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Summary. We compared the clinical effect of the glucocorticoid budesonide delivered from two
nebulizers AiolosT and Pari LLT in 38 children less than 4 years of age (mean age, 20.2 months)
with chronic wheeze. The design was a controlled, single-blind, randomized, cross-over, dose
titration study. After a 1-week run-in, patients were randomized to treatment with 1 mg budes-
onide b.i.d. for 2 weeks from either an AiolosT or a Pari LLT nebulizer. This was followed by a
gradual dose reduction period during which the budesonide dose was reduced at 2-week inter-
vals until unacceptable asthma symptoms appeared or the placebo level was reached. The
patient was then switched to budesonide 1 mg b.i.d. from the other nebulizer for 2 weeks, after
which the dose was reduced at 2-week intervals as described for the first period. Patients who
completed the study on placebo for 2 weeks without deterioration of their asthma were not
included in the statistical analysis.
During Period [1 the minimum effective dose of budesonide was 2 mg/day in 9 patients, 1
mg/day in 10 patients, and 0.5 mg/day in 13 patients. In Period [2 the corresponding figures
were 14, 5, and 13 patients. Six patients were excluded after the first period because their
asthma control did not deteriorate during dose reduction and when finishing on placebo for 2
weeks. For both nebulizers the reduction in budesonide dose was associated with a small
increase in symptoms and use of rescue terbutaline. The mean dose of budesonide delivered to
the patient by the AiolosT was twice as large as that delivered by the Pari LLT: 26% vs. 13% of
the nominal dose assessed by the filter method. Nevertheless, no statistically significant differ-
ence in clinical effect or mean minimal effective dose (1.1 mg for AiolosT and 1.2 mg for Pari
LLT) could be detected between the two nebulizers. No serious adverse events were observed.
We conclude that the minimal effective dose of nebulized budesonide varies from 0.5 to 2.0
mg/day in young children with asthma. A higher drug delivery, as assessed by the filter method,
does not necessarily result in better clinical control or lower minimal effective dose. Further
studies are needed to assess whether this is due to insufficient sensitivity of the study design in
detecting a difference in clinical effect, or whether measurements of drug delivery by the filter
method do not reflect lung deposition or clinical effect in young children with wheezing. Pediatr
Pulmonol. 1997; 23:270–277. © 1997 Wiley-Liss, Inc.
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INTRODUCTION

The results of clinical studies in wheezy children un-
der the age of 2 years have often been disappointing for
most standard anti-asthma treatments.1–4 Possible expla-
nations may be lack of effect, incorrect dose, insufficient
drug delivery, disease severity, and difficulties with ob-
jective assessment of lung function, as these measure-
ments require sophisticated equipment and experience in
performing the tests.5,6 During recent years, studies with
inhaled corticosteroids have consistently reported benefi-
cial effects. However, virtually nothing is known about
the optimal doses from the various delivery systems in
these age groups. Nebulized budesonide suspension was
shown to be effective in the treatment of prednisolone-
dependent pre-school asthmatics at a daily dose of 2 mg.7

However, the effective dose range and the influence of

nebulizer systems on the clinical effect when using this
route of administration have not been determined.

The aim of this study was to compare the clinical
effect, the dosedeliveredto the patient, and the minimal
effective dose of budesonidedeliveredfrom two differ-
ent nebulizers (the Aiolost and Pari LLt nebulizers) in
young children with wheeze. In vitro, these nebulizer
systems have been found to differ markedly in total drug
output, i.e., the budesonide output for the Aiolost was
48% of the nominal dose with a 2-ml nebulizer charge.
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The corresponding value for the Pari LLt was 27%, us-
ing a similar set-up as the one used in this paper (data on
file).

