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The purpose of this study was to cotnpare the bronchodilating effect of
ipratropium bromide (IB) adtninistered by a conventional Ingelheitn powder
device system (IPI) atid by a tnetered dose inhaler (MDI) in children and
adolescents with stable bronchial asthma. Seventy patients, aged 7 to 16
years, with stable bronchial asthma from our outpatient clinic were tested
for bronchial responsiveness to inhaled IB. Fifteen (21%) of the 70 subjects
were found to have a substantial bronchial response to inhalation of
40 |.tg IB, i.e. at least 15% increase iti FEV, 30 tnin after inhalation; the
rernaining 55 subjects had < 15% increase in FEV,. No relationship between
severity of asthma, age or sex and bronchial responsiveness to inhaled IB
was found. Among the 15 subjects who had substantial bronchial response
to IB, the increase in FEV, after inhalation of fenoterol tended to be
greater than the response to inhaled IB, although this did not reach statistical
significance. Responders, i.e. subjects who had at least 15% increase in
FEV, after itihalation of IB, took part in a double-blind, cross-over study
of the bronchodilating efTeet of 40 |.tg IB delivered by IPl and MDI. We found
no signifieant differences iti the bronchodilating effeet during a 6-h
follow-up. Maxitnum bronehodilating effect of IB was reached after 30 tnin
and the maximum response lasted for 90 tnin. No side or adverse effeets
were observed following inhalation of IB. We conclude that before starting
treattnent with ipratropium bromide for bronchial asthtna in children and
adolescents, the patients should be tested for bronchial responsiveness to
inhaled IB to find out whether they are responders or notiresponders;
and further that, among responders, inhalation of powder is as effective as
inhalation frotn a dosis-aerosol.

Clinical aspects .

On the basis of the findings in the present stndy, we conclude that before
starting treatment with ipratropium bromide (IB) for bronchial asthma in
children and adolescents the patients should be tested for bronchial
responsiveness to inhaled IB in order to find out whether they are responders
or nonresponders: and further that, among responders, inhalation of
powder is as effective as inhalation from a dosis-aerosol.
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In bronchial asthma, the airways are found to re-
spond to a variety of pharmacologic agents, e.g. Pj-
agonists and atropine; part of this responsiveness is
thought to be caused by stimulation of the auto-
nomic nervous system. Several pharmacologic ac-
tions of adrenergic agonists are important in the
treatment of asthma, and the best characterized

bronchodilator action of the adrenergic agonists on
airways is relaxation of airway smooth muscle. How-
ever, for many years it has been known that asthma
can also be treated with muscarinic antagonists, e.g.
ipratropium bromide (IB), because they can efl"ec-
tively block the contraction of airway smooth mus-
cle and the increase in secretion of mucus that oc-
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curs in response to vagal activity (12). Some
investigators have found IB to be an effective alter-
native for treatment of mild acute asthma in children
(7, 14, 15, 22). IB permits delivery of high doses to
the muscarinie reeeptors in the airways beeause the
compound is poorly absorbed and does not readily
enter the central nervous system, and has therefore
only few side effects (13); and further, it ean be used
in infants with bronchoeonstriction (10). Studies
with this agent have shown that the degree of in-
volvement of parasympathetic pathways in broncho-
motor responses varies among adults with bronchial
asthma (8); in some, bronchoconstriction is inhib-
ited effectively, whereas in others, bronchoconstric-
tion is inhibited only modestly (2). That administra-
tion of higher doses of the muscarinie antagonists
fails to inhibit the response further implies that mech-
anisms other than parasympathetic reflex pathways
must be involved (2, 12).

IB ean be inhaled either as powder or as aerosol.
Inhalation of powder is preferable because it is more
likely to be inhaled with an optimal teehnique, even
in ehildren at the age of 3 to 4 years (1, 18); whereas
inhalation from an aerosol is more difficult (6, 19);
also, dosis-aerosols contain freon. The purpose of
this study was to compare the bronchodilating effect
of IB administered by a powder device system and
by a metered-dose inhaler in children and adoles-
cents with stable asthma.

