R

o e g+

g o g imimy

R .

Metered-Dose Inhalers With Spacers
vs Nebulizers for Pediatric Asthma

Katherine J. Chou, MD; Sandra J. Cunningham, MD; Ellen F. Crain, MD, PhD

Objective: To determine whether the administration of
B-agonists by metered-dose inhaler (MDI) with a spacer
device is as effective as the administration of B-agonists
by nebulizer for the treatment of acute asthma exacer-
bations in children.

Design: Randomized trial with two arms.

SeHting: Urban pediatric emergency department (ED)
in Bronx, NY.

Patients: Convenience sample of 152 children 2 years
and older with a history ol at least two episodes of wheez-
ing presenting to the ED with an acute asthma exacer-
bation.

Interventions: Patients were randomly assigned to re-
ceive standard doses of a -agonist (albuterol) by an MDI
with spacer or by a nebulizer. Dosing intervals and the
use of other medications were determined by the treat-
ing physician.

Measurements/Main Resulis: Baseline characteris-
tics and asthma history were recorded. Asthma severity

score, peak expiralory flow rate in children 5 years or
older, and oxygen saturation were determined at presen-
tation and before admission or discharge. The groups did
not differ in age, sex, ethnicity, age of onset of asthma,
or asthma severity score at presentation. There were no
significant differences between the groups in outcomes,
including mean changes in respiratory rate, asthma se-
verity score, and peak expiratory flow rate, oxygen satu-
ration, number of treatments given, administration of ste-
roidsin the ED, and admission rate. Patients given MDls
with spacers required shorter treatment times in the ED
(66 minutes vs 103 minutes, P<.001). Fewer patients in
the spacer group had episodes of vomiting in the ED
(9% vs 20%, P<.04), and patients in the nebulizer
group had a significantly greater mean percent increase
in heart rate from baseline to final disposition (15% vs
5%, P<.001).

Conclusions: These data suggest that MDIs with spac-
ers may be an effective alternative to nebulizers for the
treatment of children with acute asthma exacerbations
in the ED.

(Arch Pediatr Adolesc Med. 1995;149:201-205)
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lion people in the United

States are affected by

asthma.!? Among the

highest risk groups for

asthma are inner-city poor children.* Many

of these individuals receive their medical

care from emergency departments (EDs),

which are often overburdened and under-

staffed. The challenge facing urban EDs s

to deliver quality care to children with

asthma, given the limited resources and
manpower available.

Traditionally, patients who present to

EDs with symptoms of asthma are treated

with nebulized bronchodilators.* With the

increasing prevalence of asthma, acute

management has become more time-

consuming and costly.> Crowded EDs may

have too [ew oxygen ports to meet the

lays. In addition, a concern in inner-city
hospitals has been the potential for the
spread of tuberculosis by aerosolized par-
ticles from nebulizers.”

A spacer device is a holding cham-
ber with a port at one end to which a me-
tered-dose inhaler (MDI) is attached and
a mask or mouthpiece at the other end. Pa-
tients dispense medications into the hold-
ing chamber and inhale them by breath-
ing normally through the mask or
mouthpiece. In the ED, MDls with spac-
ers may be a useful alternative to nebuliz-
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METHODS

STUDY PROTOCOL

This study was conducted at the Bronx Municipal Hospi-
tal Center Pediatric Emergency Department, an inner-city
facility with approximately 55 000 patient visits per year,
of which nearly 6500 are for asthma. Between October 1,
1992, and April 30, 1993, a convenience sample of asth-
matic patients who presented to the ED during daytime
hours when the investigator (K.C.) was present was en-
rolled.

To be eligible for the study, a child had to be 2 years
of age or older, have a history of at least two episodes of
wheezing, and currently be wheezing. Exclusion criteria
included a history of other chronic illnesses, altered men-
tal status, an initial oxygen saturation of less than 90% while
breathing room air in conjunction with an asthma sever-
ity score'® of 12, or respiratory insulficiency requiring me-
chanical ventilation.

Informed consent for participation in the study was
obtained {or each patient enrolled, and baseline demo-
graphic data were collected from the parents of all eligible
children. Prior to undertaking the study, consecutively num-
bered envelopes were prepared containing treatment group
assignments that were randomized using a random num-
ber table. Each enrolled patient received the next num-
bered envelope in time order containing the assignment to
one of the two Lreatment groups. Because of the seasonal
decrease in asthma cases and unavailability of the primary
investigator, enrollment was terminated belore all assign-
ments were made, resulting in slightly uneven groups.

