Costs and effectiveness of spacer versus nebulizer in
young children with moderate and severe acute asthma
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Objective: To compare the costs and effectiveness of albuterol by metered dose inhaler (MDI) and spacer versus

nebulizer in young children with moderate and severe acute asthma.

Design: Randomized, double-blind, placebo-controlled trial in an emergency department at a children’s hospital. The
participants were children 1 to 4 years of age with moderate to severe acute asthma. Patients assigned to the spacer group
received albuterol (600 pg) by MDI by spacer (AeroChamber) followed by placebo by nebulizer (n = 30). The nebulizer
group received placebo MDI by spacer followed by 2.5 mg albuterol by nebulizer (n = 30). Treatments were repeated at
20-minute intervals until the patient was judged to need no further doses of bronchodilator, or a total of 6 treatments.

Results: Clinical score, heart rate, respiratory rate, auscultatory findings, and oxygen saturation were recorded at
baseline, after each treatment, and 60 minutes after the last treatment. Baseline characteristics and asthma severity
were similar for the treatment groups. The spacer was as effective as the nebulizer for clinical score, respiratory rate,
and oxygen saturation but produced a greater reduction in wheezing (P = .03). Heart rate increased to a greater
degree in the nebulizer group (11.0/min vs 0.17/min for spacer, P < .01). Fewer children in the spacer group required
admission (33% vs 60% in the nebulizer group, P = .04, adjusted for sex). No differences were seen in rates of tremor
or hyperactivity. The mean cost of each emergency department presentation was NZ$825 for the spacer group and
NZ$1282 for the nebulizer group (P = .03); 86% of children and 85% of parents preferred the spacer.

Conclusion: The MDI and spacer combination was a cost-effective alternative to a nebulizer in the delivery of
albuterol to young children with moderate and severe acute asthma. (J Pediatr 2000;136:497-502)

for mild exacerbations of asthma

[nhaled bronchodilator, typically al-
buterol, is the standard management
‘or acute exacerbations of asthma.!
Whereas a spacer and metered dose
nhaler combination is commonly used

among young children, for more severe
asthma and in the emergency depart-
ment setting, the bronchodilator is typ-
ically administered by nebulizer.
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The spacer/MDI combination has
been evaluated in all ranges of severity
in acute asthma among adults and is at
least as effective as the nebulizer in
outpatient, inpatient, ED, and inten-

See editorial, p. 428.

sive care settings.2"!! In adults with
acute severe asthma, the spacer ap-
pears to be more effective than the

nebulizer, resulting in more rapid reso-

ED Emergency department
MDI  Metered dose inhaler
5a0, Oxygen saturation

lution of bronchospasm and a greater
increase in forced expiratory volume
after the first dose.® In addition to clin-
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Table I. Clinical score

ical benefit, there is a cost benefit, with
some U.S. hospitals documenting a
30% to 50% savings of the annual cost
of asthma therapy with substitution of

spacers for nebulizers, 26212

Studies among children comparing
the spacer with the nebulizer have been
limited.' Although inhalation of B,-ago-
nist by spacer is often prescribed in chil-
dren for maintenance therapy in an
ambulatory setting, this delivery method
has not been widely accepted for man-
aging acute asthma in the ED. Whereas
the spacer has been shown to be equiva-
lent to a nebulizer for children with mild
and moderate asthma, '8 most studies
exclude children with severe asth-
ma.!*16 In addition, although several
studies suggest the spacer and MDI
combination may be cost-effective in pe-
diatric populations, no direct cost com-
parisons have been performed.}#16:17
Because asthma is one of the most com-
mon reasons young children are seen in
the ED, it is important to assess whether
the clinical and economic advantages
observed in adults with severe asthma
are also observed in children. Therefore
the aim of this study was to evaluate the
costs and effectiveness of albuterol de-
livered by MDI and spacer versus neb-
ulizer in young children seen in the ED
with moderate and severe acute asthma.

