original articles

The Bronchodilator Effect of a Fixed-combination Metered
Acrosol (Fenoterol and Ipratropium Bromide)

D. Berdel, MD, and U. Kellersmann

Summary. The fixed-combination metered aerosol IKe (fenoterol 0.05 mg/puff, ipratro-
pium bromide 0.02 mg/puff—Berodual, Boehringer-Ingelheim Ltd., Ridgefield, Conn.) was
administered to 12 children (8 boys, 4 girls) aged 3'/2 to 6?/12 years who had extrinsic
bronchial asthma. Three forms of administration, each with a different site of action, were
compared: 1) Two puffs during inspiration. Probable site of action: oral cavity, pharynx,
larynx, trachea, and bronchi. 2) Two puffs using an inhalational aid during inspiration. Prob-
able site of action: pharynx, larynx, trachea, and bronchi. 3) Two puffs in the breathing
interval after deep inspiration. Probable site of action: oral cavity and pharynx. The resis-
tance of the respiratory system (Rrs) was measured using oscillometry for up to 360 minutes
after administration. A significant decrease of the median resistance was found with all
three forms of administration. The changes were Form 1—48% of baseline after 120 minutes;
Form 2—47.9% of baseline after 60 minutes; Form 3—44.4% of baseline after 30 minutes.
The greatest decrease was observed with form 1. The study indicates that significant bron-
chodilation was achieved in small children using the combination of fenoterol and ipratro-
pium bromide administered by metered aerosol even when inhalation and the release
of the puff were not synchronized. A significant bronchodilator effect was also observed
in cases of severe bronchial obstruction in which transport of the active ingredients to
the lower airways could not be sufficiently guaranteed. (Key words: asthma, bronchial;
bronchodilators, combination; children, asthmatic; inhaled aerosol; metered aerosol.) Pediatr
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Even in the mid-1970s it was still generally
accepted that broncholytic therapy with f,-
sympathomimetics had little effect on the ob-
structive bronchitis or bronchial asthma of
young children'® In 1978 studies by Lenney and
Milner showed that f8,-adrenergics could be used
successfully as bronchodilators at the age of 18
months and older.** The more recent data of
Reinhardt et al. concluded that f3,-adrenergics
may be effective in younger children if applied
in sufficiently high doses.® The investigations of
Hodges et al. and our laboratory indicated that,
in addition to ff,-adrenergics, tropic acid esters
could successfully treat obstructive bronchitis
or extrinsic bronchial asthma in young children

From the Department of Paediatrics, University of Bonn, Bonn, West
Germany.

Received September 4, 1984; revision accepted for publication
August 15, 1985,

Address correspondence and reprint requests to Prof. Dr. med.
D. Berdel: Universitats Kinderklinik Bonn, Adenauerallee 119, 5300 Bonn
1, West Germany.

297

when administered topically.”-® Klabuschnigg et
al. studied the efficacy of ,-adrenergics as well
as tropic acid esters in a fixed combination
(Berodual metered aerosol, Boehringer-Ingel-
heim Ltd.) administered by metered aerosol in
school children.®

The aim of the present study was to inves-
tigate the broncholytic effect of this combination
(IKs) when the p,-adrenergic component was re-
duced to 25% per puff of the monosubstance
product (Berotec metered aerosol, Boehringer-
Ingelheim). Such an application has not yet been
reported in young children. The study also at-
tempted to establish whether this product can
be successfully administered to young children
by metered aerosol. It is known that with this
form of administration a certain amount of
cooperation is required for the active substance
to penetrate into the lower airways; when used
incorrectly, the substance reaches only the oral
cavity and the pharynx. Three forms of adminis-
tration with different sites of action were com-
pared. Finally, the results of studies stating
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figure 1—The three forms of application of the fixed-combi-
nation metered aerosol:
I=metered dose inhaler with deep inhalation.
lla=metered dose inhaler + inhalational aid.
lo=metered dose inhaler with deep inhalation + inhala-
tional aid.
lll=metered dose inhaler after deep inspiration in the
postinspiratory pause.

that aerosols sprayed only into the oral cavity
achieved as much as 80-90% of the maximal
bronchodilator capacity were reexamined.*

Materials and Methods

Twelve patients (8 boys, 4 girls) aged 3/ to 6%/ 2
years who had extrinsic asthma and were un-
dergoing long-term therapy with bronchodila-
tors were examined. Oral broncholytic agents
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used by the patients were discontinued at least
12 hours prior to the study, and inhalants, at
least 8 hours prior. The parents were informed
about the aims of the study and gave consent
to the participation of their children. Prerequi-
sites for inclusion in the study were: 1) oscilla-
tory resistance (Rrs) measurements of over
150% of the predicted value on each day of the
study; 2) the absence of concomitant cardiac, re-
nal, hepatic, or metabolic disorders; 3) practice
with placebo metered aerosol before the actual
study.

