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Delivery of albuterol aerosol by aerochamber to

young children

R. Michael Sly, MD; Jeanne M. Barbera, MD; Helen B. Middleton, RN; and Donna M. Eby

Inhalation of albuterol aerosol, 200 ug, delivered from metered dose inhalers via Aerochamber, elicited a highly
significant improvement in peak expiratory flow rate from 70% to 84% and 91% predicted normal 5 and 20 minutes
afier treatment, respectively, in 30 asthmatic children 3 to 6 years of age. No significant increase in peak expiratory
flow rate followed inhalation of placebo by a similar iroup of 16 asthmatic children. Use of the Aerochamber permits

effective delivery of medication from metered dose in

INTRODUCTION
Inhalation of a beta adrenergic ag-
onist is the treatment of choice for
acute asthma.'"* Advantages of the
inhalational route include rapid on-
set of action and a requirement for
relatively small doses for effective
bronchodilation with consequent
lessening of the frequency and se-
verity of adverse side effects.*’
Delivery from metered dose in-
halers is popular because of conven-
ience, but optimal response requires
actuation of the canister at the start
of a slow inhalation from functional
residual capacity to total lung ca-
pacity followed by breathholding for
ten seconds.®® Many adults and
children are unable to master the
technique required for optimal use
of a metered dose inhaler.'**? Use
of a spacer tube or chamber can
enhance response by obviating the
need for synchronization of actua-
tion of the canister with inhalation
as well as by permitting a decrease
in the velocity of the aerosol parti-
cles before reaching the patient, de-
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creasing oropharyngeal deposition
by impaction, and allowing for a
decrease in particle size to a size
more consistent with delivery to the
lower airways through evaporation
of the propellant that encloses the
bronchodilator particles.®'? Various

" spacers and chambers have been re-

ported to enhance pulmonary re-
sponse to inhaled bronchodila-
tors.'>2*

The Aerochamber (Monaghan
Medical Corporation, Plattsburgh,
NY) as modified from the original
design is a 9-cm plastic cylinder 4
cm in diameter with a port at one
end into which the standard me-
tered dose inhaler is inserted (Fig
1.2 A one-way inhalation valve
and exhalation ports are at the other
end with the mouthpiece. Within
three seconds after actuation of the
metered dose inhaler to release a
single dose into the Aerochamber,
the patient inhales slowly through
the mouthpiece from functional re-
sidual capacity to total lung capacity
and then holds the breath for ten
seconds.

We have evaluated further the ef-
fectiveness of the Aerochamber in
delivering a bronchodilator from
metered dose inhalers to young chil-
dren.

METHODS

Thirty children who had had recur-
rent episodes of reversible airway
obstruction ascribed to asthma, 3 to
6 years of age, with peak expiratory
flow rates 40% to 90% predicted

alers fo children as young as 3 years of age.

normal* were otherwise selected for
study only by willingness to partic-
ipate and ability to cooperate with
testing. Their mean age was 4.8
years. Five subjects were 3 years old,
and four were 4 years old. There
were nine girls and 21 boys.

After instruction in the use of the
Aerochamber each child received
two doses of albuterol, 100 ug each,
at an interval of five minutes. Pulse
rate and peak expiratory flow rate
were measured in that order before
treatment and 5 and 20 minutes
after administration of the second
dose. Peak expiratory flow rate was
determined with a Low Range
Wright Peak Flow Meter as the best
of three efforts that agreed within
10%.

A similar group of 16 asthmatic
children was evaluated before and
after inhalation of placebo to con-
trol for changes in peak expiratory
flow rate due to possible effects of
learning. Their mean age was 4.6
years. There were eight boys and

eight girls.

" RESULTS

Results are indicated in Tables 1
through 4 and Figures 2 through 4.

It was not necessary to exclude
any patient because of inability to
learn testing or treatment proce-
dures.

* Data of Polgar and Promadhat;? pre-
dicted normal estimated by extrapolation for
three children in control group and six in
experimental group with height <110 cm.
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Peak expiratory flow rates im-
proved in 29 of the 30 children who
received albuterol. Paired ¢ tests dis-
closed the increases from a mean of
70% predicted normal before treat-
ment to 84% at 5 minutes and 91%
at 20 minutes were highly signifi-
cant (P < .0005, Table 1, Fig 2).
The small increases in mean peak
expiratory flow rate from 70% to
73% and 75% in the children who
received placebo were not signifi-
cant (P > .05). Analysis of covari-
ance disclosed a highly significant
difference in peak expiratory flow
rate due to treatment (P < .0001).

Mean pulse rates increased from
90 to 104 after inhalation of albu-
terol and from 93 to 102 after in-
halation of placebo (Table 2).
Analysis of covariance disclosed no
significant effect of treatment on
changes in pulse rate (P = .0975).

