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Inhaled bronchodilator treatment via the nebuhaler in
young asthmatic patients
J B POOL, A GREENOUGH, J G A GLEESON, AND J F PRICE

Paediatric Respiratory Laboratory, Department of Child Health, King's College Hospital, London

SUMMARY Changes in functional residual capacity and peak flow rate were measured to assess

bronchodilator response to terbutaline inhaled via a nebuhaler. In 10 children with asthma, aged
5-7 years, five breaths sufficient to operate the nebuhaler valve resulted in clinically important
improvement in both the functional residual capacity and the peak flow rate. In 18 of 22 children,
aged 2-5 years, who were too young to have their peak flow rate measured reliably, terbutaline
administered via this modified nebuhaler technique was also associated with a clinically
important change in functional residual capacity. The results suggest that effective bronchodila-
tion using a nebuhaler can be achieved even in very young children.

Inhaled bronchodilator treatment has advantages
compared with oral treatment: the onset of action is
more rapid and smaller doses are required so there
is less risk of side effects.' It is difficult, however, to
give bronchodilator by inhalation to very young
asthmatic patients other than by using a nebuliser. A
pear shaped spacer device (nebuhaler) has been
shown to be an effective means of administering
bronchodilators to adults2 and older children.3
Recently it has been suggested that it is not
necessary to follow the manufacturers recom-
mended manoeuvre of two deep inhalations from
residual volume, but that five normal breaths of a
sufficient magnitude to move the nebuhaler valve
resulted in effective administration of treatment.4
The latter manoeuvre is easy even for preschool
children to perform.

It is difficult to assess bronchodilator response in
young children who cannot reliably perform peak
flow measurements. The measurement of functional
residual capacity, however, is well tolerated and
reproducible in children even as young as 2 years of
age.5 Using this technique we have found that most
young asthmatic patients have raised lung volumes6
and that nebulised bronchodilator treatment in such
young children can be associated with a reduction in
the functional residual capacity.7

In the present studies we first investigated
changes in functional residual capacity and peak
flow rate, after bronchodilator treatment via the
nebuhaler, in children with asthma who were
capable of performing both tests. Secondly, we
investigated whether children with asthma who were

too young to have their peak flow rate measured
reliably had a similar change in functional residual
capacity on nebuhaler treatment.

Patients and methods

Ten consecutive children (nine boys, one girl; mean
age 5-8 years, range 5-3-6.9) were enrolled into the
first part of the study. Twenty two consecutive
preschool children (14 boys, eight girls; mean age
3*6 years, range 2-5-4.9) were enrolled into the
second part of the study. All the children were
attending the paediatric clinic at King's College
Hospital for the treatment of perennial asthma.
Asthma was diagnosed after three separate episodes
of wheezing and a clinical response to oral broncho-
dilator treatment. All children were receiving
I adrenergic stimulants, and in addition 13 were
being treated with theophylline orally and one of the
older children inhaled steroids.

Permission for this study was granted by the
King's College Hospital Ethics Committee. In-
formed parental consent was obtained.

All the children were studied in the paediatric
respiratory laboratory at King's College Hospital;
,3 adrenergic stimulants were omitted at least four
hours before the measurement were taken.
On arrival the child's functional residual capacity

was measured and when possible the peak flow rate.
The child then received 500 [tg terbutaline via a
metered dose aerosol through the nebuhaler. The
canister was compressed to release a dose of 250 R,g.
The child then took five breaths of sufficient
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magnitude to move the nebuhaler valve; this man-
oeuvre was then repeated. After 10 minutes
measurements of functional residual capacity and
peak flow rate (where possible) were repeated. As
an assessment of symptomatic response, 10 minutes
after bronchodilator treatment the child was asked if
he or she felt less wheezy, the same, or worse.
Children who failed to show either a clinically
important change in either measurement (see
below) were asked to reattend the laboratory at a
later date for retesting.