The Ry was determined using a comparative
oscillation method (Siregnost FDs, Siemens Cor-
poration, Iselin, N.J.) and was read from the
phase diagram.'*** The reference standards used
were Rys values that had been previously deter-
mined by us for young children.”®* The study
lasted for 6 hours on each of the 3 days. R;s was
measured before and 10, 30, 60, 120, 240, and
360 minutes after the administration of two
puffs of the test substance IKi;. One puff con-
tained 0.05 mg fenoterol and 0.02 mg ipra-
tropium bromide. The test substance was
distributed in a randomized fashion on 3
consecutive days by the same physician under
the same conditions for use in three different
ways:

1. Two puffs of MA, synchronized with deep inha-
lation (deposited on the mucosa of the oral
cavity, pharynx, larynx, trachea, and bronchi).
This is the usual application of a metered dose
inhaler (figure 1y). )

2. Two puffs MA employing an inhalational aid
with deep inhalation (deposited on the mucosa
of the pharynx, trachea, and bronchi). The in-
halational aid was a plastic tube attached to the
metered dose inhaler (figure 1i1a) that reached
deep into the child’s mouth (figure 1i). This al-
lowed less substance to be deposited on the oral
mucosa than did form 1. Another advantage of
this form of application was that the release of
the puff into the tube did not need to be syn-

table 1—Median Oscillatory Resistance (+SD) in 12 Patients with Bronchial Asthma Before and After Administration of

2 Puffs of IKs Metered Aerosol

Oscillatory Resistance (mbar/I/sec)

Before At 10 At 30 At 60 At 120 At 240 At 360
Forms of Administration Admin. Min. Min. Min. Min. Min. Min.
1. 2 puffs MA with 18.50 10.00 9.40 9.45 9.35 12.00 12.75
deep inhalation (1.81) (2.24) (2.20) (1.55) (2.78) (2.49) (2.86)
2. 2 puffs MA + 1A 18.50 10.40 9.75 9.65 10.75 11.95 14.00
with deep inhalation (4.34) (3.49) (1.83) (2.41) (2.76) (2.83) (4.96)
3. 2 puffs MA after 18.50 12.40 10.25 10.50 10.45 11.40 14.00
deep inhalation (2.04) (2.49) (2.29) ©.92) (2.89) (2.65) (3.28)

Abbreviations: MA = metered aerosol; MA + IA = metered aerosol plus inhalational aid.

Mean predicted value = 10.25 (+0.99).
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chronous with the child’s inhalation because
the substance could also be inhaled from the
tube.

3. Two puffs of metered aerosol after deep inhala-
tion during the postinspiratory pause into the
wide open mouth (deposited on the oral mucosa
and pharynx). In this form the child had to in-
hale deeply and then hold his or her breath
while the 2 puffs were released before exhaling
(figure 1.

Changes in Rrs over time were studied in
three different ways: 1) as absolute values; 2) as
percent of baseline values; 3) as percent of
predicted values. For statistical comparison of
the fixed combination product we used the max-
imal percentage decrease compared with the
baseline Rys value. The percentage decrease
was evaluated by variant analysis (factors: pa-
tient and product) followed by linear contrasts
according to Scheffé using the SAS-program.**
The level of significance was P < 0.05.

Results

Table 1 shows the median value for Ris +
standard deviations for the duration of the study.
Before application of the medication on each test
day R;s was on the average almost 200% of the
normal predicted value. The maximum bron-
cholytic effect was registered between 30 and
120 minutes after administration in all three
forms of application; whereas with form 1 the
lowest median was reached after 120 minutes,
with form 2 the lowest was reached after 60
minutes, and form 3 after 30 minutes. These
results are illustrated in figure 2. It is evident that
the broncholytic effects of forms 1 and 2 were
almost the same; after 360 minutes form 2 had
a slightly weaker broncholytic effect than did
form 1. Form 3 showed the weakest bronchodi-
lation but the decrease in Rrs during this pro-
tocol did not differ significantly from that ob-
tained with the other forms of application. As
can be seen in Table 1 and figure 2, at 30 minutes
all three forms recorded mean Ry values that
lay within the individual predicted value. Only
after 360 minutes were these measurements in
the upper, or slightly above the upper, range of
predicted values.

