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Introduction
Asthma rates have doubled in the United States during

the past 20 years despite better understanding of asthma’s
genetics, pathogenesis, and new treatments.1  Older chil-
dren and adults had lesser increases, but rising rates were
found in all age groups, all surveyed races, and both
genders.  There has been an increase in hospitalization rates
of children with asthma as well as an increase in childhood
deaths from this disease.2   A critical review of the events
surrounding deaths from asthma suggests that underestima-
tion of the disease severity by both the patient and physi-
cian,3 and a lack of aggressive therapy for acute episodes are
also significant contributors.4  It is therefore critical that the
child with acute asthma be accurately assessed as to the
severity of respiratory distress so that a rational and appro-
priate treatment plan can be formulated.  This article ad-
dresses pertinent issues in assessment including historical
factors as well as the physical examination and ancillary
laboratory investigations.

Medical History
Features of previous acute asthmatic attacks can be

helpful in identifying children at risk for acute decompen-
sation  (Table 1).  For instance, it is likely that close
observation and early aggressive therapy will be necessary
if previous attacks exhibited similar symptoms and pro-
gression but required intensive care admission.  Children
who have had life-threatening asthma attacks usually have
a history of monosyllabic speech, history of intubation and
mechanical ventilation, nighttime wheezing and rapid pro-
gression of attacks.4  The time frame over which attacks
develop, particularly if they have occurred over a pro-
longed period, may indicate the development of significant
airway inflammation.  The intensity of the symptoms can be
gauged from the effects they have on exercise, sleep and

other normal activities.  Interruption of exercise may not be
of major clinical significance; however, loss of sleep indi-
cates clinically relevant airway compromise.  Overuse of
beta-agonists for symptomatic relief may indicate a severe
attack (perceived or real) or an attack refractory to conven-
tional therapy.  Alternatively, it may be a clue to the
presence of complications such as air leak syndromes or
pneumonia.  Information such as duration of attack and
specific triggering factors also should be sought.  In chil-
dren, it is quite common for an upper respiratory tract
infection to precipitate an attack.  Prolonged use of oral
steroids or high-dose inhaled steroids is also an indication
of severe disease.5

Appropriate attention to the medical history, therefore,
may assist the treating physician to judge the severity of
symptoms and the likely clinical course in a particular child
with asthma.  Older children should be questioned as to
their estimation of severity because patients often have a
better appreciation of the degree of their airway obstruction
than their physician.6  In younger patients, close attention to
the history and parental impression is vital for the physician
to determine severity.

Although the presence of recurrent episodes of coughing
and wheezing in childhood signifies asthma, other diseases
with similar symptoms also should be considered.  For
example, causes of lower airway obstruction such as con-
genital malformations of the respiratory, cardiovascular or
gastrointestinal systems, foreign bodies in the airway or
esophagus, bronchiolitis, cystic fibrosis and immunologic
deficiency diseases may involve the lung and mimic asthma.
In children in whom the diagnosis is not yet established, the
physician should consider other diagnostic possibilities as
“All that wheezes is not asthma.”  In addition, a thorough
history and physical examination according to age and
clinical state will assist the physician in formulating an age-
appropriate differential diagnosis.

Table 1. Historical Factors Placing A Patient
At High Risk For Life-Threatening Asthma

� Previous severe asthma (respiratory failure requiring intu-
bation, hypoxic seizures);

� Frequent need for hospitalization to control asthma;
� Dependence on corticosteroids (inhaled or oral);
� Non-compliance or abuse of medications;
� Labile asthma with pronounced diurnal airway obstruction;
� Brittle asthma with unexpected rapid deterioration of pul-

monary function; and
� Chronic asthma with depressive symptoms and manipula-

tive use of asthma.
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Physical Examination
The appreciation

of the variability of
respiratory rate and
heart rate in rela-
tionship to age and
clinical state in
children is impor-
tant in the overall
assessment of the
asthmatic child in
respiratory distress
(Table 2).  The
heart rate is ini-

tially rapid at birth but gradually decreases as the child
approaches adolescence.7-10   Sinus tachycardia can result
from anxiety, fever, pain, blood loss or any other insult that
results in increased sympathomimetic activity.  Respiratory
distress with or without hypoxia is one of the most common
causes of tachycardia in children.  The respiratory rate
decreases with age and shows its greatest variability in
newborns and young infants.10  Reasons for variability in
the respiratory rate are numerous and include anxiety, fear,
fever and sepsis.  Ideally, the rate should be determined over
at least a 1-minute period on a few occasions for the
calculation of average values.