Highly significant increases in
peak expiratory flow rate 5 and 20
minutes after inhalation of albuterol
occurred among both the five 3-
year-old children (P < .0005 and P

< .0025, paired ¢ tests) and the eight
6-year-old children (P < .0125 and
P < .005). Among the 3-year-old
children mean peak expiratory flow
rate increased from 73% t0 96% and
109% predicted normal; among the
6-year-olds, from 66% to 75% and
80% (Table 3, Fig 3). There was no
significant difference in pretreat-
ment peak expiratory flow rates for
these two groups (two sample ¢ test,
P = .45). Analysis of covariance
confirmed a highly significant effect
of age on increases in peak expira-
tory flow rate after inhalation of
albuterol (P = .004).

Seventeen children held their
breath for ten seconds after each
inhalation of albuterol. Their mean
peak expiratory flow rates increased
from 69% predicted normal to 82%
and 88% 5 and 20 minutes after
treatment (Table 4, Fig 4). These
increases were highly significant
(paired 1 tests, P < .0005). The in-
creases in peak expiratory flow rate
from a mean of 79% to 100% and
114% for the four children who did

Table 1. Mean Peak Expiratory Fiow Rates Expressed as Percent Predicted Normal with
Standard Errors of the Mean in 30 Asthmatic Children Before and After Inhalation of Albuterol
via Aerochamber and in 16 Before and After Inhalation of Placebo

N Pretreatment 5 Minutes 20 Minutes
Albuterol 30 69.7 £ 2.1 84.1+28 91.3+33
Placebo 16 69.6 + 4.3 734+ 438 750+ 46

Table 2. Mean Pulse Rates with Standard Errors of the Mean in 30 Asthmatic Children Before
and After Inhalation of Albuterol via Aerochamber and in 16 Before and After Inhalation of

Placebo
N Pretreatment 5 Minutes 20 Minutes
Albuterol 30 90+ 1.7 93+ 20 104+20
Placebo 16 93 + 23 98.9+ 39 1019+ 40

Table 3. Mean Peak Expiratory Flow Rates Expressed as Percent Predicted Normal with
Standard Errors of the Mean in Five 3-Year-Old and Eight 6-Year-Old Asthmatic Children
Before and After Inhalation of Albuterol via Aerochamber

Age N Pretreatment 5 Minutes 20 Minutes
3 5 73.0+50 96.0 + 6.1 1088+ 7.5
6 8 66.4 + 49 750+ 33 80028

Table 4. Mean Peak Expiratory Flow Rates Expressed as Percent Predicted Normal with
Standard Errors of the Mean Before and After Inhalation of Albuterol via Aerochamber for
Children Who Held Their Breath Not More Than Five Seconds after Inhalation and Those who

Held Their Breath Ten Seconds

52;:3.‘:\%%?; g N Pretreatment S Minutes 20 Minutes
=5 seconds 4 792 +54 100.0 + 6.3 1142+ 84
10 seconds 17 68.8 + 3.8 82.3+42 88.4 + 4.4

110+
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Figure 2. Mean peak expiratory flow rates
expressed as percent predicted normal with
standard errors of the mean in 30 asthmatic
children before and after inhalation of albu-
terol via Aerochamber and in 16 asthmatic
children before and after inhalation of pla-
cebo via Aerochamber.

not hold their breath for more than
five seconds were also highly signif-
icant (paired ¢ tests, P < .01 and P
< .005). Pretreatment peak expira-
tory flow rates did not differ signif-
icantly for these two groups (two
sample ¢ test, P > .2). Analysis of
covariance disclosed no significant
effect of duration of breathholding
on changes in peak expiratory flow
rate.

DISCUSSION

The highly significant increases in
peak expiratory flow rate that fol-
lowed inhalation of albuterol deliv-
ered by Aerochamber confirm that
this mode of therapy can be effective
in asthmatic children as young as 3
years of age.'>** The lack of any
significant difference in the increase
in pulse rate that followed inhala-
tion of albuterol as compared with
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Figure 3. Mean peak expiratory flow rates
expressed as percent predicted normal with
standard errors of the mean in five 3-year-
old and eight 6-year-old asthmatic children
before and after inhalation of albuterol via
Aerochamber.
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Figure 4. Mean peak expiratory flow rates
expressed as percent predicted normal with
standard errors of the mean before and after
inhalation of albuterol via Aerochamber for
four children who held their breath not more
than five seconds after inhalation and 17 who
held their breath ten seconds.

inhalation of placebo by a similar
group of asthmatic children con-
firms that delivery of 200 ug albu-
terol by this system to asthmatic
children 3 to 6 years of age is safe.
The increase in mean pulse rate
from 91 to 100 five minutes after
treatment and to {09 20 minutes
after treatment was somewhat
higher for the five 3-year-olds. The
significantly better bronchodilation
that occurred in the younger chil-
dren was probably due to the larger
dose they received relative to size.
The suggestion of somewhat bet-
ter bronchodilation among the chil-
dren who held their breath not more

than five seconds after each treat-
ment was probably due to the fact
that these included two 3-year-old
children, one 4-year-old, and one 5-
year-old, whereas the children who
could hold their breath for ten sec-
onds were 5 and 6 years old except
for a single 4-year-old. It appears
that those who held their breath not
more than five seconds received rel-
atively larger doses for size. Rela-
tively small doses of an inhaled beta
agonist are probably required for
satisfactory response in children
who have not been receiving contin-
ual treatment with beta agonists.
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