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Does the outcome of the tidal breathing and
dosimeter methods of assessing bronchial
responsiveness in children with asthma depend
on age?

D Birnie, GW S thoe Schwartzenberg, W C J Hop, E E M van Essen-Zandvliet,
K F Kerrebijn

Abstract
As minute volume increases with age, a
study was carried out to determine
whether the measurement of bronchial
responsiveness to pharmacological
agents with the tidal breathing technique
in children might be influenced by age.
Bronchial responsiveness to histamine
administered by tidal breathing was
therefore compared with that produced
with a dosimeter in 25 children with
asthma aged 5-18 years. Bronchial res-
ponsiveness was defined as the concentra-
tion ofhistamine that caused a40% rise in
pulmonary resistance (PC40) measured
by random noise forced oscillation at
6 Hz. Values ofPC40 measured by the tidal
breathing method were lower than those
obtained with the dosimeter method,
presumably owing to differences in the
dose administered and variations in the
pattern of breathing. The difference be-
tween the two methods was not related to
age, however. It iq concluded that the tidal
breathing and the dosimeter methods are
both suitable for the measurement of
bronchial responsiveness in children of
various ages and that both can be used in
longitudinal studies.
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Increased bronchial responsiveness to histam-
ine and methacholine is a characteristic feature
of asthma. The technical aspects of aerosol
generation and dose delivery have been
carefully standardised. Two methods of
aerosol generation and inhalation are widely
used. In the tidal breathing method described
by Cockcroft et all a Wright's nebuliser is used
to generate an aerosol that is delivered contin-
uously and inhaled by tidal breathing for two
minutes. In the dosimeter method recommen-
ded by Chai et alP a DeVillbiss nebuliser and a

dosimeter are used to deliver a measured dose
of agonist during the first 0-6 second of each of
five inspiratory capacity breaths from func-
tional residual capacity (FRC). Ryan et al'
found no differences in responsiveness or total
lung dose of radiolabelled aerosol in adults
between the two methods.

Reference values for minute volume in chil-
dren are reported to be between < 5 and 6-5 1 at
the age of 6 years and to increase to more than
8 1 over the age of 12.' As the amount of aerosol

deposited in the airways is linearly related to
minute volume,6 we formed the hypothesis that
aerosol delivery into the airways and hence
bronchial responsiveness might vary with age
with the tidal breathing method. This would be
important in longitudinal studies of bronchial
responsiveness in children. Aerosol delivery
with a dosimeter does not depend on minute
volume.
The aim of this study was to investigate

whether bronchial responsiveness measured by
the tidal breathing technique in children
depends on minute volume and age. We
therefore compared bronchial responsiveness
to histamine obtained by the tidal breathing
and the dosimeter methods in children of
different ages.

Methods
SUBJECTS
We selected 25 subjects (nine girls) with a
history of mild asthma and a documented
increase in responsiveness to inhaled histamine
(table). Their ages ranged from 5 0 to 18-3
years. The provocative concentration of
inhaled histamine causing a 4000 rise in res-
piratory resistance at 6 Hz (PC40 Rrs6) was
less than 15 mg/ml histamine-that is -1 65
standard scores (lower limit of 9500 confidence
interval) from levels of PC40 Rrs6 in a reference
population of healthy children.7 All patients
were atopic as judged by their reactions to one
or more common allergens. Subjects were
receiving inhaled beta agonists or sodium
cromoglycate. Those with respiratory infec-
tions or periods of wheezing in the two weeks
before the study were excluded. All medication
was stopped 12 hours before the study. In-
formed consent was given by all parents and
children.

MEASUREMENT OF LUNG FUNCTION
Respiratory resistance (Rrs) at 6 Hz oscillation
frequency (Rrs6) was used to measure the
response to inhaled histamine diphosphate. Rrs
was measured with the forced pseudo random
noise oscillation technique described by
Linds6r.8 Bronchial provocation tests were
performed only if baseline Rrs was within two
standard deviations of the predicted mean.9
Each histamine challenge was preceded by five
consecutive forced oscillation measurements,
from which a mean baseline value and the
coefficient of variation were calculated.
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Characteristics of the patients

Height Weight Rrs6
Age, sex (centilefor age) (centilefor height) (SD from predicted mean'2)