The assessment of the child in respiratory distress should
be conducted in a calm, efficient manner with the assistance
of parents and with minimal intrusion from others.  Clinical
assessment of the asthmatic child should initially address
the adequacy of gas exchange and the degree of respiratory

compromise (Table 3).  The patient’s asthma medication
history, the presence of triggering factors such as pneumo-
nia or complications such as pneumothoraces or pneumo-
mediastinum, should be sought.  The major pathyphy-
siological derangement in asthma is hypoxemia, which
affects all major organ systems in the body.  To prevent or
limit the effects of hypoxemia, it is important for the
physician to recognize the symptoms and signs of respira-
tory insufficiency and the need for aggressive immediate
treatment.  Acute exacerbations of asthma can be classified
as mild, moderate or severe based on both clinical and
physiological assessment of target organs (Table 4).  How-
ever recently, the National Asthma Education Program
Expert Panel5 recommended new severity classifications:
mild intermittent, mild persistent, moderate persistent, and
severe persistent (Table 5).

Overall Assessment
An initial assessment of the child should include a search

for evidence of diaphoresis, pupillary dilation and fear,
which are all features of “the fight or flight” adrenergic
response to hypoxia.  Posture provides a clue as to the
degree of comfort of the child and hence infers the degree
of respiratory difficulty.  The child who is alert and lying
comfortably is in minimal difficulty.  However, the child
who prefers the sitting or tripod position is in moderate to
severe difficulty and is attempting to derive maximal dia-
phragmatic excursion since the diaphragm is approximately
4 cm higher in the supine position.11

Central Nervous System
Of all vital organ systems, the central nervous system is

the least tolerant to hypoxia; therefore, evaluation of the
central nervous system will provide early signs of impend-
ing respiratory failure.  Central nervous system assessment
in the asthmatic child does not entail a full neurological
examination initially, but is limited to assessment of global
central nervous system function such as alertness, coopera-
tion and motor activity.  The child who is alert, cooperative
and active is not compromised to any great degree.  How-
ever, the child who is restless and irritable, or manifests any
signs of confusion, such as inability to recognize parents
and has decreased level of consciousness, should be consid-
ered to be in respiratory failure.  While seizure is an
uncommon presenting sign, generalized seizures in an
acutely ill asthmatic patient indicate significant central
nervous system oxygen deficiency and require aggressive
treatment.12-13

Respiratory System
The pattern of breathing, which includes the respiratory

rate, rhythm and effort, provides a useful practical tool for
assessing the respiratory system.  Tachypnea is commonly
seen with asthma but also can be seen with metabolic
acidosis, fever, agitation or psychological factors.  Tachyp-

Table 2.  Normal Respiratory
Rates In Childhood

AGE RATE
(Brths/min)

Newborn 30 to 60
Infant (1 - 6 months) 30 to 40
Infant (6 - 12 months 24 to 30
1 to 4 years 20 to 30
4 to 6 years 20 to 25
6 to 12 years 16 to 20
12 years and older 12 to 16

Table 3. Clinical Evidence Of Compromised Gas Exchange

* In many instances, hypercapnia and hypoxemia coexist and a clear-
cut separation based on signs and symptoms is not possible.

Evidence for hypoxemia*
Dyspnea
Tachycardia
Confusion
Hypertension
Agitation
Peripheral vasoconstriction
Restlessness
Rales by auscultation
Tachypnea
Murmur by auscultation
Retractions
Dysrhythmias
Nasal flaring
Bradycardia
Grunting
Hypotension
Sweating
Cyanosis

Evidence for hypercapnia*
Headache
Wheezing
Drowsiness, coma
Decreased air entry by auscultation
Sweating
Asymmetric air entry by auscultation
Tachycardia
Excessive work of breathing
Hypertension
Paradoxical chest wall motion
Peripheral vasodilation
Paradoxical abdominal wall motion
Stridor
Apneic episodes
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nea is the expected compensatory re-
sponse in acute asthma.  However, the
finding of bradypnea in acute asthma is
an ominous sign.  Grunting due to de-
creased lung compliance is common in
acute asthma but may be absent in the
child who is becoming fatigued.  The
presence of dyscoordinated breathing
(lack of coordination between thoracic
and diaphragmatic muscles of respira-
tion) is also a poor sign.14  In its extreme
form, there is failure of synchronization
and the chest moves inward during inspi-
ration.