RESPIRATORY FUNCTION MEASUREMENTS
Functional residual capacity was measured by
helium gas dilution. The measurement was made
with the child in a sitting position breathing through
a water sealed spirometer (Gould Pulmonet 3) via a
face mask. Equilibration was assumed when there
had been a change of less than 20 ml in functional
residual capacity over a 30 second period.6 In eight
other young children with asthma (age 2-5 years) six
measurements of functional residual capacity had
been obtained; there was a mean coefficient of
variation of 4%. Thus from these data and our
previous results7 a clinically important change in
functional residual capacity was designated as
greater than 8% of predicted for height. Peak flow
rate was measured by a Wright's Peak Flow mini-
meter and reported as the best of three separate
measurements before and after bronchodilator
treatment. Changes greater than 10% predicted for
height were used as evidence of an important
bronchodilator response.

All lung function measurements were performed
by JBP and JG. Recordings of functional residual
capacity were coded and subsequently analysed
blind of clinical details by AG. Results of both
measurements were expressed as a percentage of
predicted for height using our own normal ranges
for functional residual capacity5 and those of
Murray and Cook for peak flow rate.8

STATISTICAL ANALYSIS
Bronchodilator response in both functional residual
capacity and peak flow rate were assessed for
significance using a paired Student's t test. The
relation between changes in these measurements to
the degree of hyperinflation before bronchodilator
treatment was assessed for significance using Spear-
man's correlation.

Results

All but one child admitted to feeling better after the
administration of terbutaline by the modified nebu-
haler technique. In all 10 older children there was a

significant change in both measurements: an in-
crease in peak flow rate and a decrease in functional
residual capacity (p<OOl) (fig 1). The response,
however, was variable, with a mean change in peak
flow rate of 38-5% (range 10-65%) and mean
change in functional residual capacity of 18-9%
(range 8-44%). Sixteen of the 22 younger asthmatic
patients showed a reduction in functional residual
capacity after bronchodilator treatment, (p<O-Ol)
(fig 2). In all children the change in peak flow rate
and functional residual capacity correlated (p<O-Ol)
with the measurement of functional residual capa-
city before bronchodilator treatment (r= -0-78 peak
flow rate, r=0*49 functional residual capacity). Two
young asthmatic patients showed an increase in
functional residual capacity after bronchodilator
treatment: 22% and 24% change, respectively. Both
these children, though having frequent severe
asthma attacks, had functional residual capacities
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Fig l Functional residual capacity andpeakflow rate
before and after administration ofbronchodilator via the
nebuhaler in the older children. Each child's results are
shown by linked data points.
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Fig 2 Functional residual capacity before and after
administrationi ofbronchodilator in the young children (2-5
years): each child's results are shown by linked data points.
Children with a greater than 8% change in fuinctional
residual capacity after bronchodilator treatment (0);
children with either a less than 8% change or an increase in
functional residual capacity after bronchodilator
treatment (A).

within the normal range before bronchodilator
treatment: 101% and 88% of predicted for height,
respectively.
Of the four young asthmatic patients who failed to

show a clinically important change in functional
residual capacity (>8%) after bronchodilator treat-
ment, three have been recalled for at least two
further measurements, and a variable response to
treatment has been shown. In one child, there was
an increase in magnitude of change in functional
residual capacity with repeat testing and in a second
a greater than 8% change in functional residual

capacity occurred only when the child was coughing
or wheezing, or both, at the time of measurement.
The third child, despite being seen on a further three
occasions, consistently failed to show a clinically
important response to bronchodilator treatment.
The fourth child, who showed neither symptom
relief or a change in functional residual capacity
after bronchodilator treatment, has not been re-
called as he no longer attends the asthma clinic as he
is symptom free at present.