5 0, M 50 75 -0-87
68,M 90 30 -080
71, F 60 20 + 137
75,F 60 75 +077
76,F 60 50 -080
7 7, F 50 50 +0 45
80,M 50 10 +015
94,F 10 90 +0-10
10 3, M 25 60 -015
109,M 50 50 -080
11 2,M 25 75 +018
113,M 70 25 -0-15
11 9,F 50 90 +090
119,M 50 >90 -1-65
12 2, M 70 50 +0 78
12 5, M 60 50 -0-15
146,F 75 90 +054
146,M 70 50 +149
148, M 60 40 -014
158,M 75 80 -020
15 9, M 50 80 -0-03
162,F 3 80 +138
17 0, M 20 70 +0 23
17 1,F 10 50 +017
18 3,M 10 90 +030

Rrs6-respiratory resistance at 6 Hz oscillation frequency.

AEROSOL GENERATION AND INHALATION
Tidal breathing method
The aerosol was generated by a DeVillbiss 646
nebuliser with its vent closed and with 3 ml
solution in the vial; the gas flow rate gave an
output of 100 ,ul/min (that is, 4-5 1/min). The
aerosol was delivered directly into the central
chamber ofan inspiratory-expiratory valve box
and inhaled through a mouthpiece that kept the
lips apart, allowing a bias flow during inspira-
tion. A noseclip was applied throughout. His-
tamine diphosphate in buffered saline was
inhaled for two minutes in doubling concentra-
tions (0 25-32 mg/ml). Rrs6 was measured
after each provocation. The challenge was
stopped when a 40% rise in Rrs6 had occurred.
Histamine in the expired air passed through a
breathing system filter (Pall, Portsmouth).
Expiratory minute volume and breathing
frequency were monitored with a pneumo-
tachograph during each inhalation (Bear, Baar,
Switzerland). Mean values were used for
analysis.

Dosimeter method
The aerosol was generated from a DeVillbiss
646 nebuliser with its vent closed and primed
with 3 ml solution. The nebuliser was attached
to a French-Rosenthal dosimeter driven by air
at 137-8 kPa (20 lb/in2). The aerosol was
delivered directly into the mouth through a
mouth tube. The subject inspired as slowly as
possible from FRC to TLC, after a visual signal
extending over two seconds. During inspira-
tion the dosimeter was triggered for 0-6
seconds. At the end of inspiration the child was
asked to hold his or her breath for about two
seconds. When aerosol is delivered in this way
in the early part of inhalation virtually none is
lost to the exhaled air and lung deposition
should be maximal.'0 A total of 20 ul of aerosol-
ised solution was delivered to the mouth in four
consecutive breaths. Histamine diphosphate in

buffered saline was given in doubling concen-
trations (0-25-32 mg/ml). The challenge was
stopped after Rrs6 had increased 40% from
baseline. The 24 hour within subject difference
in repeat measurements was within one dou-
bling dose for around 95% of measurements, a
value similar to that observed with the tidal
breathing technique."

Both methods
Saline was inhaled before all histamine challen-
ges to exclude a response to diluent; a response
was defined as a rise in baseline Rrs6 of more
than twice the coefficient of variation. Doses of
histamine were given at five minute intervals,
with measurement of pulmonary function for
about three minutes after each dose. The
maximum doses administered with the two
techniques were the same.

All lung function values were expressed as
standard deviations from predicted mean
values according to the reference values of
Duiverman et al'2 (table).

PC40 Rrs6 by tidal breathing (PC40 tb) and
PC,, Rrs6 by dosimeter (PC40 dm) were cal-
culated from a log dose-response plot by linear
interpolation of data points, the mean values of
three technically satisfactory measurements
being used for each data point. In a previous
study we showed that PC40 Rrs6 is closely and
linearly correlated with PC20 FEV,.'3

STUDY DESIGN
Two challenge tests with histamine diphos-
phate were performed in random order on the
same day. The second challenge was given at
least one hour after Rrs6 had returned to within
20% of baseline (that is, within 1 SD of the
within subject variability).9

STATISTICAL ANALYSIS
PC40 dm and PC40 tb were compared by
Student's t test after log transformation. To
check whether this test was appropriate-that
is, whether tachyphylaxis and period effects
were absent-the procedures given by Hills
and Armitage for crossover designs were first
applied.'4 Multiple regression was used to
evaluate the effect of various factors on PC40
simultaneously.