Material and methods
Material

The present study consisted of two parts:

Part 1 (inclusion phase). A total of 70 children and
adolescents, median age 13 years (range 7-16), with
stable bronchial asthma, i.e. unehanged anti-
asthmatic medieation for at least 4 weeks and no
need for systemic steroids within the last 12 weeks,
were tested for bronehial response to 40 |ig of IB
inhaled from a conventional Ingelheim powder de-
viee system (lPI). All subjeets regularly attended the
outpatient clinic at the Department of Pediatrics at
the University Hospital in Copenhagen, and had
previously been shown to have reversible airways
obstruction (FEV, increased 15% or more after
bronchodilator inhalation); all participating subjects
had a baseline FEV; within the normal range (26).

Subjeets, who had at least 15% increase in FEV;
30 min after inhalation of 40 |ig oi^IB, were ineluded
in the second part of this study (the investigational
trial). ,

Part 2 (investigational trial). The investigational trial
was a double blind, randomized, cross over study of
the bronchodilating effect of 40 ng of IB inhaled ei-

ther from an IPI or a metered dose inhaler (MDI)
during a 6-h follow-up. Fifteen, median age 12 years
(range 7-16), ofthe 70 subjects tested could be in-
cluded in this part of the study, one of the 15 re-
sponders was not willing to terminate the study.

The study was approved by the ethics committee
of Copenhagen and informed eonsent was obtained
from all participating subjects and their parents.

Methods

Part 1. All participating subjects had a baseline lung
function test, measured with a pneumotachograph
(Vitalograph®). All subjeets were asked not to take
theophylline for at least 24 h, oral (32-agonist for 18 h,
and not to use inhaled bronchodilators for 6 h before
testing. Inhaled steroids wereeontinued, if used. The
baseline lung function tests included measurements
of FEVl, FVC, VC, FEF50 and FEE25. The highest
of three technically acceptable measurements was
used for data analysis. Baseline lung function test-
ing was followed by a reversibility test; FEV, was
measured at 0, 15 and 30 min after inhalation of
40 i-ig of IB, delivered by an IPI. Bronehial response
was calculated as follows: (FEV,.,|-ĵ ,, - FEVn,.,̂ !̂!,̂ ,̂)/

|3.̂ j.̂ ij,,,̂ . Subjects, who had < 1 % inerease in
after inhalation of IB (// = 36) were excluded

from further examination; whereas all subjeets who
had an increase in FEV, of > 1 %, but < 15%, were
tested onee more with IB.

Part 2. All subjeets, who fulfilled the following cri-
terions: 1) > 15% increase in FEV, 30 min after in-
halation of 40 |ig IB (powder, IPI system), 2) < 15%
decrease in FEV, after inhalation of a freon aerosol
(plaeebo-aerosol) and 3) >15% increase in FEV,
15 min after inhalation of 0.2 mg fenoterol (tested on
a separate day), (powder, IPI system), were ineluded
for further examination. The investigational trial,
powder versus dosis-aerosol, was performed on 2
separate days, less than a week apart (median 1 day,
range 1-5 days), from 8 a.m. to 3 p.m.

On one day IB was delivered by an IPI and pla-
cebo by a MDI, and the second day visa versa.
FEVl was measured prior to inhalation of IB and
after 15, 30, 60, 120, 180, 240, 300 and 360 min. At
the end of eaeh day all subjeets had their FEV,
measured 15 min after inhalation of 0.2 mg fenoterol
(IPI system).

Data analysis. Predieted values for FEV,, FVC, VC,
FEFjo and FEF25 were ealculated aeeording to
Zapletal (26). The Mann-Whitney rank sum test
was used for eomparing groups. The Friedmann test
was used to analyse ehanges in lung function over
t i m e . -: - , , "- •. - . V :-: , .. • V ;:_, ,• :
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Results
When the patients had their first test for bronchial
response to inhaled IB, we found that 7 (10%) had
at least 15% increase in EEV,, whereas 36 (51%)
had unchanged EEVj (<1%) 30 min after inhala-
tion of 40 pg of IB (Group 0), Twenty-seven (39%)
patients had an increase in EEV, of > 1 % , but
< 15%, and they therefore had another reversibility
test with IB (Table 1). At this second test, another
8 subjects were found to have substantial (i,e. > 15 %)
increase in FEV, after inhalation of IB; whereas 19
subjects still only had a minor bronchial response to
inhaled IB (Group 1, n = 19). This means that among
70 children and adolescents with stable asthma, who
earlier had shown a 15% or greater improvement in
EEV, after inhalation of a standard dose of |32-
agonist, only 15 (21 %) patients were found to have
an increase in EEV, of at least 15% after inhalation
of 40 |.tg of ipratropium bromide (Group 2, respond-
ers), (Table 1),

