Short-term Effect of Albuterol, Delivered via a New Auxiliary
Device, in Wheezy Infants'-

RICHARD KRAEMER, URS FREY, CORNELIA WIRZ SOMMER, and ERICH RUSSI

Introduction

It is widely accepted that wheezy bron-
chitis in infants represents a part of the
spectrum of early asthma in childhood:
it has been shown that infants who have
more than one wheezing episode fre-
quently develop the typical picture of
asthma in later childhood (1-3). Al-
though bronchodilator aerosols, wheth-
er administered by jet-type nebulization
or by metered-dose inhaler (MDI), are
common treatments for asthmatic pa-
tients, producing rapid and efficient re-
lief of bronchospasm with low doses and
avoiding adverse secondary effects, there
are conflicting reports regarding the val-
ue of inhaled bronchodilators to treat
wheezy infants (4-8). We have recently
shown that in most infants with bron-
chopulmonary disease the degree of pul-
monary hyperinflation as well as the de-
gree of bronchial obstruction improved
after oral administration of albuterol (9,
10). However, preference would be given
to topical administration of the drug by
inhalation either by nebulization or top-
ically administered by spacer devices
(15-17), which would have the advantages
of smaller dosages (11), fewer side effects
(12, 13), and more rapid onset of drug
action {14). As inhalation from compres-
sor-generated aerosols is difficult in in-
fants with limited cooperation, alter-
native delivery systems are needed to
facilitate the rapid and effective adminis-
tration of bronchodilators from an MDI
with an auxiliary device However, the
technical specifications for such a device
are dependent on several physiopatho-
logic characteristics of wheezing infants.
Even for adults it has been shown that
optimal aerosol generation is dependent
on certain technical conditions of the de-
vice (18-21).

Therefore, a new infant drug delivery
system, the Babyhaler™ inhaler (Glaxo
Group of Companies), has been designed,
by which medications can be ad-
ministered from an MDI. The objective
of this double-blind, placebo-coniroiled
study was to evaluate the response of
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lung function to albuterol inhaled by
the Babyhaler.

Methods
Patients

From 40 initially randomized patients (4 had -

to be excluded because of technical problems
during performance of the second test) 2 to-
tal of 36 infants aged between 1.6 and 25.2
months (mean 9.3 + 5.4 months; median 8.1
months) were investigated. The parents were
referred to the pediatric clinic because of
recurrent or persistent tachypnea, dyspnea,
and expiratory wheezing. In most infants the
onset of the illness was in the first 4 months
of life, Although specific virology was not
available, the infants were considered to have
wheezing following initial viral bronchiolitis
on clinical grounds. None of the infants
suffered from any respiratory problems in the
neonatal period, and appropriate investiga-
tions were undertaken to ensure that none had
cystic fibrosis, gastroesophageal reflux, or
cardiac disease. All infants had a history of
a close relative (parent or sibling) with asth-
ma or allergic rhinoconjunctivitis. They all
failed to respond adequately to such treatment
as anticough medication, antibiotics, and xan-
thines, None of the patients had been treated
with B,-agonists previously, and no patients
receiving xanthines were included. Informed
consent was obtained from the parents, and
the study was approved by the local ethical
committee.

Lung Function Measurements
Thoracic gas volume (TGV) and airway con-

ductance (Gaw), the latter the reciprocal val-
ue of airway resistance (Raw) (22), were mea-
sured by an infant plethysmograph (Jaeger,
Wiirzburg, Germany), a method that has pre-
viously been described (10). All measurements
were done 15 to 20 min after a feed and after
the infants had been sedated with chioral hy-
drate (80 to 100 mg/kg). During the plethys-
mographic measurements pulse-oximeter mon-
itoring of heart rate and oxygen saturation
{Biox® II1; Ohmeda, Boulder, CO) was per-
formed. The infant was placed in the supine
position inside the whole-body infant plethys-
mograph. A mask, sealed around the nose
and mouth to ensure an airtight fit, was care-
fully manipulated into place for the measure-
ments. After the body-box was closed the in-
fant breathed air from the box through a
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triple-valve system until thermal equilibrium
was reached between the infant and the box.
A differential pressure transducer was used
to detect changes in box pressure (APp) rela-
tive to a compensating chamber of similar
volume. The infant was then switched to the
BTPS bag [body temperature, (water) pressure
saturated] from which air at 36.5° Cand 100%
relative humidity was rebreathed. The phase
relationship between flow (V'), measured by
a baby-sized pneumotachograph (Jaeger), and
Py was checked by displaying both signals on
an oscilloscope until a stable, almost closed
pressure-flow loop was obtained. From the
tracing of V' and Py the uncorrected specific
airway conductance (SGaw) was calculated
{23). Changes in mouth pressure (APy) were
obtained after the shutter was closed to oc-
clude the airway while the infant made two
to three respiratory efforts, breathing in most
cases at a frequency between 30 and 40 breaths/
min. TGV was measured from the angle f of
the APp/ AP, plot and corrected for instru-
ment deadspace (30 ml). Gaw was calculated
as reciprocal value of Raw from the angles
of the APy/AV’ plot. The resistance of the
pneumotachograph, 0.18 kPa/L/s, was sub-
tracted from each calculated value of Raw.

