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Abstract

Asthma is a chronic disease of the respiratory tract characterized by recurrent episodes of airway
inflammation and obstruction, showing evidence of reversibility of obstruction. Despite advances in the
understanding of asthma and development of effective medical interventions for treatment of asthma
(and for prevention of morbidity), children continue to present to the emergency departments of health
care institutions with acute asthma exacerbations. An accurate assessment of the severity of the acute
attack is essential to ensure optimal treatment. Asthma exacerbations are defined as ‘acute or sub-acute
episodes of progressively worsening shortness of breath, cough, wheezing, and chest tightness – or some
combination of these symptoms.’ The pathophysiology of an asthma exacerbation includes airway edema,
mucus secretion and smooth-muscle spasm (bronchospasm). The foundations of the treatment of acute
asthma are bronchodilators, corticosteroids and oxygen. Before the initiation of therapy, and as therapy
is initiated, a brief, focused history and physical examination should be obtained. Escalation of the
therapy (aminophylline, magnesium sulfate, rarely mechanical ventilation, etc) may be necessary in
severe exacerbations. This review details the assessment and treatment of acute episode of asthma in
children.

Keywords: Aminophylline; Asthma; Beta-2- agonists; Children; Hyperinflation; Pulmonary; Ronchi;
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Introduction

Asthma is the most common chronic disease
of childhood and the leading cause of
childhood morbidity from chronic disease (as
measured by school absence, emergency
department visits, and hospitalisations).[1]
Despite the advances made in the
management of asthma and the improved use
of inhaled medications, asthma exacerbations
still continue to pose a management dilemma
for the pediatricians. Martinez points out that
asthma exacerbations are a major component
of asthma morbidity in both preschool and
school-aged children.[2] Asthma is defined as

a disease with variable airway inflammation
and airflow obstruction. Asthma
exacerbations are defined as ‘acute or subacute
episodes of progressively worsening shortness
of breath, cough, wheezing, and chest
tightness’– or some combination of these
symptoms.[3,4] The pathophysiology of an
asthma exacerbation includes airway edema,
mucus secretion and smooth-muscle spasm
(bronchospasm).

Status asthmaticus/acute severe asthma is
an acute exacerbation of asthma that remains
unresponsive to conventional therapy and
may progress to respiratory failure.[5] It is
essential to assess the severity of an acute
attack of asthma so that appropriate
management can be instituted. The signs that
should be assessed include- pulse rate,
respiratory rate, breathlessness (ability to talk
and feed), use of accessory muscles of
respiration, extent of wheezing, level of
consciousness and presence of agitation
(suggesting hypoxemia).[6]

Complications of acute asthma include
atelectasis, air leaks and in severe cases -
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respiratory failure.[7] Frequency and severity
of exacerbations help define the severity of
asthma. The patterns of exacerbations of
asthma vary among patients, but they tend to
be similar in the same patient.[7]
Exacerbations may be of acute onset or may
occur over a period of few days. Abrupt-onset
exacerbations occur mostly due to extreme
airway hyper-reactivity and susceptibility to
airways closure.[7,8,9] Extreme cases may
have severe bronchospasm and asphyxia.[8,9]
These patients present with high arterial
pCO2 levels and may require brief periods of
mechanical ventilation. Some asthma
exacerbations present over a few days and are
due to obstruction resulting from progressive
inflammation, epithelial sloughing and cast
impaction of small airways.[7,10] Such
patients, in extreme cases, present with
respiratory failure due to fatigue, necessitating
mechanical ventilation for many days.[7,10]

Quick/Rapid Assessment of the Patient (on
Admission/Presentation to Emergency Room)

The clinical findings, supplemented by
objective tests, should be used to assess the
severity of an acute asthma exacerbation.
Clinical evaluation should be repeated
frequently during the management of an acute
asthma exacerbation to assess response to
therapy.[11] A quick assessment on admission
involves a focused history and clinical
assessment.

