
Eur Resplr J 
1991, 4, 497-502 

TECHNICAL REPORT 

A comparison of the Van and a dosimeter method for 
methacholine challenge in experienced 

and inexperienced subjects 

A.J. Knox, A. Wisniewski, S. Cooper, A.E. Tattersfield 

A comparison of the Yan and a dosimeter method for methacholine challenge 
in experienced and inexperienced subjects. A.J. Knox, A. Wisniewski, S. Cooper, 
A.E. Tattersfield. 
ABSTRACT: Bronchial reactivity is being measured with increasing 
frequency in epidemiological studies, but there debate continues about the 
relative merits of the different methods used to measure reactivity, 
particularly for subjects with no previous experience of reactivity testing 
as Is the case in epidemiological stud.les. Repeatabllity is likely to Improve 
with practice, a.nd laboratory based studies on experienced subjects may 
overestimate the repeatability of a test in Inexperienced subjects. 

We have compared the repeatablllty of the Yan method with a dostmeter 
(Mefar) method of administering methacholine to 40 asthmatic subjects: 
20 with experience of methacholine chaJienge on at least stx previous 
occasions and 20 with no previous experience. Subjects attended the la.bo
ratory on four days wllh.in a two week period, at the same time of day. 
A methacholine challenge was performed on two occasions using the Yan 
method and on two occasions using the doslmeter. MethachoUne 
responsiveness was measured as the provocative dose causing a 20% 
reduction in forced expiratory volume in one second (PD

1
lEV

1
). 

Geometric mean PD
10

FEV
1 

values with the Yan method were 1.14 dou
bling doses (DD) of methacholine higher than with the doslmeter method. 
In the experienced subjects, the 95% range for a single estimate was :1.56 
DD for the Yan method and : 1.37 DD for the dosimeter method. In the 
inexperienced subjects, the 95% ranges were :2.65 and :1.87 DD for the 
Yan and dosimeter methods, respectively. Thus, the differences in 
repeatability between the Yan and doslmeter methods, were small; expe
rienced subjects gave more repeatable values than inexperienced subjects. 
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Although bronchial challenge tests have been used 
increasingly in recent years for epidemiological and 
laboratory based studies of asthma, there are still 
widespread differences in opinion over methodology. 
There is agreement, however, that for a measurement of 
bronchial reactivity to be useful, it should be repeatable 
[1, 2]. Several studies over the years have quoted figures 
for the repeatability of different challenge tests but there 
have been few direct comparisons of different techniques 
on the same group of patients. The 95% range for a 
single estimate has ranged from less than one to more 
than four doubling doses of histamine or methacholine in 
different studies and large differences have been reported 
for studies using similar methods [3-9]. When we 
compared three methods of histamine challenge in the 
same patients, we found little difference in repeatability 

between the three techniques [8]. This suggested to us 
that a part of the difference in repeatability seen in 
different studies is due to differences in the subjects 
studied. Repeatability improves with repeated testing for 
several pulmonary function tests [10, 11], and this is 
likely to be true of bronchial challenge testing, although 
this has not been formally examined and is usually not 
taken into account when repeatability in different studies 
is compared. We have tested this hypothesis in 
patients with and without previous experience of 
bronchial challenge tests and have compared the 
repeatability of the Yan method [12] with a dosimeter 
based method in the same two groups of patients to 
determine whether any difference in repeatability between 
the two groups was more apparent with one method than 
the other. 
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Subjects 

Forty asthmatic subjects aged 20-59 yrs were recruited 
from the Nottingham City Hospital asthma register. To 
be included in the study, subjects had to be nonsmokers 
and clinically stable, with no history of upper respiratory 
tract infection within the preceding six weeks. They had 
to have an improvement in forced expiratory volume in 
one second (FEV1) of >15% after 200 J.lg inhaled 
salbutamol and a provocative dose producing a 20% fall 
in FEV

1 
(PD

20
FEV

1
) methacholine <6 J.lmol at their first 

visit. Twenty subjects were recruited on the basis that 
they had no prior experience of bronchial challenge test
ing and 20 subjects because they had performed challenge 
tests on at least six previous occasions. They were told 
that the purpose of the study was to "see which test was 
best". Details including treatment are given in table 1. 
Written consent was obtained from all subjects. The study 
design was approved by the Nottingham City Hospital 
Ethics Committee. 