Functional Groups

To evaluate drug response to the degree of
pulmonary hyperinflation on the one hand
and/or the degree of bronchial obstruction
on the other hand, the infants were divided
into functional groups. Infants having base-
line TGV mote than the mean (of predicted
value) plus 2 SD (standard deviations) were
considered hyperinflated. Infants with Gaw
less than the mean (of predicted value) minus
2 SD were considered to have bronchial ob-
struction. A mixed functional group presented
with increased TGV and decreased Gaw.

Bronchodilator Administration

After two plethysmographic baseline mea-
surentents (BLM), either three times two puffs
(equal to three times 200 ug) albuterol or three
times two puffs of a placebo preparation were
administered in a randomized manner at
S-min intervals from an MDI through the new
baby-adapted spacer device, so that at 15 min
six puffs had been inhaled. Each puff was
actuated separately, giving the child the op-
portunity to inhale the aerosol during 10
breathing cycles. By this procedure one group
of infants (n = 20) received the active drug
fitst, followed by placebo (Study Arm I) and
the other group of infants (n = 16) received
the placebo drug first, followed by the active
drug (Study Arm II) (figure 1). In Study Arm
1 the efficacy of albuterol could be studied
in its dose response in the first 15 min (Al)
in addition to the time response in the second
15 min (P2). Lung function measurements
were repeated every 5 min.

The Baby-Adapted Auxiliary Device
A centerline sectional longitudinal view of the
Babyhaler is given in figure 2. The dimen-
sions of the spacer were chosen according to
certain criteria and according to the limit given
by the conditions in which infants and young
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Face-Mask

children are able to evacuate the aerosol from
the spacer by normal tidal breathing. Infants
usually have a tidal volume (VT) of 5to 8
ml/kg body weight. During respiratory dis-
tress the range of tidal breathing of babies
is from 7 to 14 mi/kg body weight (5 kg =

35to 70 ml; 10 kg = 70 to 140 ml). The vol-
ume of the chamber should be substantially
greater than the tidal inhalation volume of
the infant or young child, and 350 ml was cho-
sen, enabling the child to evacuate the cham-
ber within 10 breathing cycles. The distance
between the chamber inlet and the chamber
outlet is such that the mass percentage of aero-
sol particles, having a diameter from 1.0 to
5.0 pm, was a maximum at the chamber out-
let (for albuterol-MDI, 230 mm). Acryl tubes
44 mm in diameter were used as material for
the chamber. The chamber inlet was adapted
to receive the MDI devices. The outlet com-
municates with the face mask via a first valve
that permits the infant or young child to in-
hale aerosol-carrying air from the chamber.
Exhalation is performed via a second valve
that communicates with the atmosphere. By
this construction the inspiration line is com-
pletely separated from the exhalation line. The
resistanice of the inhalation valve is prefera-
bly not more than about 0.02 kPa/L/s for
a flow rate of 75 ml/s. The positive end-
expiratory pressure created by the exhalation
valve is less than 0.05 kPa. The deadspace
within the valve arrangement is 16 ml. The
infant mask (available in three different sizes)

-covering the nose and mouth of the child is

attached to the chamber.