Discussion

Bronchodilator treatment is more effectively admi-
nistered by inhalation. Unfortunately young chil-
dren have insufficient technical skill to coordinate
the operation of a pressurised inhaler and inhala-
tion, and as a consequence nebulisers have become
increasingly popular. Nebulisers are large, require
an outside power source, and are a relatively
inefficient method of administration. Four to eight
times the quantity of bronchodilator is necessary
when given by a nebuliser to produce an equal
effect,9 and at most 1% of the nebulised dose
reaches the lungl' compared with almost 8% by a
pressurised aerosol." It has been shown that the
attachment of a pear shaped spacer to the press-
urised cannister increases the availability of the drug
to the patient, even if inhalation is delayed by
several seconds; this dispenses with the need to
coordinate operation and inhalation. 12 This mode of
delivery is more efficient in that the deposition of
the drug in the lungs can be shown to increase to as
much as 13% 11

Recently a placebo controlled study has shown
that the complicated instructions given by the
manufacturers for correct nebuhaler use are not
necessary for effective administration of bronchodi-
lator, making this method of treatment more widely
applicable.4 A further study using a tube spacer
rather than nebuhaler showed that bronchodilation,
assessed by changes in forced expiratory volume in
one second, functional residual capacity, and re-
sidual volume, was similar if the child inhaled from
residual volume or from functional residual cap-
acity; bronchodilation was also similar whether
the child inhaled as deeply as possible or only to
about half the maximum volume.'3 The present
study confirms that in asthmatic children older than
5 years terbutaline given by modified nebuhaler
technique provides effective bronchodilator treat-
ment. The changes in peak flow, confirming a
bronchodilator response, were associated with
changes in functional residual capacity. In a pre-
vious study changes in functional residual capacity
were shown in response to salbutamol that was given
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via a nebuliser and these changes were associated
with symptom relief. Thus it was felt that the
effectiveness of this treatment technique could be
assessed reliably by measuring changes in functional
residual capacity in children too young to perform
peak flow measurements but in whom inhalation by
nebuhaler might confer numerous advantages.

In only 18 of the 22 young children tested was
there a clinically important change in functional
residual capacity. In two of these 18 children there
was an increase in functional residual capacity after
bronchodilator treatment. Both these children,
though having frequent severe asthma attacks, had
low functional residual capacities before broncho-
dilator treatment. A possible explanation for these
results was that the children had such severe asthma
that there was a limitation of gas mixing. The
measurement technique showed that both children
had a relatively low functional lung volume before
bronchodilator treatment that increased after treat-
ment and this was associated with symptom relief.
Of the four children who showed no clinically
important change in functional residual capacity,
one was probably incorrectly included in this study
as he no longer had asthmatic symptoms and thus
would have been unlikely to respond to broncho-
dilator. Lack of a clinically important change in
functional residual capacity in the other three
children could be explained in two ways: firstly, an
insensitivity of the measurement technique or
secondly, failure of the treatment technique. It has
been suggested that absolute functional residual
capacity may not be a true guide to the amount of
trapped gas and thus validity of measurements of
functional residual capacity in determining hyper-
inflation could not be anticipated. 14 We have,
however, previously shown that functional residual
capacity is raised in young asthmatic patients and
that the degree of this rise is related to the severity
of the asthma as judged by the amount of treatment
required.6 We have also shown that in response to
nebulised salbutamol during acute asthma attacks
there is a reduction in functional residual capacity
and a lessening of hyperinflation, which is associated
with an appreciable improvement in compliance.7
This, plus evidence from the first part of our study
that clinically important changes in functional re-
sidual capacity were always associated with a similar
response in peak flow rate, suggests the measure-
ment technique can reliably detect bronchodilator
response. Thus the explanation for the three chil-
dren in whom a clinically important change in
functional residual capacity was not shown after
bronchodilator treatment seems likely to be a failure

of method of treatment administration. This hypo-
thesis is supported by the increase in magnitude of
change in functional residual capacity after bron-
chodilator treatment that was shown in one child on
repeat visits; this suggests a learning process.
From these results we would suggest that bron-

chodilator given by this modified nebuhaler techni-
que may be an effective form of treatment for young
asthmatic children. We would also propose that a
change in functional residual capacity may be used
in young children, who are too young to perform
peak flow rate, to confirm bronchodilator response.
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