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Abstract

Although acute asthma is a very common cause of emergency department visits in children, there is as yet
insufficient evidence for the establishment of a standardized treatment protocol. The aim of this review is to
describe updated information on the management of asthma exacerbations in the pediatric emergency depart-
ment.

Oxygen is the first-line treatment of acute asthma exacerbations in the emergency department to control
hypoxemia. It is accompanied by the administration of B2-adrenoceptor agonists followed by corticosteroids.
B2-Adrenoceptor agonists have traditionally been administered by nebulization, although spacers have recently
been introduced and proven, in many cases, to be as effective as nebulization.

Oral prednisolone, with its reliability, simplicity, convenience and low cost, should remain the treatment of
choice for the most severe asthma exacerbations, when the lung airways are extremely contracted and filled
with secretions. Recently, several studies have shown that high-dose inhaled corticosteroids are at least as
effective as oral corticosteroids in controlling moderate to severe asthma attacks in children and therefore should
be considered an alternative treatment to oral corticosteroids in moderate to severe asthma attacks.

Studies of other drugs have shown that ipratropium bromide may be given only in addition to f2-adrenoceptor
agonists; theophylline has no additional benefit, and magnesium sulfate has no clear advantage.

Comprehensive asthma management should also include asthma education, measures to prevent asthma
triggers, and training in the use of inhalers and spacers. Proper management will avoid most asthma attacks and
reduce admission and readmission to emergency departments.
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Hospital admissions for childhood asthma have increased
dramatically ((Author: worldwide or in certain countries?))
over the past 2 decades.!!! Burt and Knapp!?! reported an esti-
mated 13.7 million ambulatory care visits for ((Author: child-
hood?)) asthma in 1993-94 in the US, 12% of them to the emer-
gency department (ED). Furthermore, 10 to 17% of patients
((Author: children?)) discharged from the ED after initial treat-
ment require additional interventions within 2 weeks. 34

An acute asthma exacerbation is defined as the abrupt onset
or worsening of symptoms of shortness of breath, wheezing, chest
tightness and breathlessness, associated with respiratory distress
and a decrease in expiratory airflow.! The severity of asthma
attacks is difficult to define because asthma, by its nature, is a
fluctuating disorder, with aggravations and improvements. The
Global Initiative for Asthmal®! stipulated two measurable param-
eters of asthma exacerbation severity: (i) moderate exacerbation
— peak expiratory flow rate (PEFR) 60 to 80% of predicted and/or
oxygen saturation of 91 to 95%; and (ii) severe exacerbation —
PEFR <60% and/or oxygen saturation <90%.

Oxygen, inhaled B,-adrenoceptor agonists and corticoste-
roids remain the cornerstones of therapy for the child with severe
exacerbation of asthma. The exact methods of administration of
these drugs have not been fully established, though guidelines
were formulated in 1991 by the National Asthma Education Pro-
gram.[”]

The aim of this article is to review and discuss the most re-
cently published data on the management of children with mod-
erate and severe asthma exacerbation in the ED. Almost all the
papers reviewed describe randomized, controlled studies. The
few uncontrolled studies are so indicated in the text, and they are
cited only when the relevant information was unavailable from a
controlled study. A comprehensive Medline search was con-
ducted, and all relevant Cochrane studies were reviewed. All in-
formation found up to the time of completion of this review ((Au-
thor: can you give the month and year?)) was included.

1. Oxygen

Oxygen has long been considered essential for the manage-
ment of acute asthma. During severe exacerbations, some lung
units are subjected to over- or under-inflation because of changes
in airway resistance. These changes lead to ventilation/perfusion
mismatch!®! and thereby to hypoxemia.

The administration of a nebulized B,-adrenoceptor agonist
can increase the blood flow in relatively poorly ventilated areas
of the lung.[) This may in turn increase the ventilation/perfusion
mismatch!'% and worsen the hypoxemia. Therefore, in severe
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asthma attacks, f2-adrenoceptor agonists should always be given
with oxygen.

Arterial oxygen desaturation after bronchodilator therapy is
well recognized in acute asthma.l'!! Typically, the maximum de-
crease in saturation occurs within 5 to 10 min of treatment and is
self-limited within 15 min. The importance of continued oxygen
treatment after mobilization has been emphasized.!'?! Connett
and Lenney!'3ldemonstrated pneumonic consolidation on chest
radiography in children with acute asthma who showed a pro-
longed drop in oxygen saturation (up to 20 min) after treatment
with albuterol (salbutamol). They suggested that the vasodilator
effect of albuterol can overcome hypoxic pulmonary vasocon-
striction, and this would cause increased perfusion of consoli-
dated areas and, consequently, a decrease in saturation.

To prevent hypoxemia, which can be an early sign of airway
obstruction, oxygen saturation above 92% needs to be main-
tained.!3! In young infants, an initial oxygen saturation of <91%
in room air is an indication for hospitalization.l'!] Patients with
initial saturation of 95% or more rarely relapse after discharge.!'¥!

2. Bronchodilators

2.1 Nebulization of Bo-Adrenoceptor Agonists

In acute exacerbations of asthma, lung airways become nar-
rowed as a result of mucosal edema, hypersecretion and broncho-
spasm. Depending on the severity of the attack, treatment with
bronchodilators is always required, in addition to oxygen and
corticosteroids.

