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ABSTRACT: Bronchial hyperresponsiveness in adults is characterized 
by an increased sensitivity as well as an elevated maximal response to 
inhaled bronchoconstrictors. In children, however, it is unknown whether 
the maximal response increases with increasing sensitivity. 

We investigated the maximal degree of airway narrowing to metha
choline in nonasthmatic and asthmatic children (7-12 yrs), and compared 
it to that in adults. Nineteen children (9 normals, 10 asthmatics) and 
19 adults (8 normals, 11 asthmatics) were selected in order to cover 
a wide distribution of bronchial responsiveness. All subjects underwent 
2 methacholine challenge tests on separate days, by inhaling doubling 
doses using a standardized dosimeter technique (up to a noncumulative 
dose of 59 ~mol). The response was measured by forced expiratory volume 
in one second (FEV

1
) and expressed as a percentage fall from baseline 

value. The complete dose-response curves were characterized by their 
position (PD

20
, the provocative dose causing a 20% fall in FEV

1
) and 

maximal response (MFEV 
1

, the mean response on the plateau, defined as 
2:2 points within a 5% response range). 

Plateaus were observed in 13 children and 9 adults, the coefficient of 
repeatability of MFEV

1 
being 10.8 and 10.4% fall, respectively. There 

was an inverse relationship between log PD
20 

and MFEV
1
, which did not 

differ between children and adults (p>0.15). In most of the asthmatic 
children and adults the plateau could not be measured (exceeding 50% 
fall in FEV

1
) if PD

20 
was <1 ~mol. 

We conclude that, for a given bronchial sensitivity, the maximal 
response to inhaled methacholine is similar between children and adults. 
These findings indicate that excessive airway narrowing is also an 
important aspect of bronchial hyperresponsiveness in children. 
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It is now widely accepted that bronchial 
hyperresponsiveness is one of the major functional 
abnormalities of patients with bronchial asthma [1]. This 
implies that these patients bronchoconstrict relatively 
easily in response to inhaled chemical or physical 
irritants. The degree of hyperresponsiveness can be 
measured by inhalation challenge tests using pharma
cological stimuli of airway narrowing, such as histamine 
or methacholine [1]. The sensitivity of the airways to 
these agents is then reflected by the position of the 
dose-response curve, which is commonly expressed as 
the provocative dose to cause e.g. a 20% fall (PD

20
) in 

forced expiratory volume in one second (FEV
1
) [1]. 

longitudinal [9] data, particularly from studies in chil
dren, in whom only a weak association was found be
tween symptoms of asthma and the sensitivity of the 
airways [5-9]. This relatively weak association is not 
unexpected, since the severity of asthma symptoms is 
not determined by airway sensitivity alone, but also 
by a number of other factors, including the strength 
of the airway narrowing stimuli and the intra- and 
interindividual variability in the perception of obstruc
tion [2,10]. Therefore, there are a number of confounders 
in the relationship between airway sensitivity and the 
clinical expression of asthma. 

The relationship between the position of the dose
response curve to histamine or methacholine and the 
diagnosis of current asthma is a controversial issue [2]. 
This appears from cross-sectional [3-8] as well as 

Another potential determinant of the severity of asthma 
is the maximal attainable degree of airway narrowing 
[11, 12]. Apart from the increase in sensitivity, airway 
narrowing also appears to be excessive in asthma, at 
least in adults. This is shown by an elevation of the 
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Fig. 1. -Example of 3 dose-response curves in adults obtained from 
a previous study [14]. Normal subjects are characterized by a limited 
maximal response on a plateau, whereas asthmatics show an increase 
in sensitivity as well as an elevated plateau up to unmeasurable 
degrees of airway narrowing. FEV1: forced expiratory volume in one 
second. 

maximal response plateau on the dose-response 
curve or even by the absence of a plateau (fig. 1) 
[13, 14]. It can be argued that excessive airway 
narrowing is clinically a more relevant component of 
bronchial hyperresponsiveness than an increase in 
sensitivity per se, because it reflects the potential 
severity of airways obstruction in the individual 
patient irrespective of the level of sensitivity [15]. 
Therefore, the maximal response could be a major 
confounder in the relationship between bronchial sen
sitivity and the clinical expression of asthma. 

In adults it has been shown that the maximal 
response of the airways increases with increasing sen
sitivity, leading to unmeasurable plateau levels in the 
asthmatics when the PD20 is relatively low (fig. 1) [14]. 
Normal children do seem to feature a maximal 
response plateau to methacholine [16]. However, in 
asthmatic children neither the presence and severity of 
excessive airway narrowing nor its relationship to the 
accompanying degree of sensitivity has been investigated 
so far. 