MATERIALS AND METHODS

Thirty-eight children between 6 months and 4 years
were enrolled in the study. The children were considered
eligible if they: 1) suffered recurrent chronic wheeze that
required daily use of inhaled terbutaline and marked im-
provement when treated with nebulized budesonide sus-
pension; and 2) had required continuous budesonide
treatment at a daily dose of at least 1 mg (from a Pari
Inhalier Boyt nebulizer with CR 60 compressor [Medic-
Aid, UK]) for at least 2 months prior to enrollment.

Patients who had experienced a severe exacerbation of
asthma or a symptomatic respiratory tract infection
within 1 month prior to enrollment were excluded. Chil-
dren with cardiopulmonary diseases other than asthma
were also excluded. Night- or day-time asthma symptom
scores of 3 (see below) on one or more occasions during
the week-long run-in period also resulted in exclusion
from the study.

The trial design (Fig. 1) was single-blind (blinded to
the parents), randomized, and cross-over. The study be-
gan with a run-in period of 1 week during which the
patients used their normal treatment with budesonide
suspension in a dose of 1 mg b.i.d. administered via the
Pari Inhalier Boyt nebulizer with a CR 60 compressor.
After run-in, the patients were randomly allocated to 2
weeks of treatment with 1 mg b.i.d. budesonide delivered
from either an Aiolost (Aiolos, Sweden) or a Pari LLt
(Pari Werk GmbH, Germany) nebulizer. This 2-week
treatment period was followed by a 6-week (3 × 2 weeks)
dose titration period (Period[1) during which the dose
of budesonide was gradually reduced every 2 weeks until
unacceptable symptoms were seen or the child was able
to complete 2 weeks on placebo without developing un-
acceptable symptoms. The dose reduction of budesonide
was stopped if: 1) the patient experienced a worsening of
asthma symptoms such that a score of 3 was recorded
five times during the day or night within one of the
2-week treatments; or 2) the placebo level was reached.

In the first case, the minimum effective dose was de-
fined as the dose used prior to the dose at which the
asthma deteriorated. In the second case, no minimum
effective dose was defined as long as the child remained
symptom-free throughout the 2-week placebo treatment;

the minimum effective dose was defined as 0.25 mg
b.i.d. if the asthma deteriorated during placebo treatment.

The first dose titration period (Period[1) was fol-
lowed by a second period (Period[2) of identical de-
sign, except that the patients changed from the Aiolost to
the Pari LLt nebulizer or vice versa. The initial dose of
budesonide was 1 mg b.i.d. given for 2 weeks. Thereaf-
ter, the dose titration was repeated as in Period[1 until
the children’s asthma worsened or they reached the pla-
cebo level. Commercially available facemasks were
used: The Laerdal 2t facemask with no holes was used
with the Aiolost nebulizer, and a Parit hard plastic face-
mask with two holes was used with the Pari LLt nebu-
lizer. As a consequence the patients exhaled back into the
Aiolost nebulizer venting through the top (and therefore
through the exhalation filter; Fig. 2). In cases of deterio-
ration during Period[1, the patient was treated with 2
mg budesonide/day plus rescue terbutaline three to six
times a day until the clinical condition was stable. The
child then proceeded to Period[2. A deterioration in
asthma control during Period[2 resulted in withdrawal
from the study.

Throughout the study the parents recorded night- and
day-time asthma symptom scores and the use of rescue
nebulized terbutaline on diary cards. Asthma symptoms
were graded from 0 to 3 according to the following scale:

Night symptoms:
0 a completely peaceful night;
1 a night with cough or wheeze, but no awakenings;
2 a night in which the child awoke once or twice

with cough or wheeze;
3 a night with more than two awakenings due to

cough or wheeze or need for extra treatment with
terbutaline.

Day symptoms:
0 a completely fine day without any symptoms of

cough or wheeze;
1 occasional cough or wheeze not requiring any

treatment;
2 a day requiring one treatment with rescue terbuta-

line;
3 a day requiring two or more treatments with rescue

terbutaline.

