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ORIGINAL ARTICLE

Effectiveness of High Repeated Doses of Inhaled Budesonide
or Fluticasone in Controlling Acute Asthma Exacerbations

in Young Children

BENJAMIN VOLOVITZ, MD,1,2 EFRAIM BILAVSKY,1 AND MOSHE NUSSINOVITCH1,2

1Pediatric Asthma Clinic and Research Laboratories and Department of Pediatrics C, Schneider Children’s
Medical Center of Israel, Petah Tiqwa

2Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel

Objective. The role of inhaled corticosteroids in the treatment of acute asthma exacerbations in children is controversial. This study compared
the effect of inhaled budesonide and inhaled fluticasone in controlling acute asthma exacerbations in young children at home. Methods. In a quasi-
randomized crossover design, children aged 5 months to 5 years with severe recurrent asthma episodes were treated either with inhaled budesonide
200 mcg or inhaled fluticasone 125 mcg delivered with a similar spacer. At the onset of asthma exacerbations, 2 puffs of inhaled terbutaline followed
by inhaled budesonide or fluticasone was administered using one of the following treatment protocols: (1) 4-day protocol for a relatively mild
exacerbation; (2) 8-day protocol for exacerbations that were more severe or uncontrolled by the 4-day protocol; and (3) 8-day protocol + azithromycin
for exacerbations uncontrolled by the 8-day protocol or possibly associated with infection with atypical agents. Children were followed for 2 months
after each exacerbation. Good response was defined as the absence of asthma symptoms for at least 2 weeks from completion of treatment. Results. One
hundred children were recruited: 36 were treated with budesonide, 21 with fluticasone, and 44 with both on different occasions. The groups were similar
for preliminary data. Good response was noted in 87% of the budesonide group, 85% of the fluticasone group, and 86% of the budesonide/fluticasone
group. By protocol, rates of good response were 84%, 83%, and 94% for the 4-day, 8-day, and 8-day+azithromycin treatment protocols, respectively;
corresponding symptom-free periods after treatment were 4.0, 4.9, and 4.3 weeks. None of the children received oral corticosteroids. Conclusion.
Acute asthma exacerbations in young children can be effectively controlled at home with the use of high repetitive doses of inhaled budesonide or
inhaled fluticasone, initially together with beta2- agonists, given at the beginning of the attack, for a period of 4–8 days.

Keywords Acute asthma, children, inhaled corticosteroids

INTRODUCTION

The potential benefits of inhaled corticosteroids for the
treatment of acute asthma exacerbations include direct deliv-
ery to the airways and reduced systemic exposure. However,
their effect in young children is still controversial. Several
studies failed to note any positive effects of inhaled corticos-
teroids in the acute setting (1–4). The two studies of Schuh
et al. (1, 4) included only children who presented to the emer-
gency department with very severe asthma and forced expi-
ratory volume in one second (FEV1) less than 60% (1) or 50–
79% of predicted (4). The other studies claimed that the acute
use of inhaled corticosteroids provides only modest benefit in
the control of asthma attack in children (2) and that a combi-
nation of inhaled beta2-agonist and corticosteroids yields bet-
ter results than inhaled corticosteroids alone (3). Two recent
evidence-based reviews reported good results for repeated
high doses given in the initial phase of the exacerbation (5, 6).
It is apparently the high dose that is the key factor for clinical
success, reaching up to 5 times the recommended amount (7).

For the last 25 years, inhaled budesonide has been the only
drug used in our pediatric asthma clinic for maintenance ther-

Corresponding author: Benjamin Volovitz, Head, Asthma Research and
Education, Pediatric Asthma Clinic and Research Laboratories, Schneider
Children’s Medical Center of Israel, 14 Kaplan Street, Petah Tiqwa 49202,
Israel; E-mail: Benjamin@volovitz.com

apy as well as for treatment of episodic asthma exacerbations,
however, budesonide became unavailable nationwide over a
3-month period, from December 2004 to March 2005, dur-
ing which children in our clinic, including newly diagnosed
ones, were treated with fluticasone. The aim of the present
study was to compare the clinical efficacy of inhaled budes-
onide 200 mcg and inhaled fluticasone 125 mcg in controlling
asthma exacerbations in young children at home.