Increased respiratory effort and work
of breathing may be evaluated by assess-
ment of accessory muscle use, subcostal
and intercostal retractions, nasal flaring,
and the rate and depth of respiratory
effort.  Children in moderate to severe
respiratory distress will present in the
initial stages with marked accessory
muscle activity as well as subcostal and
intercostal retractions.  Nasal flaring may
indicate mild asthma, but use of sterno-
cleidomastoid and other accessory
muscles signifies increasing respiratory
effort.  The older child may be able to
communicate the subjective experience
of breathing difficulty or dyspnea.  The
child with moderate asthma may be able
to speak in phrases or partial sentences
whereas the severely affected asthmatic
often can speak in single words or short
phrases.  Decreased work of breathing in
the child with moderate to severe asthma
may indicate extreme fatigue and signals
decompensation.

Examination of the respiratory system
of the asthmatic child includes a com-
plete chest examination to rule out other
diagnostic possibilities, inciting or trig-
gering factors and to exclude complica-
tions.  Performance of percussion will
detect hypersonance in asthma but not if
pneumonia or severe atelectasis is present.
Palpation of the chest wall will detect the
presence of crepitations from surgical
emphysema or tracheal deviation due to
a pneumothorax.  Finally, auscultation
may reveal minimal or no breath sounds
(silent chest) indicative of severe airflow
obstruction.

Categorization into mild, moderate, or severe respiratory compromise should ideally
be based on an overall assessment of the patient and not on a single parameter.

FVC Forced vital capacity ↑ Increased
FEV1 Forced expiratory volume 1 s ↓ Decreased
PEFR Peak expiratory flow rate HR Heart rate
X At sea level in room air PP Pulsus paradoxus
N Normal
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Figure 1. Oxygen hemoglobin dissociation curve
demonstrating its sigmoid nature.  Partial pressures

 >65 torr are associated with >95% saturation.

Color
The color of the skin and mucous membranes of the

acutely ill asthmatic may be normal, pale or cyanotic
depending on severity and other factors.  Central cyanosis
suggests severe desaturation of hemoglobin but may not be
recognized in the presence of anemia, poor perfusion,
hypocapnia or poor lighting in the examination room.15  In
addition, the evaluation of cyanosis is subjective.16  If
present, therefore, cyanosis is a useful sign of compromised
oxygenation but if absent should not be construed as indi-
cating adequate oxygenation.  Fortunately, an objective
measure of oxygenation, pulse oximetry, is now widely
available.17

Cardiovascular Status
In the acutely ill asthmatic child, tachycardia is the usual

physiologic response.  However, a normal heart rate or
bradycardia in the presence of hypoxemis signifies severe
myocardial oxygen deprivation.  Pulsus paradoxus is a
valuable clinical tool in assessing the severity of airway
obstruction in status asthmaticus.18  The presence of a
pulsus paradoxus > 20 mm Hg is associated with moderate
to severe airway obstruction.  However, its utility is limited
to older children and adults because it is difficult to elicit in
the young child.  This is usually due to the use of inappro-
priate sized (too large) blood pressure cuffs or difficulty in
auscultation of heart sounds due to noisy breathing in the
child.  However, in conjunction with the overall clinical
status of the patient, frequent pulse oximetry and blood gas
determination, pulsus paradoxus may allow for better
evaluatioin of the older child with status asthmaticus.

The physician should be able to have an overall impres-
sion of the severity of the child’s attack based on the
assessment outlined in Table 2.  In many cases, and espe-
cially in acute severe asthma, treatment and evaluation may
occur concurrently.  In addition, therapy for severe acute
asthma should not be withheld pending laboratory evaluation.