There are recent indications that the maximal airway 
narrowing response might be determined by mechanical 
factors, such as smooth muscle contractility, airway 
wall thickness and elastic loads from the surrounding 
parenchyma [11, 12, 15]. The relative contribution 
of these factors might vary between children and 
adults. Both, airway dimensions and elastic recoil 
pressure change considerably during lung growth 
[17], which might affect the maximal degree of airway 
narrowing in response to bronchoconstrictor stimuli. 

Therefore, we tested the hypothesis that for a given 
sensitivity the maximal airway narrowing response 
in children is different to that in adults. To that end 
we investigated the position and shape of the dose
response curve to inhaled methacholine in normal and 
asthmatic children as well as normal and asthmatic 
adults. 

Methods 

Subjects 

Nineteen children (10 boys and 9 girls, aged 7-12 
yrs) and 19 adults (8 men and 11 women, 19-47 yrs) 
participated voluntarily in this study. They were recruited 
among hospital personnel and the out-patients of the 
Juliana Children's Hospital, The Hague and the 
University Hospital Leiden. Selection was based on the 
requirement to cover a wide distribution of bronchial 
sensitivity within the normal and the asthmatic range. 
The subjects were not related. The baseline character
istics are shown in tables 1 and 2. 

Nine children and 8 adults were nonasthmatic as 
indicated by a negative history, based on a standardized 
questionnaire [8]. Ten children and 11 adults had 
current symptoms of asthma (during 2 weeks prior to 
the study), as indicated by positive answers on episodic 
wheezing or chest tightness (at rest or during/after 
exercise) or a dry cough at night not associated with 
a respiratory tract infection [8]. All subjects were 
lifelong nonsmokers. Symptoms were controlled by 
inhaled or oral bronchodilators alone, being withheld 
prior to the experiments for at least 8 and 48 h, 
respectively. Corticosteroids, sodium cromoglycate, or 
nedocromil sodium had not been used in the 6 months 
preceding the study. The clinical condition of the 
subjects was stable, and none of them had symptoms of 
a respiratory tract infection during the 2 weeks prior to 
the tests. Baseline FEV1 without bronchodilator was 
greater than 75% of predicted value in all children [18] 
and adults [19]. All subjects and the parent(s) of all 
children gave informed consent. The project was 
approved by the Ethics Committees of the Juliana 
Children's Hospital, The Hague and the University 
Hospital Leiden. 

Study design 

Each subject performed 2 methacholine inhalation 
tests in order to examine the repeatability of the meas
urements and to reduce the effect of measurement 
errors in the analysis of the relationship between 
airway sensitivity and maximal response. To that end 
the subjects attended the laboratory on 2 days within 2 
weeks at the same time of the day. The baseline FEV

1 
had to be stable within a range of 10% of the predicted 
value between the 2 study days. On each day a 
methacholine challenge was carried out and a complete 
dose-response curve was obtained if possible. 
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Table 1. - Subject characteristics and methacholine challenge results in 19 children 

Subject Sex Age Height History FEV
1 PD2o PD MFEV

1 MFEVI 
day 1 day~ day 1 day 2 

No. yrs cm % pred ~J.mol ~J.mol %fall %fall 

1 F 11 148 N 116 >59.0 49.2 17.2 19.0 
2 F 12 162 N 91 29.0 >59.0 18.5 14.5 
3 F 8 126 N 111 24.7 32.1 21.9 20.7 
4 M 12 164 N 91 >59.0 25.1 14.0 21.2 
5 F 11 150 N 89 14.3 11.5 21.2 25.9 
6 M 8 132 N 96 5.7 5.8 28.6 27.9 
7 M 12 148 N 88 2.7 14.6 36.6 24.0 
8 F 10 141 N 97 6.1 2.9 28.2 29.6 
9 M 10 135 N 107 6.8 1.7 31.8 32.2 

10 M 10 151 A 98 22.3 55.8 25.7 17.9 
11 M 10 132 A 114 25.3 6.5 24.0 19.4 
12 F 12 157 A 100 10.8 9.9 35.11 34.11 

13 M 9 147 A 84 4.3 2.9 27.6 32.0 
14 F 7 144 A 103 3.9 0.85 44.7 43.3 
15 F 8 128 A 97 0.37 1.4 48.7* 50.7* 
16 M 11 152 A 95 0.67 0.28 54.2* 47.3* 
17 F 9 146 A 90 0.25 0.28 54.3* 49.0* 
18 M 9 133 A 111 0.13 0.035 54.5* 55.0"' 
19 M 12 143 A 86 0.055 0.053 56.5* 61.5* 