METHODS

The study group included 100 children aged 5 months to
5 years with recurrent asthma exacerbations who attended our
clinic from December 2004 to February 2005 and were allo-
cated for treatment of acute exacerbations at home with either
inhaled budesonide 200 mcg or inhaled fluticasone 125 mcg.
Only children with asthma symptoms during more than half
the 3-month period preceding the study were included. A
quasi-randomized crossover design was used.

The allocation for treatment was determined by external
circumstance. Until 2004, only inhaled budesonide was
used in our clinic for both maintenance therapy and control
of asthma exacerbations. In December 2004, inhaled
budesonide 200 mcg became commercially unavailable
in our country, and all children who attended our clinic
and required either maintenance treatment or treatment
for acute asthma exacerbations were treated with inhaled
fluticasone 125 mcg. Three months later, inhaled budesonide
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562 B. VOLOVITZ ET AL.

200 mcg returned to the market, and the children treated
with fluticasone switched to budesonide at the next acute
asthma exacerbation. Thus, most of the children received
both treatments in different episodes.

An asthma exacerbation is defined at our clinic as a sud-
den, progressive increase in asthma symptoms: shortness of
breath, cough, wheezing, and chest tightness, alone or in
combination, according to the revised Global Initiative for
Asthma (GINA) guidelines (2006) (8). We routinely invite
all parents for an educational session on the detection, pre-
vention, and treatment of asthma at their initial visit in our
clinic, and instruct them to start treatment at the first signs of
an exacerbation (usually cough or wheezing occurring during
a respiratory viral infection). Before starting treatment in our
clinic, all the children in the study had had at least 3 asthma
episodes, and in all cases, nebulized beta2-agonists alone,
oral; prednisolone, or sometimes nebulized budesonide 0.5
mg twice daily, failed to control the asthma attacks.

During the present study, a combination of inhaled terbu-
taline, 2 puffs of 0.25 mg/puff, and inhaled budesonide 200
mcg or fluticasone 125 mcg was administered at the begin-
ning of all asthma attacks using one of the following 3 treat-
ment protocols.

(1) 4-day protocol for relatively mild asthma episodes with
mild cough, dyspnea, and wheezing that were recognized
relatively early by the parents; treatment was started with
beta2- agonists and than 1 puff of inhaled budesonide
200 mcg or 1 puff of inhaled fluticasone 125 mcg, 4
times daily for the first day followed soon thereafter by
a gradual decrease in dose of the inhaled corticosteroids,
as detailed in Table 1.

(2) 8-day protocol for more severe episodes with prolonged
cough, dyspnea and wheezing and for episodes not con-
trolled by the 4-day protocol; treatment was started with
beta2-agonists and 2 puffs of inhaled budesonide 200 mcg
or 2 puff of inhaled fluticasone 125 mcg, for the first 2
days, followed by a gradual decrease in dose of the in-
haled corticosteroids, as described in Table 1.

(3) 8-day protocol + azithromycin for episodes not controlled
by the 8-day protocol or for severe attacks with severe
cough, dyspnea and wheezing, suspected to be associated
with infection with atypical agents (such as Mycoplasma
pneumoniae). In the first 2 or 4 days of the 4- or 8-day
protocol, respectively, 2 puffs of inhaled terbutaline 0.25
mg/puff were administered prior to treatment with in-
haled budesonide or fluticasone, as shown in Table 1.
The dose of azithromycin (syrup) was 10 mg/kg once
daily for 5 days.

The same treatment protocols were employed for both
budesonide and fluticasone. Before starting the study, most
of the participating children were treated with oral corticos-
teroids for asthma exacerbations that we believed met our
criteria for the 4-day protocol. For all children, only the first
asthma episode for which the treatment protocol was applied
was analyzed in the present study. In the group of children
who received both inhaled budesonide and fluticasone, only
one treatment with each drug was evaluated. The maintenance
doses of inhaled corticosteroids administered to the children
participating in the study were 200 mcg budesonide twice

daily or 125 mcg fluticasone twice daily. For drug delivery,
all children used the NebuChamber (AstraSeneca) spacer, a
nonelectrostatic, stainless-steel, valved holding chamber. The
same NebuChamber has been used in our clinic for the last
12 years for the delivery of inhaled budesonide and inhaled
terbutaline in children older than 3 months.