The children were seen at the clinic at the beginning
and end of the run-in period, at the end of each dose
titration period, or when deterioration in asthma control
occurred. At these visits the diary cards were reviewed to
make sure they were kept correctly. At each visit the
parents’ opinion of the status of their child’s general
health during the week preceding the clinic visit was
recorded on a visual analogue scale. The visual analogue
scale was a 100-mm-long line on which the parents were
asked to place a vertical line ranging between ‘‘very

Abbreviations

MMD Mass median diameter
MMED Mean minimal effective dose
IMED Individual minimum effective dose
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poor’’ and ‘‘completely well’’ to signify the average
overall health score during the previous week. Further
assessments made at each clinic visit included inspection
of facial skin and the mouth and posterior pharynx to
detect any atrophy, irritation, or candida infection. The
parents of all enrolled patients were taught how their
child should inhale correctly from the Ailost and Pari
LLt nebulizers using the respective facemasks. Continu-
ous nebulization for 5 minutes was recommended. Dur-
ing the whole study the volume used for nebulization was
2 ml.

A filter test was done with the child breathing from the
nebulizer to measure the amount of budesonide delivered
to the patient after the run-in period, after Period[1
(when both the normally used and the new nebulizer
were evaluated), and at the end of Period[2. If the
placebo level was reached, no filter test was carried out
because the dose of the drug was considered to be zero.
The filter used was a Marquest viral filter (Marquest
Medical Products) that has been shown to collect virtu-
ally 100% of the dose inhaled through it.7 The volume of
each filter was 45 ml (Fig. 2), and a fixed dose of 1 mg
budesonide (2 ml of 0.5 mg/ml) was used. This technique
of dose assessment has been used previously to measure
the dose delivered to the patient from nebulizers.8 For the
Aiolost nebulizer, an inspiratory filter was placed di-
rectly between the facemask and the nebulizer. Another

filter was placed directly on top of the chimney to collect
the drug leaving the nebulizer during exhalation (expira-
tory filter). A similar set-up was not possible for the Pari
LLt nebulizer, and for this reason a Y-tube was inserted
between the nebulizer and the inspiratory filter and face-
mask. The expiratory filter was placed at the top of this
Y-tube. The Y-tube added an extra deadspace of 22 ml.
The top of the chimney was sealed with a rubber mem-
brane to prevent drug from escaping during exhalation.
This rubber membrane was a low-resistance one-way
valve developed for the use in neonates. Before our trial
was initiated, studies performed by the manufacturer and
ourselves had demonstrated that this membrane did not
adversely affect drug output or particle sizing. When
each filter test was complete, the filter was sealed with a
tightly fitting plastic cover. After completion of the
study, the budesonide was extracted from the filters by
washing with spectrometrically pure ethanol; the budes-
onide concentration and dose were then determined by
reverse-phase high-performance liquid chromatography.
The laboratory was blinded with respect to the nebulizer
used.

After the study, the droplet sizes of both the Aiolost
and the Pari LLt were measured on a Malvern Master-
size (model MS 1000, Malvern Instruments, Malvern,
UK) and expressed as the mass median diameter (MMD).
For this measurement, a budesonide suspension of 0.5

Fig. 1. Study design. Patients who could complete 2 weeks on placebo treatment during Period #1 without developing unaccept-
able asthma symptoms were excluded and did not continue to Period #2.
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mg/ml in a volume of 4 ml was used. The compressor
pressure and the flow of air through the jet nebulizers
were also measured. The flow rates during the sizing
procedure were similar to the flow rates during the filter
tests and the treatments at home, i.e., 5.5L/min (Pari
LLt) and 8.0L/min (Aiolost). These flow rates are the
average flow rates normally generated by the two com-
pressor-nebulizer combinations.

All parents gave signed informed consent according to
local practice, and the study was approved by the local
ethics committee.

