma exacerbations are avoidable with appropriate
therapy and patient education.

Asthma remains a global health issue with significant
morbidity and mortality.

The primary treatment for acute asthma includes SABAs,
SCSs, and oxygen administration.

For patients unresponsive to primary treatment, second-
ary measures, such as epinephrine, magnesium sulfate,
heliox-driven albuterol, NPPV, and intubation, can be
considered.

After discharge, education on self-management of asthma
should be prioritized to reduce the frequency of exacerba-
tions. Patients should be referred to a primary care
physician or asthma specialist on being discharged.
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