A good response to treatment was defined as complete ab-
sence of asthma symptoms at the end of the 4th or 8th day
of the 4- and 8-day treatment protocols, respectively, and
continued absence of asthma symptoms for at least 2 weeks
thereafter. One physician (B.V.) provided the education ses-
sions to the parents and examined all the children, and another
physician (E.B.) collected the data according to a predesigned
algorithm. The assessment of symptom improvement was
based on parental reports provided during the routine clinical
visit or by telephone interview 1–2 weeks after each acute
asthma exacerbation.

Every child continued to be followed for at least 2 months
after each asthma exacerbation. The study was approved by
the Ethics Committee of Schneider Children’s Medical Cen-
ter of Israel. Student’s t-test was used to analyze differences in
continuous variables between children receiving budesonide
or fluticasone (unpaired test for the single-drug groups and
paired test for the children given both drugs) and chi-square
test was used for categorical variables. p values <0.05 were
considered significant.

RESULTS

Demographic Data
The study sample consisted of 42 boys and 58 girls, aged

22 ± 13 months. Fluticasone was given to all the children
from December 2004 to February 2005, and budesonide,
to all the children before and after this period; 44 children
were treated with budesonide and fluticasone at different time
points (26 started with budesonide, and 18 started with fluti-
casone). The total number of children ever treated with budes-
onide was 79, and the number ever treated with fluticasone
was 65.

Before the study, the children used beta2-agonists and oral
corticosteroids for acute asthma exacerbation, and inhaled
budesonide (most of them) or montelukast (Singulair) as
controller medications. The number of children using each
of these drugs before the study was similar for all groups.
The background characteristics of the sample are shown in
Table 2. There were no differences among the groups in sex
ratio, age at onset of asthma, and age at onset of treatment.
Eighty-one percent of the children had repeated asthma symp-
toms on more than 75% of the 90 days preceding the study
(mean, 86% of days), with no significant difference among
the groups (Table 2). All 3 treatment groups contained chil-
dren taking montelukast 4 mg (Singulair) as an additional
preventive treatment. About 25% of the children were re-
ceiving montelukast at any time during the study, with no
significant differences among the treatment groups.

Response to Treatment
During the study period, the children had 237 asthma ex-

acerbations: 138 treated with budesonide and 99 with fluti-
casone. The 4-day protocol was applied in 128 episodes, the
8-day protocol in 47, and the 8-day protocol + azithromycin
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INHALED CORTICOSTEROIDS IN ACUTE ASTHMA IN CHILDREN 563

TABLE 1.—Treatment plan for the use of inhaled budesonide 200 mcg and inhaled fluticasone 125 mcg during asthma exacerbation or when starting preventive
treatment.

in 62 (Table 3). Rates of good response to treatment were 87%
for budesonide and 85% for fluticasone. The good response
rate in the budesonide/fluticasone group was 86%, as was the
overall rate for the whole sample (Figure 1). Good response
rates by protocol were 84% for the 4-day treatment, 83% for
the 8-day treatment, and 94% for the 8-day + azithromycin
treatment. The 8-day + azithromycin protocol was associated
with the highest rate of good response, regardless of the drug
used, even though the children who received this protocol
had the most severe asthma exacerbations. No statistically
significant difference in good response was observed among
the different treatment protocols and in the same treatment
protocol between budesonide and fluticasone.

Asthma Status after Treatment
For the whole sample, the mean duration of the symptom-

free period after treatment in the good responders was 4.2

weeks for exacerbations treated with inhaled budesonide and
4.3 weeks for exacerbations treated with inhaled fluticas-
one. For the 4-day protocol, children treated with budesonide
and fluticasone were symptom-free for the next 4.1 and 4.2
weeks, and for the 8-day protocol, the symptom-free periods
by drug were 3.8 and 4.5 weeks, respectively. For the 8-day
protocol + azithromycin, all 36 children (100%) treated with
budesonide and 21 of the 22 children (95%) treated with
fluticasone remained symptom-free for 3.8 and 4.5 weeks,
respectively.