Data Analysis

To show individual values of TGV and Gaw
numerically free from sex, age, and height
bias, lung function data were expressed as SD
scores (SDS) or as a Z score, defined as num-
bér of SD above or below the mean of distri-

bution. The SDS can be obtained by dividing -
the absolute residual (difference between mea- -

sured value and value predicted for each par-
ticular case) by the residual SD-(24), which

Study Active-teatment (A1) Placebo-treatment (P2}
meoor T T T
BLM M M M M M M M Fia. 1. S
ig. 1. Study protocol witl
Srudy Placsbo-treatment (P1} Active-treatment (A2} arﬁ.,s {(land "¥ a.l:\d foﬁ:tr:a:t?n;:to grs;:gg
arm
u B{M b'{ —fM ;‘ y (A1, A2, Al-P2, and P1). BLM =
T M Mo M baseline measurements; M = 5-min
(min) O 5 15 15 20 25 0 measurements.
Treatment  Ajbuterol (active first) (Al} n=20 15min
groups: Albuterol (active second)  (A2) n=16 15 min,
Albmerof (active first) (30¢min) n=20 30 min,
Plzeebo F)  w=l6  15min,
Quatlet-valve
44 mm
- 3 Fig. 2. Genterline sectional longitudinal
Reservoir 350 ml view of the Babyhaler inhaler with its
} ? 1\ fetered Dose specification.
Tnles-vatve 230 mm Inhaler (MDI)

was taken from the regression equation of a
normal population (25). This is a standard
mathematical procedure that is always applied
when weighted variables must be compared
(growth studies), and its application to lung
function data was presented recently (10). By
such computation age-independent values,
weighted for both the degree of pulmonary
hyperinflation (TGV) and the degree of bron-
chial obstruction (Gaw), were obtained.
Because coupled variables (TGV and Gaw)
can hardly be evaluated independently as sin-
gle variables, changes in lung function were
evaluated as SDS, in absolute terms, and as
the mean of individual percentage changes.
Infants showing an improvement of at least
2 8D in either TGV and/or Gaw after drug
inhalation were considered responders. By

~ such a computation volume responders can

be distinguished from flow responders. For
cach dose step (200 to 600 pg in 200-png
ranges), therefore, the ratio of responders to
nonresponders (response ratio) was calculat-
ed and statistically evaluated by a chi-square
test. Differences between groups were evalu-
ated by Fisher’s ¢ test.

Results

Biometric data (age, gestational age,

postconceptional age, and body weight),
heart rate, oxygen saturation, and Vr of
the subjects within the two Study Arms

I and I are summarized in table 1, All
these parameters were similar for thetwo
study arms. Baseline values (BLM) for
TGV and Gaw, given numerically free of
sex, age, and height bias in SDS, in addi-
tion to absolute values in ml/kg BW and
ml/s/cm H,O/kg BW, are summarized
in table 2. The age- and sex-corrected ab-
solute mean values of functional abnor-
malities for both treatment arms showed
that on the average bronchial obstruc-
tion was more pronounced (—6.4 SD and
—6.3 SD) than pulmonary hyperinflation
{—0.7 SD and 1.0 SD). However, by
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TABLE 1

BIOMETRIC DATA OF THE PATIENTS WITHIN THE
TWO STUDY ARMS | AND HI

Significance
Treatment | Treatment il Probability
(Active 1sl) {Placebo 1st) {2-tailed)
Number 20 16
Age
months + SD 9.2 + 6.3 8.5 x 4.3 0.46
median 8.6 7.5
Gestational age
wk = SD 379 + 28 383 £ 35 0.51
median 38 38
Postconceptional age
wk = SD 773 x 27.7 78.8 £ 191 0.50
median 76 70
Body waight
kg + 8D 83 = 3.0 8326 0.97
median 85 9.0
Heart rate
beats/min + SD 121 £ 8 123 = 10 0.51
median 118 122
Oxygen saturation ($0,}
% + SD 922 + 3.2 90.3 + 3.1 0.46
tnedian 91 a0
Tidal volume (/1)
ml £ SD 89 = 45 91 % 48 0.51
median 92 93
TABLE 2

FUNCTIONAL DISORDERS WITH RESPECT TO PULMONARY
HYPERINFLATION, BRONCHIAL OBSTRUCTION, OR BOTH AS FREQUENCY
AND IN ABSOLUTE VALUES OF STANDARD DEVIATION SCORES (SDS)
WITHIN THE TWO STUDY ARMS 1 AND Ii