Laboratory Evaluation
Pulmonary Function Testing

Rapid assessment of respiratory compromise may be
obtained by assessment of pulmonary function (forced
expiratory volume in 1 second [FEV

1
]) and peak expiratory

flow rate (PEFR) in children.19  Peak expiratory flow rate is
the greatest flow that can be obtained during a forced
expiration starting from full inflation of the lung (i.e., total
lung capacity).  Peak expiratory flow rate assessment is an
excellent tool for monitoring the severity of respiratory
insufficiency as well as for following the progress of
children with lower airways obstruction.  The procedure is
simple to perform using a hand-held spirometer20 and is
endorsed by the National Asthma Education program.5

Peak expiratory flow rate assessment can be done by the
cooperative and trained patient, pediatrician, emergency

physician or nurse.  As this test is effort-dependent, the
usefulness, accuracy and reliability of the results (espe-
cially in the pediatric age group) relies heavily on close
supervision of performance.  A peak expiratory flow meter
or a mini FEV

1
 meter can be used to measure PEFR and

FEV
1
 in children capable of utilizing these devices (usually

older than 5 years of age).

Pulse Oximetry
Pulse oximetry is a noninvasive method of measuring

circulating oxygen (i.e., arterial oxygen saturation) and can
be used either on an intermittent basis or continuously.17

This monitor has the advantage of noninvasiveness and
does not require calibration before use.  It also provides
continuous readings and no frequent changes of sites are
required.  However, the disadvantage of pulse oximetry is
that it does not reflect decreasing PaO

2
 until the PaO

2
 is

approximately < 80 mm Hg (Figure 1).  For patients with
TS

a
O

2
 < 75% to 80%, oxygenation values often are not an

accurate reflection of arterial blood gases.  In addition, the
accuracy of oximetry can be affected by patient movement,
compression of the sensor on the oximeter, low perfusion
states, abnormal hemoglobin, (methemoglobinemia), nail
polish and infrared heat lamps.17

For patients at sea level, a mild asthmatic patient will
have a TS

a
O

2
 > 95%, a moderate asthmatic 91% to 95%, and

a severe asthmatic < 91%.  The clinical usefulness of the
pulse oximeter in children with acute asthma was demon-
strated by Geelhoed et al.22  They conducted a study on 280
children with a history of asthma who presented to an urban
emergency department with wheezing.  The aim of the
study was to evaluate the initial measurement of arterial
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saturation (using a pulse oximeter) as a predictor of out-
come in acute childhood asthma compared with other
factors of past and present asthma history.  They concluded
that the initial level of arterial saturation reflects severity as
it predicts the likelihood of “poor outcome.”  Poor outcome
was defined as hospital admission or a second visit to the
emergency department with ongoing symptoms for those
discharged from the emergency department.  While there
was no absolute cutoff value, a TS

a
O

2
 < 91% was likely to

result in admission or a second emergency visit.22

The usefulness of oxygen saturation in combination with
peak expiratory flow(PEF) in the management of children
with acute asthma, was evaluated in an emergency depart-
ment.33  In this study on one hundred twenty-three children
with previously diagnosed asthma, the authors concluded
that TSaO

2
 and PEF can satisfactorily assess the severity of

acute asthma in children and that their initial values can
predict the patient’s outcome. Pulse oximetry is widely
available and should be used in all cases to judge oxygen-
ation during acute asthma therapy.

Arterial Blood Gases
The arterial blood gas is useful and provides objective

evidence of pulmonary gas exchange impairment, i.e.,
oxygen saturation and carbon dioxide (PaCO

2
).  However,

its utility in the young asthmatic is limited since sampling
may be difficult.  In addition, the pain and anxiety associ-
ated with attempts at obtaining arterial gases may cause
further deterioration in clinical status.  A typical arterial gas
during an acute uncomplicated asthma attack reveals nor-
mal PaO

2
, low PaCO

2
 and respiratory alkalosis.  Hypoxemis

in a PaO
2
 range of 60 to 80 mm Hg frequently is found even

in moderately severe asthma.24  However, a PaO
2
 < 60 mm

Hg may indicate severe disease.

Hypoxemia is due to ventilation perfusion mismatching,
whereas low PaCO

2
 is a result of hyperventilation.25  A

progressive increase in PaCO
2
 is an early warning sign of

severe airway obstruction in a child with respiratory muscle
fatigue.  Arterial pH is an indicator of the overall balance
between metabolic demand and respiratory compensation.
Hypercapnia and metabolic acidosis despite aggressive
medical treatment indicate severe illness and may support
the provision of an artificial airway and mechanical venti-
lation.  However, in assessing the acute asthmatic child,
serial measurements of PaCO

2
, PaO

2
 and pH are more

useful in following response to treatment rather than a
single measurement.  If multiple samples are contemplated,
insertion of an indwelling arterial cannula would be preferable.