Results
Mean (SD) PC40 tb values (1.65 (2.15)) were
lower than PC40 dm (3-52 (5-28)) (p < 0 001).
The mean difference (after log transformation)
was 0-28 (SEM 0 05) log units, corresponding
to a geometric mean ratio of 1.9. There was no
evidence of a crossover effect (tachyphylaxis)
or time trend. The scatter of the points in
relation to the line of identity in figure 1
indicates that the difference between the two
methods was not related to mean PC40 values.
The mean difference between PC40 tb and
PC40 dm was twofold; the variation between
subjects was considerable. PC40 dm and
PC 4, tb did not correlate with baseline res-
piratory resistance, height, weight, or age.
There was also no correlation between these
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PC,; tidal breathing (mg/ml)

10,

*
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PC,, dosimeter (mg/ml)

variables and PC4, tb, PC4o din, or their ratio
when a multivariate analysis was used.
The ratio of PC40 tb to PC40 dm was not

related to age (fig 2). Minute volume ranged
from 7 to 21 1 and breathing frequency from 14
to 33/min, which indicates that most children
were hyperventilating during tidal breathing.
There was no correlation between minute
volume and PC40 tb (fig 3). There was a non-
significant trend for PCo tb to decrease with
increasing breathing frequency.

Discussion
The purpose of this study was to compare the
tidal breathing method with the dosimeter
method with regard to the effect of age on the
measurement of bronchial responsiveness.
Our hypothesis was that in young children,

whose minute volume may be lower than the
volume output of the nebuliser, less aerosol
would be inhaled into the pulmonary airways
than in older children. The response to inhaled
histamine is highly dependent on the dose of
aerosol deposited, which in turn is linearly
related to minute volume.6 Age related
differences in minute volume might thus result
in differences in the amount of histamine
deposited in the pulmonary airways and in age

PC40 tb
PC40 dm
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0.5

0.0 i
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Figure 2 Ratio of values for bronchial responsiveness to histamine obtained with the
tidal breathing technique (PC40 tb) to those obtained with the dosimeter technique

(PC,0 dm) according to age. r = 0 27 (p > 0.10).

dependent values of bronchial responsiveness.
We therefore compared bronchial responsive-
ness determined by the tidal breathing method
and bronchial responsiveness determined by
the dosimeter method, in which histamine
deposition is independent of the volume of
inspired air. Our results indicate that the
outcome of both methods was independent of
age and minute volume. This might be
explained by the unexpected finding that most
of the children appeared to hyperventilate
when they inhaled histamine, so that their
minute volume was larger than the volume
output of the nebuliser during inspiration.
Furthermore, the deposition fraction of an
inhaled aerosol is relatively independent of
minute volume."5 There were probably no
important differences therefore in the amount
of histamine inspired from the mouth into the
lungs or in the fractions of aerosol deposited
with the two methods of aerosol delivery.
The tidal breathing method resulted in a

mean PC,0 about half that obtained with the
dosimeter. There was, however, a considerable
variation in the ratio between subjects, though
in most the absolute difference was small. Our
findings are similar to those of Bennett and
Davies,'6 who found significantly lower
PC,,FEV, values with the tidal breathing
method than with the dosimeter method; they
differ, however, from the values published by
Ryan et al.3 These authors found that histamine
aerosol generated by a Wright nebuliser and
inhaled by tidal breathing for two minutes via a
face mask gave PC20 values similar to those
obtained by an aerosol generated by a De
Villbiss 646 nebuliser attached to a dosimeter.
This is surprising in view of the major varia-
tions in the pattern of ventilation between and
within patients during aerosol inhalation by
tidal volume breathing, which may lead to
differences in the aerosol fraction entering the
mouth."7 The amount of aerosol generated
during tidal breathing was about seven times
the output ofthe dosimeter in the study ofRyan
et al3 and six times in the study of Bennett and
Davies.'6 This is less than in our study, where
the aerosol output during tidal breathing was
10 times the output of the dosimeter. Bennett
and Davies'6 supposed that the differences
they found between the methods were due to
differences in the amount of aerosol that
entered the mouth. Our findings, however,
suggest that other factors play a part-for
example, the site of aerosol deposition, because
of within subject variation in the pattern of
ventilation during aerosol inhalation by tidal
breathing.'8 Minute volume has little effect on
the site of aerosol deposition in the lungs6 and
no between subject relation of minute volume
to PC40 tb was found.