A standard B-agonist, albuterol, was supplied by the
hospital pharmacy either as an MDY or as a solution for nebu-
lization,

The experimental (spacer) group received albuterol
by MDI with spacer, after a brief instruction in its use, A
standard dose of three pulls per dose (90 pg per puff) was
given based on current literature.”" The spacer device used
was the Aerochamber (Monaghan Medical Corporation,
Plattsburgh, NY). Children under the age of 5 years or those
who were unable to cooperate with the use of a mouth-
piece were given the spacer with a face mask. For each dose,
one puff by MDI was dispensed into the spacer, followed
by the child’s breathing normally five times through ei-
ther the mouthpiece or the face mask. The process was re-
peated two more times [or a total of three pulls per dose.

The control (nebulizer) group received a standard dose
0f0.15 mg/kg of albuterol, Lo a maximum of 5 mg, in 3 mIL.
of normal saline solution by an oxygen-driven nebulizer
(Acorn 1, Marquest Medical Products, Englewood, Colo)
at a-llow rate of 6 L per minute.

For both groups, the number of treatments, use of other

medications, and final disposition were determined by the
treating physician according to management protocols oyt
lined by the National Asthma Education Program Expert
Panel Report.'” The approximate dosing interval was 20 mip.
utes for both groups. Oxygen was given to all patients with
an oxygen saturation of less than 94% while breathing Toom
air. All discharged patients who received steroids in the Ep
were prescribed a short home course of prednisone.

This study was approved by the Committee on Clinj-
cal Investigations of the Albert Einstein College of Medi-
cine and the Bronx Municipal Hospital Center.

ASSESSMENT

Demographic data included age, sex, ethnicity, and method
of payment. Baseline characteristics included age at the di-
agnosis of asthma, the number of hospitalizations for asthma,
whether there was a history of intensive care unit admis-
sions or intubations, the number of days wheezing in the -
present illness, the presence of intercurrent illnesses, and
whether asthma medications were used within the past 24
hours. Clinical measurements at presentation included an
asthma severily score, peak expiratory flow rate (PEFR) us-
inga Wright peak flowmeter (Ferraris Medical LTD, Lon-
don, England) for children older than 5 years, and room
air oxygen saturation measured by a pulse oximeter (Nell- '
cor Inc, Hayward, Calif). :

We used the pulmonary index (Table 1),' a vali-
dated asthma severity score composed of four items, each *
scored [rom O to 3, to assess severity of illness, We deflined
total scores of 0 to 3 as mild asthma, 4 to 7 as moderate
asthma, and 8 to 12 as severe asthma, .

Primary outcomes were measured before each treat-
ment and at the time of final disposition. These included
the percent change in asthma severity score, percent pre- .
dicted PEFR [ov children older than 5 years, and oxygen
saturation. Secondary outcome measures included the num-
ber of treatments given, whether stercids were used, the
admission rate, and the treatment time in the ED. The per-
cent change in heart rate (FIR) was calculated using the fol-
lowing lormula: [(HRfum—HRina)/HRpim] X 100.

Vomiling or observed tremulousness was recorded, as
well as whether the child complained of any side effects
associated with B-agonist therapy.

STATISTICAL ANALYSIS

The Mann-Whitney U test was used to evaluate the differ-
ences between groups with respect to ordinal data and the
¥? test to compare the groups on categorical variables. Where
the expected [requency in any cell was five or less, Fish-
er's Exact Test was used to compare the groups on cat-
egorical variables, Statistical significance was considered
at P<.05,

ers since treatments are not limited by the availability of
oxygen ports and there is less risk of spreading respira-
tory pathogens, Results of several studies [rom the adult
population indicate that MDIs with spacers are as eflec-
tive as nebulizers in the treatment of asthma in both in-
patient and outpatient settings.*'> The purpose of this
study was to evaluate whether MDls with spacers are as

effective as nebulizers in the ED treatment of pedia
patients with acute asthma exacerbations.

