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Histamine inhalation tests: inhalation of aerosol via a facemask versus a valve
box with mouthpiece
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Inhalation tests with histamine or methacholine are useful
in clinical practice and research to determine the level of
bronchial responsiveness. The factors which influence the
dose deposited in the lung must, however, be regulated so
that the results can be accuarately interpreted. In the
method introduced by DeVries et al' and modified by
Cockcroft and coworkers2 the aerosol is generated con-
tinuously and inhaled by tidal breathing. The dose depo-
sited in the lung may be influenced by nebuliser output,
particle size, the nature of apparatus between the nebuliser
and the mouth, the variability of tidal breathing, and the
duration of inhalation. The effect of each of these, with the
exception of the apparatus between the nebuliser and
mouth, has been systematically investigated.3- In the
method described by Cockcroft2 the aerosol passes through
a facemask, which is held loosely over the mouth and clip-
ped nose. It is possible that this might lead to more varia-
tion in the dose inhaled than if the aerosol is delivered
directly into the mouth via a valve box and mouthpiece. In
the present study we have compared responses and reliabil-
ity with these two methods of aerosol delivery.

Methods and results

Ten adults with asthma, who were selected to give a range
of bronchial responsiveness, participated in the study.
Each subject's symptoms were under control and the FEV,
was over 90% of predicted (table). None had had recent
exposure to an allergen to which they were sensitised or
symptoms of a respiratory infection, which could have
made their bronchial responsiveness unstable. Medications
known to acutely influence the results were withheld for
their duration of action. Each subject had one histamine
test on four separate days, at the same time of day and
within one week. The tests were carried out by the method
described by Cockcroft et a!2 with a Wright nebuliser oper-
ated to give an output of 0-13 mlmin. In two tests the
nebuliser was connected directly to a facemask held loosely
over the mouth (fig, a), while in two it was connected
directly into the central chamber of a Hans Rudolph
inspiratory-expiratory valve box and a mouthpiece (fig, b).
The order of the test was randomised. In each test a nose
clip was worn and the aerosol was inhaled through the
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mouth by tidal breathing for two minutes. Phosphate buf-
fered saline was inhaled first, followed at intervals of five
minutes by twofold increasing concentrations of histamine
acid phosphate from 0-125 to 16 mg/ml. The response was
measured by FEV, at the start of the test and at 30 and 90
seconds after each inhalation. The inhalations were con-
tinued until there was a fall in FEV, of 20% or more below
the lowest post saline value. The results were expressed as
the concentration required to cause a fall in FEV, of 20%
(PC20). This was obtained from the log dose-response
curve by linear interpolation between the last two points.
At the end of the study each subject was asked which
method of aerosol delivery he or she preferred.

W.)

)
Aerosol delivery with (a) facemask and (b) valve box with
mouthpiece. A nose clip is worn with both methods.
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Histamine inhalation tests: inhalation of aerosol via a facemask versus a valve box

Results ofinhalation tests

Subject FEVI PC2" (mg/ml)
No (% pred")

Facemask Valve and mouth-
piece

1 2 1 2

1 97 2-55 3-15 3-65 2-90
2 114 255 2-85 385 275
3 91 2-45 3-20 4*05 3-10
4 92 8-00 8-60 7-00 700
5 90 1-62 2-30 2-30 1-48
6 112 0-62 0-54 0-65 0.50
7 95 0*57 0 73 0-46 0-87
8 112 1 15 2-00 2-20 2-45
9 92 11-70 8-10 9-50 8 95
10 96 3-28 3-29 4-80 3-04

PC20 values were transformed to logarithms before
analysis. The reliability of each method was examined by
calculating the within subject standard deviation from a

one way analysis of variance. For the facemask the log,0
PC20 SD was 0-084 mg/ml (equivalent to 21% on the
untransformed scale) and for the mouthpiece it was

0-105 mg/ml (27%). The intraclass correlation coefficient
is the ratio of this within subject variance and the between
subject variance.6 For the facemask the intraclass correla-
tion coefficient was 0-958, indicating that 95 8% of the
total variation in PC20 was due to differences between sub-
jects (signal) and only the remaining 4-2% was due to the
imprecision of the method (noise). The intraclass correla-
tion coefficient for the mouthpiece was 0-931. This modest
difference in the intraclass correlation between the two
methods was due mainly to the slightly higher within sub-
ject variability for the mouthpiece method. Formal com-
parison of within subject variability, however, indicated
there was little evidence of a difference between the
methods (p > 0-10). Thus these methods should be consi-
dered of high and equivalent reliability. Constant variances
over the ranges tested for the two methods was shown by
poor correlations between the absolute differences and the
means.7 For the facemask r = 0-388 and for the mouth-
piece r = 0-629; neither of these value reached conven-
tional significance (p > 0.05). The PC20 pairs obtained for
each method were averaged and compared by linear
regression analysis (table). The slope of 1-005 was not dif-
ferent from 1-000 (p >0.5) and the intercept of 0-039 was

not different from zero (p >0-15); the overall significance
was p > 0-001. Paired t analysis showed a lack of bias be-
tween the methods (p > 0.10); there was little evidence of
any difference in variance over the range tested
(r = 0.006). Six subjects preferred inhalation via a face-
mask.

Discussion

The results of this study show that, when histamine aerosol
is generated continuously and inhaled by tidal breathing,
there is no difference in PC20 or its reliability whether the
aerosol is inhaled through the mouth from a facemask or

from a mouthpiece connected to a valve box.
The most important technical factors which may

influence aerosol deposition are nebuliser output and the
duration of inhalation.3 Nebuliser output at severAl flow-

rates must be measured with each nebuliser. The flow-
output calibration curve allows the correct flow to be
selected for a specific output. These characteristics should
probably be checked at least annually. Inhalation by tidal
breathing gives greater reproducibility of results over two
minutes than over 30 seconds,4 but more careful regulation
of tidal breathing is not important.5 In contrast, particle
size, at least from 1-3 to 3-6 ,um aerodynamic mass median
diameter, does not influence the response.3 We have shown
that whether the aerosol is delivered via a facemask or a
mouthpiece also does not influence the response.

Standardisation of technical factors is important for the
accurate interpretation of results. In the method used in
this study nebuliser output was regulated at 0-13 mlmin
and the duration of tidal breathing was two minutes. When
the response is measured by FEV, and when the preinhala-
tion FEV, is normal, a PC20 of less than 8 mg/ml is consi-
dered to indicate an increase in bronchial responsiveness.
Values of PC20 above 8 mg/ml are found mainly in non-
asthmatic people,8 9 whereas patients with current symp-
toms of asthma usually show PC20 values below 8 mg/mI.'°

We wish to thank Professor RS Roberts, Department of
Biostatistics and Clinical Epidemiology, McMaster Uni-
versity, for help in the analysis of this study.
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