No differences in either sex, age or asthmatic
symptoms were found between the 15 responders
(Group 2) and the 55 nonresponders. No difference
in baseline EEV,, expressed as percent of predicted
value (% pred.), was found between the 36 subjects
(Group 0)( 103% pred.) and the 19 subjects in Group
1 (95% pred.), (/; = 0.08). As shown in Table 2, the
8 subjects, who only at the second test with IB had
significant increase in EEV,, were found to have
significantly more reduced baseline FEV, (76%
pred,) than the 19 subjects in Group 1 (95% pred,),
(/> = 0.01), In general, no significant differences in
lung function were found between the subjects in
Groups 1 and 2: however, baseline FEE25 was found
to be significantly more reduced among subjects in
Group 2 (median 59% pred.), than among the sub-
jects in Group 1 (median 65% pred., 7; = 0,02),

The bronchial response to inhalation of placebo
was significantly lower than the response to both IB

Table 1. Baseline lung function test (% predicted) in 19 asthmatic subjects (Group 1)

with insignificant bronchial response to ipratropium bromide and 14 asthmatic subjects

(Group 2) with at least 15% increase in FEV, after inhalation of ipratropium bromide

Table 2. Subjects in Group 2 |n= 15) divided according to their initial response to in-

haled ipratropium bromide

VC
FVC
FEV,

FEV,/FVC

FEF,n

LLJ

Group 1

Par

Day 1

97.6

96.8

94.5

77.0

74.9

62.8

(n=19)

t 1

Day 2

95.0
96.4
97.6
76.5
75.8
78.0

Part

Day 1

93.7
92.5
82.0
75.2
54.6
36.7

Group 2

1

Day 2

99.1
98.5
83.0
74.6
60.5
38.1

(n=14)

Part

Day 1

104.3
105.9
98.6
74.0
61.4
41.3

2

Day 2

104.9
108.6
93.5*
71.0
62.4
34.6

VC
FEV,

neg

n=8
1

98.7
89.6

Group 2

n=8
1

85.0
75.5

pos

0=7
2

102.1
90.5

(1: subjects (/7=8) who were tested twice with ipratropium bromide, and only had

significant increase in FEV, at the second test); (2; subjects (n=7), who had significant

response (> 15%) to IB at the first test).

Table 3. Increase in FEV, after inhalation of ipratropium bromide (IPI),

(placebo) and fenoterol powder (BETA) (n= 14)

tung function

15 min

30 min

IPI

test
12.2

16.2

Median change of FEV,

placebo

4.3*

2 .8**

placebo aerosol

BETA

18,6
20.9

p<0.06 (Friedmann test). Values adjusted to BTPS.

' p<0.05 and ** p<0.01 (Mann-Whitney test).

and fenoterol (;;<0.01) (Table 3), The increase in
EEV, tended to be greater after inhalation of fenot-
erol than after inhalation of IB (Table 3), although
this did not reach statistical significance.

Of the 14 patients who entered the investigation
trial, 3 were girls, 2 had a negative skin prick test to
9 common aero-allergens, and according to the level
of bronchial hyperresponsiveness the 14 subjects had
mild to moderate asthma (median PC20, histamine
1.4 mg/ml, range 0,3-7.0).

For the patients in Group 2 {n = 14) no significant
differences in baseline FEV, were found between the
days of inclusion (82% pred, and 83% pred., re-
spectively) or between the 2 days of trial (99% pred.
aild 94% pred., respectively); however, baseline
FEV, was found to be significantly lower on the days
of inclusion than on the days of trial (83% pred, and
99% pred,, respectively, p<0,01).

As shown in Fig, 1, the maximum increase in
FEV, % pred. was reached 30 min after inhalation
of IB, and the maximum response lasted 90 min,
whereafter lung function began decreasing towards
baseline values. IB inhaled from a dosis-aerosol
seems to reveal less bronchodilation, although the
difference did not reach statistical significance
(Table 4). The increase in FEV, 15 min after inha-
lation of 0.2 mg fenoterol at the end ofthe 2 days of
trial was rather poor (Fig. 1),

No side or adverse effects were noted after inha-
lation of ipratropium bromide or fenoterol, nor had
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Fig. I. Changes over time (minutes, abscissa) in FEV, % pre-
dicted (ordinate) after inhalation of ipratopium bromide either as
powder (solid line) or as aerosol (chain, dotted line), and 15 min
after inhalation of fenoterol.