Table 1. - Subjects' characteristics 

Experienced Inexperienced 

Mean (range) age yrs 37 (20--51) 41 (22-59) 
Male 6 3 
Female 14 17 
Mean (sE) FEV

1 
l 2.7 (0.2) 2.8 (0.2) 

Treatment: 
Inhaled ~-agonist 19 15 
Inhaled steroid 12 15 
SCG 0 1 
Oral theophylline 1 2 
Oral ~-agonist 0 3 
Oral steroid 2 0 
None 

FEV
1

: forced expiratory volume in one second; SCG: sodium 
cromoglycate. 

Methods 

Forced expiratory volume in one second (FEV1) 

FEV
1 

was measured on a dry bellows spirometer 
(Vitalograph) taking the higher of two measurements 
within 100ml. 

Methacholine challenge 

Each subject was given a simple explanation of each 
method prior to performing the first challenge test of 
each type. 

Yan method. Methacholine challenge was performed 
using a modification of the method of YAN et al. [12] 
using De Vilbiss hand held nebulizers with an output 
ranging from 0.0025-0.0035 ml-activation·1

• After 
baseline measurement of FEV

1
, subjects inhaled 3 puffs 

of 0.9% saline, with repeat measurement of FEY one 
minute later. Subjects then inhaled increasing dos~s of 
methacholine in doubling increments over the cumulative 
dose range 0.048-25 J.lmol with repeat measurement of 
FEV1 one minute after each dose as described previously 
[8, 13]. The test was discontinued when the FEV had 
fallen by 20% from post-saline values. The provo~ative 
dose of methacholine causing a 20% reduction in FEV

1 
(PD

20
FEV

1
) was estimated by interpolation on a log dose 

response plot. 

Dosimeter method. Methacholine challenge was carried 
out using a Mefar dosimeter (Mefar, Brescia, Italy) using 
5 nebulizers individually calibrated by the manufacturer. 
The inhalation time was set at 0.5 s and the concentra
tion of methacholine in each nebulizer was adjusted so 
that one puff of each Mefar nebulizer should have an 
identical output in J.lmol methacholine as the equivalent 
De Vilbiss nebulizer used in the Yan method. An 
identical inhalation protocol was used as with the Yan 
method, with subjects inhaling increasing doses of 
methacholine in doubling increments over the dose range 
0.048-25 J.lmol, and PD20FEV1 was estimated in an 
identical manner. 

Protocol 

Subjects attended the laboratory on 4 occasions in a 2 
week period at the same time of day. They did not 
take inhaled beta-agonists for six hours before each 
visit or oral theophylline for 24 h. The subjects' other 
treatment was held constant throughout the study. 

On each occasion subjects rested for 30 min after which 
baseline FEV

1 
was performed. On two occasions a 

methacholine challenge was performed using the Yan 
method and on two occasions the test was performed 
using the dosimeter method. The two Yan tests were 
performed 24 h apart as were the two dosimeter tests. 
The order of the Yan and dosimeter tests was randomized. 

Statistical analyses 

Baseline FEV
1 

values were compared by two way 
analysis of variance (ANOV A). 

Log transformed PD
2
lEV

1 
values were used in all 

analyses. Repeatability was expressed as the 95% range 
for a single estimate using the formula 95% range= t

0
.
05 

(so)/square root 2 (where so/square root 2 = within sub
ject standard deviation based on the results from two 
tests on each subject) [14]. Geometric mean PD

20 
values 

obtained by the Yan and dosimeter methods were com
pared by ANOV A and the difference in PD

20 
values was 

expressed in doubling doses of methacholine. The results 
of the first and second tests for the Yan and dosimeter 
methods were tested for bias using Students' paired 
t- test. Least squares regression analysis was used to 
compare within subject so with mean PD2lEV

1 
values 

to determine if repeatability was related to the size of the 
PD

20 
measurement. 
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Table 2. - Baseline FEV, values and PD20 values on four study days 