Table 2 and figure 3 demonstrate the course
of Rrs for each patient on each of the three
study days. Except for patient 6 and 7, not only
the bronchial (form 1) but also the buccal (form
3) administration quickly led to a significant de-
crease of Rrs. The duration of bronchodilation
was almost the same for all three forms of ad-
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figure 2—Mean values and standard deviations for oscilla-
tory resistance in 12 patients with bronchial asthma before
and up to 360 minutes after administration of 2 puffs of 1K,
metered aerosol.
Key: = metered aerosol (form 1).
----- = metered aerosol with inhalational aid (form
9.
- - — — = metered aerosol, buccal application (form
3).

ministration in all patients except patients 9 and
11. For patient 9 the duration of action of form
2 was clearly shorter than forms 1 and 3, and
for patient 11 the duration of action of form 2
was clearly longer.

In the administration of metered aerosol with-
out the inhalational aid it was difficult to coor-
dinate inspiration with the simultaneous release
of two pulffs. In fact, it was only successfully done
in two patients. In contrast, the inhalational aid
method proved to be the easiest for all 12 pa-
tients. The buccal form was also used without
problems by all 12 patients, but 10 of them con-
sidered it to be unpleasant because of the bitter
taste of the metered aerosol.

Discussion

The aim of any long-term therapy must be to
reduce the needed amount of medication as
much as possible. In the combination product
examined, the quantity of f,-adrenergics wasre-
duced to 25% of that in the monosubstance
product and yet it produced a good bronchodila-
tory effect. With appropriate administration the
respiratory resistance of all 12 patients was re-
duced by 50% and thus into the predicted nor-
mal range.

Our results show that for children a metered
aerosol is not always easy to use, because small
children are often incapable of simultaneously
releasing the puff and inhaling. They may also
reject the metered dose inhaler altogether be-
cause of its bitter taste. We therefore sought an
alternative form of administration. An inhala-
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table 2—Individual Values for Oscillatory Resistance in 12 Patients with Bronchial Asthma Before and After Administration

of 2 Puffs of IKs Aerosol

Oscillatory Resistance (mbar/|/sec)

Predicted Before At 10

At 30 At 60 At 120 At 240 At 360

Patient Day Value Admin. Mmin Min. Min. Min. Min. Min.
1 16.5 10.0 8.0 85 7.9 13.0 10.0