Treatment | Treatment Il
{Active 1st) (Placebo 1st)
Number 20 16
TGV
sDs -0.7 x 3.2 1.0 = 4.0
mi’/kg BW 359 + 136 35.0 = 10.7
Gaw
8Ds ~-6.4 £ 24 -63 + 38
mifsfem H,Ofg BW 51+ 18 48 = 1.7
SGaw/sfcm HO 0.119 = 0.05t 0.110 £ 0.059
Repartition into functional groups -
Hyperinflation (SDS TGV > 2) 8120 Fial:
Obstruction (SDS Gaw < 2) 18/20 1516
Including mixed type of both abnormalities 6120 616

Definition of abbraviations: TGV = thoracic gas volume; Gaw = airway conductance; SGaw =
specific alrway conductance; SDS = standard deviation score; BW = body weight.

defining abnormal function outside the
2 SD range it can be shown that the num-
ber of infants within the functional
groups (pulmonary hyperinflation, bron-
chial obstruction, or both) initially found
in the two treatment arms was equally
distributed. The repartition into func-
tional groups showed 8 of 20 (active first)
and 7 of 16 {placebo first), respectively,
to be hyperinflated and 18 of 20 (active
firstyand 15 of 16 {placebo first), respec-
tively, to be bronchially obstructed. There
is an overlap of 6 infants in each treat-
ment arm who showed both functional

derangements. SGaw is given in absolute
terms and was similar for both study
arms.

Lung function data obtained after
placebo (P1), active first (Al), active sec-
ond (A2), and active first but evaluated
after 30 min (A1l and P2) obtained with-
in the two functional groups (hyperin-
flation or obstruction) are given in table
3. There was a significant decrease in
TGV of at least 2.6 SD up to 4.2 8D, from
13.3 to 17.7%, respectively, in the active-
ly treated groups with pulmonary hyper-
inflation, compared with 0.6 SD, and
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2.9%, respectively, in the placebo group.
Gaw increased significantly at least 2.5
SD up to 3.8 SD, from 34.1 to 50.6%,
respectively, in the active treatment
groups with bronchial obstruction in
comparison with 0.5 SD and 9.5%,
respectively, in the placebo group.

Estimation of the drug response, tak-
ing into account improvement in TGV
(volume responders) as well as improve-
ment in Gaw (flow responders) is shown
in table 4. At 15 min 16 of 20 of actively
treated first (p < 0.001) and 13 of 16 of
actively treated second (p < 0.01) showed
improvement in TGV and/or Gaw of
more than 2 SD. When drug efficacy was
examined at 30 min (A1-P2) all 20 infants
showed a sufficient drug response (p <
0.0001).

In figure 3 the improvement in the re-
sponse ratio (collecting both types of
responders) over time is presented. It can
be seen that in contrast to placebo the
response ratio of the actively treated
groups increased to a certain content in
parallel with the heart rate (HR}, achiev-
ing the best efficacy after 600 pg albuterol
at 30 min. This drug response seems to
be independent of the initial functional
abnormality.

No serious side effects were observed
following the inhalation of the B-agonist.
Pulse oximetry showed a mean oxygen

" saturation of 89.3 * 3.3%, which re-

mained unchanged (90.5 £ 2.1%). Al-
though HR remained unchanged in the
placebo group (P1, 123 to 122 beats/min),
it increased significantly in the groups
treated with albuterol (A2, 123 to 142
beats/min; Al-P2, 129 to 149 beats/min),
which suggests some systemic absorption
of the drug.

Discussion

In the past, provision of aerosol therapy
in asthmatic children older than 4 yr has
been made more convenient and cost ef-
fective by the increased use of pressurized
MDI in connection with large spaced
auxiliary devices. After evidence that
B-adrenoreceptor agonists are effective
when systemically given in infants youn-
ger than 18 months (9, 10), improvement
in clinical signs was also shown after top-
ical administration by inhalation (15-17).
Recently, a 500-ml plastic bottle, shaped
to fit an infant’s face, was effective for
delivering relatively large doses of aero-
sol generated by metered-dose inhalers
(15). O’Callaghan and colleagues demon-

- strated the efficacy of a 750-ml spacer

device (Nebuhaler™; Draco Astra, Swe-
den) as a rebreathing chamber attached
to a Laerdal size 2 resuscitation face mask
(16). In these studies, however, the effec-
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TABLE 3

LUNG FUNCTION AFTER INHALATION TREATMENT PRESENTED AS CHANGES IN SDS
AND PERCENTAGE CHANGES WITHIN THE THREE FUNCTIONAL GROUPS"

