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Bronchial hyperreactivity to histamine in aspirin

sensitive asthmatics: relationship to aspirin threshold
and effect of aspirin desensitisation
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ABSTRACT Twenty seven aspirin sensitive asthmatic patients were studied to determine the rela-
tionship between non-specific bronchial responsiveness to inhaled histamine and the degree of
sensitivity to aspirin (aspirin threshold dose). No correlation was found between provocative
concentration of histamine (PC20H) and aspirin threshold dose. In 11 patients the influence of
aspirin desensitisation on bronchial reactivity to inhaled histamine was examined. Mean PC20H
measured the day after the patients were desensitised to 600 mg of aspirin did not change
significantly from the values before desensitisation. These observations suggest that sensitivity
to aspirin and non-specific bronchial hyperreactivity in asthmatic patients are independent
phenomena.

Aspirin sensitivity occurs in 4-10% of asthmatic
patients and usually coincides with sensitivity to
other non-steroidal anti-inflammatory drugs.' 2
Aspirin induced bronchospasm is not due to allergy
but is thought to result from the interference of the
drug with arachidonic acid metabolism in the
lungs.34 Inhibition of cyclo-oxygenase by aspirin or
other non-steroidal anti-inflammatory drugs may
induce a decrease in synthesis of bronchodilating
prostaglandins, leading to bronchoconstriction in
sensitive asthmatics. Alternatively aspirin may
activate the second pathway of arachidonic acid
metabolism, resulting in overproduction of leuko-
trienes with strong bronchoconstrictor activity.5
The presence of bronchial hyperreactivity has

been suggested as an essential factor for the
development of bronchoconstriction after aspirin.2
Furthermore, bronchial responsiveness to several
non-specific stimuli in aspirin sensitive asthmatic
patients differs from that observed in patients not
sensitive to aspirin.68 We were interested in study-
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ing the relationship between non-specific bronchial
hyperreactivity and the degree of sensitivity to oral
aspirin in aspirin sensitive asthmatic subjects. Since
safe methods of desensitisation to aspirin have
recently been developed9-" we were able to investi-
gate the influence of that procedure on bronchial
responsiveness to histamine.

Methods

PATIENTS
The study included 27 patients with asthma and sen-
sitivity to aspirin, 15 male and 12 female, ranging in
age from 22 to 60 years (mean 37.4). All patients
gave their informed consent before the study.
Seventeen patients had an atopic history and posi-
tive responses to prick tests with at least one of eight
common inhalant allergens; 23 had nasal polyps.
Aspirin sensitivity was defined by a clear history and
confirmed by provocative challenge with the drug.
Aspirin threshold doses-that is, the smallest doses
(in mg) inducing at least a 20% fall in FEV,-had
been established by a double blind and placebo con-
trolled oral challenge with increments of aspirin
(usually 20, 40, 80, 100, 160, 300, and 600 mg) on
separate days two to four weeks before the study.2
At the time of the study symptoms of asthma were
under control; the patients continued their usual
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Fig 1 Relationship between sensitivity to aspirin (aspirn thresholds) in aspirin sensitive
asthmatics and bronchial responsiveness to histamine (PC20H-provocation concentrations of
histamine required to produce a fall in FEV, of20%o).

medication but the drugs were stopped eight hours
before aspirin or histamine challenge.

STUDY DESIGN

On the first day in 27 patients histamine inhalation
tests were performed between 09.00 and 10.00
hours. During the next two to three days in all
patients we began aspirin desensitisation with oral
challenge with the aspirin threshold dose. Histamine
challenges were repeated in 11 unselected patients
on the morning after successful desensitisation to
600 mg of aspirin. The study was conducted in a
single blind fashion and aspirin challenges were
placebo controlled.

HISTAMINE INHALATION CHALLENGE
The method of Cockcroft et al'2 was modified to fit
standard techniques used in our pulmonary function
laboratory. In brief, histamine hydrochloride solu-
tions in isotonic saline were aerosolised in Wies-
badenner doppel nebulisers driven with an oxygen
flow of 7 litres per minute (nebuliser output 0.12 ml
min-'; mean particle size 2.3 ,um). The FEV, was
measured in triplicate 30 seconds and 120 seconds
after each inhalation. The protocol was for each sub-
ject to take 10 tidal breaths of control saline diluent
alone followed by 10 breaths of increasing concent-
rations of histamine hydrochloride diluted in saline
(0.5, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0 mg/ml) at five
minute intervals until there was at least a 20% fall in
FEVJ. The provocation concentration of histamine
required to produce a fall in FEV, of 20% (PC20H)