1 9 10.3 18.0 10.0 9.8 95 11.0 12.0 14.0
3 20.0 12.0 11.0 105 10.2 11.0 17.0

1 20.4 10.0 9.5 9.0 8.9 8.0 10.0

2 2 10.2 19.2 9.5 8.0 8.0 8.0 8.0 8.5
3 20.4 9.0 9.0 9.4 8.8 10.8 12.0

1 20.0 10.5 9.3 9.5 9.2 11.0 11.0

3 2 9.8 17.5 11.5 9.5 8.4 8.0 8.2 8.2
3 19.6 10.0 9.5 9.0 8.8 10.5 14.0

1 18.0 9.8 85 8.5 8.5 10.6 10.0

4 % 9.4 15.0 9.0 8.5 8.0 9.1 10.5 11.0
3 16.0 14.2 9.0 8.9 9.4 115 13.9

1 16.0 9.2 9.0 9.4 9.5 11.0 11.8

5 2 9.6 17.5 11.0 10.0 9.0 9.5 11.0 13.0
3 17.0 10.8 9.0 9.3 10.0 9.6 9.8

1 185 13.0 11.0 10.8 125 13.0 15.0

¢] 2 1.5 19.0 10.0 10.2 10.4 11.0 12.2 14.0
3 20.0 15.0 14.0 17.0 16.0 14.0 14.0

1 16.5 10.0 95 9.5 10.5 15 12.0

7 4 101 17.5 105 9.7 9.8 10.5 105 14.0
3 185 15.0 12.0 14.0 14.0 14.0 17.0

1 17.5 7.0 6.9 7.0 7.0 12.0 145

8 2 8.2 22.0 8.0 7.5 6.0 8.5 12.8 18.0
3 14.0 7.5 7.0 6.8 8.0 10.5 12.0

1 20.0 8.8 8.0 9.0 9.0 12.0 135

9 2 11.5 28.0 17.0 12.0 11.0 13.0 17.0 97.0
3 185 10.8 1.3 11.0 10.8 11.8 17.0

1 922.0 13.9 151 13.0 16.0 14.0 15.0

10 2 11.7 29.0 19.0 14.0 16.0 18.0 16.5 175
3 21.0 129 14.5 15.0 14.0 17.0 21.0

1 19.0 14.7 12.0 11.0 145 18.5 19.5

11 Q 105 20.0 15.1 11.9 10.3 11.0 1.9 13.2
3 17.3 12.8 11.9 11.9 15.8 17.8 19.0

1 185 12.0 11.0 10.8 12.5 13.0 15.0

12 2 10.3 17.0 103 9.5 10.0 12.0 145 15.0
3 185 14.0 9.5 10.5 10.7 11.3 12.5

Day 1 = metered aerosol with deep inhalation (bronchial; day ¢ = metered aerosol plus inhalational aid with deep inhalation (bronchial); day 3 = metered

aerosol after deep inhalation (buccal).

tional aid was developed for children and the
elderly that can be attached to the conventional
metered dose inhalers currently on the market.
This makes handling much easier since the pa-
tient’s inhalation and release of the puff do not
need to be coordinated. Although coating of the
plastic tube occurs, effectiveness was not re-
duced. In fact, the average reduction in R;s was
the same with and without the inhalational aid,
but the acceptance was much better.

We wanted to determine whether IK, has any
effect when the children were incapable of in-
haling the substance due to lack of cooperation

or to severe obstruction. It has been generally
held that the use of the metered dose inhaler was
only justified if a certain amount of the drug
could reach the bronchopulmonary receptors.'s
If it could not, systemic treatment has been
thought to be preferable.'**® The results we ob-
tained in young children are clearly consistent
with those of other studies in adults'®**?® in
which the buccal administration of MA pro-
duced an adequate degree of bronchodilation
and the effective duration was shown to differ
greatly from conventional routes of administra-
tion. Several explanations for this effect have
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been suggested. It is thought that the receptors
of the mouth and pharyngeal mucosa mediate
reflex bronchodilation.?' The investigations of
Zimmermann et al.?*-*? support this theory. They
demonstrated in animal experiments that the
application of a single allergen or acetylcholine
onto the buccal mucosa caused bronchocon-
striction. It is also conceivable that the active
substance is absorbed by the oral mucosa and
transported to the lung via the right heart.?**
Finally, it could be that the active substance
reaches the trachea and bronchi by buccal ad-
ministration in sufficient quantity to cause the
broncholytic effect. This theory is supported by
the investigations of Ruffin,*® who studied
mouthwash with fenoterol solution without ob-

Time {min)

taining any broncholytic effect. The only differ-
ence between Ruffin’s method and ours is that
he tested fenoterol alone, whereas we used a
combination (IK¢) and applied it using a differ-
ent method. Various studies that show a clear
dose-related effect of 8,-sympathomimetics and
atropine derivatives dispute this theory.?** The
fact that ff,-adrenergic substances administered
as metered aerosols cause significant broncho-
lytic effect far from their usual site of action is
supported by investigations of Groth et al.,?* who
demonstrated that even the intranasal applica-
tion of fenoterol metered aerosol had a broncho-
lytic effect equal to the conventional inhalational
form.

Irrespective of where the inhaled drug is even-
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tually deposited, topical therapy still continues
to be the treatment of choice for bronchial
asthma.? Metered aerosols offer an effective al-
ternative to traditional inhalational therapy
using compression nebulizers, which depend on
a source of energy and are considerably more
time consuming. Nevertheless, one should use
these nebulizers as the primary therapy in chil-
dren because they offer better parental control
and thus help to exclude abuse, they provide for
the inhalation of more secretolytic fluid into the
bronchial system, and they allow the possibil-
ity of combining several monosubstance medi-
cations.

The general opinion that metered dose in-
haler aerosols should not be used in young chil-
dren is no longer acceptable. Because a good
broncholytic effect was achieved with the com-
bination IKs administered as a metered dose in-
haler, this therapeutic method can be used in
certain situations such as emergencies, prior to
exercise in patients who have exercise-induced
asthma, and during holidays even if the children
are not able to use the inhaler correctly due to
age or the presence of severe airway obstruction.
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