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Failure of ipratropium bromide to modify the diurnal
variation of asthma in asthmatic children
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ABSTRACT Thirty one children with asthma were given 40 jug of ipratropium bromide and identical
placebo by inhalation three times a day in a double blind, randomised crossover study to test the
ability of an anticholinergic drug to modify the diurnal variation in airway calibre and bronchial
reactivity. Subjects measured peak expiratory flow rate approximately eight hourly, before and after
inhaled salbutamol, for four week periods. Paired t tests and cosinor analysis were used to assess the
diurnal variation in airway calibre from the peak expiratory flow rate recorded before salbutamol
and to assess the diurnal variation in bronchodilator responsiveness from the increase in peak
expiratory flow rate after salbutamol. Maintenance treatment with ipratropium bromide 40 ig three
times daily reduced the provocative dose of histamine which caused a 20% fall in FEV1 (geometric
mean PD20 = 0-78 v 0-49 mg/ml, p < 0 05), despite an eight to 12 hour gap between the last dose of
ipratropium and histamine challenge. It did not, however, diminish the diurnal variation in airway
calibre (mean amplitude = 12-7 v 10 1) or in bronchodilator responsiveness (mean
amplitude = 62-4 v 63 5). There was no improvement in the clinical state of subjects while they were
taking ipratropium bromide.

A diurnal variation in airway calibre, as judged by
peak expiratory flow (PEF), has been described in
adults with asthma' and children with asthma.2 3 The
mechanisms underlying this rhythm are unknown.
Diurnal variation in airway sensitivity to histamine4
and to acetylcholine' has also been described and
could not be explained by variation in baseline airway
calibre. The mechanisms underlying this diurnal vari-
ation in airway sensitivity are not known. Bron-
choconstriction after inhalation of histamine is
thought to be mediated in part by vagal reflexes.6
Thus the diurnal variation in airway sensitivity to
histamine, and other substances, may also be medi-
ated in part through the vagus.

Nocturnal exacerbations of asthma have been
attributed to an exaggeration of the diurnal variation
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in airway calibre,' but the heightened airway sensi-
tivity seen in the early hours of the morning45 may
also be a contributing factor. If nocturnal asthma is
related to the diurnal variation in airway calibre or in
bronchial reactivity, or both, a treatment regimen
that would abolish or diminish these variations might
be able to decrease some of the morbidity and
mortality associated with nocturnal asthma.7 8 In
recent studies anticholingergic drugs have been
shown to increase early morning PEF more than
evening PEF9 and to decrease morning dipping,'0
which suggests that these agents may be able to
diminish the diurnal variation in airway calibre.

This study was performed to test the ability of the
anticholinergic agent ipratropium bromide in clin-
ically acceptable doses to modify the diurnal vari-
ations in airway calibre and in bronchodilator
responsiveness. Thirty one children with asthma were
given ipratropium bromide and placebo in a double
blind crossover study. The diurnal variation in airway
calibre was assessed from PEF recordings and the
diurnal variation in bronchodilator responsiveness
assessed from the increase in PEF after salbutamol.
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from each subject and at least one parent.

Thirty one children with asthma (21 male, 10 female),
aged from 8 to 18 years (mean 12 0 years), were stud-
ied. The study consisted of four periods of four weeks:
a baseline period and two treatment periods sepa-

rated by a washout period. Each child kept a diary
card recording a daily symptom score, medications
taken, and PEF (Wright mini peak flow meter)
approximately eight hourly, before and 10 minutes
after inhaling salbutamol from an aerosol. PEF was
measured on waking in the morning, at 1600 hours,
and at bed time, as suggested by Hetzel and Clark.'
At each test time the children carried out three
measurements and recorded the highest PEF on the
diary card. Children were maintained on their usual
medication and carried out normal activities during
the study. Medications used were: salbutamol, two
puffs from a metered dose aerosol (200 pg) or 0-03
ml/kg up to a maximum of 1 0 ml of a 0 5% solution
by wet nebulisation; a 12 hour slow release
theophylline preparation at a dose of 20mg/kg per
day to a maximum dose of 500 mg twice daily or as

directed by blood concentrations; and inhaled
beclomethasone dipropionate by a metered dose
aerosol, 50 Mg per puff, two to four puffs three or four
times daily.
Each day the children were required to give a score

between zero and three for each of the following:
amount of wheeze during the night; amount of cough
during the night; amount of wheeze during the day;
and limitation of activity during the day. Symptom
scores were added to give a daily total for each child.
Daily symptom scores could range from zero, for an
asymptomatic day, up to 12 for a day with a

pronounced cough, wheeze, and limitation of activity.
Daily symptom scores were added to give a symptom
score for each period for each child. The study treat-
ment consisted of two puffs of either ipratropium
bromide (40 pg) or placebo three times a day from
identical metered dose aerosols labelled A or B. The
children were randomly allocated to receive either
aerosol A or B first.