RESULTS

Fourteen girls and 24 boys entered the trial, which was
conducted during the fall and winter when asthma is
normally stable and persistent in young Danish children.
Their age varied from 6 to 40 months (mean, 20.2
months). Mean height was 82 cm (range, 69–99 cm), and
mean weight was 12 kg (range, 9–16 kg). The partici-
pants had suffered from chronic wheeze for 3–38 months
(mean, 14 months) at entry. There was no difference in

age, height, weight, or duration of symptoms between the
groups receiving treatment with either the Aiolost or the
Pari LLt nebulizers during Period[1. Eighteen patients
were randomized to treatment with the Aiolost nebulizer
during Period[1. Asthma control deteriorated in both
periods in 15 of these children. Twenty patients were
randomized to treatment with the Pari LLt nebulizer in
Period[1. Asthma control deteriorated in both periods
in 16 subjects. A total of 7 patients discontinued the
study. Six were withdrawn after the first period because
they completed the trial without deterioration when on
placebo. One patient stopped treatment during the second
period because of parenteral request.

The mean minimal effective dose (MMED) of budes-
onide was not influenced by the nebulizer used (Ailost
1.1 mg/day and Pari LLt 1.2 mg/day [P 4 0.36]), nor by
the period (Period 1, 1.1 mg/day; Period 2, 1.2 mg/day;
P 4 0.27). The individual minimum effective dose
(IMED) during Period[1 was 2 mg in 9 patients, 1 mg
in 10 patients, and 0.5 mg in 13 patients. The correspond-
ing numbers of patients for the IMEDs in Period[2 were
14, 5, and 13 patients. The mean durations of treatment

Fig. 2. Pari LL T (left) and Aiolos T (right) nebulizers with inspiratory and expiratory filters attached during filter test.
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until deterioration of symptoms occurred during Period
[1 were 41 and 43 days for the Aiolost and Pari LLt
nebulizers, respectively. During Period[2, a somewhat
shorter duration until deterioration was seen for the Pari
LLt (33 days), compared with the Aiolost (42 days;
nonsignificant difference).

Diary Recordings

Mean day- and night-time symptom scores were sig-
nificantly higher for Period[2 than for Period[1 dur-
ing treatment with the highest dose of budesonide (P 4
0.0022 [day];P 4 0.0024 [night]). The same was the
case for the use of rescue terbutaline (P 4 0.015), indi-
cating that the clinical condition was less stable at entry
into Period[2 than at study entry (Table 1).

Mean symptom scores and use of rescue terbutaline
increased somewhat during the two periods as the budes-
onide dose was being reduced. There was no difference
in the change in these parameters between the two nebu-
lizers. In agreement with this, the visual analogue scale
score deteriorated from visit 1 to visit 2 in both periods
(Table 2). There was no statistically significant differ-
ence in the visual analogue scale scores between the two
nebulizers or between the periods.

Filter Dose

The mean doses of budesonide, expressed in percent of
the nominal dose on the inspiratory and expiratory filters,
were rather constant throughout the study (Table 3). The
total drugoutput(drug deposited on both the inspiratory
and expiratory filters) was highly reproducible (25–28%
of the nominal dose for the Pari LLt and 37–42% of the
nominal dose for the Aiolost). The meaninspiratory
filter dose measured when using the Aiolost nebulizer
was about twice as high as that measured when using the

Pari LLt nebulizer (P < 0.001). In contrast, the expira-
tory filter doses were about equal for both nebulizers
when used with their respective compressors. Thus, the
total drugoutput was higher for the Aiolost nebulizer
compared with the Pari LLt nebulizer.

The MMD for the Aiolost jet nebulizer with the Aio-
lost compressor was 4.53mm. The percent of aerosol
generated in droplets smaller than 5.17mm was 58%.
Driving pressure was 2 bar, and the gas flow through the
nebulizer was 7.1 L/min. MMD for the Pari LLt jet
nebulizer with the Pari Mastert compressor was 4.77
mm. The percent of aerosol generated in droplets smaller
than 5.17mm was 56%. Driving pressure was 1.5 bar,
and the gas flow through the nebulizer was 5.7 L/min.