The focused history should include details
about the onset of current exacerbation,
frequency and severity of day-time and night-
time symptoms and activity limitation,
frequency of rescue bronchodilator use,
current medications (obtain a detailed list of
medications being taken at home and the
timing and dosage of the medications), known
potential triggers and history of atopy /other
allergies.[11,13] The risk factors for developing
severe or persistent status asthmaticus include
- history of increased use of home
bronchodilator treatment without
improvement, history of previous intensive
care unit (ICU) admissions (with or without
endotracheal intubation and mechanical

ventilation), asthma exacerbation despite
recent or current use of corticosteroids,
frequent emergency department (ED) visits
and/or hospitalization (implies poor control)
in recent past, and history of syncope or
seizures during the acute exacerbation.[14]

Clinical Assessment of a patient with severe
asthma should include physical examination,
pulse oximetry, and lung function study.[4,15]
Physical examination involves assessment of
the following parameters - vital signs, pulsus
paradoxus, breathlessness, air-movement, use
of accessory muscles, retractions, anxiety level
and alteration in mental status.[4,11,13]
Children with status asthmaticus may appear
dehydrated as a result of poor fluid intake,
vomiting and increased work of breathing.[16]
In the early stages of acute asthma
exacerbation, tachycardia and tachypnea may
be observed. As the episode progresses, the
tachycardia and tachypnea may worsen. With
worsening hypoxemia, hypercarbia, marked
air trapping and hyperinflation, the stroke
volume is compromised. Hypotension and
bradycardia may be observed at this stage.
Most patients have hypoxia and decreased
oxygen saturation due to ventilation-perfusion
(V/Q) mismatch. Use of accessory muscles has
been shown to correlate with severity of
airflow obstruction. Retractions (i.e.
intercostal, subcostal, or use of abdominal
muscles) may be observed. An abnormally
prolonged expiratory phase with audible
wheezing can be observed. Mental status
ranges from wide-awake to lethargic or
agitated to comatose. As hypoxemia
progresses, the lethargy progresses to agitation
caused by air hunger. Both hypoxemia and
hypercarbia can lead to seizures and coma and
are late signs of respiratory compromise. Pulse
oximetry should be used for assessment in all
the patients. Pulsed oxygen saturation (SpO2)
of 92% or less on presentation (before oxygen
or bronchodilator treatment) is associated
with higher morbidity and greater risk for
hospitalization.[17] Lung function tests - a
peak flow meter assesses airflow obstruction
and provides an objective assessment of
disease severity. However, children younger
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Table1: Drugs used in treatment of acute asthma[4,6,7,12,13,16]

Note: A/E = adverse effects; SABA = short acting beta agonist; MDI = meter dose inhaler; IV = intravenous; SC =
subcutaneous; IM = intramuscular; NS = normal saline; DTR = deep tendon reflexes; GI = gastrointestinal; GER = gastro-

esophageal reflux; PVC = premature ventricular contractions.
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than six years may not be able to cooperate
with peak expiratory flow rate (PEFR)
assessments and severely ill children may not
be able to stand and provide three consecutive
recordings by forced exhalation (as is generally
recommended for performing the test).[18]
Also, PEFR mainly measures larger airway
function and does not accurately reflect
smaller airway bronchospasm.[4] In addition,
the reading is most helpful when the child’s
personal best PEFR measurement is known.
Hence the information obtained from PEFR
has its own limitations.

Various classifications have been described
for the initial assessment of the severity of
asthma. The National Asthma Council

(Australia)[19] classifies acute asthma into
mild, moderate and severe by using the
following parameters – sensorium, oxygen
saturation, able to speak or not, pulse rate,
cyanosis, wheeze intensity and PEF, FEV1. The
Pulmonary Index Score (PIS) is an asthma
score based on five clinical variables:
respiratory rate, degree of wheezing,
inspiratory to expiratory ratio, accessory
muscle use and oxygen saturation. Each
variable is assigned a score from 0 to 3. Total
scores range from 0 to 15. A score of 7 to 11
indicates an exacerbation of moderate severity
and a score of more than/equal to 12 indicates
a severe attack.[20] Other clinical scores
include the Clinical Assessment Score[21] and
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the Pediatric Respiratory Assessment Measure
(PRAM)[22] - both used to assess the severity
of an acute asthma exacerbation and are
sensitive to changes in clinical status of the
patient.