B>-Adrenoceptor agonists are the most effective bronchodi-
lators, owing to their rapid onset of action and the magnitude of
bronchodilation achieved;!'3-1%! they yield the greatest benefit
when delivered to the peripheral airways. However, this is diffi-
cult in acute asthma because of the narrowed airways and faster
respiratory rate, which could lead to an increase in drug deposi-
tion in the throat and large airways.

Many clinicians recommend wet nebulization for delivery of
Br-adrenoceptor agonists in the ED.['7] A mist of B,-adrenoceptor
agonist diluted in saline is created, and the patient inhales the mist
by tidal breathing through a mask. Nebulization should always be
with oxygen. However, if the attack is not severe enough for
oxygen, spacers rather than nebulizers should be used.

2.2 Bo-Adrenoceptor Agonists via Holding Chambers
(Spacers)

Nebulization is performed with supplemental oxygen and re-
quires a supply of compressed gas or a power source. Recently,
metered-dose inhalers (MDI) with a holding chamber (spacer)
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have been introduced for the treatment of acute asthma in chil-
dren. The B,-adrenoceptor agonist is delivered into the chamber,
which is then emptied actively by the patient using a mouthpiece
or mask. Studies have found this method to be as effective as
nebulization.!18-21]

A recent meta-analysis found that outcomes such as hospi-
talization, lung function tests, respiratory rate and tremor were
equally good with nebulizers and holding chambers.[?! However,
children using holding chambers had a significantly shorter stay
in the ED, a smaller increase in pulse rate and better oxygenation.
The study authors suggested that on the basis of available evi-
dence, in most cases, holding chambers could be substituted for
nebulizers in the ED. Chou et al.,??l in a randomized study, com-
pared asthma treatment in the ED via spacers and nebulizers in
152 children. They found that the spacer group had a significantly
shorter stay in the ED (66 vs 103 min, p < 0.001), a significantly
smaller increase in pulse rate (5vs 15%, p < 0.001) and a signifi-
cantly lower rate of episodes of vomiting (9vs 20%, p < 0.04).
Parkin((Author: spelling differs in ref. list; please resolve)) et
al.,[>!1in a randomized trial of 60 children aged 1 to 5 years with
moderate asthma exacerbation, showed that after stabilization in
the ED, treatment with MDI and spacer [albuterol 4 to 6 puffs
(400 to 600ug) + ipratropium bromide 2 puffs (400ug)] was as
effective as treatment with nebulization (albuterol 0/15 m/kg
((Author: do you mean 0.15 mg/kg?)) + ipratropium bromide
125ug). In this study, nurses preferred the nebulization route.
Starting children on the use of MDI and spacer in the ED or during
hospitalization makes it easier to continue at-home management
and/or long-term prophylaxis; it is also less expensive. Boweton
et al.[?31 reported a 25% reduction in monthly costs after nebuliz-
ers were replaced by MDIs in a large adult tertiary center.

Kamps et al.,[?*1 in a study of 66 children aged 1 to 4 years,
observed a poor inhalation technique more frequently in the chil-
dren using a dry-powder inhaler with holding chamber than in the
children using an MDI with holding chamber. Furthermore, the
proper inhalation technique was practiced by only 39% of the
children given a single instruction session compared with 93% of
those who underwent comprehensive instruction with repeated
checks.

Most of the studies so far have used repeated doses of 3,-
adrenoceptor agonists at short intervals (e.g. one respule by neb-
ulizer or four actuations of an MDI with holding chamber every
10 to 15 min).[?%1 To overcome the uncertainty of dosage delivery
from different devices, the number of treatments is adjusted ac-
cording to the individual patient response.l?”) The recommended
dose for MDI with holding chamber!”! is 4 to 8 puffs every 20
min for the first 3h, and then every 1 to 4h on an as-needed basis.
Nebulization should be performed every 20 min for the first 3h
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at a dose of 0.15 mg/kg, provided that the maximum dose does
not exceed 10mg every 1 to 4h.[7]

2.3 Subcutaneous B>-Adrenoceptor Agonists

Subcutaneous epinephrine or terbutaline has no advantage
over inhaled B,-adrenoceptor agonists, except in uncooperative
patients.[>3!In a prospective, randomized study of 154 adult pa-
tients with acute asthma, subcutaneous epinephrine or orciprenal-
ine (metaproterenol) was found to be as effective as nebulized
orciprenaline.[?] Subcutaneous epinephrine or terbutaline should
be administered at a dose of 0.01 mg/kg (maximum 0.3mg).[”!

2.4 Continuous Nebulization of B>-Adrenoceptor Agonists

Browne et al.,!*’! in a prospective, randomized study of 17
children with impending respiratory failure due to status as-
thmaticus who were treated in the pediatric intensive care unit,
showed that continuous nebulization of albuterol (0.3 mg/kg/h)
was safe and was found to induce more rapid clinical improve-
ment than intermittent nebulization (0.3 mg/kg/h over 20 min
every hour). However, Porthoy et al.!?8 reported that continuous
nebulization of albuterol was associated with adverse events such
as muscle cramps, hypokalemia and hyperglycemia. It should
therefore be considered only in the hospital setting and only in
the presence of a risk of significant obstruction, before institution
of parenteral B,-adrenoceptor agonists or mechanical ventilation.