M: male; F: female; N: nonasthmatic; A: asthmatic; FEV
1

: baseline forced expiratory volume in one 
second, averaged between the 2 study days; PD20: provocative dose of methacholine causing 20% fall in 
FEV

1
; MFEV

1
: maximal response of FEV

1 
on the plateau of the dose-response curve; *:no plateau could 

be documented; 1: no plateau in spite of giving the highest dose. 

Table 2. - Subject characteristics and methacholine challenge results in 19 adults 

Subject Sex Age Height History FEV
1 

PD20 PD2o MFEV
1 MFEVI 

day 1 day 2 day 1 day 2 
No. yrs cm % pred IJ.mOl ~J.mOl %fall %fall 

1 F 47 170 N 94 >59.0 >59.0 10.0 14.3 
2 F 22 171 N 99 14.1 49.5 25.3 18.8 
3 M 22 172 N 96 24.6 22.3 20.5 22.6 
4 M 23 183 N 106 12.1 >59.0 23.0 14.1 
5 F 19 167 N 89 8.6 7.7 40.5 35.41 

6 F 24 181 N 104 4.3 10.7 39.8 37.1 t 
7 M 20 175 N 99 9.5 1.8 27.6 23.0 
8 M 24 190 N 80 1.4 0.82 47.8 49.1 
9 F 25 174 A 104 1.2 0.73 46.9 49.8 

10 F 34 183 A 96 0.51 0.80 53.5* 54.4* 
11 F 23 178 A 106 0.28 0.55 57.3* 56.5* 
12 M 29 179 A 98 0.36 0.26 63.5* 53.8* 
13 F 20 179 A 77 0.28 0.27 49.4* 53.4* 
14 M 28 198 A 104 0.25 0.27 55.1* 59.1* 
15 F 21 165 A 96 0.17 0.30 54.2* 69.8* 
16 M 24 178 A 92 0.12 0.12 54.7* 60.5* 
17 F 24 163 A 83 0.092 0.071 53.7* 62.2* 
18 F 22 169 A 87 0.048 0.074 57.5* 59.2* 
19 M 27 183 A 80 0.060 0.060 61.5* 58.3* 

*:no plateau could be documented; 1: no plateau due to stopping the test because of subject's discomfort. 
Abbreviations as for table 1. 

Methacholine inhalation tests inhaled at 5 min intervals using a standardized dosimeter 
method [20]. A DeVilbiss 646 jet-nebulizer (DeVilbiss 

Doubling concentrations of methacholine (0.03-256 Co., Somerset, PA, USA), with closed vent and filled 
mg·mi-' acetyl-~-methylcholine-chloride in normal with 3 ml, was driven by a calibrated dosimeter (Morgan 
saline, Sigma Chemicals, St Louis, MO, USA) were Nebicheck 145, Morgan Rainham/Gillingham, UK) 
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connected to a compressed air cylinder. The driving 
pressure was set at 138 kPa (20 psi) and the injection 
time was 0.6 s. Following one control activation of the 
dosimeter before use, the subjects wearing a noseclip 
held the mouthpiece of the nebulizer between the lips 
and inhaled 5 puffs per concentration by slow (3-4 s) 
inspiration between functional residual capacity (FRC) 
and total lung capacity (TLC). Without breath holding 
at TLC this was followed by an expiration outside the 
mouthpiece. 

Under these operating conditions the dosimeter has 
been reported to give an output of 45 I-ll per 5 puffs 
[20]. In order to check the standardization of this output 
between children and adults, the nebulizer was weighed 
before and after the inhalation of 5 puffs of each 
methacholine concentration during the challenge tests 
in each of the nonasthmatic children and adults. The 
mean nebulizer output per 5 puffs per subject in chil
dren (39.8 I-ll, so 6.8) was slightly but significantly 
(p=0.04) lower than that in adults (47.5 I-ll, so 7.5), the 
95% confidence intervals of the mean output being 
34.6-45.1 I-ll in children and 41.2-53.8 I-ll in adults. 
Since these outputs were not significantly different from 
the standardization recommendation of 45 I-ll (p>0.05), 
the dose of methacholine was calculated by multiplying 
the administered concentrations by 45 ~AI, and was ex
pressed in 1-lmol delivered to the mouth [20]. The 
noncumulative dose of methacholine therefore ranged 
from 0.007-59 1-lmol. Each challenge test started with 
an inhalation of normal saline. Methacholine solutions 
were stored in ampoules of 3 ml at 4 °C, were nebulized 
at room temperature, and were renewed every 6 months. 