Placebo, Albuterol, Albuterol, Albuteroi,
15 Min 15 Min 15 Min 30 Min
(P1) (A1) (A2) (A1 and P2)
Drug influence on pulmonary hyperinflation {TGV > mean + 2 SD)
Number & 8 7 8
(all mixed) (6 mixed type} (6 mixed type) (6 mixed type)
ATGV
sDS 0613 -42 + 24t -28 x 1.4t —4.0 £ 22t
mifkg 1.1 = 4.0 -82 x 3s¥ -70 % 57 -88 x 7.9
%% 29 + 87 -17.7 + 6.0t -133 + 83 -15.0 + 8.6%
ASGaw, % 11.4 = 187 35.1 + 252 52.7 = 70.6 257 + 148
Drug influence on bronchial obstruction {Gaw < mean - 2 SD)
Number 16 18 15 18
(6 mixed type) (6 mixed type) (6 mixed type) (6 mixed type)
AGaw
SDS 0512 25+ 22t 2.8 + 1,65 38 x 208
Lis/H,Ofkg 0.4 £ 07 1.3 = 1.3t 1.7 + 0.9% 2.1+ 158
% 95 + 157 3441 = 46.8% 435 + 27.8§ 50.6 + 40.31
ASGaw, % 59 + 17.2 196 + 324 34.0 + 311 254 £ 354

* Indicated values are statistically significant by ¢ test.
te<oo

tp<o0s

$p < 0.001.

TABLE 4
RESPONSE RATIO iN ABSOLUTE TERMS REACHED AFTER INHALATION TREATMENT"

Placebo, 15 min

Albutercl, 15 min

Albuterol, 15 min Albuterol, 30 min

{P1) (A1) (A2) (A1 and P2}
Flow responder 1 8 7 11
Volume responder 1 8 6 9
Nonresponder 14 4 3 0

Chi-square

rn

" nrw

Definition of abbreviations: TGV = thoracic gas volume, Gaw = airway conductance; SGaw = spetific airway conductance;
SDS = standard deviation score; chi-square statistics: *** p < 0.001; **** p < 0.0001.
* Responder indicates improvement > 2 80 in TGV and/or Gaw. Indicated values are statistically significant by chi-square test.
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tiveness of aerosol therapy in children
younger than 4 yr was assessed only by
clinical scoring systems. Thus far, there
is no study showing the effectiveness of
such treatment by objective lung func-
tion data.

This study has shown that, in compar-
ison with placebo, wheezy infants signif-
icantly improve lung function after the
topical administration of B-agonists in-
haled from an MDI through a baby-sized,
double-valved, low-deadspace spacer de-
vice, the Babyhaler. However, changes
in both TGV (as an estimate of pulmo-

Fig. 3. Dosse response and time course
to albuterol assessed by the number of
rosponders {improvement in lung func-
tion > 2 SD) and percentage increase
in heart rate (HR) within the three treat-
ment groups. Sclid bars = flow respond-
er; speckled bars = volume responder;
triangles = HR% changes.

30 minutes

nary hyperinflation} and Gaw (as an es-
timate of airway function) must be ex-
amined. There is a close relationship be-
tween dose response to the lung function
and dose response to heart rate (figure
3). Furthermore, the time-response rela-
tionship seems to be longer than previ-
ously found in older children (26, 27).
There are several technical aspects relat-
ed to the kind of evaluation by which in-
fant’s lung function data are evaluated,
on the one hand, and the physical specifi-
cation of an infant spacer device, on the
other hand. Both seem to be determin-
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ants for the question of whether the drug
response to adrenoreceptor agonists can
be achieved and substantiated in infants,

Infant Lung Function Testing

Under the condition that flow is lami-
nar, the resistance of an airway bears an
inverse fourth-power relationship to its
diameter (22). Although in wheezy in-
fants this may not be the case everywhere
in the bronchial tree, this exponential
relationship serves to explain the mech-
anism that as an airway narrows, a pro-
gressively greater change in resistance is
expected for a given change in smooth
muscle length (and hence inspiratory lung
volume). There is a linear relationship be-
tween lung volume and Gaw (22). There-
fore, we anticipated in previous studies
that the bronchodilator response to B,-
agonists must be measured in children
and especially in infants by methods that
evaluate changes in airway function in
relation to changes in resting end-expi-
ratory level (10, 26-28). The influence of
changes in functional residual capacity
on airway function was recently shown
by Silverman’s group, who demonstrat-
ed that indices of partial expiratory flow
maneuvers may underestimate the actu-
al changes in airflow when changes in
end-expiratory level are not taken into
account (29). This was demonstrated for
histamine-induced bronchoconstriction
in recurrently wheezy infants, but the
converse effect after bronchodilator in-
halation is based on the same mechanism.