Table 4. Change in FEV,
ered by a powder device

Lung function test
15 min
30 min

% pred.
system (

after inhalation of 40 \ig ipratropium
iPi) and a metered dose inhaler (MDi),

Median change in FEV, %p

iPI

12.2
16.2

bromide deliv-
(n=14)

red.

MDi

5.1
11.2

any subject in this study decrease in FEV, after in-
halation of either of the 2 bronehodilators.

Discussion

The purpose of this study was to compare the bron-
chodilating effect of ipratropium bromide inhalation
powder and aerosol in children and adolescents with
stable bronchial asthma. In the treatment of acute
asthma, ipratropium bromide has been found to be
as efficient as (3-,-agonists, or only slightly less so (7,
23, 24). This stLidy showed that only 15 (21%) of 70
children and adolescents with bronchial asthma had
substantial increase in FEV, 30 min after inhalation
of 40 |ig of ipratropium bromide. However, the sub-
jects in this study were clinically stable and had a
baseline lung function within the normal range (26),
and it is possible that a different result may have
been found in children and adolescents with reduced
lung function and/or unstable asthma. This sugges-
tion is supported by our finding that 8 of the subjects
only had significant bronchial response to ipratro-
pium bromide when they were re-tested on a day
where they had reduced baseline lung function. Pet-
rie (20) and Ruffin (21) have shown that in mild
asthma there is little advantage from adding ipra-

tropium bromide to salbutamol; whereas patients
with more severe asthma may benefit from both
drugs because there may be reduced |3-adrenoceptor
function (4, 17) and increased parasympathetic re-
flex airway activity (3). Our findings therefore might
reflect that the patients in this study had asthma of
only mild to moderate severity. Dose-response stud-
ies with ipratropium bromide have yielded conflict-
ing results. However, in some patients with asthma
an ipratropium bromide dose of up to at least 0.5-
1 mg has been found to have an increasing bron-
chodilatory effect (9, 11, 25). Thus, one possible ex-
planation for the low number of subjects in this study,
to achieve substantial bronchodilating effect of ip-
ratropium bromide may be that the dose was sub-
optimal. However, it seems more likely that consid-
erable bronchial response to inhaled ipratropium
bromide occurs mainly in a particular subgroup of
patients with asthma, as suggested by Brown et al.
(5), and that our study included relatively few
"responders". This remains hypothetical, however,
since our data do not allow unequivocal identifica-
tion of such "responders". If the 55 patients in this
study, who were found to be nonresponders, had
been tested with ipratropium bromide on a day when
they had reduced lung function, they might have
turned out to be responders. However, our findings
indicate that the degree of involvement of parasym-
pathetic pathways in bronchomotor responses, as
expected, varies among children and adolescents
with asthma, as it has been found in adults with
bronchial asthma (8).

It has earlier been shown that the bronchodilator
effect of ipratropium bromide peaks 1 h after inha-
lation and virtually disappears within 6h (16); but
the second part (the investigation al trial) of this study
showed that the maximum response to inhaled ip-
ratropium bromide has already been reached 30 min
after the inhalation. Thus, the reason why so many
of the subjects in this study were found to have in-
significant bronchial response to inhaled ipratropium
bromide can not be that its bronchodilating effect
had not yet reached maximum at the time when the
lung function was measured.

This study showed that ipratropium bromide in-
haled from a powder delivery system is at least as
effective as inhalation from a dosis-aerosol. This
might be of importance in the treatment of young
children with bronchial asthma, because powder is
easier to inhale than aerosol.

We conclude that our findings do not support the
use of ipratropium bromide as an additional treat-
ment for children and adolescents with asthma of
mild to moderate severity, unless the subjects be-
forehand have been shown to be responders. We
also conclude that the bronchodilating effect of ip-
ratropium bromide is the same whether the drug is
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administered as powder or as aerosol. We suggest
that higher doses of ipratropium bromide than pres-
ently recommended should be tested in controlled
trials in the treatment of chronic, stable asthma in
children and adolescents.
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