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Perception of bronchoconstriction in asthma patients measured
during histamine challenge test
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Perception of bronchoconstriction in asthma patients measured during histamine challenge
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ABSTRACT: This study investigated two aspects of the perception of bronchoconstriction ("sensitivity" and "absolute perceptual magnitude") in asthmatic patients
and identified which clinical characteristics are related to these two aspects of perception of bronchoconstriction.
The perception of histamine induced bronchoconstriction was measured in 128
asthmatic patients. Subjects quantified their breathlessness on a Visual Analogue
Scale (VAS) before forced expiratory volume in one second (FEV1 was measured after
each inhalation of histamine. The perceptive "sensitivity" for changes in FEV1 was
analysed by the "VAS percentage fall in FEV1" slope. The "absolute perceptual magnitude" was determined by the VAS value at a 20% fall in FEV1. Spearman correlations were used for analysis between the two aspects of perception and asthma
symptoms, peak flow variablity, bronchial responsiveness and FEV1 % predicted.
Patients with a low "sensitivity" for changes in FEV1 were more likely to show a frequent peak flow variability (Rs=-0.21; p<0.05), a high bronchial responsiveness (Rs=
0.37; p<0.001) and a low baseline FEV1 % pred (Rs=0.22; p<0.05). Patient's "absolute
perceptual magnitude" correlated positively with symptoms during daily life (significant correlations varied 0.21±0.32) but not with the lung function parameters.
The severity of asthma reflected by a low lung function and a high bronchial responsiveness, is associated with a low "sensitivity" for changes in forced expiratory
volume in one second. A patient's "absolute perceptual magnitude" is positively
related with asthma symptoms during daily life.
Eur Respir J 1999; 14: 1049±1054.