Budesonide treatment was associated with 0.6 asthma ex-
acerbations during the first month after treatment, and fluti-
casone with 0.8. During the 2-month post-treatment period,
1.1 asthma exacerbations occurred in both groups.

The 44 children treated with both budesonide and fluticas-
one had a similar outcome to the cohort as a whole. None of
the children was treated with oral corticosteroids during any
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TABLE 2.—Preliminary data∗.

Total (all children) Bud. only Flu. only Bud. & Flu. Bud. ever Flu. Ever

Number of children 100 35 21 44 79 64
Sex male/female 42/58 13/22 9/12 20/24 33/46 29/36
Age of onset of asthma

Mean (months) ± SD 7 ± 5 6 ± 4 11 ± 8 6 ± 4 6 ± 4 8 ± 6
Range (months) 2–32 5–49 2–32 2–18 2–49 2–32

Age at onset of study
Mean (months) ± SD 25 ± 14 18 ± 11 24 ± 14 25 ± 14 22 ± 13 24 ± 14
Range (months) 5–55 5–49 5–52 5–55 5–55 5–55

Percent of time with
symptoms in the 3
months before the study 86 82 79 93 86 87

∗No statistically significant difference was noted between all parameter described.

of the 237 asthma episodes throughout the study. Despite the
similar findings for the two drugs for all the objective clinical
parameters, when the parents (one per child) of the children
given both drugs were asked which one seemed to work bet-
ter, 12 found no difference, 24 preferred budesonide, and 8
preferred fluticasone.

DISCUSSION

This study indicates that the administration of high starting
doses of inhaled corticosteroids, either budesonide or flutica-
sone, for a relatively short period of time (4–8 days) is very
effective in controlling acute asthma exacerbations of vary-
ing severity in young children in an outpatient setting. The
temporary unavailability of inhaled budesonide 200 mcg in
Israel for the first time in 25 years gave us the unique oppor-
tunity to compare its effect with that of the substitute drug,
inhaled fluticasone 125 mcg, in an acute setting. The findings
obtained in this study are important because, after repeated
requests over several years, the drug companies had refused
us permission to perform a head-to-head comparison between
these two drugs, and no other similar comparative study has
been performed to date.

Efficacy of Inhaled Corticosteroids in the Acute Setting
Many pediatricians recommend inhaled corticosteroids for

use in children in the acute setting.9 A Cochrane review
suggested that early use of inhaled corticosteroids in acute
asthma exacerbations reduces hospital admissions and im-
proves pulmonary function compared with placebo (10),
McKean and Ducharme (11), in an evidence-based review
of the literature, suggested that episodic treatment with a
high dose of inhaled corticosteroids is beneficial for mild,
virally-induced wheezing in children. Several other random-
ized double-blind studies in the emergency setting yielded
similar findings comparing oral prednisolone with various
inhaled corticosteroids, such as budesonide (12–15), flutica-
sone (16), flunisolide (17), and dexamethasone (18), admin-

TABLE 3.—Number of children using inhaled budesonide or inhaled fluticasone
in each treatment protocol.

Bud./Flu. group All children

Protocol Inh. Bud. Inh. Flu. Inh. Bud. Inh. Flu.

4-day 33 32 72 56
8-day 13 15 26 21
8-day + azithromycin 24 16 40 22
Total 70 63 138 99

istered with various devices, namely nebulizer (14, 15, 18,
19) turbohaler (12) or metered dose inhaler and spacer (13,
17). Good results were also reported in more specific double-
blind studies of children with wheezing due to respiratory
infections (20–22). Volovitz et al. (23) found that when using
high starting dosages of budesonide in children aged 1 to 14
years, parents were able to control 1001 of the 1061 asthma
exacerbations at home.
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FIGURE 1a.—Response to treatment in the budesonide and fluticasone group.
No statistically significant difference was noted between all the treatment’s pro-
tocols.
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FIGURE 1b.—Response to treatment in all children. No statistically significant
difference was noted between all the treatment’s protocols.
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In the present study, the children were carefully selected to
ensure homogenous comparative groups. All were younger
than 5 years and had moderate to severe asthma. All the par-
ents participated in the same asthma-education sessions. A
comparable number of children were included in each treat-
ment group, and a comparable number started with one or the
other drug. The children were also evaluated during the same
period of the year (the winter), by the same physician, and
another physician collected the data from the electronic files.
Due to the lack of objective evidence in the evaluation of the
response, we cannot rule out that parents may overestimate
the degree to which a their child’s asthma is controlled.

