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Airway response to methacholine during exercise
induced refractoriness in asthma
HELGO MAGNUSSEN, GABRIELE REUSS, RUDOLF JORRES
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ABSTRACT To investigate the mechanisms contributing to refractoriness in exercise induced asthma
a methacholine challenge test was performed 30 minutes before and 30 minutes after two exercise
tests 45 minutes apart. Exercise was performed by 12 asthmatic patients while they were breathing
cold air. There was a smaller airway response to the second exercise test than to the first, though
there was wide variation between subjects. The response to the second methacholine challenge was
reduced in some patients but showed no significant change overall. Refractoriness to exercise
induced asthma positively correlated with a reduced response to methacholine. These data suggest
that mediator depletion does not fully explain refractoriness.

Recently Hahn and coworkers showed that refrac-
toriness to exercise induced asthma was not associated
with a diminished airway response to histamine.'
Since an increase in catecholamine activity with exer-
cise should attenuate the airway response2 to both
exercise and histamine, these authors favoured media-
tor depletion as the cause of refractoriness to exercise
induced asthma.

Patients with asthma show large variation in their
refractoriness in repeated exercise tests.3 We therefore
carried out a study to determine whether the response
to a methacholine challenge performed 30 minutes
after two exercise tests 45 minutes apart was related to
the degree of refractoriness to exercise induced
asthma. Methacholine was chosen because it stimu-
lates airway smooth muscle directly via muscarinic
receptors, whereas histamine induced broncho-
constriction is mediated by both direct and indirect
pathways.4

Methods

PATIENTS
We studied,12 patients with bronchial asthma, six men
and six women with a mean age of 24 years (range
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16-47). All patients had a history of exercise induced
asthma. Before entering the study all showed an
appreciable decrease in specific airway conductance
(sGaw) after an exercise test, and all were hyper-
reactive to inhaled methacholine. All were non-
smokers and none required regular medication. Sym-
pathomimetic agents were taken occasionally and
withheld at least six hours before the study. The
patients were instructed about the aim of the study
and gave their written consent.

LUNG FUNCTION MEASUREMENT
Airway resistance (Raw) during quiet breathing and
thoracic gas volume at functional residual capacity
were determined by a constant volume body
plethysmograph (Bodytest, E Jaeger, West Germany).
Raw was multiplied by the corresponding thoracic gas
volume to give specific airway resistance and
converted to specific airway conductance, sGaw. The
values were computed on line as the average of four
respiratory cycles with a data processor (PDP 11/04).

EXERCISE TEST
Patients breathed cold air for four minutes while sit-
ting quietly on a bicycle ergometer before exercise,
according to the method of Deal et al.' They then
exercised for four minutes, after which they continued
to breathe cold air through the same mouthpiece for
a further four minutes. Lung function was measured
before (baseline values) and 3, 10, 15, and 30 minutes
after the end of cold air breathing.
Cold air (around -1 5°C) was produced by passing

dried room air through a heat exchanger. Inspiratory
667
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and expiratory temperatures were measured by two
thermocouples mounted within the two ports of a two
way Hans-Rudolf valve. The water content of both
inspired and expired air was calculated from standard
saturation-temperature curves assuming 100%
humidity.6 Expired air was conducted through a

heated pneumotachograph (Fleisch No 4) and airflow
was electronically integrated to give tidal volume.
Respiratory heat exchange was calculated from the
equation given by Deal etal.S

METHACHOLINE CHALLENGE
Bronchial challenge with methacholine was carried
out according to the guidelines proposed by Chai
et al.7 A DeVilbiss No 649 nebuliser was triggered by
a breath activated solenoid valve that remained open
for 0-6 seconds at the beginning of inspiration. The
aerosol was generated with pressurised oxygen at
20lb/in2 (138kPa). The mean (SD) output of the
nebuliser was 0-011 (0-002) ml per nebulisation. The
diluent (saline) and each concentration of metha-
choline were administered during five inspiratory
breaths from functional residual capacity to total lung
capacity at a flow of around 21 s .