Asthma patients with a poor perception of asthma symptoms seem to have an increased risk of severe attack [1±4].
This increased risk could be caused by means of a
deficient perception of physical signals which influences
their health care decisions and may result in delay or even
failure of therapy [5]. Good perception of symptoms is
also of importance in patients with mild stable asthma.
Mild asthma may deteriorate when poor perceivers do not
present corresponding deteriorating symptoms. Information about the ability of perceiving bronchoconstriction
might be helpful in protecting poor perceivers from a
severe asthmatic attack. The treatment plan of such a poor
perceiving patient may consist of training peak flow selfmonitoring and more intense supervision by the physician
[6].
It has been suggested that the assessment of symptom
perception associated with bronchoconstriction is a useful
additional parameter to measure during provocation tests
[7]. With this method the patient's perception of bronchoconstriction can be measured during a routine diagnostic
test of bronchial responsiveness, and poor perceivers may
be identified. Several indices are used to describe the perception of bronchoconstriction during bronchial provocation in the literature [3, 7±14], indicating different aspects
of perception. Some studies have used the linear regre-
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ssion analysis to describe the relationship between change
in stimulus (bronchoconstriction) and the corresponding
sensation (breathlessness), in which the slope of the
regression line is used as the parameter to quantify the
"sensitivity" of patients towards changes in lung function
[3, 11, 13±16]. The steeper the slope the more sensitive a
person is to signals of breathlessness. Another index of
perception that has been used is the intensity of breathlessness at a 20% reduction in lung function from
baseline; it indicates the patient's absolute perceptual
magnitude [7, 8, 10, 12, 14].
It is of interest to detect factors that are related to the
different aspects of perception as these factors might be
possible determinants of poor perception. Previously, it has
been shown that the severity of bronchial responsiveness is
associated with a reduced perception of airway obstruction,
using the "sensitivity" index (slope) [3, 9, 11, 16]. However, TURCOTTE et al. [10] found no relationship between
bronchial responsiveness to histamine and the perception
of bronchoconstriction using the breathlessness score at a
20% reduction in lung function as an index for the
perception of bronchoconstriction. It seems that different
aspects of perception (sensitivity towards changes in lung
function and the absolute perceptual magnitude) are not
necessarily related to the same clinical characteristics.
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Therefore, the aim of this study was to analyse two
different aspects of the perception of bronchoconstriction
("sensitivity" and "absolute perceptual magnitude") in a
population with mild stable asthma and to identify which
clinical characteristics are related to these two aspects of
perception of bronchoconstriction.
Methods
Patient selection
The perception of bronchoconstriction was measured in
128 stable asthmatic patients during an induced histamine
challenge test. Patients were recruited from a research project on symptom perception in allergic asthmatic patients
aged 16±60 [17]. Inclusion criteria were lower respiratory tract symptoms (wheeze, cough, phlegm production,
shortness of breath), forced expiratory volume in one
second (FEV1) $50% of predicted value, provocative
dose of histamine causing a 20% fall in FEV1 (PC20) #8
mg.mL-1 and/or reversibility in FEV1 of at least 15% after
inhalation of 800 mg salbutamol (compared with baseline
FEV1), no use of oral or inhaled corticosteroids. The present study was performed at the first assessment of lung
function parameters after inclusion. Only asthma patients
with a baseline FEV1 $50% of the predicted value
qualified for a histamine challenge test with a minimum
reduction in FEV1 of $20% of baseline value with at
least two doubling doses of histamine to determine a
patient's "perceptiveness" during this test. The study protocol was approved by the Medical Ethical Committee of
the Medical Centre Dekkerswald, University of Nijmegen, the Netherlands. Informed consent was obtained
from each patient.
Histamine challenge
Each patient underwent a histamine challenge test according to European Respiratory Society (ERS)-standards
(tidal breathing method) [18]. Prior to testing, no short
acting bronchodilators were used for at least 8 h and no
long acting bronchodilators for at least 12 h. Doubling
concentrations of histamine starting with 0.03 mg.mL-1
up to 16 mg.mL-1 were administered until FEV1 had fallen by at least 20% compared with the baseline value or
until a maximum of 16 mg.mL-1 histamine was given.
The bronchial response to each dose of histamine was
expressed as the reduction in FEV1 as percentage of the
baseline value. The PC20 was obtained from the log-dose
response curve by linear interpolation.
Assessment of breathlessness
Breathlessness was measured before each measurement
of FEV1 using a visual analogue scale (VAS). The subjects
rated their breathlessness on a 100 mm horizontal VAS
with the words "minimum" and "maximum" on the left and
right ends. Subjects were instructed that the word minimum meant "no complaints of respiratory sensation such
as shortness of breath, breathlessness or chest tightness"
(all usually used indicators of respiratory sensation in the
Dutch language) and maximum stood for "the worst res-

piratory complaints imaginable". The subjects were instructed to place a vertical mark on the line, such that its
position relative to the two extremes indicated the magnitude of respiratory sensation at the moment of the
measurement. VAS values at any dose of histamine were
expressed as absolute differences (in millimetres) compared with the baseline value [19].
Eight-week period of recorded peak flow and symptoms
during daily life
The assessment of peak flow and symptoms in daily life
was performed over 8 weeks prior to the histamine challenge test. Subjects were instructed and trained to record
their degree of symptoms experienced in daily life each
evening in a diary. The subjects were asked to score their
symptoms (breathlessness, cough, wheeze, phlegm production, disturbed sleep because of these symptoms) experienced over the last 24 h. This assessment of symptoms
was made with a modified Borg score. All symptoms and
the total amount of symptoms were expressed as the mean
Borg score for the total number of days. Each morning and
evening patients performed three measurements of their
peak expiratory flow (PEF) with a Pocket peak flow meter
(Micro Medical, Rochester, Kent, UK). Three PEF values
were recorded and the highest value was retained. Variations in peak flow were determined by the following two
parameters: mean peak flow variability ((highest-lowest
PEF value)/mean PEF) and number of days (as percentage
of total number of days) with a peak flow variability >15%.
Analysis
The perception of bronchoconstriction during the histamine challenge test was analysed by calculating the linear
regression coefficient (slope a) between the changes in
VAS values and the reduction in FEV1 as percentage of the
baseline value [11, 13, 15]. Furthermore, VAS values (perception score (PS)) corresponding to a reduction in FEV1
of 20% were determined by interpolation (PS20). The
relationship between the perception of bronchoconstriction, measured by the two indices (slope a and PS20), with
asthma symptoms, peak flow parameters, PC20, FEV1 (%
pred), age and sex were analysed by the Spearman correlation coefficient. Data are expressed as median (25±
75% percentile).
Results
Patients
The clinical characteristics of the 128 asthmatic patients
analysed are presented in table 1. Of the 162 subjects in
the original project, five had a baseline FEV1 <50% of the
predicted value at the test day, one did not speak Dutch, in
four patients no data of respiratory sensation were recorded, nine had a provocation test which consisted of
only one doubling dose of histamine, nine subjects had a
bronchial provocation test with a reduction in FEV1 of
<20% of baseline value and in six patients no data of peak
flow and symptoms were recorded during the 8 week
period prior to the histamine challenge test.
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Table 1. ± Clinical characteristics of the study population
Subjects n=128
3411
60/68
1.14 (0.90±1.45)
3192716
8515
530128
544125
6.0 (3.6±8.6)
4.5 (0.0±13.0)
0.7 (0.2±1.6)
2419
2620
7861