It seems unlikely that the variation of
responses between patients was due to the
sequence oftesting because the results from the
second challenge did not differ systematically
from those obtained after the first challenge.
This is in agreement with the results of
repeated histamine challenge reported by
Lemire et al,'9 Ruffin et al,'0 and Gerritsen et
al" and with in vitro observations on human

Figure I Relation
between valuesfor
bronchial responsiveness
(PC40) to histamine
obtained with the tidal
breathing technique and
the dosimeter technique.
* First measurement by
dosimeter; * first
measurement with tidal
breathing.
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PC40 tidal breathing (mg/ml)

100 1

in bronchial responsiveness26 are unlikely to be
caused by the measurement technique used.

10

i

5

0 0.

* :

I'0

0

* :
0

* .

*

15

Minute volume (I/min)
Figure 3 Relation between minute volume and bronchial responsiveness (PC40) to
histamine. r = 0-06 (p > 0-10).

airways,22 but contrasts with the results
Manning et al.2" These investigators observ
tachyphylaxis when consecutive histami
inhalation tests were separated by one a
three hours. Their study differed from ours
that they investigated asthmatic subjects w:

mildy hyperresponsive airways and the avera
dose of histamine was twice that used in
study. In two of our three patients who has
PC40 of 10 mg/ml or more on the first occasi
the PC40 was lower after the second challen
than after the first. In these patients the pi
challenge Rrs was similar on the two occasioi
which indicates that the airway calibre M
similar.
Another factor that might have contribut

to the within subject variation between t
methods is the inspiratory flow rate wh
subjects were inhaling from the dosimet
Ryan et aP14 and Laube et al5 showed that lark
inspiratory flow rates resulted in a higher to
lung dose, more central deposition of t
aerosol, and higher PC20 values. Although i

urged our subjects to inspire as slowly
possible by asking them to follow the inv(
tigator who raised his hand over a period
about two seconds, inspiratory flow rates a
difficult to regulate precisely and differences
flow rate may have influenced the results. ;
were unable to measure flow rates.

In conclusion, we could not confirm a
hypothesis that minute volume has a role wh
aerosol is delivered by tidal breathing
children who differ greatly in age and size a
that as a consequence values for bronch
responsiveness obtained by the tidal breathi
technique are age dependent. Aerosol delive
by tidal breathing is therefore a valid techniq
for the measurement of bronchial responsiN
ness in children from 5 years of age and th
should be as suitable as the dosimeter i
longitudinal studies. Our results also show ti
the two methods do not necessarily give simi
values of bronchial responsiveness.
observations imply that age related differen

1 Cockcroft DW, Killian DN, Mellon JJA, Hargreave FE.
Bronchial reactivity to inhaled histamine: a method and
clinical survey. Clin Allergy 1977;7:235-43.

2 Chai H, Farr RS, Froehlich LA. Standardization of
bronchial inhalation challenge procedures. JAllergy Clin
Immunol 1975;56:523-7.

3 Ryan G, Dolovich MB, Roberts RS et al. Standardization of
inhaled provocation tests: two techniques of aerosol
generation and inhalation compared. Am Rev Respir Dis
1981;123:195-9.

4 Eiser NM, Kerrebijn KF, Quanjer PH. Guidelines for
standardization ofbronchial challenges with (nonspecific)
bronchoconstricting agents. Bull Eur Physiopathol Respir
1982;22:27-34.

5 Polgar G, Promadhat V. Pulmonary function testing in
children: techniques and standards. Philadelphia: Saunders,
1971.

6 Brain JD, Valberg PA. Deposition of aerosol in the
20 respiratory tract, State of the Art. Am Rev Respir Dis

1979;120: 1325-73.
7 Duiverman EJ, Neijens HJ, van Strik R, Affourtit MJ,

Kerrebijn KF. Lung function and bronchial responsive-
ness in children who had infantile bronchiolitis. Pediatr
Pulmonol 1987;3:38-44.

8 Landser FJ, Nagels J, Demedts M, Billiet L, van de
Woestijne KP. A new method to determine frequency
characteristics of the respiratory tract. J Appl Physiol

of 1976;41:101-6.
red 9 Duiverman EJ, Neijens HJ, van Strik R, Kerrebijn KF.