METHODS

Children were eligible if they were 1
to 4 years of age and presented with an
acute exacerbation of asthma to the ED
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of the Starship Children's Hospital
in Auckland, New Zealand. Baseline
observations included heart rate, respi-
ratory rate, chest findings on ausculta-
tion, and room air oxygen saturation
(saturation measured noninvasively
with Nellcor pulse oximeter). Wheez-
ing, heart rate, and accessory muscle
use were graded on a scale of 0 to 3
(Table I) and a summary asthma clini-
cal severity score assigned with a maxi-
mum score of 9.1%20 Only children with
a known history of asthma and a clini-
cal score >3 (moderate and severe ex-
acerbation) were eligible for inclusion.
Note was made of their asthma history
and the therapy received before pre-
sentation to the ED. Children were
excluded if they received inhaled bron-
chodilator in the hour before presenta-
tion or required immediate admission
to the intensive care unit, or if exami-
nation confirmed a coexisting medical
condition such as pneumonia. The
study was approved by the hospital
ethics committee, and children were
enrolled after informed consent was
obtained from their parent or caregiver.

Patients were randomized to receive
1 of 2 treatments administered in a dou-
ble-blind, double-dummy fashion. The
spacer group received 600 lig albuterol
by MDI (100 pg/actuation Ventolin,
Glaxo) by spacer followed by normal
saline solution by nebulizer over a 10-
minute period. The nebulizer group re-
ceived 6 actuations of placebo MDI by
spacer followed by 2.5 mg albuterol by
nebulizer over a 10-minute period (1
mg/mL Ventolin, Glaxo). To optimize
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delivery the MDI was shaken before
each actuation, and medication was ad-
ministered one actuation at a time into
the child AeroChamber with a face-
mask (150 mL, Trudell Medical). Each
actuation was administered just before
inhalation and cleared from the spacer
by 5 tidal breaths. Because “new” (pre-
viously unused) spacers have an electro-
static charge that reduces the available
dose to the patient by 66% compared
with “used” spacers,!?5 the spacers
were primed with 10 actuations from
the MIDI before use. Wherever possible
the medication was administered when
the child was quiet and cooperative.
Nebulizer therapy was delivered with a
Marquest bowl and Hudson facemask,
and normal saline solution was added
for a 4-mL fill volume. This combina-
tion with wall oxygen as driving gas
flow at 8 L/min for 10 minutes produces
an output of 0.36 mL/min and a mass
median aerodynamic diameter particle
of 341 pum. The ratio of 600 pg al-
buterol by spacer to 2.5 mg by the neb-
ulizer was estimated to be an equivalent
dose from previous studies among both
children and adults. The hospital phar-
macy generated the randomization
schedule with random numbers and
supplied blinded treatment packets.

Treatments were repeated at 20-
minute intervals, until the patient was
judged by the attending clinician (A.L.,
S.C.) to need no further doses of bron-
chodilator, up to a maximum of 6 treat-
ments. A single dose of oral steroid
(prednisone) was administered accord-
ing to standard ED protocol (2 mg/kg
as a single dose in the first 30 minutes
of the ED stay). No oral steroid was
administered to children who had re-
ceived an appropriate dose in the 24
hours before assessment. Patients with
sustained room air oxygen saturation
<92% received supplemental oxygen.
No other concurrent medications were
given during the study period. Patients
reverted to the standard ED protocol if
they refused medication, required more
than 6 treatments, or their clinical con-
dition deteriorated.
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Observations including heart rate,
respiratory rate, oxygen saturation,
and the clinical severity score were
recorded at baseline, 20 minutes after
each treatment, and 60 minutes after
the final study treatment. Additional
outcome measures included an assess-
ment of wheezing (0 = nil, 1 = end ex-
piratory, 2 = expiratory, 3 = inspiratory
and expiratory, 4 = silent chest) and
side effects. Side effects included a
clinical assessment of tremor (0 to 3, 0
=nil, 3 = severe), a parental assessment
of hyperactivity (0 to 3, 0 = nil, 3 = se-
vere), and change in heart rate. Record
was made of the time required to ad-
minister each treatment, the number of
treatments required, and whether the
child was discharged home from the
ED or required admission to hospital.
Children were admitted to the hospital
if they had ongoing hypoxia or wheez-
ing 60 minutes after the final study
treatment. Children discharged from
ED were prescribed 4-hourly inhaled
bronchodilator, completed a course of
oral steroids (prednisone 2 mg/kg for 5
days), and continued taking their usual
asthma prophylaxis. Families were ad-
vised to return to the ED if the pre-
scribed asthma treatment did not result
in improvement of asthma symptoms.
Re-presentation to the ED in the 48
hours after discharge was noted. The
child and his or her parent were asked
which treatment option they preferred.