The treatment protocols used in the present study have
been used routinely in our outpatient clinic since 1983, and
are described in our previous publications (12, 23–26). How-
ever; this is the first time, that we were able to compared
inhaled fluticasone 125 mcg to inhaled budesonide 200 mcg
in the same setting. The similar efficacy of the 2 drugs in
all 3 protocols indicates that inhaled corticosteroids, as a
group, are effective in the control of acute asthma episodes in
children.

Efficacy of High-Dose Corticosteroids in Children
Studies have shown that simply doubling the usual main-

tenance dose of inhaled corticosteroids may be not sufficient
for controlling asthma exacerbations (27) and that doses at
least 4–5 times the maintenance dose may be necessary (12–
16,18). The drugs/doses/inhalers investigated in these studies
included budesonide 2400 µg via nebulizer (14), budesonide
2000 µg via nebulizer (15), budesonide 1600 µg dry powder
inhaled(12), dexamethasone 1.5 mg/kg via nebulizer (18),
budesonide 1200 µg via metered dose inhaler with spacer
(13), and fluticasone 1000 µg via nebulizer (16), In only a
few studies did the inhaled route prove to be less effective
than the oral route (1, 2, 4 ).

Volovitz et al. (12) in a study of 22 older children (aged 6–
16 years) who presented to the emergency department with
moderately severe asthma attacks, found that tapering dry
powder inhaled budesonide conferred similar benefits to ta-
pering oral corticosteroid therapy in terms of spirometry, pul-
monary indices, wheezing, accessory muscle use, and oxy-
gen saturation. Symptom scores improved more quickly with
inhaled budesonide than with oral prednisolone during the
first week after discharge. Devidayal et al. (14), in a study
of 80 children aged 2–12 years, found that the rate of full
recovery and subsequent discharge from the emergency de-
partment was threefold faster when a single oral dose of pred-
nisolone 2 mg/kg was replaced with 3 doses of budesonide
800 mcg given at 30-minute intervals via nebulizer. These
findings were supported by 2 recent evidence-based reviews
which reported a good response to high-dose inhaled cor-
ticosteroids given repeatedly during the initial phase of an
acute asthma exacerbation (5, 6). Apparently, the high dose
of inhaled corticosteroids combined with the high frequency
of administration provided a rapid, additive effect to regimens
and were the key factor for success.

In the present study, we used a 4-day protocol with rela-
tively moderate doses of inhaled corticosteroids (budesonide
800–400 mcg/day and fluticasone 500–250 mcg/day) or an
8-day-protocol with high doses of inhaled corticosteroids

(budesonide 1600–800 mcg/day and fluticasone 1000–500
mcg/day). Although the dose of inhaled corticosteroids was
just doubled (over the maintenance dose) in the 4-day pro-
tocol and quadrupled in the 8-day protocol, both were suc-
cessful. These good clinical results, which contrast with the
finding of Garrett et al. (27) may be explained by the good
compliance to treatment of our patients, which we attributed
to our extensive asthma education program, and our instruc-
tion of the parents to start treatment immediately at the early
signs of asthma exacerbation.

Additive Effect of Azithromycin in Acute Asthma
Macrolide antibiotics have been considered beneficial for

patients with asthma since the1950s (28), thanks to their anti-
inflammatory effects on the chronically inflamed airways in
addition to their anti-infective action (29). There is growing
evidence of a key role of atypical respiratory pathogens, such
as Chlamydia pneumoniae and Mycoplasma pneumoniae, in
the pathogenesis of asthma exacerbations. Infection with My-
coplasma pneumoniae was found to be significantly associ-
ated with hospitalization for acute exacerbation of asthma
(30). Furthermore, Chlamydia pneumoniae infections may
account for the symptoms of asthma that are poorly con-
trolled by steroids (31). One study demonstrated a positive
effect of macrolides on reducing the number of eosinophils
and markers of eosinophilic inflammation in patients with
asthma (32).