Adverse Events

No serious adverse events were reported. Skin irrita-
tion was experienced by 3 children during treatment with
the Aiolost nebulizer. The patients were receiving pla-
cebo at the time it was observed, suggesting that it was
due to steroid withdrawal. Oropharyngeal candidiasis
was diagnosed in nine children: five incidents occurred
during run-in, four during treatment with the Aiolost
nebulizer, and four during treatment with the Pari LLt
nebulizer. None were symptomatic. No differences were
observed between the periods.

DISCUSSION

To our knowledge, the present investigation is the first
study endeavoring to assess the clinical implications of
differences between two nebulizers in drugdelivery to
the patients in the age groups in which they are intended
to be used. Based on drug delivery, one might expect the
Aiolost nebulizer to be more effective clinically than the
Pari LLt nebulizer since, both in vitro and in the present
study, the dosedeliveredby the Aiolost nebulizer was
approximately twice the dose delivered by the Pari LLt.
However, in our study this did not result in a better
clinical effect or lower mean or individual minimal ef-
fective dose of budesonide. The reason for this is not
clear. We used a 2-weekly step-down design because this
design has been successfully used earlier in adults, and
because symptoms in that model seemed to be more sen-

TABLE 1—Mean Symptoms and Terbutaline Use at Entry
into Period #1 and Period #2 in Two Groups of Patients
Treated With Budesonide From Aiolos T and Pari LL T
Nebulizers in Randomized Sequence 1

Aiolost → Pari LLt Pari LLt → Aiolost

Start
period 1

Start
period 2

Start
period 1

Start
period 2

Day symptoms
(0–3)

0.81 1.21 0.67 0.99

Night symptoms
(0–3)

0.61 1.19 0.53 0.69

Daily terbutaline
use (doses)

1.35 1.73 1.62 1.73

1Statistically significant differences for both day symptoms (P 4
0.0022), night symptoms (P 4 0.0024), and daily terbutaline use (P 4
0.015) were seen between the two start periods (start 1 and start 2). No
statistically significant difference was seen in any of the parameters
between the two start periods 1 or the two start periods 2.

TABLE 2—Visual Analogue Scale (0–100 mm) at Entry and
at the End of Period #1 and #2 1

Period 1 (mm) Period 2 (mm)

Start End Start End

Aiolost → Pari LLt 72.2 50.3 65.8 46.7
Pari LLt → Aiolost 68.1 50.5 64.8 59.6

1No statistically significant differences between nebulizers or periods
were found.
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sitive than peak-expiratory flow rate in detecting dete-
rioration.9 Furthermore, the symptom score, general
health assessment, and visual analogue scale used in our
study have previously been found useful in detecting
differences between budesonide and placebo treatment in
the same age groups.7

One reason to consider in explaining the results of our
study could be that the patients’ symptoms were not suf-
ficiently severe or chronic to detect a difference. We tried
to avoid this by only including children who had persis-
tent symptoms requiring daily budesonide and leaving
out patients who could be treated for 2 weeks with pla-
cebo without a marked deterioration in their clinical con-
dition. Thus, all patients included in the analysis had
been shown to require inhaled steroids before the study
and on two occasions during the study period to remain
symptom free. Most of the children required more than 1
mg/day to achieve stable symptom control. The signifi-
cant period effect also suggested that the asthmatic con-
dition was unstable and not ‘‘overtreated’’ at entry into
Period [2. Consequently, the study was sensitive
enough to detect a period effect, but not a difference in
clinical effect or minimal effective dose of budesonide
between the two nebulizers. For these reasons, we do not
believe that insufficient symptom severity in the patients
was the main reason for lack of difference in effect be-
tween the two nebulizers. The most important risk factor
in young children is respiratory viral infections. Al-
though all children had chronic daily symptoms, viral
infections undoubtedly triggered some of the deteriora-
tions. However, the occurrence of common colds was the
same in the two nebulizer groups, so it does not affect the
conclusion about equally effective doses with the two
nebulizers. It may have resulted in a somewhat higher
minimal effective budesonide dose. To the best of our
knowledge no other studies have assessed the minimum
effective dose of nebulized budesonide in young children
with chronic persistent wheeze. The studies evaluating
different doses have found that daily budesonide doses
from 0.5 to 3.0 mg were required to achieve control.10,11