2.5 Parenteral Bo-Adrenoceptor Agonists

Parenteral [3,-adrenoceptor agonists may be considered in
patients who have failed to respond to inhaled or subcutaneous
therapy. Browne et al.[?7! conducted a double-blind, randomized,
controlled study in 29 children aged 1 to 12 years with acute
asthma in the ED who were refractory to nebulized albuterol
(2.5mg for age <2 years and 5.0mg for age >2 years). They found
that adding intravenous albuterol 15 pg/kg (over 10 min) to the
standard treatment of nebulized albuterol, continuous oxygen,
and intravenous hydrocortisone (5 mg/kg) yielded a significantly
more rapid clinical improvement than adding saline (control
group) [p = 0.03]. Children in the study group were also less de-
pendent than controls on oxygen after 2h, and they were ready
for discharge from the ED 9.7h earlier (p < 0.05). By contrast,
however, Barnes?3! found that side effects such as tachycardia,
hypokalemia and cardiac arrhythmias were more frequent with
parenteral than with inhaled therapy. Further studies are still
needed to resolve this issue.
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3. Corticosteroids

3.1 Oral Corticosteroids

The airway edema and secretions associated with acute
asthma are best treated with anti-inflammatory agents. The tim-
ing, route, dose and target population may vary markedly. In a
meta-analysis of 12 randomized, controlled trials, Rowe et al.[2]
reported that early (within 1h of presentation) use of corticoste-
roids for acute asthma in the ED significantly reduced admission
rates. Benefits were greatest in patients with more severe asthma
and those not currently receiving corticosteroids.?*!Oral therapy
was particularly effective in children. Adverse effects were not
significantly different from those with placebo.

Other studies have shown that oral prednisolone, ((Author:
given?)) within 4h, significantly reduced the need for hospital-
ization, especially in children with more severe attacks*% and
higher relapse rates.[3! Storr et al.l3!l achieved good results with
early administration of a single dose of oral prednisolone (30mg
for children <5 years of age, otherwise 60mg) in addition to [3,-
adrenoceptor agonists. Lapin and Cloutier3?! also noted a signif-
icant decrease in the number of relapses and in B,-adrenoceptor
agonist use with a short course of 1 to 2 mg/kg corticosteroids.

3.2 Inframuscular and Infravenous Corticosteroids

Early administration of a single dose of 4 mg/kg intramuscu-
lar methylprednisolone in addition to ((Author: a?)) B,-adreno-
ceptor agonist in children with an acute asthma attack in the ED
significantly reduced the hospital admission rate.l33! At discharge
from the ED, intramuscular or oral corticosteroid treatment can
prevent relapse and reduce B-adrenoceptor agonist use.34 A
comparison of intravenous corticosteroids (an initial bolus of 2
mg/kg methylprednisolone followed by 1 mg/kg every 6h) with
placebol3>! demonstrated a greater rate of improvement in clinical
score index, more rapid recovery from peripheral airway obstruc-
tion, and longer incidence of relapse within 4 weeks of discharge
in the study group.”!

3.3 Inhaled Corticosteroids

Inhaled corticosteroids have been shown to be effective al-
ternatives to oral corticosteroids in long-term asthma therapy,
reducing or even eliminating oral corticosteroid requirements.[36-
441 Inhaled corticosteroids have a potential benefit also in the
acute setting because they are delivered directly to the airways,
induce a reduction in airway reactivity and have fewer systemic
adverse effects.37] According to current data, their use in rela-
tively high doses should be confined to moderate to severe asthma
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exacerbations. They are not applicable for the most severe exac-
erbations in which lung airways are extremely contracted and
filled with secretions,!33-43] where oral corticosteroids should be
given.

Recently, five randomized, double-blind, controlled stud-
ies, 13942441 including a total of 580 children aged 3 to 17 years,
compared treatment with oral corticosteroids to a relatively high
(initial) dose of inhaled corticosteroids. The schedules were as fol-
lows: nebulized budesonide 800pLg in three doses at 30-min inter-
vals;[#!) nebulized budesonide 2000ug every 8h;1**! budesonide
1600ug via Turbohaler®!“?lnebulized dexamethasone 1.5 mg/kg;“0l
and nebulized fluticasone propionate 1000ug twice daily.[** In-
haled corticosteroids were consistently found to be at least as
effective as oral corticosteroids (2 mg/kg) in controlling moderate
to severe asthma attacks. In one of these studies,!*!! which in-
cluded 80 children aged 3 to 12 years, the patients given budeson-
ide showed a significantly greater improvement than those given
oral prednisolone in oxygen saturation, respiratory rate, pulmo-
nary index, and respiratory distress score (p <0.01). A higher
proportion of the ((Author: inhaled corticosteroid?)) group was
fit for discharge at 2h after the third dose of nebulization ((Au-
thor: compared with the oral corticosteroid group?)) (p <
0.001). Treatment with inhaled corticosteroids was not associated
with suppression of corticosteroid secretion, as observed during
treatment with oral corticosteroids ((Author: please confirm
that rewording is ok)).[“?IThese findings were supported by the
systematic review of Edmonds et al.’8 Analysis of the pooled
results of the children and adults (n-((Author: should this be ‘n
=2))352) showed that inhaled corticosteroid therapy reduced
hospital admissions by 55% compared with placebo.

Contrary findings were reported in a recent double-blind,
randomized trial of 100 children aged 5 to 17 years, which found
a hospitalization rate of 10% for the prednisolone group com-
pared with 30% for the fluticasone propionate (2000ug) group
using MDI and spacer (p = 0.0001).[*31 However, these children
had very severe asthma attacks, with a mean forced expiratory
volume in 1 second (FEV) of 45% predicted on entry to the trial.