— T

One hundred fifty-two patients were enrolled: 81 in
nebulizer group and 71 in the spacer group. No patie
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Table 1. Asthmé Severity Score

Respiratory
) Rate, Breaths .
‘Score - permin - . - Wheezing* I.Ef ~  Retractions
S0 <80 None - 52 Nome
SRS I 31-45 - End expiratory  5:3to 54 *+
.2 46-60 - . Entire expiratory = - 111 o
3 >80 inspiratory and = <11 D

: _exmratory

*If no wheezing due to minimal air exchange, score 3.

Tlnsplra{o:y-expiratow ratio.

tqus/mmus s{gn indicates mild wheezing; double plus signs, moderate
wheezing; and triple plus signs, marked wheezing.

tPercents within groups may add to more than 100 because some
patients were taking more than one medication.

For this analysis N=49 in the nebulizer group and N=39 in the spacer
group.

who presented for asthma treatment during the hours
when the primary investigator was present met the cri-
teria for exclusion from the study. All of the patients com-
pleted the study and there was no crossover between
groups. The groups did not differ significantly in demo-
graphics (Table 2). Baseline characteristics of both groups
are shown in Table 3. While the groups did not differ
in terms of the average number of home medications used
per patient in the 24 hours prior to presentation to the
ED, significantly more patients in the nebulizer group
(n=44) reported using B-agonist inhalers at home than
in the spacer group (n=23) (P<.01). When these pa-
tients were compared at baseline, there was no signifi-
cant difference between their initial asthma severity scores.

Outcomes for the two groups are shown in Table 4.
There were no significant differences between the groups
in changes in asthma severity score or percent predicted
PEFR from baseline to the time of final disposition. Fur-

Table 2. Demographic Ch’aranta»ristics

S . N
Nebullzer - Spacer

© - -Group . Group
Characteristic (N=81) (=) - P
Median age; y - R
. (25th-75th percentile) 8.8(4.9-12.0) 71 (4,5"1'2;7")‘ B2
Male, % . . ) o 53 < B3 o A5
Latino and African American, %: T R - BN |
Medicaid payment, % S8 L T0 AT

Table 4. Dulcomes*

*PEFR indicates peak expiratory flow rate; ED, emergency department.
tFor this analysis, N=49 in the nebulizer group and N=39 in the spacer
group.

thermore, at disposition there were no significant differ-
ences in final oxygen saturation, mean number of treat-
ments given, administration of steroids, or admission rate.
No patients in either group received other bronchodila-
tors.

There was a significant difference between the two
groups in terms of treatment time in the ED. The mean
ED treatment time for children in the nebulizer group
was 103 minutes compared with 66 minutes for chil-
dren in the spacer group (P<.001). Additionally, signifi-
cantly [ewer patients in the spacer group experienced epi-
sodes of vomiting during treatment: six of 71 (8%) vs 16
of 81 (209%) (P<.04). Finally, the nebulizer group had a
significantly greater mean percent increase in heart rate
at final disposition compared with the spacer group (15%
vs 5%, P<,001). -

—

Nebulized B-agonist therapy is the standard treatment
for patients presenting to EDs with acute asthma exac-
erbations. In the past, the use of MDIs in children has
been limited because of their inability to coordinate in-
spiration with aerosol delivery.® The development of
spacer devices has allowed younger children with asthma
to be treated with MDIs.!8 Several studies from the adult
population have demonstrated the effectiveness of MDIs
with spacers for the treatment of acute asthma exacer-
bations.5'3 Many of these studies are limited by small
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sample size, lack of a control group, difliculty in deter-
mining equivalent doses ol bronchodilator agents viaMDI
vs nebulizer, and variations in patients with respect to
bronchodilator responsiveness.** However, even with dif-
ferences in the doses of the agents used, most studies
found no significant differences in patient response to
MDI therapy vs nebulizer therapy in EDs, inpatient wards,
and intensive care units.** In addition, cost-analysis stud-
ies have indicated that for hospitalized adult patients with
asthma exacerbations, treatment with either MDIs or
nebulizers produced equivalent responses, and MDI use
was not associated with longer hospital stays. The sub-
stitution of MDI therapy for nebulizer therapy was eco-
nomically beneficial for both patients and hospi-
tals.m"z']"'