Data are presented as meanSD unless indicated otherwise. #:
geometric mean with 95% confidence interval in parenthesis; *:
median with 25±75 percentile in parentheses. F: female; M:
male; PC20: provocative dose of histamine causing a 20% fall in
forced expiratory volume in one second (FEV1); PEFR,morning:
peak expiratory flow rate, morning value; PEFR,evening: peak
expiratory flow rate, evening value.

Perception of bronchoconstriction
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Fig. 2. ± Perception of bronchoconstriction (slope a) during histamine
challenge by four different perceivers. The slope a represents the relationship between the changes in visual analogue scale (VAS) value and
the reduction in forced expiratory volume in one second (FEV1) as percentage of baseline value. h: patient 14, slope=2.55; *: patient 12,
slope=1.26; s: patient 10, slope=0.70; n: patient 8, slope 0.26.

ian value of the VAS value at a 20% fall in FEV1 (PS20),
as index of the absolute perceptual magnitude, was 35
mm (25±75 percentile: 19±51 mm) (fig. 3). The Spearman rank correlation between slope a and PS20, was 0.60
(p-value=0.001) (fig. 4).
Effect of peak flow, symptoms, airway responsiveness
and airway calibre
Table 2 shows that there were significant relationships
between the perception of bronchoconstriction (slope a)
and evening peak flow (Rs=0.18; p<0.05), with the percentage of days with a peak flow variability >15% (Rs=
-0.21; p<0.05) as well as with bronchial responsiveness
(Rs=0.37; p<0.001) and FEV1 as percentage of predicted
(Rs=0.22; p<0.05) but not with symptoms during daily
life. On the other hand, patient's (PS20) did correlate

25
20
Patients n

Patients n

The median value of the breathlessness score at the heart
of the histamine challenge test was 8 mm VAS (25±75
percentile: 2±18 mm). The median value of the reduction
in FEV1 as percentage of baseline value was 26% (25±75
percentile: 23±31%) and the median value of the maximum
change in VAS value during bronchial provocation was 28
mm (25±75 percentile: 17±40 mm). The index for the
sensitivity towards changes in lung function, quantified by
the linear regression coefficient of change "(D)VAS/FEV1"
(slope a) was 0.91 (25±75 percentile: 0.48±1.45) (fig. 1).
Examples of four different perceivers based on the slope
are presented in figure 2. One subject did not experience
breathlessness at all during the bronchial challenge
(slope=0). In two subjects the breathlessness decreased
while their FEV1 had been reduced (slope<0). The med-
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Fig. 1. ± Histogram of the values of linear regression slopes a as an
index of the patient's "sensitivity" towards changes in forced expiratory
volume in one second during the histamine challenge test. The slope a
median (25±75 percentile) value was 0.91 (0.48±1.45).
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Age yrs
Sex F/M
PC20 mg.mL-1#
FEV1 mL
FEV1 % pred
PEFR,morning L.s-1
PEFR,evening L.s-1
PEFR variability highest-lowest\mean*
PEFR variability >15% % of total days*
Total symptom score*
Smoking history:
Current smokers %
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Never smokers %
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VAS at 20% reduction in FEV1 (PS20) mm
Fig. 3. ± Histogram of the values of visual analogue scale (VAS) values
corresponding to a reduction in forced expiratory volume in one second
(FEV1) of 20% determined by interpolation (PS20) as index of the patient's "absolute perceptual magnitude" of the intensity of breathlessness.
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VAS at 20% reduction in FEV1 mm