In a placebo-controlled trial of 60 children aged 3 to 12 years
admitted to the ED with moderately severe asthma exacerbation
(mean PEFR 54% of predicted), admission of budesonide 400ug
by MDI and spacer at 30-min intervals for 3h led to a significantly
quicker recovery than placebo.[*3] The children in the budesonide
group showed significantly greater improvement in respiratory
distress score (p < 0.01), less use of systemic corticosteroid ther-

1 Use of trademarks is for identification purposes only and does not imply
endorsement;
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apy (p < 0.05), lower likelihood of oxygen need for more than 2h
(p < 0.05) and fewer admissions on reassessment at 4h (p < 0.05).

In all these studies,39-4446] the authors used at least 5-fold
higher doses of inhaled corticosteroids than the maintenance
dose. Simply doubling the dose of inhaled corticosteroids during
acute exacerbation was found to be insufficient,*”) as the drug
still fails to reach the small airways.[*3! Indeed, the 3,-adrenocep-
tor agonist dose is usually increased by a factor of 19 during
asthma exacerbation.

Recently, two uncontrolled studies dealt with the use of high-
dose inhaled corticosteroids for the treatment of children with
acute asthma at home.[*34%1 The first study, performed in 60 chil-
dren aged 1 to 14 years, found that a daily dose of budesonide
1600ug (for 3 to 5 days) induced a similar increase in lung func-
tion and a statistically significantly greater drop in pulmonary
index score (2.6 versus 1.9; p = 0.04) compared with the combi-
nation of a daily dose of methylprednisolone 1 mg/kg and
budesonide 800pg.!*8! In the other study of 150 children aged 1
to 14 years, an initial daily dose of ((Author: budesonide?)) 800
to 1600ug (for 4 to 8 days) was able to control 94% of the total
1061 episodes of acute asthma.[*1 In both studies, treatment with
inhaled budesonide was preceded by inhaled terbutaline (2000Lg
daily).

Current evidence indicates that oral prednisolone, owing to
its reliability, simplicity, convenience and low cost, should be the
treatment of choice for the most severe asthma exacerbations (i.e.,
PEFR <45% of predicted and/or oxygen saturation <90%), when
lung airways are extremely contracted and filled with secretion.
High-dose inhaled corticosteroids, by nebulization3%-41:44! with
MDI and spacer®3! or via Turbuhaler® Turbohaler®,“?! may be
considered as an alternative treatment to oral corticosteroids in
cases of acute moderate to severe asthma exacerbations, espe-
cially in children familiar with these modes of inhalation.[#8:4%]
The most suitable place for administration of short-term, high-
dose inhaled corticosteroids for acute asthma exacerbations is at
home,[43-50] before reaching the ED.

4. Other Treatments

4.1 lpratropium Bromide

Anticholinergic agents such as ipratropium bromide have a
slower onset of action and weaker bronchodilating effect than
B>-adrenoceptor agonists. However, they may have a place in the
specific relief of cholinergic bronchomotor tone with mucosal
edema and secretions.[’1-53] A single dose of an anticholinergic
agent is not effective for the treatment of severe asthma exacer-
bations,’*! but multiple doses combined with B,-adrenoceptor
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agonists may improve lung function and avoid hospital admission
in a small percentage (1 of 12%) of school-aged children. This
regimen has also been attempted for the treatment of infants with
airway obstruction with associated wheeze, but findings are con-
troversial.

In arecent review of six trials’®>! (321 infants), including two
studies undertaken in the ED%571 (130 infants), no difference
was found between treatment with [,-adrenoceptor agonists
alone or in combination with ipratropium bromide in improving
respiratory rate or oxygen saturation in the ED, or decreasing
hospital stay. Although the combined regimen reduced the need
for additional treatment, the reviewers concluded that there is not
enough evidence to support the uncritical use of anticholinergic
therapy for wheezing infants.l’!l By contrast, Calvo et al.[’8]
found the combination of albuterol and ipratropium bromide sig-
nificantly more effective in the treatment of acute asthma exac-
erbations than each medication alone with regard to both clinical
scores and PEFR. Osmond and Klassen™! reported that the ad-
dition of ipratropium bromide bromide to B;-adrenoceptor ago-
nists yielded a significant improvement in percent-predicted
FEV, but not in clinical symptoms. Several other studies reported
no benefit at all of adjunctive ipratropium bromide.!52-55-60] For
example, in a randomized, blinded, controlled trial of 298 chil-
dren aged 3 to 17 years, Ducharme and Davis!® noted that the
addition of ipratropium bromide (two puffs every 6 to 8h by
spacer or 125 to 500ug every 6 to 8h by nebulization) to frequent
doses of B,-adrenoceptor agonists failed to improve bronchodila-
tion compared with B,-adrenoceptor agonists alone.

Based on current evidence, combination therapy with ipra-
tropium bromide and ,-adrenoceptor agonists should be consid-
ered only in patients who do not respond to inhaled B,-adreno-
ceptor agonists.

4.2 Theophylline

Theophylline has been used traditionally for acute broncho-
dilation, but it provides less benefit than inhaled B,-adrenoceptor
agonists and adds little when combined with ,-adrenoceptor ag-
onists and corticosteroid therapy.[®!l It is also associated with
adverse effects and the risk of toxicity.[°?] Furthermore, a meta-
analysis of aminophylline (another phosphodiesterase inhibitor)
performed a decade ago indicated no benefit in acute asthma
((Author: please confirm that rewording is o0k)).[!]