Costs were calculated with the cost
of the medication, equipment (spacer,
masks, and nebulizer bowl), the ED
presentation, and for those requiring
admission, the cost of the resulting
hospital admission. The Children’s
Hospital Management Unit provided
cost estimates that included the fixed
costs, human resources, and investiga-
tion and treatment costs. Benchmark
estimates in 1996 were NZ$190 for
each ED presentation and NZ$1814
for each hospital admission for asthma.

Data were analyzed with the SPSS
statistical package (SPSS, Inc) with an
intention-to-treat analysis. Baseline
characteristics and response to treat-

Table II. Baseline characteristics
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; Nebui‘zer
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Spaqer 2 :
LAl
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aigd comcostemzd prcphyiams (%)
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Médum No. of hours .smce la,st bmnchodilator

: *1 before ED presenratmm

1 No. of hospltal admissions in prewous year
ean cf.IED attendances in previous year

. Qra.l steroids in prevmns 24h (%)
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Table IT. Baseline recordings

Spacer Nebulizer Mean g s

iz n = 30) (n=30) difference . 95% Cl
Wheeze e <] ¥t e 033 - 005072
HR (beats/min) 150.1 149.0 Y48 ihe 8L |
RR(breaths/mm) . 452 46.9 Faplad LA B
8a0, saturation (%) 93.7 93.9° 043 -12,093
Accessory muscle use 23 A -0:13 . =0.45, 0,18
:Clxmcal score 54 5' o R = 59':;.

~1.0,0.41

'Mean values presented for each group, 95% Cl around the mean: c!iﬂ'erence

HR, Heart rate; RR, respiratory rate,

ments were compared with ¢ tests,
Wilcoxon rank sum tests for continu-
ous variables, and chi-squared tests for
categorical variables. Multiple regres-
sion was used to adjust for covariates.
To assess both clinical and statistical
equivalence, we report the mean dif-
ference between the treatment groups
the 95% confidence interval
around the difference. The proportion
of children admitted to the hospital
from the ED after each treatment was
compared with the log-rank statistic
and displayed with Kaplan-Meier sur-
vival curves. A sample size of 30 per
group provided 80% power to detect a
difference of 1.25 in clinical score with
an SD of 1.5 and an o of .05.

and

REsuLTS

Sixty children entered the study: 30
in each treatment group. The treat-

ment groups were similar with respect
to age, but a higher proportion of the
nebulizer group was male (80.0% vs
47%, P = .02). The groups were similar
for measures of asthma severity in his-
tory, usual asthma therapy, and med-
ication received in the 24 hours before
presentation to ED (Table II); 78% of
the spacer group had received inhaled
bronchodilator in the previous 24
hours compared with 80% of the nebu-
lizer group. In the preceding 24 hours,
82% of both groups had used a spacer
at home, whereas 22% of the spacer
group and 15% of the nebulizer group
received bronchodilator therapy by a
nebulizer. No clinically or statistically
significant differences were seen in the
baseline assessment of asthma severity
on presentation to the ED (Table III).
A significantly greater reduction oc-
curred in wheezing with the first treat-
ment for the spacer group compared
with the nebulizer group (P = .03)
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Figure. Proportion of children requiring ongoing medical therapy (hospital or ED). * Adjusted for sex.