Yanmethod Dosimeter method 
Day one Day two Day one Day two 

Experienced FEV
1 

2.7 (0.2) 2.8 (0.2) 2.7 (0.2) 2.7 (0.2) 
subjects PD 0.9 (0.2) 0.7 (0.1) 0.3 (0.1) 0.4 (0.2) 
Inexperienced FEt9

1 
2.7 (0.2) 2.8 (0.2) 2.8 (0.2) 2.8 (0.2) 

subjects PD
20 

1.2 (0.2) 1.5 (0.2) 0.6 (0.1) 0.6 (0.1) 

FEV 
1

: values are mean (sE) in litres; PD 
20

: values are geometric mean (sE in log units) 
in J.tmol. FEV

1
: forced expiratory volume in one second; PD

20
: provocative dose 

producing a 20% fall in FEV
1
• 
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Fig.l. - Plot ofPD20FEV 1 of 1st Yan test against 1st dosimeter test for all40 subjects. PDJEV1: provocative dose producing a 20% fall in forced expiratory 
volume in one second. 

Results 

Baseline spirometry and PD 
20 

Baseline FEV
1 

values on the four study days did not 
differ significantly in either the experienced subjects 
(p=0.8) or inexperienced subjects (p=0.7) (table 2). There 
were no significant differences in baseline FEV

1
or PD 

values (p=0.5) between the experienced and inexperience~ 
subjects. 

Methacholine challenge 

Geometric mean PD FEV
1 

values were 1.14 doubling 
doses of methacholine ~igher on the two days when the 

Yan test was performed than on the two dosimeter days 
(p<0.001) (fig. 1, table 2). 

Plots of the first and second Yan and dosimeter tests 
in each group are shown in figure 2. There was no order 
effect for PD~FEV1measurements with either the Yan 
method (p=0.8J or the dosimeter method (p=0.8) (table 
2). In the experienced subjects, the 95% range for a 
single estimate was 1.56 doubling doses of methacholine 
(DD) for the Yan method and 1.37 DD for the dosimeter 
method (table 3). In the inexperienced subjects the 95% 
ranges were 2.65 DD and 1.87 DD for the Yan and 
dosimeter methods, respectively. 

The magnitude of within subject so was not related to 
the magnitude of PD

20
FEV

1 
value for either the Yan or 

dosimeter tests in either group of subjects (p>0.3 for all 
comparisons). · 
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Fig. 2.- Plots of 1st and 2nd Yan and 1st and 2nd dosimeter test in inexperienced a and band experienced c and d subjects. For definitions see legend 
to figure 1. 

Table 3. - Repeatability of two methods 

Yan method Dosimeter method 
Experienced Inexperienced Experienced Inexperienced 

subjects subjects subjects subjects 

Mean (so) difference -0.07 (0.32) 0.11 (0.54) 0.12 (0.28) -0.01 (0.38) 
between two estimates 
(log

10 
units) 

Within subject so 0.23 0.38 
(log

10 
units) 

95% range for single ±1.56 ±2.65 
estimate (doubling 
doses) 

Discussion 

The aim of this study was to compare the repeatability 
of two different methods of methacholine challenge test 
in two groups of subjects, one with previous experience 
of challenge test procedures and one without. We found 
that the dosimeter method was slightly more repeatable 
than the Yan method in experienced subjects, although 
the difference was small. The difference between the 
methods was larger in the inexperienced subjects, although 

0.20 0.27 

±1.37 ±1.87 

this was mainly due to one subject who had poor 
repeatability with the Yan method (fig. 2a). When this 
subject was excluded, the Yan method was more 
repeatable than the dosimeter method. This again 
suggests that the difference in repeatability between the 
two methods is small. 

Few studies have compared different challenge methods 
in the same subjects. A previous study from our 
department [8] compared the Yan method with the tidal 
breathing method using a Wright nebulizer described by 
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CocKCROFT et al. [15], and a study by RYAN et al. [6] 
compared the tidal breathing method [15] with a dosimeter 
method. Neither study found any difference in 
repeatability between the techniques used to deliver the 
aerosol. Differences in methods are therefore unlikely to 
be the sole explanation for the large differences in 
repeatability reported from different laboratories under 
different conditions (ranging from less than one to greater 
than four doubling doses of histamine or methacholine) 
[3-9]. 