4.3 Magnesium Sulfate

Hypomagnesemia causes contraction of the smooth muscle
cells, and hypermagnesemia causes their relaxation. There is

Pediatr Drugs 2002; 4 (3)
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some evidence that magnesium infusion can provide additional
bronchodilation in asthmatic patients.[03.64]

Magnesium sulfate appears to be beneficial and has a good
safety profile in patients who present with severe acute asthma
((Author: please confirm that rewording is 0k)),[**but it is not
in routine use in the ED. Pooling of studies yielded a statistically
significant heterogeneity: improvement in lung function tests was
more pronounced in patients with severe asthma than those with
mild to moderate asthma.[6!

5. Monitoring the Child with Acute Asthma Attack

The increase in hospital admissions of children with acute
asthma attacks in the last 2 decades cannot be explained by an
increase in morbidity alone. Morgan et al.[%] claimed that it is
apparently influenced by the extent to which hospital services are
organized and provided. Improved assessment strategies and im-
mediate management in the ED can reduce hospital admission
rates. Connet((Author: spelling differs from that in ref. list;
please resolve)) et al.[®7] compared rates of discharge from the
ED between a registrar who based the decision to discharge on
the children’s response to nebulized albuterol and the ability of
their parents to continue treatment at home, and a senior officer
of the same hospital. The registrar was able to send 53 of 158
children (33.5%) home, and the senior house officer only 6 of 39
children (15.4%).

Another reason for the increase in overall hospital admis-
sions for asthma is the high readmission rate, which can reach
25% or more within ((Author: 1?)) year.[%8 The factors associ-
ated with asthma relapse are a history of numerous ED visits over
the previous year, history of urgent clinic visits over the previous
year, use of a home nebulizer, and multiple asthma triggers.!4]
Patient age, as well as use of bronchodilators and exposure to
cigarette smoke, may also play a role.!3] Most of these factors are
preventable with appropriate patient education. In the study by
Connet((Author: spelling?)) et al.,[%7] the children were dis-
charged after oral instruction on the use of a spacer device and
receipt of written instructions regarding treatment and follow-up.
The introduction of a special training program for senior house
officers in the treatment of an acute asthma attack in the ED and
the manner of instructing parents and children in home manage-
ment resulted in a significant increase in the number of children
sent home during the intervention year (299 of 687, 43.5%) com-
pared with the previous year (12.3%). The clinical scores of the
children sent home were no worse than those for the hospitalized
children. ((Author: ref. 69 has not been cited; should it be
referred to in this paragraph?))
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Comprehensive, nurse-led patient education programs ad-
ministered during hospitalization of children!®®7% for acute
asthma attack or at discharge!”!l significantly reduce subsequent
admission to hospital for asthma.[%%-79 They were also found to
be cost-effective, saving $((Author: US?))87 000 by a 79% de-
crease in ED readmissions and an 86% decrease in hospitaliza-
tions.[7!]

Health education interventions in the community can help as
well.[721 A group of 310 asthmatic children from low-income ur-
ban areas with one or more hospitalizations during the previous
year attended an education program to improve asthma manage-
ment at home. A significant decrease was noted in their use of
emergency services compared with that of a randomized control
group (p > 0.05).((Author: do you mean p <0.05?)) The pro-
gram saved $((Author: US?))11.22 for every $((Author:
US?))1.00 spent on the program.[72]

6. Conclusions

This manuscript reviews the most recent data on ED manage-
ment of moderate and severe asthma exacerbation in children.

Oxygen supplementation to maintain oxygen saturation
above 92% remains the first and most important means of treat-
ment for severe exacerbations.!8]

B>-Adrenoceptor agonist administration by MDI with a hold-
ing chamber is as effective as nebulization and may be preferable
to nebulization, being easier to use, less costly, and associated
with fewer adverse effects.[19:20:221 When an asthma attack occurs,
a combination of B;-adrenoceptor agonists and inhaled cortico-
steroids should be used.

Inhaled corticosteroids are delivered directly into the lung,
providing them with greater anti-inflammatory and antiasthmatic
potency and fewer systemic effects than oral corticosteroids,!7374]
which makes them excellent candidate agents for controlling
acute moderate to severe asthma exacerbations.[?7-33:42:4345] Most
recent studies27-39-4243451 except one (in patients with very severe
attacks)!3! found inhaled corticosteroids to be at least as effective
as oral corticosteroids in controlling acute asthma attacks in chil-
dren in the ED. They can be administered by nebulization,[39-41-44]
with MDI via spacer!*3] or by Turbuhaler® Turbohaler®.[*?] For
very severe asthma exacerbation (PEFR <45% of predicted
and/or oxygen saturation <90%), in which airways are too narrow
to benefit from the inhaled drug, oral corticosteroids are the treat-
ment of choice. They are reliable, convenient and easy to use.
Inhaled corticosteroids may also be used at home,*%! though fur-
ther randomized, double-blind, placebo-controlled studies are
still needed to clarify this issue.
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To ensure compliance, and proper use of inhalers and spac-
ers, comprehensive patient and parental education should accom-
pany treatment in the ED with practice using inhalers/spacers.
Powell et al.l”?) successfully introduced the use of MDI and spac-
ers instead of nebulization in their ED in Australia. They attrib-
uted the success of the program to good planning and use of a
proven structured strategy.