100

is the question, what is the cause and what is the consequence? It is possible that subjects with a poor perception did not seek sufficient treatment in the past,
which might have resulted in a more severe degree of
asthma. Alternatively, it might also indicate that subjects
with a more severe chronic asthma have become adapted
to changes in lung function which might have resulted in
a reduced awareness of changes in bronchoconstriction.
Such an adaptive mechanism has been suggested by
BURKI et al. [20]. There was no relationship between lung
function and the perceptual magnitude at a 20% reduction
in FEV1.
On the other hand, patients with more symptoms had a
higher breathlessness score at a 20% fall in FEV1, while
there was no relationship between symptoms during daily
life and the "sensitivity" towards changes in lung function.
The relationship between symptoms during daily life and
the perceptual magnitude at a 20% reduction in FEV1 is
not unexpected: patients with a higher absolute degree of
perceived breathlessness during histamine challenge will
probably assess other asthma symptoms during daily life
(such as wheeze, cough, phlegm production) with relatively the same perceptual magnitude.
Poor perceivers without presentation of symptoms during daily life in combination with a relatively more severe
degree of asthma may be most at risk because they are
more likely to fail to seek sufficient treatment when their
asthma deteriorates. When 25% of the subjects with the
poorest perception were selected (based on the "sensitivity" towards changes in lung function), over one third of
these subjects had very little symptoms in combination
with a more severe degree of asthma. These patients should
receive more intense supervision from the physician and
their treatment plan may consist of training for peak flow
automonitoring [6]. The use of a peak flow meter might
influence the subjective assessment of asthma and may
improve the perception of bronchoconstriction. The self
assessment of asthma has been shown to be influenced by
the knowledge of recent PEF measurement [21]. In the
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Fig. 4. ± Scatterplot of the relationship between the "sensitivity" index
(slope a in the linear regression model, DVAS=k+a(%FEV1, where
DVAS: change in visual analogue scale; k: a constant; FEV1: forced
expiratory volume in one second), with the "absolute perceptual magnitude" index (perception score at 20% reduction in FEV1; PS20) Rs=0.60;
p-value= 0.001.

significantly with symptoms during daily life (significant
correlations varies from 0.21 to 0.32; all p<0.05) but not
with the lung function parameters (table 2). PS20 showed
a slight but significant correlation with bronchial responsiveness (Rs=0.19; p<0.05).
Discussion
In this study it was found that the severity of asthma,
reflected by a low lung function and a high bronchial
responsiveness was associated with a low "sensitivity"
towards changes in lung function. This result agrees with
the study of BURDON et al. [11], a pioneer study in which
an inverse relationship between the severity of asthma
and perception of bronchoconstriction was demonstrated
in 45 subjects. However, the key issue in this relationship

Table 2. ± Relationship between the indices of perception of bronchocostriction ("senstivity" index slope a and "absolute
perceptual magnitude" index PS20) and clinical characteristics
Perception index
slope a
Age yrs
Sex male=0; female=1
PEFR variability highest-lowest\mean*
PEFR variability >15% % of total days*
PEFR,morning L.s-1
PEFR,evening L.s-1
PC20 mg.mL-1#
FEV1 % pred
Symptoms
Breathlessness
Wheeze
Cough
Phlegm production
Disturbed sleep because of preceding symptoms
Total symptom score