Drugs Used in Management of Acute Asthma

The goals of therapy for acute severe asthma
include - rapid reversal of airflow obstruction,
correction of hypoxemia and/or severe
hypercapnia and reduction of likelihood of
recurrence by intensifying baseline
therapy.[11] The initial therapy in
management of acute asthma involves use of
- Oxygen, Inhaled SABA (short acting beta-2
agonists) and Systemic Steroids.[16] If there is
an incomplete response, then the therapy can
be further intensified using continuous Beta-2
agonists and Ipratropium, subcutaneous (SC)
/intravenous (IV) Terbutaline, IV Magnesium
Sulfate, IV Aminophylline and SC
Epinephrine.[11,23] Some patients may
require management in a Pediatric Intensive
Care unit (PICU) and assisted mechanical
ventilation. Other therapies tried include use
of ketamine, Helium - Oxygen mixture and
volatile anesthetics like Isoflurane.[24] The
details of various drugs used in treatment of
acute asthma are summarized in Table 1.

Home Management of Acute Asthma Attack

Home management of acute exacerbation of
asthma includes evaluation of early clinical
signs and symptoms of airway inflammation.
Beginning treatment at home may avoid
treatment delays, prevent exacerbations from
becoming severe and also adds to patient’s
sense of control over their asthma.[13]
Accurate evaluation of symptom severity by
parents and children will assist to avoid delays
in care and inappropriate home
management.[25] The degree of care provided
at home depends on the patient’s (or parent’s/
caretaker’s) abilities and experience and on
the availability of emergency care.[26] Patients
with asthma should have a written home
action plan to guide early recognition and
management of acute exacerbation of

asthma.[16,27] This is known to reduce the
risk of asthma death by 70%.[7] The patient
should be started on immediate treatment
with “rescue” therapy, which includes inhaled
short acting beta-2 agonists (SABA)-up to 3
doses can be given in one hour.[28] SABA
have a rapid onset of action (<5 min) and
duration of action is around 4-6 hrs. SABA
act by causing bronchodilation by inducing
airway smooth muscle relaxation, reducing
vascular permeability and airway edema and
by improving mucociliary clearance. The
adverse effects of SABA include tremor,
irritability, tachycardia, hypokalemia,
palpitations, arrhythmias, hypoxemia, and
muscle cramps.[28] A good response to SABA
implies resolution of symptoms within one
hour, no further symptoms over the next
4 hours and improvement in PEFR (80% of
personal best).[4,7] An incomplete response
is defined as persistent symptoms and/or a
PEFR value < 80%.[7] In such situations, oral
steroids should be added to the SABA therapy.
The physician should be immediately
contacted for further instructions. In the
Indian context, patient should immediately
visit the health facility after 2-4 puffs of SABA.
Immediate medical attention is necessary in
situations such as severe exacerbations,
persistent respiratory distress, lack of expected
response or lack of sustained improvement,
further deterioration, or presence of high-risk
factors.

Emergency Department (ED) Management

The primary goals of management of acute
asthma in Emergency Department are -
correction of hypoxemia, rapid improvement
in airflow obstruction and prevention of
further progression or recurrence of
symptoms.[7,28] Interventions should be
based on - the clinical severity on arrival,
response to initial therapy and the presence
of risk factors.[7,29]

a. Treatment in the Emergency Department

The initial treatment includes supplemental
oxygen, inhaled beta-agonist therapy (SABA)

Anil Tambe & Milind S Tullu / Management of Acute Severe Asthma (Status Asthmaticus)