The response was measured by the FEV
1 

(l BTPs), 
recorded in a standardized way [19] from a water-sealed 
spirometer (Godart Expirograph, Bilthoven, The 
Netherlands). At baseline and 90s after each dose FEV

1 
was obtained from the highest value out of 3 attempts 
(with the best 2 values within 5% of each other). The 
inhalation tests were stopped if FEV

1 
fell more than 50% 

from post-saline value, if the last concentration had been 
administered, or if the subject sustained too much 
discomfort. 

Analysis 

The response was expressed as percentage fall in FEY 
1 

from post-saline value, and was plotted against log dose 
of methacholine. The log dose-response curves were 
characterized by their position and maximal response. 
The position was obtained from the provocative dose to 
cause a 20% fall (PD

2
o) in FEV

1 
by linear interpolation 

between the 2 adjacent data points [1]. If the PD
20 

had 
not been reached even after giving the highest dose, it 
was documented as being >59 J.lmol and disregarded in 
the analysis. A maximal response plateau was consid
ered if 2 or more of the highest doses fell within a 5% 
response range [14]. The maximal response (MFEV) 
was calculated by averaging the points on the plateau. 
In the absence of a plateau the largest fall in FEV

1 
was 

documented and not considered for analysis. 

The natural logarithm of PD
20 

was used in the analy
ses. Differences in PD20 between days were expressed 
as doubling doses. Repeatability was expressed as the 
coefficient of repeatability [21]. This is 2 so of the 
difference between repeated single measurements in each 
of the subjects in both groups, indicating that 95% of 
the individual differences of the measurements between 
day 1 and day 2 is expected to be less than this particular 
value. Linear regression analysis between lnPD

20 
and 

MFEV 
1 

was performed by the method of least squares. 
Differences in the variables between the two days were 
analysed using Student's paired t-test (two-tailed). The 
regression analysis was done on the mean values of day 
1 and day 2. If valid measurements could only be ob
tained on one of the two days, this value was used in 
the regression. Coincidence of regression lines between 
children and adults was tested by multiple regression 
analysis, entering PD2Q, subject-group (child or adult), 
and their interaction as mdependent variables. Probability 
values less than 0.05 were considered statistically 
significant. The 95% confidence intervals (95% Cl) were 
used wherever appropriate. 

Results 

The results of the methacholine inhalation tests in 
children and adults are shown in tables 1 and 2. Among 
the nonasthmatics, 3 children and 2 adults did not reach 
a PD~Jl on at least one occasion. Among the asthmatics, 
6 children and 10 adults did not feature a maximal 
response plateau on their dose-response curve on both 
study days. One nonasthmatic child did not reach a 
plateau in spite of giving the highest dose. Two 
nonasthmatic adults did not show a plateau on one 
occasion, due to interruption of the test because of dis
comfort. 

In those subjects with a PD
20 

on both days, there was 
no difference in PD

20 
between day 1 and day 2 (mean 

of the differences in individual subjects being 0.3 and 
0.07 doubling dose in children and adults, respectively) 
(p>0.25) (fig. 2). The coefficient of repeatability of PD

20 
was 2.8 doubling dose in children and 1.9 doubling 
dose in adults. In the subjects with a plateau on both 
days, there was also no difference in MFEV

1 
between 

the two study days (mean of the individual differences 
being 0.53% fall in children and 1.34% fall in adults) 
(p>O.S) (fig. 3), the coefficient of repeatability being 
10.8 and 10.4% fall, respectively. The geometric mean 
PD

20 
and also the mean MFEV

1 
of each subject did not 

overlap between the nonasthmatic and asthmatic adults 
(table 2), whereas there was a substantial overlap in 
PD

20 
and MFEV

1 
between nonasthmatic and asthmatic 

children (table 1). 
The inverse relationship between lnPD

20 
and MFEV

1 
was highly comparable between the two age-groups (fig. 
4). Generally, in children as well as in adults a plateau 
could not be measured at PD20 <1 1-lmol. In those 
children with a plateau, the correlation coefficient 
between lnPD