Physical Conditions for an Infant’s
Spacer Device

Pressurized aerosols obtain their driving
force from chiorofluorocarbon propel-
lants at a pressure of approximately 400
kPa. Consequently, the aerosol emerges
from the canister at a high speed (30).
If the aerosol is actuated into a spacer
device, the propellant droplets should
evaporate and be slowed by air resistance
so that a finer and more slowly moving
aerosol can be inhaled (31). This mecha-
nism depends largely on the size dimen-
sions (length and volume) of the spacer.
Choosing the MDI-specific appropriate
length and volume, an aerosol with op-
timal particle size distribution can be
generated (21) and inhalation can easily
be performed within 1 min without
sedimentation. Because of the separated
two-valve system, rebreathing is avoided.

Mechanisms of Inhaled
B-Agonist Action

An interesting question concerning the
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action of inhaled bronchodilator drugs,
in particular B,-agonists, is whether the
drug acts topically or whether it must be
absorbed into the circulation before it
causes smooth muscle relaxation. It is
well known that values for airway resis-
tance in healthy adults reflect mainly the
dimensions of the large central airways
(32). An improvement in Gaw could
therefore imply dilation of these central
airways in our patients. This effect, as
suggested by previous studies with al-

buterol (26-28) in asthmatic children,
may be in parallel with findings that
bronchodilation could be observed be-
fore there were detectable plasma con-
centrations of the drug (33). We did not
have the opportunity or facility to per-
form a radionuclide mapping study {o
demonstrate the exact location of drug
deposition in the lungs of these infants.
In agreement with De Troyer (34}, how-
ever, we think that because of the very
small dimensions of infant airways, aero-
solized drugs are deposited predominant-
ly in the large airways and therefore dila-
tion of terminal lung units and improve-
ment in their time constants must be a
systemic effect of B,-agonists. The par-
allel increase in heart rate appears to sup-
port this assumption. It is suggested that
the percentage of aerosol reaching the
central bronchiai tree in adults is on the
order of 20% and in children, about 10%.
This percentage is markedly reduced
when aerosols are administered to infants.
This may explain the considerable differ-
ences in the time response of infants in
comparison with older children (26-28).

Side Effects and Acceptance of
the Device

None of the patients treated in this man-
ner had adverse reactions. During the
tests the Babyhaler was well tolerated,
and parents reported that consecutive ap-
plication of this device at home resulted
in a significant improvement in signs of
bronchial obstruction. Parents apply in-
halations with this device while the in-
fant is awake, and some indicated that
the child sometimes cries during inhala-
tion, which presumably favors inhala-
tion. Nevertheless, in comparison with
the use of jet nebulizers, we suspect that
there is less stress when this procedure
is used, probably because of its consider-
ably shorter duration. Jet nebulization
takes about 10 min, but the administra-
tion of bronchodilator with the MDI and
Babyhaler system takes 1 min or less.

In conclusion, application of B-adre-
noreceptor agonists inhaled from an
MDI through a baby-adapted auxiliary
device produces improvement in lung
function in the majority of wheezing in-

fants after 600 ug albuterol. Changes in
resting end-expiratory levei as well as con-
comitant changes in airway function
must be considered. The drug response
may be delayed until 30 min after ad-
ministrationi. From the practical point of
view we believe that an MDI with such
an auxiliary device may be used more rap-
idly than a nebulizer, needing less time
for delivering a precise dose and minimiz-
ing deposition in the upper respiratory
tract. Furthermore, this aerosol delivery
system is portable, does not require ener-
gy or compressed gas to operate, and par-
ents or persons providing care for these
wheezing infants can be easily instruct-
ed in its use. The doses to be administered
daily are presumably higher than those
recommended at present as a result of
the low Vr-spacer volume ratio and the
high frequent breathing, especially in in-
fants in respiratory distress. However, the
exact age-related dosage needs to be
evaluated in a larger population of
wheezy infants over a substantial range
of time.
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