To standardise the time for performing the chal-
lenge six methacholine solutions of doubling concen-
trations were inhaled. The starting concentration of
methacholine was adjusted for each subject on the
basis of previous tests to ensure a decrease ofsGaw of
at least 50%, and ranged from 0-0075 to 0-03 mg/ml.
Lung function was determined before the challenge

and three minutes after inhalation of the diluent and
methacholine. The provocation dose causing a

decrease in sGaw of 50% (PDso sGaw) was obtained
from individual dose-response curves in which sGaw
was plotted against cumulative breath units (CBU) of
methacholine.7
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EXPERIMENTAL PROTOCOL
All measurements were performed between 1300 and
1700 hours to minimise the influence of circadian
rhythm. A methacholine challenge was carried out
initially and followed 30 minutes later by an exercise
test, which was followed 45 minutes later by a second
exercise test at an identical work load. A second meth-
acholine challenge was started 30 minutes after the
end of the second exercise test.

DATA ANALYSIS
The airway response to exercise was expressed as the
maximal percentage fall in sGaw from baseline (A%
sGaw). A refractory index (RI) was calculated accord-
ing to the following equation, where (1) and (2) refer
to the first and second exercise test:

RI(%) = 100 x (A%sGaw(l) - A%sGaw(2))~~A%sGaw(l)

RI = 100% indicates no airway response to the sec-

ond exercise test, while RI = 0% indicates an identi-
cal response in the two tests. Geometric mean PD50
sGaw values were calculated; for other measurements
arithmetic mean values and standard deviations were

used. Non-parametric statistical tests were used to
avoid special assumptions on the distribution of data.
The four baseline values were compared by Friedman
two way analysis of variance8 and airway responses,

ventilation, and respiratory heat exchange by the Wil-
coxon matched pairs signed ranks test.8 The
relationship between RI and PD50 sGaw values
before and after exercise was analysed with the Spear-
man rank correlation coefficient.8 Statistical
significance was assumed when p < 0-05 for two tailed
tests.

Table 1 Baseline specific airway conductance (sGaw), maximum percentage fall in sGaw (A%sGaw) after the first (1)
and second (2) exercise tests, and refractory index (RI) in 12 asthmatic patients

Patient
Baseline sGaw (s -1cmH20 ') A% sGaw

No 1 2 1 2 RI %

1 0-088 0-142 41 19 54
2 0109 0-110 63 46 27
3 0-078 0-061 52 47 8
4 0-168 0-133 54 30 44
5 0-084 0-081 66 44 34
6 0-077 0 090 49 34 29
7 0.146 0-123 68 56 18
8 0-119 0-124 53 61 -15
9 0-057 0-068 44 47 -6
10 0-116 0-091 61 47 23
1 1 0-088 0 100 74 70 5
12 0-076 0-075 42 37 12
Mean 0-100 0-100 55 45 19
SD 0-032 0-027 11 14 20

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.41.9.667 on 1 S

eptem
ber 1986. D

ow
nloaded from

 

http://thorax.bmj.com/


Airway response to methacholine during exercise induced refractoriness in asthma

Table 2 Baseline sGaw and PD5o sGaw for methacholine
challenge before (1) and after (2) the two exercise tests

Baseline sGaw PDSO sGaw

Patient
(s -'cmH20 1) (CBU)

No 1 2 1 2

1 00130 0-194 0 19 0-89
2 0125 0111 158 170
3 0119 0083 141 1-50
4 0155 0206 106 211
5 0-082 0-084 0-89 2 81
6 0-108 0.103 6-68 7-29
7 0 200 0 125 0-14 0 71
8 0-120 0 115 0-21 0-09
9 0-082 0-078 6-00 3.55
10 0079 0129 355 422
11 0141 0129 150 125
12 0-081 0-077 2 51 1 88
Mean 0119 0119 1-17* 1j57*
SD 0-036 0-042 4027 4077 + ISD

*Geometric mean with standard deviations.
CBU-cumulative breath units.

index of different subjects covered a wide range, from
54% to - 15%. The degree of refractoriness did not
correlate with the airway response evoked by the first
exercise test.