EWER STUDIES exist in the pediatric litera-

ture.®!318-20 Recently, Kerem et al® ran-

domly assigned patients to receive al-

buterol either by nebulizer or by MDI with

spacer in a double-blinded, placebo-
controlled study. The authors showed no significant dif-
ferences between the groups in changes in respiratory rate,
clinical score, and respiratory function values. They noted
that patients treated with MDIs with spacers had signifi-
cantly less increase in heart rate over time (P<.05). Their
study was limited by the relatively small sample size
(n=33) and brief study period (40 minutes). Benton et
al®® studied 13 patients with moderate symptoms of
asthma, These subjects were given a bronchodilator by
MDI with spacer (Aerochamber). A comparison sample
of 25 patients treated with nebulized bronchodilators was
selected by reviewing the medical records of known asth-
matics. These authors found no significant differences
between the two groups with respect to final PEFR mea-
surements and change in heart rate, but found a signifi-
cant difference in mean change in respiratory rate. The
MDI with spacer group had a fall in respiratory rate while
the nebulizer group experienced a rise. Several prob-
lems limited their study. The sample size of 38 patients
may not have been large enough to permit the detection
of a difference between the groups. The control group
may have differed significantly in baseline characteris-
tics [rom the study group. Additionally, because the con-
trol group was studied retrospectively, other unmea-
sured factors may have affected their response to the
nebulized treatments.

In our study, MDIs with spacers were as elfective
as nebulizers in producing bronchodilation for children
with acute asthma exacerbations. We found that both
forms of delivery of albuterol resulted in similar improve-
ments in clinical observations and objective param-
eters. Additionally, our study included younger pa-
tients (age =6 years), who traditionally have not been
treated with MDIs due to difficulty in administration of
the medication. For the children in this age group, we
found no significant differences in baseline or final asthma
severity scores between the nebulizer and spacer groups.

There were some limitations to our study. While our
sample size was large in comparison to that in other pub-
lished reports, only 8.6% of children in the nebulizer group

and 8.5% of children in the spacer group had baselinc
asthma severity scores ol 8 or above. Therefore, we can-
not comment conclusively that MDIs with spacers would
be as ellective as nebulized treatment in children with
the most severe symptoms of asthma. However, we be-
lieve that our sample was representative of children pre-
senting to EDs with acute asthma exacerbations. In an-
other study by DiGiulio et al,*' 29 patients with asthima
exacerbations, aged 2 to 16 years, who demonstrated in-
sufficient improvement alter ED treatment to allow dis-
charge, were recruited. For these patients, the authors
found a median baseline asthma severity score of 6 us-
ing a modified pulmonary index.'¢

We found a dilference in admission rate of 0.6% be-
tween the nebulizer and spacer groups (6.2% vs 5.6%).
We calculated a 95% conlfidence interval of 0% to 8.2%
for the difference in admission rate between the two
groups. Although the true difference may be as great as
8.2%, our result of 0.6% suggests that this difference is
probably very small and close to zero,

Some outcome measurements were subjective, such
as degree ol wheezing and retractions. To avoid diller-
ences in interobserver reliability, we used a single data
recorder.

Finally, although our study was a randomized con-
trolled trial, it was not blinded. Spacers have already been
studied as elfective delivery devices for inhaled medica-

.tions in adults and children. Our main question was

whether spacers were useful for the delivery of asthma
medication as an alternative to nebulizers in a busy pe-
diatric ED setting, and blinding would have made the care
substantially different from usual ED care. A few of the
outcomes were vulnerable to investigator bias (ie, de-
gree ol wheezing and degree of retractions). However,
these variables behaved the same as nonvulnerable ob-
Jective variables (ie, respiratory rate and oxygen satura-
tion).

In summary, in our study sample, patients treatecl
with MDIs with spacers achieved the same degree of im-
provement in symptoms as patients treated with nebti-
lizers, while spending significantly shorter treatment times
in the ED. Although we did not perform a cost-benelit
analysis, it may be reasonably assumedl that shorter treat-
ment times for asthmatics treated with MDIs with spac-
ers would result in fewer number of personnel and re-
sources utilized. In our study, significantly fewer paticnts
treated with MDIs with spacers experienced vomitin g
while in the ED, and the mean percent increase in heart
rate {rom baseline to {inal disposition was signiflicantly
greater in the nebulizer group, suggesting that there may
be fewer systemic effects of B-agonist therapy with MDIs
with spacers.

We conclude that an MDI with a spacer device is
an effective alternative to nebulizers for the ED treat-
ment of children with mild to moderate asthma exacer-
bations.
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