68

 Indian Journal of Trauma and Emergency Pediatrics

every 20 minutes for one hour and use of
systemic steroids.[4,13] Inhaled ipratropium
should be added if there is no significant
response or incomplete response to SABA.[30]
Subcutaneous injection of epinephrine or
beta-agonist can be given in cases of severe
exacerbation.[11,31] The clinical status of
children who are being treated for acute
asthma should be monitored frequently. The
frequency of monitoring varies depending
upon the severity of illness and response to
initial therapy.[11] Monitoring includes-
assessment of clinical status, hydration and
oxygenation.[4,32] Poor response to first hour
of treatment generally implies that
exacerbation will not remit quickly.[7]

b. Discharge from ED

Continuous assessment following treatment
should be done in the emergency room.
Patients can be discharged home if the need
for beta 2-agonists is reduced after 4 to 8 hours
of conventional treatment, a reading of SpO2
at/above 94% on room air, minimal or no signs
of respiratory distress with an improved air
entry.[7,28] Discharge medications should
include inhaled SABA up to every 3-4 hours
and a short course of oral steroid for 3 to 7
days.[11,28,33] Addition of inhaled
corticosteroids (ICS) to oral steroids helps
optimize controller therapy and reduces risk
of further exacerbations.[7,32]

Hospital Management

A hospital admission should be considered
for patients with moderate to severe
exacerbations if the following are present - no
adequate improvement within 1-2 hours of
initial intensive treatment, cyanosis, an
ongoing need for supplemental oxygen,
persistently increased work of breathing, child
is unable to speak or drink or is breathless,
repeated ED visits over several days, oxygen
saturation (when breathing room air) is less
than 92%, patients with high-risk features for
asthma morbidity or death.[11,28,34,35] Other
criteria may also be taken into consideration
(like distance between home and health care

facility, number of previous severe/life-
threatening exacerbations and other co-
morbid conditions).[35] Indications for
admission to intensive care unit include-severe
attack with poor response to bronchodilators,
cyanosis and hypoxaemia (PaO2 < 60 mm Hg)
unrelieved by oxygen, PaCO2 > 40 mm Hg,
PEFR <30% of predicted or personal best,
minimal chest movement or ‘silent’ chest,
severe retractions, deteriorating mental status,
confusion, drowsiness, or coma, and concerns
for potential respiratory failure/arrest.[4,7,16]

a. Treatment in the Hospital

Treatment should be continued on oxygen
therapy and frequent/continuous
administration of inhaled bronchodilators and
systemic corticosteroids should be given.[16]
SABA can be delivered frequently (every
20 minutes to 1 hour) or continuously (at 5-
15 mg/hr).[7,36] Continuous inhaled SABA
can lead to significant systemic absorption.
This obviates the need for intravenous beta-
agonist.[7] Patients with acute asthma have
hypoxemia as a result of ventilation-perfusion
(V/Q) mismatch. Beta-2 agonists may worsen
this mismatch by causing pulmonary
vasodilation in areas of the lung that are poorly
ventilated.[37] Humidified oxygen should be
provided as needed to maintain an oxygen
saturation of more than/equal to 92
percent.[38] Continuous pulse-oximetry
monitoring is advised.[7,39] Inhaled
ipratropium has a synergistic effect with
SABA in relieving severe bronchospasm and
is especially beneficial in patients with mucous
hypersecretion or those who are on beta-
blocker therapy.[7,30] Additional evaluations
include- a complete blood count, arterial blood
gas analysis, serum electrolytes and chest
radiograph.[4,28] The patient should be
simultaneously monitored for respiratory
insufficiency, co-morbidities, infections, air-
leaks, etc.[7] Infants with increased
respiratory rate have increased insensible
water loss. This high respiratory rate coupled
with decreased oral intake carries a higher risk
for dehydration. Hence, the hydration status
of the patients should be monitored. Fluids
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may be given at or slightly below
maintenance.[7,16] Some patients are critically
ill and at risk for respiratory failure; these cases
are potential candidates for endotracheal
intubation and mechanical ventilation.[7]