PS20

Rs

p-value

Rs

p-value

0.06
-0.12
-0.16
-0.21
0.17
0.18
0.37
0.22

0.482
0.170
0.071
0.018
0.051
0.047
0.000
0.014

-0.12
-0.09
0.04
0.01
0.04
0.05
0.19
-0.04

0.193
0.337
0.625
0.950
0.644
0.568
0.036
0.344

0.00
-0.04
0.00
0.05
0.11
0.00

0.970
0.618
0.996
0.589
0.208
0.990

0.32
0.21
0.26
0.31
0.27
0.31

0.000
0.020
0.004
0.000
0.002
0.000

Rs: Spearman rank correlation; PEFR: peak expiratory flow rate; PEFR,morning: peak expiratory flow rate, morning value; PEFR,evening:
peak expiratory flow rate, evening value; PC20: provocative dose of histamine causing a 20% fall in forced expiratory volume in one
second (FEV1).
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present study there were subjects in whom the breathlessness unexpectedly decreased while their FEV1 had
been reduced and there was one who did not experience
breathlessness at all during the reduction in FEV1. These
subjects are also patients who need special attention when
their asthma deteriorates.
In the present study both aspects of the perception of
bronchoconstriction, the "sensitivity" index and the "absolute degree of perceived bronchoconstriction" were correlated with each other. This relationship can be explained, to
a certain extent, by the fact that the linear regression
coefficient (slope a) always depends on the intercept and
endpoint of the regression line [22]. The VAS score at 20%
reduction in FEV1 corresponds with the endpoint of the
regression line. This means that a patient with a low perception score at 20% reduction in FEV1 can never show a
high "sensitivity" towards changes in FEV1. However, a
patient that has a high absolute degree of perceived bronchoconstriction at the 20% fall in FEV1 can both have a
high or a low "sensitivity" towards changes in lung function. Despite this colinearity between the two indices,
both indices show relationships with different clinical
characteristics. These separate associations confirm the
concept that the PS20 as index for the "absolute degree of
perceived bronchoconstriction" is reflecting patients subjective judgement about the magnitude of the intensity of
a sensation, while the slope a more represents the ability
of the patients to perceive the changes in lung function
[14]. Although both indices for the "perceptiveness" of
patients are correlated, they obviously measure different
aspects of perception and give additional information about the perception of bronchoconstriction of a patient. The
"sensitivity" index describes the relation (i.e. the slope)
between the change in perceptual magnitude and the
change in stimulus. However, this index requires a pivot
point to express the magnitude. On the other hand, the
"absolute perceptual magnitude" does not include the
"sensitivity" towards changes in stimuli. There may be
patients with a low absolute perceptual magnitude that
still have a sensitivity to the changes in lung function.
These patients perceive the changes in stimulus but estimate the respiratory distress as less than patients with a
high absolute perceptual magnitude. It could be conceived that irritant receptors, which are rapidly adapting to
stimuli, may play a dominant role in the respiratory perceptions of these patients. Otherwise, it is possible that
there are patients with a low sensitivity and a high absolute perceptual magnitude. These patients estimate their
respiratory distress as very inconvenient but can hardly
differentiate between different degrees of respiratory distress. This would be compatible with slowly adapting
receptor properties. To the authors' knowledge, there is no
experimental evidence in this field. Therefore, both indices give additional information and need to be measured to give a complete description of the symptom
perception of a patient. On the basis of the present results
it could be speculated that the "absolute perceptual
magnitude" index might be a representation of the
personally assessed inconvenience of asthma symptoms
in general as well as the asthma symptoms in daily life.
MAHLER et al. [23] described this in terms of the Basal
Dyspnoea Index. While the "sensitivity" index reflects
the ability to perceive changes in dyspnoea which might
be more affected by the condition of the changes in lung
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function and less by the individual personality. In the
qualifications of MAHLER et al. [23], this is expressed in
the Transitional Dyspnoea Index. This would indicate
that in the case of clinical studies in which the influence
of changes in lung function on the perception of bronchoconstriction is to be evaluated, the "sensitivity" index
