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Abstract
Aim—Therapeutic aerosols are routinely
used in the management of infant obstructive airways disease. Infants often
become distressed during administration.
The aim of this study was to determine the
influence of distress and disease severity
on the absorption of aerosolised drug in
this age group.
Methods—Fifteen infants, eight with resolving chronic lung disease of prematurity (mean age, 13 months), and seven
infants with normal birth histories (mean
age, 11 months) were studied. Flow
through small airways was assessed by
measurement of partial forced expiratory
flow volume curves. Each infant was then
given a dose of 20 mg nebulised sodium
cromoglicate via a Sidestream nebuliser
and distress was graded as: 1, not distressed; 2, distressed. Infants were excluded if contact with the mask was lost
for more than 10 seconds. Urine was
collected for eight hours and analysed for
excreted drug by radioimmunoassay.
Results—Sodium cromoglicate is absorbed by the respiratory epithelium, and
undergoes renal (43%) and hepatic (57%)
excretion. A mean of 0.43% of the total
nebulised drug dose was excreted in the
urine of the non-distressed infants compared with 0.11% of total dose in the
distressed infants. Flow through the small
airways was significantly reduced in infants with chronic lung disease of prematurity. Maximum flow at functional
residual capacity did not correlate with
the amount of drug in the urine, but the
degree of distress did.
Conclusion—To maximise absorption,
nebulised drugs should be given to settled
infants. The degree of airways disease
does not influence drug absorption in this
age group.
(Arch Dis Child 1999;81:163–165)
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Studies have shown that under optimum
conditions 14–40.7% of inhaled drug is potentially delivered from a variety of devices to the
lungs of cooperative adults and children.1 2
There are few studies measuring deposition of
aerosol particles in uncooperative children.
Numerous therapeutic trials of inhaled drugs
for the treatment of asthma or infant wheeze
have failed to show appreciable benefit. Total
drug deposition is thought to be age related,

being greater in older children.3 4 Alderson and
colleagues5 showed that drug deposition was
patchy, concentrated around the central airways, and varied with the severity of disease.
These data were confirmed by Hiller et al.6 The
rationale for using adult doses in paediatric
patients became obvious when it was demonstrated by Salmon and colleagues7 that less
than 1% of drug administered by nebuliser or
metered dose inhaler is deposited in the lungs
of 9 to 30 month old infants. There are few
clinical data regarding aerosol treatment in the
younger age group, which is more complex,
with or without obstructive airways disease.8–11
We speculated that the crying infant, inhaling with a larger tidal volume, would absorb
more drug but found the reverse to be true.
Methods
We recruited 18 infants aged between 9 and 13
months. They were sedated with 100–150 mg/
kg of triclofos sodium one hour before the
application of a “squeeze” to their chest wall to
produce a partial forced expiratory flow
volume curve (PEFC), as described by Clark
and Silverman.12 We used jacket inflation pressures of 10 cmH2O to 70 cmH2O (rising at
increments of 5 cmH2O). Five inflations were
performed at each pressure. The RASP software package (Physiologic Ltd, Cambridge,
UK) was used to collect and analyse the data.
The equipment was calibrated before and after
each patient session.
Infants were monitored using a transcutaneous pO2 monitor and pulse oximeter. Monitoring started after receiving sedation and was
continued throughout the procedure until the
child was fully awake.
Specific criteria suggested by Clark and
Silverman12 were identified, namely, time to
peak jacket inflation, jacket inflation lead time,
stable end expiratory level, and expiratory
reserve volume. Data that did not meet these
specific criteria were excluded. The maximum
value for maximum flow at functional residual
capacity (V’maxFrc) was taken as the reference
data.
Nebulised sodium cromoglicate (20 mg) was
administered by a Sidestream disposable nebuliser (Medic-Aid, West Sussex, UK), between
two and six hours after sedation for PEFC.
Most (80%) of the aerosol particles produced
by the Sidestream are less than 5 µm when
driven by a gas flow rate of 6 l/min. The drug
was made up to 4 ml with normal saline and
was nebulised for 10 minutes. A Hudson
oxygen face mask (Henleys Medical Supplies,
UK) was attached to the nebuliser and held
against the face of the infant throughout the
procedure.
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V’maxFrc (ml/s)

% Total SC

150
94.7
205
85
82.5
250
173
148.60
24.5

0.6
0.3
0.47
0.37
0.05
0.08
0.13
0.28
0.07

Normal

Mean
SE

Chronic lung disease of prematurity
50
56.4
10.2
32
25
57
80
8.8
Mean
39.92
SE
8.8

0.03
0.28
0.07
0.16
0.6
0.27
0.2
0.65
0.28
0.08

A significant diVerence was found between V’max Frc in the
normal and chronic lung disease groups (p < 0.001). No
significant diVerence was found for % total SC (p = 0.977).