Bronchial responsiveness in asthmatic children aged 3 to 8
ine years measured by forced oscillation pseudo-random noise

Lnd 10 oscillometry. Bull Eur PhysiopatholRespir 1986;22:27-34.
10 Nieminen MM, Holli H, Lahdensuo A, Muittari A,

,iln Karvonen J. Aerosol deposition in automatic dosimeter
ith nebulisation. Eur J Respir Dis 1987;71:145-52.

11 Juniper EF, Frith PA, Dunnett C, Lockroft DW, Hargreave
ige FE. Reproducibility and comparison of responses to

inhaled histamine and methacholine. Thorax
)ur 1978;33:705-10.
d a 12 Duiverman EJ, Clement J, van de Woestijne KP, Neijens
[on HJ, van der Berg ACM, Kerrebijn KF. Forced oscillationtechnique; reference values for resistance and reactance
lge over a frequency spectrum of 2-26 Hz in healthy children.

re Bull Eur Physiopathol Respir 1985;21:171-8.
13 Duiverman EJ, Neijens HJ, van der Snee-van Smaalen M,

ns, Kerrebijn KF. Comparison of forced oscillometry and
vas forced expirations for measuring dose related responses to

inhaled methacholine in asthmatic children. Bull Eur
Physiopathol Respir 1986;22:433-6.

ed 14 Hills M, Armitage P. The two-period cross-over clinical
trial. Br J Clin Pharmacol 1979;8:7-20.

the 15 Morrou PE, chairman, Task Group on Lung Dynamics.
ile Deposition and retention models for internal dosimetry of

the human respiratory tract. Health Phys 1966;12:
:er. 173-207.

ger 16 Bennett JB, Davies RJ. A comparison of histamine andmethacholine bronchial challenges using the Vilbiss 646
tal nebuliser and the Rosenthal-French dosimeter. Br J Dis

the Chest 1987;81:252-9.
17 Madsen F, Frlund L, Nielsen NH, Weeke B. Bronchial

we challenge: ventilation during "tidal volume breathing"
inhalation is not constant. Bull Eur Physiopathol Respir

as 1986;22:517-22.
es- 18 Valberg PA, Brain JD, Sneddon SL, LeMott SR. Breathing
of patterns influence aerosol deposition sites in excised dog

lungs. J Appl Physiol 1982;53:824-37.
are 19 Lemire I, Cartier A, Malo J, Pineau L, Ghezzo H, Martin

RR. Effect of sodium cromoglycate on histamine inhala-in tion tests. J Allergy Clin Immunol 1984;73:234-9.
W1e 20 Ruffin RE, Alpers JH, Crockett AJ, Hamilton R. Repeated

histamine inhalation tests in asthmatic patients. J Allergy
Clin Immunol 1981;67:285-9.

)ur 21 Gerritsen J, Koeter GH, Akkerboom HJ, Knol K. Recovery
Len of FEV, after histamine challenge in children. Clin Allergy

1987;17:119-26.
in 22 De Jongste JC, Mons H, Block R, Bonta IL, Frederiksz AP,
nd Kerrebijn KF. Increased in vitro histamine responses in

human small airway smooth muscle from patients with
lial chronic obstructive pulmonary disease. Am Rev Respir Dis
in

1987;135:549-53.
ng 23 Manning PJ, Jones GL, O'Byrne PM. Tachyphylaxis to

.ry inhaled histamine in asthmatic subjects. J Appl Physiol
lue 24 1987;63: 1572-7.

24 Ryan G, Dolovich MB, Obminsky G. Standardization of
ve- inhalation provocation tests: influence of nebuliser out-

lUS put, particle size and method of inhalation. J Allergy Clin
Immunol 1981;67:156-61.

for 25 Laube BL, Norman PS, Wagner HN, Adams GK. The
effect of aerosol distribution homogeneity on airwayhat responsiveness to methacholine [abstract]. Am Rev Respir

lar Dis 1988;137:S284.
)ur 26 Hopp RJ, Bewtra AK, Nair MN, Watt GD, Townley RG.Methacholine inhalation challenge studies in a selected
ces pediatric population. Am Rev Respir Dis 1986;134:994-8.

W202

.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.45.3.199 on 1 M

arch 1990. D
ow

nloaded from
 

http://thorax.bmj.com/