The Mefar nebulizers are calibrated individually by 
the manufacturer, whereas we calibrated the output from 
the Yan nebulizers by weighing the nebulizers before 
and after actuation. We found that PD

2
lEV

1 
values were 

consistently higher with the Yan method than the 
dosimeter method, despite the fact that the output in 
~mol methacholine per activation should have been 
identical. This may reflect differences in the pattern of 
aerosol deposition between the two methods, since this is 
known to alter the airway response as measured by FEV1 
[16]. Alternatively it may reflect differences in the effect 
of repeated activation on the concentration of nebulizer 
solution between the two types of nebulizer [17]. 

Our repeatability figures in the present study in 
inexperienced subjects are very similar to those reported 
by CHINN et al. [18] in a randomly selected community 
population using the Yan method and those reported by 
BRITION et al. [8] in a comparison of three challenge test 
methods in inexperienced subjects. Experienced subjects 
in the present study gave more repeatable readings with 
a 95% range of 1.56 and 1.37 doubling doses of 
methacholine for Yan and dosimeter methods, respec
tively. In this study we defined experience as having 
performed 6 or more challenge tests. Had we chosen 
subjects with more experience of challenge tests, or 
selected patients on the basis of their known repeatability, 
we might have obtained even better repeatability in this 
group. 

Our findings have several practical applications. Firstly, 
our results suggest that future studies comparing new 
methods of bronchial challenge with established methods 
must study both methods in the same subjects. This has 
not always been the case in the past [19]. Secondly, 
before entering subjects for research studies that involve 
measurement of bronchial responsiveness, it might be 
useful for the subject to have two or three practice 
challenge tests. This would be impractical for large 
epidemiological studies, but could be done relatively 
easily in laboratory based pharmacological studies. 
Thirdly, the power of a pharmacological study concerned 
with the measurement of bronchial responsiveness could 
be improved if it was confined to experienced subjects 
with good repeatability. 
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Une comparaison de la methode Yan et de la methode 
dosimetrique pour la provocation a la methacholine chez des 
sujets avec ou sans experience. A.J. Knox, A. Wisniewski, S. 
Cooper, A.E. Tattersfield. 
RESUME: La reactivite bronchique est mesuree a une frequence 
croissante dans les etudes epidemiologiques, mais il y a toujours 
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des discussions au sujet des merites relatifs des differentes 
methodes utilisees pour la mesurer, en particulier chez les sujets 
qui n'ont pas d'experience anterieure de la provocation, comme 
c'est le cas dans les etudes epidemiologiques. La reproductibilite 
est susceptible de s'ameliorer par !'experience, et les etudes de 
laboratoire basees sur des sujets experimentes pourraient 
surestimer la reproductibilite du test chez les non experimentes. 
Nous avons compare la reproductibilite de la methode Yan 
avec la methode dosimetrique (Mefar) pour !'administration de 
methacholine a 40 sujets asthmatiques, dont 20 avaient 
!'experience d'une provocation a la methacholine lors d'au moins 
six experiences precedentes, et dont 20 n'avaient aucune 
habitude. Les sujets se sont presentes au laboratoire pendant 
quatre jours au cours d'une periode de deux semaines au meme 
moment de la joumee. Une provocation a la methacholine a ete 
realisee a deux occasions par la methode Yan et a deux autres 

par la dosimetrie. La reactivite a la methacholine a ete 
determinee comme la dose provocatrice entratnant une reduction 
de 20% du VEMS (PD

20
VEMS). La moyenne geometrique des 

valeurs de PD
20

VEMS avec la methode Yan est de 1.14 dose 
de doublement de methacholine superieure a celle obtenue avec 
la methode dosimetrique. Chez les sujets experimentes, la marge 
de 95% pour une estimation unique a ete de 1.56 double dose 
pour la methode Yan, et 1.37 double dose pour la methode 
dosimetrique. Chez les subjets sans experience, les marges de 
95% etaient de 2.65 et de 1.87 DD respectivement pour les 
methodes Yan et dosimetrique. En conclusion, les differences 
de reproductibilite entre la methode Yan et la 
methode dosimetrique etaient faibles, les sujets experimentes 
ayant des valeurs plus reproductibles que les sujets 
inexperimentes. 
Eur Respir J., 1991, 4, 497-502. 