The present study indicates that the addition of
azithromycin to treatment with high-dose corticosteroids is
effective in children who do not respond to inhaled corticos-
teroids alone. Our rates of improvement with this protocol
were 93% for inhaled budesonide and 96% for inhaled fluti-
casone. It is important to emphasize that these children had
the most severe asthma attacks. Before azithromycin became
available, we used doxycycline, with similar results (33).

Advantage of Inhaled Corticosteroids
Oral corticosteroids are associated with adverse effects in

young children even when administered in short intermit-
tent courses (12, 34–37). This is not true for inhaled corti-
costeroids (38), probably because they are delivered directly
to the site of action (39). The two most harmful effects of
oral corticosteroids are impeded height growth and depressed
serum cortisol concentration (40). In addition, oral corticos-
teroids often cause a significant state of restlessness in the
child, especially when methylprednisolone is used. Oral pred-
nisolone is associated with fewer adverse effects, but it is
prescribed much less often for young children because it is
not soluble in water and has a very bad taste which children
find unacceptable (41).

In previous studies by our group using similar protocols
(12, 42), we showed that unlike oral corticosteroids, high-
dose inhaled budesonide was not associated with a decrease
in cortisol plasma concentration (either after fasting at 8 am
or 1 hour after ACTH stimulation test). Moreover, 5 years of
treatment with inhaled corticosteroids in young children did
not impair growth (24). De Benedictis et al. (43) reported that
10 days’ administration of nebulized budesonide 500 mcg or
fluticasone 250 mcg was not associated with hypophysial pi-
tuitary axis suppression. Using a similar protocol, we showed
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that after discharge from hospital, treatment with inhaled cor-
ticosteroids led to a faster alleviation of asthma symptoms
than oral corticosteroids (12).

It is recognized that many children are able to tolerate a
few days of oral corticosteroid treatment without clinically
significant problems. However, all the children in our study
were younger than 5 years and were unable to swallow tablets
of prednisolone. Furthermore, most of the mother preferred
not to give the children methylprednisolone because of their
previous bad experience with this drug. The Expert Panel Re-
port 3 (EPR3)44 Guidelines for the Diagnosis and Manage-
ment of Asthma August 2007 (Section 5: Managing exacer-
bation of asthma) recommends that for home management
of asthma exacerbations, treatment should be initiated with
oral systemic corticosteroids. However, the panel also notes
that preliminary evidence indicates that quadrupling the dose
of ICS starting with the appearance of worsening symptoms
may prevent exacerbations warranting treatment with oral
systemic corticosteroids.

Comparisons Between Budesonide and Fluticasone
Ours is the first study to compare inhaled budesonide to

inhaled fluticasone for acute asthma using metered dose in-
haler + spacer in an outpatient setting. De Benedictis et al.
(40) found that a short course of nebulized fluticasone had the
same effects as a double dose of nebulized budesonide when
either drug was added to bronchodilator therapy in children
with acute asthma. Accordingly, the present study indicated
that multiple doses of inhaled budesonide 200 mcg and in-
haled fluticasone 125 mcg are similarly effective in all ranges
of asthma severity. The preference of the parents for inhaled
budesonide may be explained by their awareness that budes-
onide was the main drug used by our clinic for many years
and that fluticasone was a relatively new drug, serving as a
substitute.

Inhaled corticosteroids, both budesonide and fluticasone,
can be used in children who are already receiving preventive
treatment with inhaled corticosteroids or children who will
be starting preventive treatment immediately after an asthma
attack (45). They can also be given to younger children who
cannot tolerate the available oral corticosteroid preparations.
Perhaps efforts are need to develop new preparations of pred-
nisolone with a better taste so that they may be more amenable
to treatment in young children for short periods as an alter-
native to inhaled corticosteroids.

CONCLUSIONS

On the basis of the present findings and studies reported
in the literature (5, 6), we suggest that high repetitive doses
of inhaled corticosteroids, either budesonide or fluticasone,
administered with gradual decease in dosage, according to
a 4–8-day protocol, may be recommended for the effective
control of acute asthma exacerbations in young children at
home.
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