Clinical circumstances may arise in infants and small
children when a blood gas estimation is desirable but
arterial sampling is difficult or impractical.  In a well-
perfused infant, arterialized capillary blood will show a
consistent correlation with arterial PCO

2
 and pH and will

reflect a minimal arterial PO
2
 value.  This technique is

performed after warming a highly vascularized capillary
bed (earlobe, heel, great toe or finger) for 10 minutes and
then making a deep puncture with a scalpel or specially
designed lancer blade and then collecting free flowing
blood in a heparinized capillary tube.26  The role of arterial
blood gases in the emergency management of the acutely ill
asthmatic would depend on several factors, of which the
most important is the ease of sampling.  The insertion of an
indwelling arterial cannula greatly facilitates its utility.

Radiology
Chest radiographs are not routinely required in a child

with mild and uncomplicated asthma.  However, they
should be obtained in every child with moderate to severe
asthma to define the extent of any associated parenchymal
disease or complications, and to differentiate other disease
entities, e.g., foreign bodies.  A chest radiographic exami-
nation often is performed in the assessment of the acute
asthmatic patient to examine for evidence of infection or the
complications of hyperinflation (pneumothorax or pneu-
momediastinum) or in those not responding adequately or
appropriately to therapy; however, there are no objective
data to support this routinely.

Findley and Sahn27 reviewed radiographic films from 90
episodes of acute asthma in adults.  The results of this
prospective study were that 55 (59%) films were reported as
normal, 33 (35%) showed hyperinflation, and 6 (6%) showed
minimal interstitial tissue abnormalities that were unchanged
from previous films.  Although these data would support the
policy of not routinely performing chest radiographic ex-
aminations in the assessment of acute asthma, this was an
adult study and may not necessarily be applicable to chil-
dren.  However, radiographs always should be considered
in suspected foreign body aspirations, pneumothorax and
pneumomediastinum, as well as in children with moderate
to severe attacks requiring hospital admission or in patients
not responding appropriately to therapy.  The presence of
pneumomediastinum, severe hyperinflation, pneumonia or
atelectasis is indicative of severity of disease.28

Electrocardiogram
An electrocardiogram is not routinely performed in pa-

tients with acute asthma unless cardiovascular symptoms or
signs indicate myocardial compromise, insults or abnor-
malities.  Apart from sinus tachycardia, which is usually
present in mild to moderate asthma, electrocardiographic
findings in severe asthma episodes include P pulmonale,
right ventricular strain, right bundle branch block and right
axis deviation.29  Electrocardiographic evaluation is more
commonly done and is recommended in patients receiving
a combination of high dose aerosolized or intravenous beta-
adrenergic agents.  Beta-adrenergic agonists, especially in
combination, have been well documented to be associated
with tachyarrhythmias, myocardial ischemia and death.30-32
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Common Pitfalls In Assessment
The physician unfamiliar with the acutely distressed

child with asthma should be cognizant of some of the
pitfalls in assessing these children (Table 8).  Treatment of
the child with asthma can only be given if the severity of the
attack in the individual patient is appreciated.  An accurate
judgment of severity can only be done if the pitfalls outlined
are avoided.

Summary
The physician caring for the acutely ill asthmatic child

has a wide variety of signs and systems to assist in assess-
ment.  An assessment of the severity of the disease should
be based on the medical history, and signs and symptoms
due to hypoxia on various target organs.  Laboratory evalu-
ation, while helpful, has limited applicability in the young
child but should be used as an adjunct to clinical assessment
where necessary.  Based on the history, physical examina-
tion and laboratory assessment (when appropriate), acute
asthma symptoms should be categorized as mild, moderate
or severe.  Treatment then can be tailored to disease sever-
ity.12,43-45
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Table 8. Common Pitfalls In Assessment
Of The Asthmatic Child

• Taking improper or inadequate history of previous attacks
• Failure to recognize persistent cough as a sign of broncho-

spasm
• Unfamiliarity with normal vital signs in children
• Inadequate physical examination of the respiratory system
• Failure to use pulmonary function tests in age-appropriate

children
• Over reliance on laboratory data in making treatment deci-

sions