Table IV. Response to first treatment

SR, e % i

(Table 1V). Children in the nebulizer
group had a significantly greater in-
crease in heart rate with the first treat-
ment than those in the spacer group

(P < .01) and continued to have a sig-
nificantly higher heart rate throughout
the remainder of the study period
(P = .03). No other differences were
seen between groups in the response to
the first treatment. The median num-
ber of treatments required was 4 in the
spacer group and 4.5 in the nebulizer
group. Over the whole study period,
the absolute change in clinical score
was similar (-2.9 spacer vs —2.7 nebu-
lizer, P = .55).

Of the children in the spacer group,
33% required admission to hospital
compared with 60% in the nebulizer
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group (P = .04 adjusted for sex). Chil-
dren in the spacer group improved
with each treatment and were dis-
charged home from the ED with fewer
treatments overall (Figure: the sur-
vival curve for requirement for ongo-
ing medical therapy, log-rank test,
P = .05). In contrast, little clinical im-
provement occurred in the children in
the nebulizer group after the fourth
treatment. Two of 20 children dis-
charged home from the ED after treat-
ment with the spacer re-presented
within 48 hours: one with a viral pneu-
monia, the other with a repeat exacerba-
tion of asthma. None of the 12 children
discharged home from the ED after
nebulizer therapy re-presented within
the follow-up period (P = .58).
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The mean cost of the medication and
equipment required during the ED stay
was NZ$30.60 for the spacer group
and NZ$3.52 for the nebulizer group.
The mean total cost was NZ$825 for
the spacer group and NZ$1282 for
the nebulizer group (P = .03) (includes
the cost of the ED stay, medication and
equipment, and subsequent hospital
admission, if required). The time re-
quired to deliver each treatment was
approximately 1.5 minutes by spacer
compared with 10 minutes for the neb-
ulizer. Eighty-six percent of children
and 85% of parents preferred the spac-
er to the nebulizer.

Three patients were withdrawn from
the study but were included in the
study sample and analysis. Two chil-
dren refused both the spacer and nebu-
lizer (one in each treatment group) and
were admitted to hospital. One child in
the nebulizer group refused the nebu-
lizer but was successfully treated with
bronchodilator by the spacer and was
subsequently discharged.

DiscuUssSION

Comparisons between spacer and
nebulizer treatment suggest they are
equivalent methods of delivery of
bronchodilator to children with mild or

13-

moderate asthma.!31® However, most

studies specifically exclude children
14-16 4nd few in-
clude children <5 years of age.!426-28
Studies including young children with
moderate and severe asthma have re-
ported difficulties with valve move-

with severe asthma,

ment in the spacer?s and a modest
withdrawal rate because of lack of tol-
erance with the spacer.?8 Parkin et al?’
specifically compared the 2 methods in
severe asthma in young children but
randomized children to spacer or neb-
ulizer treatment after ED stabilization
with standard nebulizer therapy.
Other studies have methodologic limi-
tations including lack of blinding, no
control group, and lack of adjustment
for concomitant medications.'?
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We documented that albuterol deliv-
ered by spacer and MDI was an effec-
tive alternative to a nebulizer, was well
tolerated, was quicker to deliver, and
had fewer side effects. In addition to
being a more efficient means of drug
delivery, for this population of children
with severe asthma, the spacer and
MDI combination was cost-effective.
Although the delivery system itself was
more expensive, there were fewer hos-
pital admissions with the spacer
and thus lower costs overall per child
presenting with an acute exacerbation
of asthma. For each NZ$1200 hospital
admission avoided, the marginal cost
of the spacer/MDI combination was
NZ$87. Although the cost benefit
would be less in populations of children
with less severe asthma, this degree of
cost savings is consistent with other
studies examining the spacer and MDI
in the treatment of hospitalized adults
with asthma.2612 A large component
of the cost savings in U.S. studies is in
respiratory therapist time. This is not
applicable to the New Zealand situa-
tion, because nursing staff deliver both
therapies. Cost savings are even greater
if the downstream costs of using the 2
treatments at home are considered.