Health education interventions have been found to be effec-
tive in reducing readmissions to the ED and hospitalizations.[73]
Especially cost effective are nurse-led programs conducted at dis-
charge from ED and geared to the whole family.[6%:70]

Since prevention is still the best medicine, comprehensive
asthma management should always include asthma education,
measures of prevention against asthma triggers, appropriate anti-
asthma drugs, and training in the correct use of inhalers and spac-
ers. Good management avoids most severe asthma attacks.

Acknowledgements

Author: please provide information, for publication in the acknow-
ledgments section of the manuscript, on any sources of funding that were
used to assist in the preparation of this manuscript and on any potential
conflicts of interest that the authors may have that are directly relevant
to the contents of this manuscript.

References

1. Anderson HR. Increase in hospital admission for childhood asthma, trends in re-
ferral, severity, and re-admission from 1970 to 1985 in a health region of the
United Kingdom. Thorax 1989; 44: 614-9

2. Burt CW, Knapp DE. Ambulatory care visits for asthma: United States, 1993-94.
Adv Data 1996; 27 (277): 1

3. Emerman CL, Cydulka RK, Crain EF, et al. Prospective multicenter study of re-
lapse after treatment for acute asthma among children presenting to the emer-
gency department. J Pediatr 2001; 138 (3): 318-24

4. Emerman CL. Relapse following treatment of acute asthma in the emergency de-
partment. J Asthma 2000; 37 (8): 701-8

5. Lebowitz MD. The use of peak expiratory flow rate measurements in respiratory
disease. Pediatr Pulmonol 1991; 11 (2): 166-74

6.  ((Author: please provide name of city where published))Global Initiative for
Asthma (GINA). Pocket guide for asthma management and prevention. National
Institutes of Health, National Heart, Lung and Blood Institute, 1998

7. Expert Panel Report, National Heart, Lung and Blood Institute. Guidelines for
diagnosis and management of asthma. J Allergy Clin Imunol 1991; 88S: 425-534

8. DeNicola LK, Monem GF, O’Gayle M, et al. The treatment of critical status as-
thmaticus in children. Pediatr Clin North Am 1994; 41: 1293-324

9. Alario AJ, Lewander WJ, Dennehy P, et al. The relationship between oxygen
saturation and the clinical assessment of acutely wheezing infants and children.
Pediatr Emerg Care 1995; 11: 331-4

10. Gleeson JG, Green S, Price JF. Air or oxygen as driving gas for nebulised
salbutamol. Arch Dis Child 1988; 63 (8): 900-4

11. Geelhoed GC, Landau LI, Le Souef PN. Evaluation of SaO2 as predictor of out-
come in 280 children presenting with acute asthma. Ann Emerg Med 1994; 23:
1236-41

12. Nickerson BG, Sarkisian C, Tremper K. Bias and precision of pulse oximeter and
arterial oximeters. Chest 1988; 93: 515-7

13. Connett G, Lenney W. Prolonged hypoxaemia after nebulised salbutamol. Thorax
1993; 48: 574-5

© Adis Infernational Limited. All rights reserved.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

. Geelhoed GC, Landau LI, LeSoef PN. Predictive value of oxygen saturation in

emergency evaluation of asthmatic children. BM J 1988; 6 297 (6645): 395-6

. Sears MR. Clinical application of beta-agonists. Pract Allergy Immunol 1992; 7:

98-100

. Svedmyr N. A beta2-adrenergic agonist for use in asthma: pharmacology; phar-

mokinetics((Author: pharmacokinetics?)), clinical efficacy and adverse ef-
fects. Pharmacotherapy 1985; 5: 109-26

. British Thoracic Society. Guidelines on the management of asthma. Thorax 1993;

48: S1-24

. Newhouse MT. Are nebulizers obsolete for administering asthma medications to

infants and children? Pediatr Pulmonol 1993; 15 (5): 271-2

. KeremE, Levison H, Schuh S, et al. Efficacy of albuterol administered by nebulizer

versus spacer device in children with acute asthma. J Pediatr 1993; 123 (2):
313-7

((Author: please confirm reference details are correct))Cates CJ, Rowe BH.
Holding chambers versus nebulisers for beta-agonist treatment of acute asthma:
a systematic revie wof randomised controlled trials (Cochrane Review). Avail-
able in The Cochrane Library [database on disk and CD ROM]. Updated quar-
terly. The Cochrane Collaboration; issue 4. Oxford: Update Software, 2000

Parkins PC, Saunders NR, Diamond PM, et al. Randomised trial of spacer v neb-
ulizer for acute asthma. Arch Dis Child 1995; 72: 239-40

Chou KJ, Cunningham SJ, Crain EF. Metered-dose inhalers with spacers vs. neb-
ulizers for pediatric asthma. Arch Pediatr Adolesc Med 1995; 149: 201-5

Boweton DL, Goldsmith WA, Haponik EF. Substitution of metered-dose inhalers
for hand-held nebulizers: success and cost saving in a large acute-care hospital.
Chest 1992; 101: 305-8

Kamps AWA, Ewijk BV, Roorda RJ, et al. Poor inhalation technique, even after
inhalation instruction, in children with asthma. Pediatr Pulmonol 2000; 29: 39-
42