Histamine challenge tests were performed, follow-
ing the protocol of Yan et al," at the same time of
day, at the completion of each study period. Subjects
did not use salbutamol or treatment aerosols for
between eight and 12 hours before the challenge test.
Other medications were continued, but as subjects
were taking the same treatment regimen throughout
the study this should not contribute to any differences
found between the challenge tests. Dose-response
curves were plotted and the cumulative dose of hista-
mine causing a 20% fall in FEV, (PD20) calculated.
The study protocol was approved by the hospital's

ethics committee, and informed consent was obtained

DATA ANALYSIS
All statistical tests were performed on natural log
transformed PD20 data. Wilcoxon's matched pairs
signed ranks test was used to compare PD20 values
between study periods. Dunnett's paired t test'2 was

used to test differences between afternoon, morning,
and evening PEF values for each child within each
period, afternoon PEF being considered as "control"
and morning and evening PEF as two "treatments."
The amplitude of the diurnal variation in PEF was

assessed by cosinor analysis, using the modified tech-
nique reported by Hetzel and Clark.' PEF was anal-
ysed against time using the equation:
PEF = Co + a cos (27rt/24) + b sin (2nt/24),

where Co = mean value or intercept; t = time PEF
was measured. Coefficients a and b were determined
and used to calculate the "peak to trough" amplitude
(A = 2V/a2+ b). Amplitude was expressed as a

percentage of the subject's mean PEF for the period
under study, and compared between treatment peri-
ods by paired t test.
The increase in PEF (1/min) after salbutamol

inhalation was calculated at each test time. Bron-
chodilator responsiveness was analysed as the abso-
lute increase in PEF as a function of time by cosinor
analysis, as described above. Amplitude, expressed as
a percentage of the subject's mean increase in PEF
after salbutamol inhalation for the period under
study, was compared between treatment periods by
paired t test. Dunnett's paired t test'2 was used to
compare the increase in PEF after salbutamol at each
test time on data for each child.
Symptom scores and excess bronchodilator medi-

cation were compared between treatment periods by
paired t tests. The null hypothesis, that there were no

differences between ipratropium bromide and
placebo, was rejected at p < 0 05.

Results

Treatment with ipratropium bromide caused no

change in mean PEF (table 1). Eight children had
higher morning PEF values while taking ipratropium
bromide, but another eight had higher morning PEF
values while taking placebo.

HISTAMINE CHALLENGE
Treatment with ipratropium bromide was associated
with significantly higher mean PD20 values (geo-
metric mean 0-78 v 0-49 mg/ml, p < 0-01) (figure).

DIURNAL VARIATION IN AIRWAY CALIBRE

Seventy four per cent (23 of 31) of subjects showed a
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Table 1 Group mean peak flow rates

Mean (SD)

Baseline
Morning 309(82)
Afternoon 332 (79)
Evening 320 (81)

Ipratropium bromide
Morning 305(94)
Afternoon 325 (89)
Evening 325 (90)

Placebo
Morning 309 (92)
Afternoon 325 (85)
Evening 325 (87)

significant diurnal variation (Dunnett's paired t test)
during the baseline period. The mean (SD) amplitude
of the diurnal variation in PEF was 23-1% (13 7%).
Treatment with ipratropium bromide did not affect
the diurnal variation in PEF. Table 1 shows group
mean PEF data for each treatment period. Seventy
seven per cent (24 of 31) of subjects had significant
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Results of histamine challenge tests (In PD20) after the
ipratropium bromide and placebo periods for each subject;
p < 005.

diurnal variations while taking ipratropium bromide
compared with 68% (21 of 31) taking placebo. When
the eight children who had higher morning PEF
recordings were examined separately there was no
relation between the increase in PEF and the diurnal
variation in PEF. There was no difference between the
mean (SD) amplitude of the diurnal variation in PEF
on ipratropium bromide (mean 22-9% (13-7)) and
placebo (mean 22-1%, (16.2)).