would be a more adequate parameter when compared with
the absolute perceptual parameter. In terms of clinical
management of asthma, a high sensitivity index might
allow the patient to make early detections of deterioration
of lung function and to seek medical help at this early
stage. The estimated value of a person's "sensitivity"
towards changes in lung function would, however, give
no information about the personally perceived inconvenience of asthma symptoms in daily life. When this is
the primary aim of a clinical study the absolute perceptual
magnitude should be assessed.
In general, the observed relationship between perception
and clinical characteristics was weak. This means that,
although lung function and airway responsiveness seem to
be predictors of the "sensitivity" index, they cannot explain
the variation in the perception of bronchoconstriction completely. The same can be concluded for the symptoms
during daily life. Although these symptoms seem to be a
determinant of the absolute breathlessness score during
histamine challenge, they do not fully explain the "absolute
perceptual magnitude" of a patient.
Based on the peak flow variability the degree of asthma
of the patients in this study was mild. It is possible that the
relationship between PEF variability and perception of
bronchoconstriction would be stronger in more severe
asthma patients. Furthermore, only a limited period (8
weeks) of peak flow and asthma symptoms were recorded
in daily life, which may have also influenced the correlations between perception and clinical characteristics.
The perception of bronchoconstriction during a histamine challenge test was determined. This test has its limitations as it does not reflect the real life situation of
episodes of spontaneous bronchoconstriction. Patients will
probably be more focused on their respiratory sensation
during a provocation test in a laboratory setting than in
daily life. Furthermore, the safe surrounding of a laboratory setting might affect the patients' perception of symptoms. Finally, the relatively rapid airway narrowing during
induced bronchoconstriction probably makes it more easy
to assess a degree of bronchoconstriction [24].
The FEV1 as marker of the airway resistance may underestimate the degree of bronchoconstriction as the FEV1
is influenced by changes in large airways collapsibility
and, for example, a deep inhalation (required for a good
measurement of the FEV1) is sufficient to reduce bronchoconstriction. NOSEDA et al. [25] have suggested that
inspiratory indices, as they are free from any collapse
artefact, may better reflect bronchoconstriction. They found a strong relationship between the sensation of dyspnoea and the change in specific inspiratory resistance in a
asthmatic patients [25]. However, they also have found a
clear significant relationship between the sensation of
dyspnoea and the FEV1 [25]. The same results were found in a study of LOUGHEED et al. [26], in which breathlessness during induced bronchoconstriction was more
strongly related with inspiratory capacity than with FEV1.
Because in both studies there also was a positive correlation between breathlessness and FEV1 it was assumed
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that the FEV1 might serve, to a certain extent, as an appropriate indicator of the degree of airway obstruction
whilst measuring the relationship between changes in
respiratory sensation and the corresponding changes in
airway obstruction.
The similarity of respiratory sensation induced by histamine challenge and spontaneous sensations of asthma is
not yet established [27, 28]. PEIFFER et al. [27] showed that
the perception of spontaneous airway obstruction seems
to be unrelated to the severity or duration of asthma.
BOUDREAU et al. [28] found no relationship between the
ability to sense breathlessness during induced and spontaneous bronchoconstriction. However, the present population were mild asthmatics and experienced less variability
in airway obstruction in daily life and therefore the authors were not able to measure the perception of spontaneous bronchoconstriction.
In conclusion, patients with a more severe degree of
asthma in terms of lung function, peak flow variability, and
bronchial responsiveness were likely to have a low "sensitivity" for changes in bronchoconstriction. Patient's "absolute perceptual magnitude" corresponded with asthma
symptoms during daily life. As a considerable portion of
poor perceivers had a low lung function in combination
with very little symptoms, it is advisable to identify these
poor perceivers by means of a histamine challenge test.
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