Barnes PJ. Beta adrenergic receptors and their regulation. Am J Respir Crit Care
Med 1995; 152: 838-60

Quadrel M, Lavey RF, Jaker M, et al. Prospective randomized trial of epinephrine,
metaproterenol and both in the prehospital treatment of the adult patient. Ann
Emerg Med 1995; 26: 469-73

Browne GJ, Penna AS, Phung X, et al. Randomised trial of intravenous salbutamol
in early management of acute severe asthma in children. Lancet 1997; 349
(9048): 301-5

Porthoy J, Nadel G, Amado M, et al. Continuous nebulization for status asthmati-
cus. Ann Allergy 1992; 69 (1): 71-9

((Author: please confirm reference details are correct))Rowe BH, Spooner C,
Ducharme FM, et al. Early emergency department treatment of acute asthma
with systemic corticosteroids (Cochrane Review). Available in The Cochrane
Library [database on disk and CD ROM]. Updated quarterly. The Cochrane
Collaboration; issue 4. Oxford: Update Software, 2000

Scarfone RJ, Fuchas SM, Nager AL, et al. Controlled trial of oral prednisolone in
the emergency department treatment of children with acute asthma. Pediatrics
1993; 92 (4): 513-8

Storr J, Barrell E, Barry W, et al. Effect of a single oral dose of prednisolone in
acute childhood asthma. Lancet 1987; 1 (8538): 879-82

Lapin CD, Cloutier MM. Outpatient management of acute exacerbations of asthma
in children. J Asthma 1995; 32 (1): 5-20

Tal A, Levy N, Bearman JE. Methylprednisolone therapy for acute asthma in in-
fants and toddlers: a controlled clinical trial. Pediatrics 1990; 86 (3): 350-6

((Author: please confirm reference details are correct)) Rowe BH, Spooner CH,
Ducharme FM, et al. Corticosteroids for preventing relapse following acute
exacerbations of asthma (Cochrane Review). Available in The Cochrane Library
[database on disk and CD ROM]. Updated quarterly. The Cochrane Collabora-
tion; issue 4. Oxford: Update Software, 2000

Younger RE, Gerber PS, Herrod HG, et al. Intravenous methylprednisolone effi-
cacy in status asthmaticus of children. Pediatrics 1987; 80: 225-30

Pediatr Drugs 2002; 4 (3)

Author Proofs



Volovitz & Nussinovitch

36.

37.

38.

39.

40.

41.

42.

Author Proofs

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

o~
hed

I~
>

I~
hd

Rodrigo C, Rodrigo G. Early administration of hydrocortisone in the emergency
room treatment of acute asthma: A controlled clinical trial. Respir Med 1994;
88: 755-61

Barnes PJ. Inhaled glucocorticoids for asthma. N Engl J Med 1995; 332 (13):
868-75

((Author: please confirm reference details are correct))Edmonds ML, Ca-
margo Jr CA, Pollack Jr CV, et al. Early use of inhaled corticosteroids in the
emergency department treatment of acute asthma (Cochrane Review). Avail-
able in The Cochrane Library [database on disk and CD ROM]. Updated quar-
terly. The Cochrane Collaboration; issue 4. Oxford: Update Software, 2000

Matthews EE, Curtis PD, McLain BI, et al. Nebulized budesonide versus oral
steroid in severe exacerbations of childhood asthma. Acta Paediatr 1999; 88
(8): 841-3

Scarfone RJ, Loiselle JM, Wiley JF, et al. Nebulized dexamethasone versus oral
prednisone in the emergency treatment of asthmatic children. Ann Emerg Med
1995; 26 (4): 480-6

Devidayal ((Author: please advise initials of this author)), Singhi S, Kumar L, et
al. Efficacy of nebulized budesonide compared to oral prednisolone in acute
bronchial asthma. Acta Paediatr 1999; 88 (8): 835-40

Volovitz B, Bentur L, Finkelstein Y, et al. Effectiveness and safety of inhaled
corticosteroids in controlling acute asthma attacks in children in the emergency
department A controlled comparative study with oral prednisolone. J Allergy
Clin Immunol 1998; 102: 605-9

Singhi SC, Banerjee ((Author: please advise initials of this author)),
Nanjundaswamy HM. Inhaled budesonide in acute asthma. J Pediatr Child
Health 1999; 35: 483-7

Manjra Al Price J, Lenney W, et al. Efficacy of nebulized fluticasone propionate
compared with oral prednisolone in children with an acute exacerbation of
asthma. Respir Med 2000; 94 (12): 1206-14

Schuh S, Reisman J, Alshehri M, et al. A comparison of inhaled fluticasone and
oral prednisolone for children with severe acute asthma. N Engl J Med 2000;
343 (10): 689-94

GarrettJ, Wlliams S, Wong C, et al. Application of asthma action plan to childhood
asthma: a national survey. NZ Med J 1997; 110: 308-10

Garrett J, Williams S, Wong C, et al. Treatment of acute asthmatic exacerbations
with an increased dose of inhaled steroid. Arch Dis Child 1998; 79: 12-7

Nuhoglu Y, Bahceciler NN, Barlan IB, et al. High-dose budesonide is helpful in
acute asthma. Ann Allergy Asthma Immunol 2001; 86: 318-22

Volovitz B, Nussinovitz M, Finkelstein Y, et al. Use of inhaled corticosteroids in
controlling acute asthma exacerbation in children at home. Clin Pediatr 2001;
40 (2): 79-86