DIURNAL VARIATION IN BRONCHODILATOR
RESPONSIVENESS
Twenty one children inhaled salbutamol in constant
dosage, regularly three times a day. Fifty seven per
cent (12 of 21) had significantly greater bron-
chodilatation in the morning during both
ipratropium bromide and placebo periods (p < 005).
Treatment with ipratropium bromide did not alter the
amplitude of the diurnal variation in bronchodilator
responsiveness (mean amplitude = 63-5% (range
13-138%) during placebo period; 62A4% (range
12-145%) during ipratropium bromide period). The
absolute increases in PEF after salbutamol were not
altered by treatment with ipratropium bromide.
Mean (SD) increases in PEF (1/min) for the morning,
afternoon, and evening were 36 (19-7), 22 (9-7), and
29 (13-5) respectively for the placebo period, and 34
(19 2), 22 (11 9), and 29 (16-2) respectively for the
ipratropium bromide period.

DIARY CARDS
There were no differences in symptom scores or addi-
tional doses of salbutamol during the baseline,
ipratropium bromide, or placebo periods (table 2).
No child was able to reduce maintenance treatment
while taking ipratropium bromide.

Discussion

Treatment with ipratropium bromide (40pg) caused
no change in mean PEF values in the 31 children who
took part in this study, and it failed to modify the
diurnal variation in airway calibre or in bron-.
chodilator responsiveness to salbutamol. Nor did it
reduce symptom scores or decrease the use of addi-
tional doses of salbutamol.

Table 2 Diary card information

Symptom scores Additional doses
of salbutamol

Baseline 35 (34-2) 14 (22.1)
Ipratropium bromide 37 (46-7) 19 (35-3)
Placebo 32 (51-0) 13 (29-1)

Results are group means (SD) of the total reported for each study
period by each subject.
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In previous reports it has been suggested that
ipratropium bromide may decrease the diurnal vari-
ation in PEF.9 10 The results of this study do not sup-
port this suggestion. The reasons for the difference
between the results of this study and those in previous
reports are not obvious. Mann and Hiller,9 who also
studied children, used the same dosage regimen of
ipratropium bromide as we did, and measurements
were also made three times a day. They did not exam-
ine the diurnal variation in PEF directly but they
found significantly higher mean PEF values in the
morning with ipratropium bromide. Evening PEF
recordings were also higher with ipratropium bro-
mide but the increase was not significant. In the
present study the effect of ipratropium bromide was
assessed in each subject by comparing morning and
afternoon PEF values each day using Dunnett's
paired t test. Mann and Hiller9 appear to have used a
paired t test on the group as a whole, comparing only
the mean value of morning and evening PEF for each
subject. In the present study eight children had
significantly higher morning PEF values when taking
ipratropium but only four of these had lower ampli-
tudes of the diurnal variation in PEF while taking
ipratropium. This suggests that simply comparing
mean morning and evening (or afternoon) PEF values
on and off a treatment for a group as a whole may not
be the best way to evaluate the effect of that medica-
tion on the diurnal variation in PEF.

Maintenance treatment with clinically acceptable
doses of ipratropium bromide did not result in clinical
improvement in the children in this study. Most
reported symptoms of asthma during the study and
most required additional doses of salbutamol.
Ipratropium bromide treatment did not reduce symp-
tom scores or result in the use of fewer additional
doses of salbutamol. These results, coupled with the
failure of ipratropium bromide to decrease the ampli-
tude of the diurnal variation in airway calibre or in
bronchodilator responsiveness, do not support the
use of ipratropium bromide as an additional treat-
ment for children with asthma. The subjects in this
study were clinically stable, and it is possible that a
different result may have been found in children with
unstable asthma.
The failure of ipratropium bromide to modify the

amplitudes of the diurnal variations in airway calibre
or in bronchodilator responsiveness suggests that
these rhythms are not vagally mediated. Ipratropium
bromide can cause vagal efferent blockade in
man."3 14 A dose of 40 pg three times daily has been
reported to cause bronchodilatation in children9 13 14
and to blunt the response to experimental bron-
choconstriction.13 14 The bronchodilator effect of
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ipratropium bromide peaks one hour after inhalation
and virtually disappears within six hours.13 The fail-
ure of ipratropium bromide to diminish the diurnal
variation in airway calibre and in bronchodilator
responsiveness may be because its anticholinergic
action does not last long enough to be effective in an
eight hourly regimen. The small but significant
increase in PD20 seen after treatment with
ipratropium bromide, despite an eight to 12 hour gap
between the last dose of ipratropium bromide and the
histamine challenge test, suggests, however, that the
anticholinergic action of ipratropium bromide may
last longer than its detectable bronchodilator action.
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