A daily dose of 2.0 mg was more effective than a daily
dose of 0.5 mg in one study.11 In another study, 53% of
the children required doses >0.5 mg to achieve control.12

In that study an overall minimal effective maintenance
dose could not be demonstrated, but apparently the chil-
dren had less severe asthma than the children in the pre-
sent study.

Earlier dose-response studies in older children and
adults have found that the dose-response curve of inhaled
steroids, after an initial steepness, rapidly becomes rather
flat.10 It may therefore be difficult to detect differences in
clinical effect between treatments when symptoms, use
of rescue terbutaline, or peak-expiratory flow rates are
studied in schoolchildren receiving more than 100mg/
day. We tried to avoid comparisons at the flat part of the
dose-response curve by choosing a gradual dose reduc-
tion design so that all children during the trial would
receive treatment with doses at the steep part of the
curve. Still, no differences were found between the two
nebulizers.

Effect on bronchial hyperreactivity as assessed by pro-
tection against exercise-induced asthma and lung func-
tion may be more sensitive in detecting differences be-
tween different doses of inhaled steroids.10 Since bron-
chial hyperreactivity and lung function were not
measured in the present study, we cannot exclude the
possibility that a difference in clinical effect between the
two nebulizers exists that could not be detected with the
outcome measures we studied.

Recently, 2.0 mg budesonide/day was found to be
more effective clinically than 0.5 mg/day in children with
severe asthma, indicating that it is possible to detect de-
terioration in clinical symptoms at a fourfold dose dif-
ference.11 This also supports the findings of a recent
dose-response study in schoolchildren.10 To our knowl-
edge, the importance of a twofold dose difference has not
previously been evaluated in young children.

Finally, filter data may not predict lungdepositionof
drug or clinical effect in young children. Another recent
study assessed the relationship among filter dose, drug
particle size, and lung deposition in adults by measuring
the dose to the patient using the filter method after treat-
ment with three different nebulizer brands that had dif-
ferent in vitro characteristics.13 Although a twofold dif-
ference was found in dose delivered to the patient (filter
dose) among the three nebulizers (as in the present

TABLE 3—Drug Output (mean ± SD) Measured on Inspiration and Expiration
Filters in Two Different Jet Nebulizers, the Pari LL T and the Aiolos T1

Pari LLt Aiolost

No. Inspiratory % Expiratory % No. Inspiratory % Expiratory %

Visit 2 20 12.7 ± 1.9 12.7 ± 1.5 18 22.9 ± 6.7 14.5 ± 5.5
Visit 4 34 13.2 ± 3.7 14.4 ± 3.4 34 27.7 ± 9.6 15.1 ± 10.0
Visit 6 14 12.8 ± 3.3 14.0 ± 3.2 17 27.4 ± 7.9 13.6 ± 6.8
All 68 12.9 ± 3.0 13.7 ± 2.7 69 26.0 ± 8.1 14.4 ± 7.4

1Dose on the Aiolost inspiratory filter was statistically significantly higher than dose on the Pari
LLt inspiratory filter (P < 0.001). No statistically significant differences in expiratory filter doses
were seen between the two nebulizers.
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study), the intrabronchial deposition, expressed in per-
cent of the nominal dose, was the same for the three
nebulizers. Thus a higher dose delivery to the patient
may not always be associated with a better clinical effect.
However, in the study by Dahlstrøm and Larsson,13 it
was the nebulizer producing the largest particles that de-
livered the highest filter dose. In our study there was no
important difference between MMD and percent of aero-
sol particles smaller than 5.17mm.