20 
and MFEV

1 
was -0.82, the regression 

line having a slope of -5.63% fall·ln~-tmol· 1 (95% 
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Fig. 2. - Identity plot of provocative dose of methacholine causing 
a 20% fall in forced expiratory volume in one second (PD20) on two 
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Fig. 4. - The relationship between maximal response of forced expiratory volume in one second on the plateau of the dose-response curve 
(MFEV1) and provocative dose of methacholine causing a 20% fall in FEV1 (PD2J in children (.6., £) and adults (0, e). Linear regression 
analysis was done using those subjects with a plateau on the dose-response curve only (.A., e) in children (- - -) and in adults ( ...... . ). The 
regression lines were not different between children and adults (p>0.15). At a PD20<1 ~tmol the plateau could not be measured (.6., 0). 

Cl -8.3 to -3.0) and an intercept of 39.9% fall (95% Cl 
37.1 to 42.6). In adults the correlation was -0.81, with 
a slope of -8.12% fall-lnjlmol·1 (95% Cl -13.7 to -2.5) 
and an intercept of 47.7% fall (95% Cl 41.0 to 54.3). 
Multiple regression analysis showed that there was no 
significant contribution of group (child or adult) or the 
interaction between group and PD

20 
on the dependent 

variable MFEV1 (p>0.15). This indicates that the rela
tionship between PD10 and MFEV~ was not different 
between children and adults (fig. 4). 

Discussion 

The present results demonstrate that healthy children, 
between 7-12 yrs of age, just like normal adults, 
feature a maximal response plateau on the dose-response 
curve to inhaled methacholine at mild degrees of 
airway narrowing. The level of the plateau increases 
with increasing sensitivity, the maximal response for a 
given sensitivity being similar between children and 
adults. In most asthmatic children and adults the 
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maximal response exceeds a 50% fall in FEV
1 

when 
PD

20 
is lower than 1 J..tmol, showing the potential of 

excessive airway narrowing. These findings indicate that 
the maximal degree of airway narrowing in children is 
an equally important component of bronchial respon
siveness as it is in adults. 

Our findings confirm and extend those of earlier 
studies on the maximal response to inhaled 
bronchoconstrictors in vivo. Healthy adults show a 
maximal response plateau on the dose-response curve 
to inhaled histamine [13] or methacholine [14, 22, 23] 
at very limited degrees of airway narrowing. Recently, 
this has also been reported in nonasthmatic children 
aged 8-9 yrs [16]. However, the maximal methacholine 
response in children with asthma was as yet unknown. 
This is the first study showing that asthmatic children, 
just like adults [13, 14 ], feature an elevated maximal 
response plateau or an unmeasurably high maximal 
response in the absence of a plateau. Thus, asthmatic 
children also exhibit the hazardous functional 
characteristic of excessive airway narrowing [15]. This 
finding explicitly contrasts with the plateaus that have 
been observed in asthmatic children in response to 
isocapnic hyperventilation with cold air [24]. However, 
osmotic stimuli appear to be limited by the topographical 
delivery and by the maximal ventilatory capacity [25]. 
Therefore, the inability to sufficiently increase the dose 
may mimic a maximal response plateau to isocapnic 
hyperventilation, whereas this apparently does not 
occur when using a pharmacological challenge such as 
methacholine. 

It is unlikely that our data have been influenced 
by methodological errors. Firstly, the groups of subjects 
were purposefully selected in order to cover a broad 
range in methacholine sensitivity, from completely 
normal towards moderately asthmatic. Therefore, both 
the normals and asthmatics in this study and in a pre
vious one [14] cannot be regarded as random samples 
from any well-defined population. This precludes the 
relevance of comparing the measurements between the 
norm1l and asthmatic groups. However, regarding the 
present objective of examining the relationship between 
bronchial sensitivity and maximal response this 
selection procedure appears to be appropriate. Secondly, 
none of the subjects was being treated with medications 
that could have affected the sensitivity or maximal 
response to methacholine [1]. Thirdly, there does not 
seem to be a bias in the methacholine dose adminis
tered to children and to adults. We have chosen the 
dosimeter technique, in order to carefully administer 
equal doses to all subjects [20]. When checking the 
nebulizer output under working conditions it appeared 
that the dose was not constant between subjects, and 
slightly less in children as compared to adults. This 
variability in nebulizer output could have affected the 
position of the dose-response curve and thereby the 
results of the present analysis. However, the 95% 
confidence intervals of the output in our subjects ranged 
0.5 doubling dose at the most, being relatively small 
with respect to the coefficient of repeatability of the 
PC2o' 

