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Clinical aspects

Bronchial hyperresponsiveness is a characteristic of
patients with bronchial asthma (8, 14). It is seen as
a bronchoconstrictor response to various stimuli,
such as inhalation of specific allergens, different
irritants or pharmacological agents in concentrations
which do not affect non-asthmatic individuals. A
number of bronchial challenge tests have been de-
veloped to assess the degree of responsiveness, and
efforts have been made to standardize the proce-
dures (9, 23, 28). It is not known whether there is a
simple correlation between the responsiveness ob-
tained by different challenge tests or if patients can
be characterized by their pattern of responses Lo
different stimuli, suggesting different pathways lead-
ing to bronchoconstriction (22, 25). Earlier studies,
comparing the response to 2 different challenges have
shown different results (20). We here present the
results of a study comparing 4 of the clinically most
commonly used challenge tests in asthmatic patients.
It was performed by bronchial challenge in the same
individuals with histamine dihydrochloride, ultra-
sonically nebulised distilled water (UNDW), aller-
gen, and exercise.
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The correlation between 4 commonly used tests for assessment of airway
hyperresponsiveness was studied in 10 asthmatics by performing bronchial
challenges with histamine, ultrasonically nebulised distilled water
(UNDW), exercise, and a relevant allergen. All tests were performed
within 4 weeks for each individual and at least 48 h apart. A significant
correlation was found between histamine challenge and exercise challenge
(r= —0.74). Other correlations were substantial (0.4-0.5) but did not reach
statistical significance. This suggests that the challenges have different
mechanisms or pathways leading to bronchoconstriction, and assessment
of the pattern of individual patients” bronchial hyperresponsiveness may
require application of a number of different bronchial challenge tests.

For routine use histamine challenge seems the most appropriate.

A comparison between 4 commonly used bronchial challenge tests has
shown few correlations between these, suggesting different mechanisms in
bronchial hyperresponsiveness and the need of a number of challenge tests to
assess an individual patient’s pattern of hronchial hyperresponsiveness.
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Material and methods

Patients

Included in the study were 12 adult patients with
asthma according to the criteria of The American
Thoracic Society (5). All patients had a history of
exercise-induced asthma (EIA), and allergy towards
an inhalant allergen defined as a positive clinical
history, a positive skin prick test (SPT) larger than
the histamine reference, and significant specific IgE
(>0.35 PRU/ml measured with radio-immuno-
sorbent-test (Phadebas RAST, Pharmacia, Swe-
den))to either cat, house dust mite (Dermatophagoides
pteronyssinus) or timothy (Phleum pratense). Allergen
solutions were obtained from ALK, Copenhagen,
and serum IgE was measured with PRIST (Phar-
macia, Sweden).

None required inhaled or systemic corticosteroids
to control their asthma, all patients used p,-agonists
inhaled as needed, 2 patients used oral [f,-agonists
and one patient oral theophylline. Their forced ex-
piratory volume in the first second (FEV ) was more



than 75%, of predicted normal at entry of the study.
Predicted values for FEV, were according to Quanjer
et al. (21). The variation in FEV, ¢ predicted was
<207%, between each challenge (Table 2). The pa-
tients were young adults and 10 of the 12 patients
had a Pharmacia RAST class =3 (= 3.5 PRU/ml)
to the allergen used for challenge and 7 had elevated
serum IgE (> 150 kU/I) (Table 1).

Study design

The challenges were performed at the same time of
day for each subject, within 4 weeks and at least 2
days apart in the following sequence: histamine chal-
lenge, UNDW challenge, exercise challenge and al-
lergen challenge. Oral medication was withheld 24 h
prior to challenge and inhaled B,-agonists for 12 h.
The challenges were performed outside the pollen
and the peak house dust mite season, and none of
the patients allergic to cat epithelium were exposed
to cat. None of the patients had a respiratory infec-
tion within the 4 weeks before the challenges. Lung
function was measured by a dry spirometer (Morgan
Spiroflow 130, P.K. Morgan, Gillingham, England)
connected to a Hewlet Packard 86B computer. The
highest FEV, of 3 reproducible measurements (de-
fined as difference <59, ) was recorded and used as
the parameter for changes in lung function. At all
challenge tests patients wore a nose-clip to ensure
oral breathing.