b. Adjunctive Therapies

These include parenteral (SC/IV)
epinephrine or SC terbutaline sulfate or
methylxanthines.[4,11] They may be effective
in life-threatening airway obstruction not
responding to high doses of inhaled
SABA.[7,40] A mixture of helium and oxygen
theoretically may enhance beta 2-agonist
delivery because the lower gas density would
result in decreased flow resistance.[24] In
patients with acute exacerbation who have
been maximized on standard therapy,
intravenous magnesium sulfate has been
shown to reduce hospitalizations and to
improve lung function.[23] However, the use
of methylxanthines and magnesium sulfate
requires monitoring of serum levels and
cardiovascular status.[4,7,41]

c. Mechanical Ventilation

Indications for intubation and mechanical
ventilation include - apnea or respiratory
arrest, diminishing level of consciousness,
impending respiratory failure marked by
significantly rising PCO2 with fatigue,
decreased air movement and altered level of
consciousness and significant hypoxemia that
is poorly responsive or unresponsive to
supplemental oxygen therapy alone.[7,16]
Positive pressure ventilation in a patient with
asthma is complicated by severe airway
obstruction and air trapping, this results in
hyperinflated lungs and high risk of
barotrauma.[7,42] Mechanical ventilation
should be anticipated and patients at risk for
respiratory failure should be managed in the
ICU.[7] More than 50% of the complications
associated with ventilation in children with
asthma occurs at the time of or immediately
after intubation.[4,42] Elective tracheal
intubation with rapid-induction by sedatives
and paralytic agents is safer than emergency

intubation.[4,7] If the decision of intubation is
made, ketamine is the induction agent of
choice because of its bronchodilatory
action.[43,4] Asthma is a disease of airway
obstruction (i.e. increased airway resistance),
resulting in prolongation of the time constant
(the time needed for lung units to fill and
empty). Hence the strategy for mechanical
ventilation in status asthmaticus is controlled
hypoventilation i.e. low tidal volume, low rate,
long expiratory times, and minimizing the
extrinsic PEEP. Patient should be delivered
adequate oxygen while tolerating mild to
moderate hypercapnia (PaCO2 50-
70 mm Hg).[4,44,45]

Outcome in Acute Asthma

The outcome in a particular case is
determined by the nature of asthma
exacerbations leading to respiratory failure.
Patients with rapid/abrupt onset of asthma
exacerbations tend to resolve quickly, while
those that progress gradually to respiratory
failure can require days to weeks of
mechanical ventilation.[7] Patients with
frequent exacerbations and prolonged
treatment are complicated by muscle atrophy
and corticosteroid-induced myopathy.[7]
Management of severe exacerbations in
medical centers is usually successful, even in
extreme cases.[7] Asthma deaths in children
are rare in medical center, most deaths occur
at home or in community settings.[7] Several
risk factors for mortality in asthma have been
identified, mainly biological, environmental,
economic and psychosocial.[4,7] Biological risk
factors include - previous severe exacerbations
(ICU admission/mechanical ventilation),
sudden asphyxic episodes, two or more
hospitalizations in the past year, three or more
ED visits in past year, hospitalization/ED
visit/s in past one month, increasing and large
diurnal variation in peak flows, use of more
than two canisters of SABA per month, poor
response to systemic corticosteroid therapy,
male gender, low birth-weight, and non-white
(especially black) ethnicity.[4,7] The
Environmental risk factors are allergen exposure,
environmental tobacco smoke exposure, air
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pollution exposure and urban environment.[7]
The Economic and Psychosocial risk factors
include poverty, overcrowding, mother
<20 years old, mother with less than high
school education, inadequate medical care,
psychopathology in the parent/child, poor
perception of asthma symptoms or severity
and alcohol/substance abuse.[7]

Acute Asthma- Therapies NOT Recommended

Some therapies have little or no benefits in
the management of acute asthma and hence
they are not recommended. These include
inhaled corticosteroids, long acting beta
agonists (LABA) and leukotrienes, and
anxiolytic/hypnotic drugs.[11] Chest
physiotherapy, incentive spirometry and
mucolytics should not be used routinely for
acute asthma exacerbations as they can trigger
bronchospasm or worsen cough or air flow
obstruction during an acute asthma
attack.[26]