was calculated from the dose-response curve accord-
ing to Cockcroft et all2 and served as the index of
non-specific bronchial hyperreactivity. The
definition of bronchial "hyperreactivity" used in our
study corresponds to the "sensitivity" of Orehek
et al.'3 Antiasthmatic medication was not adminis-
tered for at least eight hours before the test and
before the challenge the FEV, was always greater
than 70% of the patient's previous best value. The
reproducibility of the histamine inhalation test was
determined in eight asthmatic patients without
aspirin sensitivity. The results of two histamine inha-
lation challenges repeated within one week were not
significantly different (p > 0.05, geometric mean
PC20H 1.97 and 2.28 mg/ml respectively).

ASPIRIN DESENSITISATION
The method of inducing aspirin tolerance has been
described in detail." We began with the oral
administration of the previously established aspirin
threshold dose and if an adverse reaction occurred
then in the following days doubling aspirin doses
were administered until 600 mg was tolerated.
When an aspirin challenge was followed by a

decrease in FEV, of less than 20% within four
hours, on the next day the dose was increased by
20-30% and that provocative dose was used as an
aspirin threshold dose for statistical analysis.

STATISTICAL ANALYSIS
Least squares linear regression was used to examine
the relationship between PC2,H and aspirin
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Results

Patients showed large individual differences in
bronchial responsiveness to histamine and PC20H
ranging from 0.3 mg/ml to 20.0 mg/ml. The aspirin
threshold doses ranged from 20 to 600 mg. There
was no significant correlation between PC20H and
aspirin threshold dose (r = 0.15; p > 0.005; fig 1).

In 11 patients who were subsequently rechal-
lenged with histamine aspirin desensitisation lasted
from two to eight days and the cumulative doses of
aspirin ingested during the procedure ranged from
1900 to 5220 mg (table). In these patients we could
compare PC20H measured on the two occasions. The
day after tolerance to 600 mg aspirin had been
achieved three patients showed at least a twofold
increase in PC20H. One patient showed a halving of
PC20H and in the remaining seven patients no
significant changes in bronchial reactivity were
noticed (fig 2). The geometric mean PC20H before
desensitisation (1.38 mg/ml) and after desensitisa-
tion (1.95 mg/ml) did not differ significantly (p >
0.05). Baseline FEV1 values did not differ sig-
nificantly between the first and second test (table).

Discussion

I&

Be fore
desensitisotion

Fig 2 Influence ofaspirin desensitisation on br
responsiveness to histamine in 11 aspirin sensiti
asthmatics. The open circles are geometric mean,
(see legend to fig 1). NS-difference not significt

threshold dose. Changes in PC20H were at
a paired test with logarithmic transformati
data.

A It has been well established that the response of

After the airways to both immunological and non-immunological stimuli is influenced by the level of
non-specific bronchial hyperreactivity as measured,

onchial for example, by histamine challenge.'4'6 Current
ve evidence suggests also a correlation between the
s ofPC2H severity of asthma and the degree of non-specific
ant. bronchial responsiveness.'7-'9 Among aspirin sen-

sitive asthmatic patients the amount of aspirin
required to induce an asthmatic attack varies con-

nalysed by siderably.' 3 The patients show also appreciable
ions of the intraindividual variability in susceptibility to aspirin;

the degree of aspirin sensitivity, as measured by

Clinical details, aspirin threshold dose, and cumulative desensitising dose ofaspirin in 11 patients undergoing aspirin
desensitisation

Patient Age Sex Atopy Aspirin Cumulative aspirin Time interval between Baseline FEV, (1
No (years) threshold dose during the histamine

dose (mg) desensitsation (mg) challenges (days) Ist test 2nd test

1 44 M - 20 2080 11 2.7 3.3
2 28 M - 40 5220 9 2.4 2.7
3 62 F + 40 3840 9 1.8 1.8
4 22 F + 40 3980 8 4.7 3.5
5 28 M - 60 2480 5 4.0 4.1
6 37 F + 60 5040 8 2.0 3.3
7 58 M - 100 2400 6 3.9 4.0
8 43 F + 100 2200 7 3.7 3.8
9 58 M + 200 1900 7 2.9 3.4
10 45 F + 300 2100 4 3.0 2.8
11 29 F + 600 3600 5 2.7 2.9