Infant distress was graded as: 1, no or minimal distress, normal tidal breathing pattern,
normal respiratory rate; and 2, distressed
and/or crying with raised respiratory rate. If the
infant was so distressed that the mask lost contact with the child’s face for more than 10 seconds, nebulisation was discontinued and the
child was excluded from the study.
Urine was subsequently collected for eight
hours into perineal urine bags that had been
modified to drain continuously into 24 hour
collection bags. Leakage was measured by
recording the change in weight of a pre-weighed
nappy (diaper) placed on the infant at the start
of the study. Data were excluded from statistical
analysis if there was a > 20% leakage of urine.
Urine samples were frozen immediately. Batch
analysis was carried out on coded samples by
radioimmunoassay. Results were expressed as
the total sodium cromoglicate (µg) collected
over eight hours. Because 43% of sodium
cromoglicate is renally excreted, the total
amount measured in urine was divided by a correction factor of 0.43 and was then expressed as
a percentage of the administered dose. Standard
quality control samples of plasma and urine
were measured. DiVerences between groups
were compared by the Mann-Whitney test.
Results
We recruited 18 infants but excluded one when
she became too distressed during nebulisation
and two after a > 20% leak of urine. Statistical
analysis was performed on 15 infants. Of the
eight infants who were not distressed, four had
resolving chronic lung disease of prematurity
(CLD). Seven infants formed the distressed
group, of whom four had CLD. The mean
V’maxFrc for the infants with normal birth
histories was 148.6 ml/s (SE, 24.5), for the
infants with CLD it was 39.93 ml/s (SE, 8.8;
p < 0.001) (table 1). In the settled infants, the
mean percentage of total drug excreted in the
urine was 0.43% (SE, 0.06%; range, 0.2–

Dose of sodium cromoglicate (%)

Group

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Not distressed

Distressed

Figure 1 Individual data plot of estimated absorption of a
nebulised dose of sodium cromoglicate plotted against the
degree of infant distress. Normal infants are shown in white,
infants with chronic lung disease of prematurity in black.
Distressed infants absorbed significantly less drug than
settled infants (p < 0.001).

0.65%). In distressed infants this was 0.11%
(SE, 0.03%; range, 0.01–0.28%) of the total
dose. The degree of distress was inversely associated with the percentage of total dose
excreted in the urine (p < 0.001) (fig 1). Those
infants who were more settled absorbed more
of the drug. We recruited too few patients to
perform statistical analysis within the distressed group. Visual inspection of the plotted
data suggest that the combination of severe airways disease in a distressed child might result
in an even smaller percentage dose of drug
being absorbed. Statistically, within the whole
study group, the severity of lung disease was
not associated with the amount of drug found
in the urine, even when matched for degree of
distress.
Discussion
Our results show that the administration of a
nebulised drug to an unsettled or crying infant
significantly reduces the small fraction of that
drug that is known to be absorbed by the lungs.
This disproves the commonly held belief that a
crying child inhales a greater proportion of
administered drug. Therefore, every eVort
should be made to administer aersolised drugs
to quiet or sleeping infants.
Using methods similar to Salmon et al,7 we
achieved similar low urinary concentrations of
sodium cromoglicate, reinforcing the evidence
that delivery by aerosol is poor in this age group.
These data agree with studies concerned primarily with the measurement of bronchial hyperreactivity in infants and preschool children,13
which showed drug deposition eYciency increased markedly when the same aerosolised
drug was given to a sleeping infant.
We found no association between the severity of airways disease and the amount of drug in
the urine within the two groups. In the infant,
nasal filtration of aerosol particles could be a
crucial factor in this reduction. Calculations
based on the Weibel model of adult airways3
suggest that impaction is the dominant mechanism in the more proximal small airways and
sedimentation is dominant in the more distal
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Table 1 Mean maximal flow at functional residual
capacity (V’maxFrc) and percentage of total sodium
cromoglicate excreted in the urine (% total SC) for infants
with normal birth histories and those with chronic lung
disease of prematurity

Crying reduces absorption of aerosolised drug
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airways. If the same applies to infants under the
conditions studied, a change in small airways
calibre might not alter total small airways
deposition. The statistical detection of either
mechanism could not be achieved by this
study.
The pharmokinetics of sodium cromoglicate
after inhaled, intravenous, and oral administration have been described in adults.14 It is
absorbed eYciently by the respiratory tract but
not the gastrointestinal or nasal epithelium. It
rapidly enters the plasma and is excreted by the
kidneys (43%) and biliary tree (57%). Radioimmunoassay of the unchanged drug can be
performed.15 There are no data concerning
pharmokinetics in young children. We assumed, like others,7 that they did not diVer
from adult data.
Data from studies performed on adults
suggest that the eYciency with which drug is
deposited in the lung by most jet nebulisers is
1–5%, whereas the eYciency of metered dose
inhalers is 10–14%. Under optimum conditions,
the mean deposition on in line filters for a detergent coated spacer device has been recorded to
be as high as 40% for children of a similar age
range.2 Each delivery system has specific
advantages,9 16 but recent evidence supports the
use of metered dose inhalers and spacers rather
than nebulisation for delivery of â2 agonists, at
least.17 We chose to use the Sidestream nebuliser
because it is a commonly used device and, at the
time of our study, it had the highest percentage
of aerosol output volume in the respirable range
(< 5 µm) compared with other commercially
available nebulisers. Our results suggest that the
“compliance” of the infant is of greater practical
importance than device type.
We conclude from our data and from
reviewing published work that only a small
proportion of nebulised drug is absorbed by
infants and that this proportion is significantly
reduced if the child is distressed during drug
delivery.
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