Histamine challenge

Bronchial challenge with histamine dihydrochloride
was performed according to a modification of the
method described by Cockceroft et al. (11). The pa-
tients inhaled for 2 min at tidal breathing from a
Pari-nebuliser (Paul Ritzau Pari Werk, Starnberg,
Germany), driven by compressed air (flow 5 1/min)
giving a mean output of 0.57 ml/min. The aerosol

Table 1. Patient characteristics

No. positive
Age RAST Serum IgE skin prick
Sex lyears) Allergen PRU/mI ku/I tests
M 20 timothy 238 895 2
F 32 D. pteronyssinus 20.5 162 2
F 35 timothy 1.4 18 1
F 21 cat 3.6 29 3
M 26 cat 26.4 199 3
F 18 D. pteronyssinus 29.8 678 1
M 34 cat 6.9 64 3
F 16 cat 19.7 51 2
M 37 D. pteronyssinus 16.6 63 3
M 42 D. pteronyssinus 3.5 m 2
F 23 timothy 3.2 368 4
F 21 cat 15.6 >1000 6

Comparison of bronchial challenge tests

was delivered via a facemask. Isotonic saline was
first inhaled, and FEV, measured after 3 min was
used as a baseline value. Doubling concentrations of
histamine dihydrochloride were inhaled, starting with
0.03 mg/ml until a fall in FEV, of at least 207, had
been obtained. The highest concentration used was
8 mg/ml. The concentration of histamine dihydro-
chloride producing a 209 fall in FEV, (PC,, hista-
mine) was calculated by linear interpolation on the
log dose-response curve (12).

UNDW challenge

Ultrasonically nebulised distilled water was inhaled
from a Mistogen-ultrasonic nebuliser (EN 143 A
Schuco, London, England) (3). It was calibrated to
give an output of 2.0 ml/min. Patients inhaled the
mist from a facemask at tidal breathing, starting with
inhalation for 1 min. FEV, was measured 1, 3 and
S min after the inhalation. If this did not produce a
fall in FEV, of 20%,, it was succeeded by inhalation
for 3 and as next step for 5 min, eventually repeat-
ing the last dose until a 20%;, fall in FEV, occurred.
The cumulated dose of delivered nebulised water
producing a 209, fall in FEV, (PD,, UNDW) was
calculated by linear interpolation on the dose-
response curve.

Allergen challenge

The allergen extracts used were partly purified, stan-
dardized extracts (Aquagen®, SQ-U, ALK, Hors-
holm, Denmark). The challenge was a modification
of a procedure previously described (15), starting
with the concentration of allergen extract giving a
2-3 mm weal at skin prick test. The same Pari-
inhaler as used for histamine challenge nebulised the
extract. Inhalations were taken via a facemask at
tidal breathing. Five inhalations of diluent were taken
and FEV, measured after 10 min. The allergen chal-
lenge was started by giving 2 inhalations of the start-
ing concentration and FEV, was recorded after 5
and 10 min. If there was a fall in FEV, of <10%,
4 inhalations were taken. If FEV, fell between 10
and 209, the last dose was repeated and if after 4
inhalations the fall was <109, then 8 inhalations
were taken. The next step was a 10-fold increment
in allergen concentration repeating the same proce-
dure until a fall in FEV, =20% occurred. The cu-
mulated dose of allergen (SQ-U x 10°) giving a 209,
fall in FEV, (PD,, allergen) was calculated by lin-
ear interpolation on the log dose-response curve.

Exercise challenge

Exercise challenge was performed on an ergometer-
cycle at submaximal workload for 6 min according
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Table 2. Challenge results and baseline FEV, % predicted value measured before each challenge

Allergen Histamine UNDW Exercise

Baseline PD,, Baseline PC,o Baseline D, Baseline EIA
FEV, % (10° s FEV, % {mg/mi) FEV, % {ml water) FEV, % % fall
76 an 96 0.64 80 10.99 76 25
103 0.26 94 0.03 87 0.93 105 49
57 272 85 0.07 83 3.50 62 69
93 0.48 83 0.51 92 29.85 86 9
127 3.51 130 0.79 122 4.57 123 6
87 1.10 102 0.39 96 2.19 93 22
78 0.53 79 71.07 78 19.23 77 20
87 0.34 81 0.05 75 2.58 92 38
79 0.69 89 0.10 84 14,18 89 52
87 0.1 85 0.09 78 6.00 76 42
86 10.39 94 0.54 89 33.33 85 29
93 0.86 134 0.19 90 5.01 82 2

to Anderson et al. (2). The mean pulse rate during
the last min of exercise was 180/min, range 160-
200/min. Ambient temperature was mean 22.7°C,
range 21-26°C and relative humidity was mean
36.5%,, range 26-50Y%,. The maximum %, fall in
FEV, (EIA % fall) compared with a pre-test value
was used as the measure of the degree of reactivity
to exercise.

It was calculated as:

(baseline FEV, — minimum post-exercise FEV,) x 100
baseline FEV, '

A positive test was considered present when the EIA
% fall was =209%,.

Consent was given by all patients after written and
oral information, and the study was approved by the
Ethics Committee of Aarhus County.

Statistics

Statistical analyses were performed using the SPSS
package (19). Logarithmic transformation of PC,,
histamine and PD,,, allergen was used, and after this
challenge results were found normally distributed by
the Lilliefors test (19) allowing parametric Pearson
correlation analysis. Differences in baseline FEV,
on the 4 test days were examined by one-way anal-
ysis of variance.