Wilson NM, Silverman M. Treatment of acute, episodic asthma in preschool chil-
dren using intermittent high dose inhaled steroids at home. Arch Dis Child
1990; 65 (4): 407-10

Gross NJ. Drug therapy: ipratropium bromide. N Engl J Med 1988; 319: 468-96

Chapman K. An international perspective on anticholinergic therapy. Am J Med
1996; 100: 2-48

Silverman M. The role of anticholinergic bronchodilator therapy in children. Lung
1990; 168: 304-9

((Author: please confirm reference details are correct))Plotnick LH,
Ducharme FM. Combined inhaled anticholinergics and beta2-agonists for ini-
tial treatment of acute asthma in children (Cochrane Review). Available in The
Cochrane Library [database on disk and CD ROM]. Updated quarterly. The
Cochrane Collaboration; issue 4. Oxford: Update Software, 2000

((Author: please confirm reference details are correct))Everard ML, Bara A,
Kurian M. Anti-cholinergic drugs for wheeze in children under the age of two
years (Cochrane Review). Available in The Cochrane Library [database on disk
and CD ROM]. Updated quarterly. The Cochrane Collaboration; issue 4. Ox-
ford: Update Software, 2000

© Adis Infernational Limited. All rights reserved.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Naspitz CK, Sole D. Treatment of acute wheezing and dyspnea attacks in children
under 2 years old: inhalation of fenoterol plus ipratropium bromide versus
fenoterol. J Asthma 1992; 29 (4): 253-8

Downey P, Cox R. Update on the management of status asthmaticus. Curr Opin
Pediatr 1996; 8: 228-33

Calvo GH, Calvo AM, Marin HF, et al. Is it useful to add an anticholinergic
treatment to beta-2 adrenergic medication in acute asthma attack? J Invest
Allergol Clin Immunol 1998; 8 (1): 30-4

Osmond MH, Klassen TP. Efficacy of ipratropium bromide in acute childhood
asthma a meta-analysis. Emerg Med 1995; 2 (7): 651-6

Ducharme FM, Davis GM. Randomized controlled trial of ipratropium bromide
and frequent low doses of salbutamol in the management of mild and moderate
acute pediatric asthma. 1998; 133: (4) 479-85

Littenberg B. Aminophylline treatment in severe acute asthma: A meta-analysis.
JAMA 1988; 259: 1678-84

Hendelers L, Weinberger M, Szefler S, et al. Safety and efficacy of theophylline
in children with asthma. J Pediatr 1992; 120 (2 Pt 1): 177-83

Okayama H, Aikawa T, Okayama M, et al. Bronchodilating effect of intravenous
magnesium sulfate in bronchial asthma. JAMA 1987; 257: 1076-8

Rolla G, Bucca C, Caria E, et al. Acute effect of intravenous magnesium sulfate
on airway obstruction of asthmatic patients. Ann Allergy 1988; 61: 388-91

((Author: please confirm reference details are correct))Rowe BH, Bretzlaff
JA, Bourdon C, et al. Magnesium sulfate for treating exacerbations of acute
asthma in the emergency department (Cochrane Review). Available in The
Cochrane Library [database on disk and CD ROM]. Updated quarterly. The
Cochrane Collaboration; issue 4. Oxford: Update Software, 2000

Morgan M, Mays N, Holland WW. Can hospital use be a measure of need for
health care? J Epidemiol Commun Health 1987; 41: 269-74

((Author: please provide year of publication))Connett GJ, Ward C, Wooler E,
et al. Audit strategies to reduce hospital admission for acute asthma. Arch Dis
Child ; 69: 202-5

Senthilsevan A. Effect of readmission on increasing hospital admission for asthma
in children. Thorax 1995; 50: 934-6

Madge P, McColl J, Paton J. Impact of a nurse-led home management training
programme in children admitted to hospital with acute asthma: a randomized
controlled study. Thorax 1997; 52: 223-8

Greineder DK, Loanc KC, Parks P. Reduction in resource utilization by an asthma
outreach program. Arch Pediatr Adolesc Med 1995; 149: 415-20

Powell CVE, Maskell GR, Marks MK, et al. Successful implementation of spacer
treatment guideline for acute asthma. Arch Dis Child 2001; 84: 142-6

Clark NM, Feldman CH, Evans D, et al. The impact of health education on fre-
quency and cost of health care use by low income children with asthma. J
Allergy Clin Immunol 1986; 78: 108-15

Toogood JH, Baskerville J, Jennings BA, et al. Bioequivalent dose of budesonide
and prednisolone in moderate and severe asthma. J Allergy Clin Immunol 1989;
84: 688-700

Wennergren G, Nordvall SL, Hedlin G, et al. Nebulized budesonide for the treat-
ment of moderate to severe asthma in infants and toddlers. Acta Pediatr 1996;
85:183-9

Wesseldine LG, McCarthy P, Silverman M. Structured discharge procedure for
children admitted to hospital with acute asthma: a randomized controlled trial
of nursing practice. Arch Dis Child 1999; 80: 110-4

Correspondence and offprints: Dr Benjamin Volovitz, Asthma Clinic, Schnei-
der Children’s Medical Center of Israel, 14 Kaplan Street, Petah Tikva 49202,
Israel.

E-mail: volovitz@post.tau.ac.il((Author: please confirm you are happy to
have your e-mail address published))

Pediatr Drugs 2002; 4 (3)