METHACHOLINE CHALLENGE
The baseline values of sGaw and PD5o sGaw values
did not differ significantly between the two meth-
acholine challenge tests (table 2). There was no
significant difference between methacholine and exer-
cise baseline values. The geometric mean PD5o sGaw
values- 117 CBU before and 1[57CBU after the
exercise tests (table 2) did not differ significantly.

REFRACTORY INDEX AND METHACHOLINE
CHALLENGE
The refractory index (figure) for the two exercise tests
was related to the ratio of methacholine PD5o sGaw
measured before and after the two exercise tests
(rs = 080) (p < 001).

Results

EXERCISE TEST
Mean baseline values of sGaw d
significantly between the first and the s
test (table 1). Minute ventilation and re
exchanged were similar for the two exe
average values being 37-01 min 1 and
(4-1 kJ/min) respectively. The mean (
decrease in sGaw was 55% (11%) in
44% (14%) in the second exercise test
difference between the two tests being si
0-01). The mean (SD) refractory index
was significantly different from zero.

RI %
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Relationship between refractory index (RI-
"Data analysis") and ratio of PDs5o values
doses of methacholine causing a 50% decrec
obtained before (1) and after (2) the dual e

r5-Spearman rank correlation coefficient.

Discussion

ld not differ This study is similar to that of Hahn and colleagues',econd exercise in looking at the relationship between exercise
piratry heat induced refractoriness to asthma and the airwayscpire testrs the response to an inhaled bronchoconstrictor agent,

098rkcal/min histamine or methacholine. Hahn et al' found refrac-
0(981 maxin toriness to exercise bronchoconstriction but not to(SD) maximal histamine bronchoconstriction. In our patients wethe first and would draw a similar conclusion ifwe considered onlyt(table 1), the the mean values. There was a positive correlation,ignificant (p < however, between exercise induced refractoriness andof 19% (20%) a decrease in airway reactivity to methacholine, soThe refractory that appreciable exercise induced refractoriness was

associated with a decreased responsiveness to
methacholine. This observation argues against media-
tor depletion as the sole explanation for the exercise
induced refractory period. Our data suggest that in
asthmatic subjects showing refractoriness there must
be additional mechanisms protecting airway smooth
muscle from further stimuli.

There are several possible reasons why these results
differ from those of Hahn et al.' Their patients were
selected on the basis of similar refractoriness to
asthma on repeated exercise tests whereas our subjects

PF0%(2) covered a wide range of refractoriness-in keeping
i ' P>so(1) with asthmatic subjects in general.3 Furthermore,4P80(i) Hahn et al induced a greater degree of broncho-

constriction since the FEV1 fell by 43% in their first
exercise study. We obtained a decrease of sGaw of

-see p 668 under 50%, which would be expected to be associated with
(the provocation a decrease in FEV1 of 16%.' Thus the baseline values
2se in sGaw) for the second histamine challenge were significantly
exercise test. lower than those for the first histamine challenge test

in the study of Hahn et al and this may have obscured
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a change in histamine reactivity during the period of
exercise induced refractoriness. In addition, the
degree of refractoriness may have been overestimated
in their study since their patients' FEVl had not com-
pletely returned to its initial value before the second
exercise test. Most of the differences in our results
could be explained by these differences in baseline
values, which we avoided by our experimental design.
This view is supported by a recent survey on exercise
induced refractoriness.10

Exercise and hyperventilation induced bron-
choconstriction differ in many respects,"1 12 though
Ben-Dov et al'3 showed that the degree of refrac-
toriness after exercise and after hyperventilation is
similar. In a study of isocapnic hyperventilation in 19
asthmatic patients eight were not refractory to a sec-
ond challenge. 4 Significant protection from choliner-
gic blockade with ipratropium bromide was observed
in the patients showing no refractoriness after hyper-
ventilation. The authors suggested that asthmatic sub-
jects with little refractoriness had a vagally mediated
airway response to exercise or hyperventilation, while
in patients with appreciable refractoriness mediator
depletion may play a part.14 In these patients other
factors, such as the accumulation of catecholamines,
may have a role.
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