Results

There was no significant difference between baseline
FEV, on the 4 test days (p>0.70). The patients
were highly sensitive to histamine with a median
PC,, histamine of 0.45 mg/ml (range, 0.03 mg/ml-
7.07 mg/ml). Three patients had a negative exercise
test (EIA % fall <20%,), and the median EIA %, fall
was 26.7%, (range, 2%-69%). The median PD,,
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allergen was 0.61 x 10° SQ-U (range, 0.26 x 10° SQ-
U to 10.39x10” SQ-U) and the median PD,,
UNDW was 8.5 ml water (range, 0.93 ml-33.33 ml).
The results of the challenge tests for each individual
and baseline FEV, % predicted before the tests are
shown in Table 2. Two patients (patients 3 and 12)
had a variation in baseline FEV, %, predicted > 207,
and were excluded from the statistical analyses. To
study the correlations between challenge tests, a
Pearson correlation analysis was used (Table 3) and
a significant correlation was found between hista-
mine and exercise challenge test (r= — 0.74) while all
other correlations were statistically non-significant.

Discussion

In the present study we have performed bronchial
challenge using 4 different stimuli in the same indi-
viduals, making a comparison between these tests
possible. The strong association between sensitivity
to histamine and exercise which has been found in
the present study is in accordance with other stud-
ies. A good correlation between exercise and hista-
mine challenge (4), and between exercise and metha-
choline challenge (16) has previously been observed.

Table 3. Pearson correlation matrix. Upper figure indicates the correlation coefficient,
lower figure indicates the significance level (2-tailed significance).

Variable 1 2 3
1. log PC,, histamine
(g/ml)
2. log PD,, allergen 0.463
{50% 10%) 0.178
3. PD,, UNDW 0.488 0.401
{ml} 0.158 0.251
4, EIA % fall -0.739 -0.449 -0.303
0.015 0.194 0.394




In a study of 15 asthmatics (10) no significant cor-
relation between histamine sensitivity and exercise
(r = 0.44) was found, while the correlation between
methacholine sensitivity and exercise was significant
(r=0.54). In our study, we found a stronger
(r= —0.74) correlation between histamine and ex-
ercise. Our patients were selected on the basis of a
positive history of EIA. Yet 3 of 12 had a negative
test (EIA % fall <209%,), and as these were the only
negative tests, exercise may be the least sensitive way
of demonstrating bronchial hyperresponsiveness. A
comparison of the response to exercise and UNDW
challenge was performed by Bascom & Bleecker (6)
and a good correlation was found between these 2
tests (r = 0.81). Only 7 of the 15 asthmatics examined
reacted to both UNDW and exercise, while all had
a positive methacholine test. We found it possible to
establish a PD,, UNDW in all patients, although
inhalation of a large amount of water was necessary
in some cases in accordance with previous reports
(3). Our results are in accordance with Anderson &
Schoeffel (1), who found a poor correlation between
the response to UNDW challenge and the response
to histamine and methacholine challenge. The asso-
ciation found between allergen and UNDW chal-
lenge was new to us, but the correlation (r=0.40)
was not significant. The correlation coefficients were,
however, substantial (0.4-0.5) from a biological point
of view and probably would have reached statistical
significance with a larger number of persons. In other
studies a significant correlation between PC,,, hista-
mine and PD,, allergen has been found, which we
have not been able to reproduce in the present study
(13, 18). An understanding of the mechanisms in-
volved in bronchial hyperresponsiveness would be
of major importance in the diagnosis, treatment and,
hopefully, prophylaxis of bronchial asthma. The
possible mechanisms (20) include direct stimula-
tion of effector cells and indirect neural reflex-
mediated stimulation. Also immunological and non-
immunological activation of inflammatory cells and
release of mediators may be important.

Mediators of potential importance for generating
bronchial obstruction have been found after chal-
lenges with allergen (26), UNDW (7, 24) and exer-
cise (17, 26), although the pathways leading to their
release may be different (27). As a common mech-
anism of eliciting bronchoconstriction should be ex-
pected to be followed by a high degree of correlation
between the response to different challenges, our re-
sults suggest that these challenges may have differ-
ent mechanisms or pathways leading to bronchoc-
onstriction. Bronchial challenge with histamine in
daily routine examination of patients suspected of
bronchial hyperresponsiveness is useful, and in
groups of patients a correlation between the response
to histamine and clinical data has been found (11).

Comparison of bronchial challenge tests

It would be of value if a challenge test could be
developed where the response more clearly reflected
clinical disease, and it is possible that a laboratory
assessment of responsiveness should include a num-
ber of challenge procedures to reflect clinical disease
because mechanisms may operate in various com-
binations.
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