The equivalent dose of spacer to neb-
ulizer albuterol has yet to be agreed
on. In our study the average cumula-
tive dose of albuterol delivered by the
spacer (2.3 mg) was more effective
than the 10.8 mg delivered by the neb-
ulizer (a ratio of 1:4.7). The wide range
reported in the literature (1:1 to
1:12_5)2.5.6,9,12-16.18,26,27.29-32 isarelen-
tion of the differing study designs and
the wariability in dose delivered
to the lungs by the different delivery
systems. Although the nebulizer is
the gold standard by which other
aerosolized therapies are compared,
output from a nebulizer system is
greatly influenced by the type and
brand of nebulizer used and how it is
operated.33-38

The way the medication is delivered
with the spacer/MDI combination and
the choice of spacer have important in-

fluences on the amount of drug deliv-
ered to the lungs.3? We chose to use a
small-volume spacer despite the evi-
dence the output may be higher from
large-volume spacers.’® Because the
higher concentration of aerosol in a
small chamber tends to enhance drug
delivery at low tidal volumes and low
inspiratory flows, ! the small volume
spacer was more appropriate in our
population of young children with se-
vere asthma. We did not observe diffi-
culties with valve movement resulting
from low flow rates with severe asthma
found in other studies.?6 Possible rea-
sons for this include the close applica-
tion of the mask to the face producing
an effective seal and the use of a pedi-
atric spacer with a lightweight valve.

The spacer was the preferred treat-
ment option for both parents and chil-
dren and was well tolerated by almost
all of the children. The spacer is an ac-
cepted alternative to the nebulizer in
outpatient settings in New Zealand,
and this is likely to have played a major
part in the acceptance in the ED set-
ting. In populations where the spacer
is less widely used and the nebulizer is
the standard of care, initial parental
and child acceptance and tolerance
may not be as high.

Although nebulizers have been the
standard of care for acute asthma in
the ED, several features detract from
their use. Nebulizers are noisy, require
the child to sit still for 10 minutes, and
are relatively inefficient, delivering at
best 10% of the prescribed drug to the
lungs.3* Moreover, nebulizer units re-
quire regular maintenance, and some
do not deliver a good respirable out-
put.?® Compared with a nebulizer, a
spacer and MDI is a more efficient
means of drug delivery; less total dose
is required for the same degree of
bronchodilation, and the time to deliv-
er a complete dose is shorter,!142
There appear to be fewer side effects
as manifest by the lower heart rate re-
sponse to treatment in the spacer
group. The higher heart rate in the
nebulizer group reflects unresolved
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asthma and the poorer therapeutic
index of bronchodilator with a nebuliz-
er. Delivery by nebulizer results in
greater facial and oropharyngeal depo-
sition of medication, with consequent
systemic absorption and side effects
(particularly tachycardia). Delivery
with spacer improves targeting of med-
ication to the lung and reduces the
dose delivered elsewhere, thus reduc-
ing the amount of medication available
for systemic absorption. In addition, a
spacer and MDI is compact, relatively
cheap, and because it requires no ex-
ternal power source, it can be used in
most settings.

Our study has shown that an MDI
and spacer combination is at least as
effective as a nebulizer in the delivery
of albuterol to young children with
moderate and severe acute asthma. In
our population the MDI/spacer com-
bination resulted in lower rates of hos-
pital admission and lower costs per ED
presentation and was the preferred
treatment option for parents and chil-
dren. The spacer provides an effective
alternative to the routine use of the
nebulizer in the acute setting.
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