Assessment for Discharge

It is recognized that asthma is a chronic
disease. Hence discharge planning is intended
to assist the transition from the acute
exacerbation to chronic management,
identifying factors within the chronic action
plan that may need adjusting to prevent future
exacerbations and improving long-term
patient outcomes.[13] Ongoing assessment
will provide the patient information needed
to determine the readiness for discharge.
Discharge readiness usually includes the
following - child stable on therapies that can
be administered at home, home environment
that is able to safely fulfill discharge plan,
sufficient knowledge of asthma in the patient/
parent to manage care at home or seek help if
symptoms worsen, and when arrangements
for any special medications or equipment
required for home therapies are
completed.[13] The patient can be discharged
home if the following criteria are met -
sustained improvement in symptoms and
bronchodilator treatments are at least 3 hours
apart, physical findings are normal, PEFR

>70% of predicted or personal best and oxygen
saturation >92% (in room air).[7] It is
recommended that before the patient is
discharged from the ED or the in-patient unit,
asthma education be provided that is tailored
to the identified needs, beliefs, and learning
styles of the patient and family and addresses
the identified patient-desired outcomes.[46,47]
Depending on the severity of the illness at
presentation, a complete 3 to 5-day course of
oral steroids (prednisolone) should be
administered in all the patients having an
acute exacerbation.[11,28,33] It is necessary
to review the techniques for using inhaled
asthma medications as well as for cleaning/
maintaining the inhaler device.[48] Every
effort should be made to ensure proper follow-
up and to implement a long-term plan with
the patient’s primary care physician or asthma
specialist within two to four weeks of
discharge from the ED/hospital.[46]

Asthma Education

Asthma education programs includes the
following components- etiology, prognosis, and
risk factors emphasizing chronicity of
condition, medication purpose, when and
how to use medications and provision or
updating of written asthma plan.[13,49]
Patient and parent education should include
instructions on how to use medications and
devices (like spacers, nebulizers and metered-
dose inhalers [MDIs]).[48] The patient’s MDI
technique should be assessed at every office
visit.[48] It is important to discuss the
management plan, which includes
instructions about the use of medications,
precautions with drug and/or device usage,
monitoring symptoms and their severity (peak
flow meter reading) and identifying potential
adverse effects and the necessary
actions.[46,50] The patient should be provided
with a written two-part asthma management
plan, which includes a plan for daily
management and also for acute
exacerbations.[7] The plan should discuss, in
details, a rescue plan for an acute episode/
exacerbation. This plan should include
instructions for identifying signs of an acute
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attack, using rescue medications, monitoring,
and contacting the asthma care team.[13] The
parents/caretakers should understand that
asthma is a chronic disorder with acute
exacerbations and hence continuity of
management with active participation by the
patient and/or parents and interaction with
the asthma care medical personnel is extremely
important.[13] The importance of adherence
to treatment needs to be emphasized. The
factors contributing to asthma severity (such
as environmental exposures and co-morbid
conditions) need to be investigated and treated
as well.[51] The concept of expecting full
control of symptoms, (including nocturnal and
exercise-induced symptoms) should be
incorporated in the management plans and
goals (for all but the most severely affected
patients). The child should be able to
participate in recreational activities/sports
and to attend school as usual. Studies have
demonstrated a reduction in subsequent ED
visits and hospital admissions in those
receiving intensive education.[52] Parental
attitudes towards and parental knowledge of
asthma (pathophysiology, medications, action
plans, and environmental triggers) have been
shown to influence the adherence to
prescribed asthma medications and action
plans in several studies.[53] The importance
of regular follow-up visits should be
emphasized repeatedly. Follow up visits
should be at least twice in a year (more often
if asthma not well-controlled) and should
include lung function monitoring
annually.[7,28] The purpose of follow-up
appointment should be to explore action plan,
evaluate patient goal attainment, identify
barriers to meeting activity goals, identify
potential treatment adjustments to help meet
goals and prevent future exacerbations.[46,54]
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