Mean (SD) 3.07 (0.87) 3.16 (0.94)
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aspirin threshold dose, seems to reflect the severity
of the underlying disease process at a given
moment.220 We might expect, then, that the level of
bronchial hyperreactivity measured by inhaled his-
tamine (PC20H) should predict the dose of aspirin
that will trigger bronchoconstriction in aspirin chal-
lenge. In the present study, however, we could not
find any correlation between the degree of sensitiv-
ity to aspirin, as reflected by aspirin threshold dose,
and bronchial responsiveness to histamine. Our
results suggest that the degree of non-specific
responsiveness is not an essential determinant of the
bronchoconstrictor response to aspirin in aspirin
sensitive asthmatics. Consistent with this idea is the
observation that the individual variability in suscep-
tibility to aspirin (that is, change in aspirin threshold
doses or even loss of sensitivity) concerns not only
bronchoconstrictive responses but also the extra-
bronchial symptoms of adverse reactions to aspirin
in asthmatic patients.29 These changes in the extra-
bronchial manifestations of aspirin sensitivity are
apparently not related to the level of non-specific
bronchial hyperreactivity. This finding points to the
conclusion that individual sensitivity to aspirin is
determined by factors other than bronchial hyper-
reactivity but common to bronchial and extrabron-
chial manifestations of aspirin induced adverse reac-
tions. According to Szczeklik et al,34 the level of sus-
ceptibility of tissue cyclo-oxygenase to the inhibitory
action of non-steroidal anti-inflammatory drugs may
be the factor determining sensitivity to aspirin. Our
results cannot, however, be interpreted unequivoc-
ally in terms of mechanisms of bronchial hyperreac-
tivity since aspirin was given orally and individual
variation in absorbtion and metabolism of the drug
was not taken into account. On the other hand, an
individual aspirin threshold dose should be consi-
dered to depend on several factors, such as aspirin
absorption and metabolism and even target
molecule (cyclo-oxygenase?) susceptibility. Aspirin
threshold dose seems therefore to be a good clinical
measure of aspirin sensitivity in a given patient.

It has been suggested that the bronchi of aspirin
sensitive patients are dependent more on the bron-
chodilating activity of prostaglandin E2 (PGE2) than
the bronchi of non-sensitive asthmatics.3 The pre-
sumption has further been supported by observa-
tions of different patterns of bronchial responsive-
ness to prostaglandins, histamine, and exercise in
that group of patients.68 If the mechanism of bron-
chial hyperreactivity in aspirin sensitive asthmatic
patients depended mainly on prostaglandins one
would expect that profound disturbances of prosta-
glandin metabolism evoked by aspirin desensitisa-
tion2' would significantly influence non-specific
responsiveness of the bronchi. This apparently did

not occur in our patients: neither the mean basal
bronchial muscle tone, reflected in the FEV,, nor the
mean PC20 histamine changed significantly after
aspirin desensitisation. Similarly, aspirin desensitisa-
tion does not influence skin reactivity to intrader-
mally injected histamine and codeine phosphate,
although it may change skin responses to compound
48/80, a mast cell degranulator.2' 22

Recently we have noted that 600 mg of aspirin
administered daily for four weeks after desensitisa-
tion significantly increased histamine thresholds in
most of 13 aspirin sensitive asthmatic patients and
the changes in bronchial responsiveness paralleled
the clinical improvement during aspirin treatment
(unpublished observations). Taken together, these
observations suggest that aspirin desensitisation
itself does not affect bronchial hyperreactivity but
prolonged aspirin treatment may influence the non-
specific responsiveness of the bronchial tree. Wal-
ters23 showed that high single doses of non-steroidal
anti-inflammatory drugs may modify bronchial
responsiveness to histamine in asthmatic subjects
sensitive to aspirin. In our study the cumulative
doses of aspirin were administered during several
days and perhaps it would be more relevant to test
the influence of high single doses of aspirin or
indomethacin on bronchial responsiveness to his-
tamine in aspirin sensitive patients in the aspirin
refractory state.
The mechanism of aspirin desensitisation remains

obscure. As we have suggested previously, the aspi-
rin induced refractory state in the bronchi might be
related to persistent cyclo-oxygenase inhibition by
aspirin during desensitisation and during that time
the functional balance in the bronchi might be based
on prostaglandin independent regulatory mechan-
isms that are not susceptible to the intervention of
non-steroidal anti-inflammatory drugs." Present
data seem to support this suggestion. From this
study we may conclude also that the preservation of
the airway responsiveness to histamine after desen-
sitisation indicates that the tolerance to aspirin is
neither the result of non-specific depression of bron-
chial smooth muscle nor the effect of local
tachyphylaxis to endogenous histamine.
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