In interpreting the results of our study, it must be re-
membered that the dose to the patient may not have
differed between the two nebulizers to the same extent as
it did in the clinic, when the filter studies were per-
formed. In the test situation, the deadspace added to the
Pari LLt nebulizer was higher than the deadspace added
to the Aiolost nebulizer because we had added an extra
Y-tube for attaching the filters and sealed the top of the
nebulizer so that air entrainment was changed (Fig. 2).
This may have disproportionally reduced the dose to the
child from the Pari LLt nebulizer compared with the
Aiolost in the test situation.14 In the clinical situation the
holes in the facemask serve as expiratory outlets. It is not
possible to attach filters to these holes; therefore a Y-tube
with an expiratory outlet was introduced during the filter
test. We used this set-up because it was recommended to
us by the manufacturer, who assured us that it would not
affect the output from the nebulizer.

Nikander15 studied earlier the budesonide output from
a Pari LLt nebulizer using the same experimental set-up
as in the present study. However, Nikander15 did not use
a facemask attached to the Y-tube but attached the Y-
tube with filter directly to a ventilator simulating an adult
breathing pattern. He found that 19.2% of the nominal
dose was delivered to the patient. This is somewhat
higher than the 13% found in the present study. However,
in the same paper he presented data showing that the dose
of budesonide delivered to the patient decreased by about
40% from school-aged to young children. Considering
this, our finding of a 13% dose delivery to young chil-
dren is in good agreement with his results.

Normally, the output from a nebulizer is quite con-
stant. With an inspiration to expiration ratio of 0.5, the
same amount of drug would be expected on the inspira-
tory and expiratory filters. This was the case for the Pari
LLt nebulizer. However, the inspiratory filter dose for
the Aiolost nebulizer was approximately 65% of the
total output. The reason for this difference is not known.
It may be caused by the different facemasks used with
each nebulizer. There are no holes in the facemask used
with the Aiolost nebulizer. If the facemask is tightly
fitted to the face of the child, inspiratory flow can super-
sede the flow generated by the compressor, causing the
patient to suck in larger particles, which normally would
not leave the nebulizer; however, in this ‘‘simulated’’
measurement of drug available for inhalation, larger par-

ticles would be captured on the inspiratory filter, leading
to an overestimate of inspired drug from the Aiolost.
This might explain the difference seen between the two
nebulizers in distribution on the inspiratory and expira-
tory filters. Although the mean dose delivered to the
patient in the present study was quite constant, marked
differences between individuals were seen. This is in
accordance with the findings of other studies.16 Asthma
severity varies between patients and over time in indi-
vidual patients. Therefore, it was not surprising that the
minimum effective dose varied markedly between pa-
tients. This emphasizes the importance of individual dose
titration in day to day treatment. This variation also raises
the question ofclinical relevance of the MMED, since
this says little about the dose required for the individual
patient.

It is possible that the MMED would have been some-
what higher if we had extended the evaluation period for
each dose level. The shorter the period, the higher the
risk of a carry-over effect from the previous treatment.
We were well aware of this when the study was designed.
However, 2-week intervals have been found useful in
steroid dose reduction studies in adults, and longer peri-
ods would have increased the risk of seasonal variation in
severity.9

CONCLUSIONS

The minimal effective dose of nebulized budesonide
varies from 0.5 to 2.0 mg/day in young children with
asthma. A higher drug delivery, as assessed by the filter
method, does not necessarily result in better clinical con-
trol or a lower minimal effective dose. Further studies are
needed to determine whether this is due to insufficient
sensitivity of the study design in detecting a difference in
clinical effect or whether it is because drug delivery to
young patients, assessed by the filter method, does not
reflect lung deposition and clinical effect, because the
application of a filter may influence the output.
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