Sources of measurement error are also reflected by 
the repeatability of PD

20 
and MFEV

1
. PD

20 
was less 

reproducible in the children as compared to the adults. 
This has not been observed by previous investigators 
[6], for which we have no obvious explanation. The 
less repeatable PD

20 
in the present study might in part 

be due to the fact that, when giving high doses to 
nonasthmatic subjects, PD

20 
is reached at a relatively 

horizontal part of the dose-response curve, close to the 
plateau (fig. 1). The coefficient of repeatability of PD

20 
in the adults of the present study was, however, similar 
to [22] or slightly greater [26] than that in studies with 
comparable methodology. This holds also for the 
repeatability of MFEV

1 
in both age-groups, being the 

same (22] or slightly less [23] than previously reported 
in adults. By averaging the data between the two study 
days, we have attempted to reduce the effect of meas
urement errors in the analysis of the relationship between 
PD20 and MFEV1. 

The similarity of maximal airway narrowing between 
children and adults in this study is striking. For a given 
bronchial sensitivity the maximal response in children 
is highly comparable to that in adults. With increasing 
sensitivity the level of the plateau rises in both groups 
along a similar regression line, becoming unmeasurably 
high at PD

20
s below 1 J..tmol. Firstly, this indicates that 

the mechanisms determining the sensitivity and maxi
mal response [12] are highly interrelated in normal and 
asthmatic subjects. This suggests the possibility of 
common causal factors. Secondly, our findings do 
not favour the hypothesis that the maximal response 
occurs at different degrees of airway narrowing between 
children and adults. We could not confirm the 
observations of MoRENO et al. [16], showing a greater 
sensitivity as well as maximal response in normal 
children as compared to normal adults. These differences 
might be due to selection of relatively more 
hyperresponsive children than adults in the latter study, 
and can therefore hardly be interpreted. In order to get 
round this difficulty we purposely related the maximal 
response to the accompanying bronchial sensitivity, 
yielding the present similarity of maximal airway 
narrowing between children and adults. 

It is rather unexpected that the maximal response is 
highly comparable between child- and adulthood. There 
is experimental evidence that the maximal response of 
bronchoconstrictor dose-response curves in vivo is 
dependent on the contractility and resting length of air
way smooth muscle [27], on transpulmonary pressure 
[28, 29], and on (inflammatory) airway wall swelling 
[30, 31]. These conditions might vary between children 
and adults. The geometry and mechanical properties of 
the airways and parenchyma change considerably by 
(dysanaptic) lung growth [17]. Firstly, there is a slow 
increase in transpulmonary pressure from child- to 
adulthood [32]. Even though this has not been confirmed 
using excised postmortem lungs [33], a relatively low 
parenchyma! elastic load in children would increase the 
maximal degree of airway narrowing [11, 34]. Secondly, 
airway dimensions differ between children and adults. 
Therefore, according to the Poiseuille's law, airway 
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resistance will increase more by decreasing the diam
eter of the anatomically smaller airways in children. In 
addition, it has been reported that infants have rela
tively thick airway walls [35]. If this holds for children 
as well, it might also contribute to an increase of the 
maximal degree of airway narrowing. On the other hand, 
there are other mechanisms potentially reducing the 
maximal response in children. For instance, up to the 
age of 9 yrs the proportion of smooth muscle in the 
small airways appears to be relatively small [36], which 
could limit its contractility. Since the relative contri
bution of the above-mentioned factors on airway 
dimensions and airway mechanics remains to be eluci
dated [37], we can only infer that, apparently, the 
determinants of the maximal response are balanced 
between children and adults. This holds also for the 
asthmatics of both age-groups, in whom the excessive 
airway narrowing is most likely to be due to inflam
matory swelling of the airway wall [31] and/or a 
decreased interdependence between the airway wall 
and the surrounding parenchyma! forces [15, 29]. 

The results of the present study have clinical implica
tions. Firstly, the data confirm the observations that the 
association between a lowered PD

20 
and a history of 

current asthma is better among adults than among 
children [3-8]. Our findings do not support the hypoth
esis that a difference in the maximal degree of airway 
narrowing between child- and adulthood is a confounder 
in the relationship between bronchial sensitivity and the 
clinical expression of asthma in children. This must be 
attributed to other factors, such as variability in the 
airway narrowing stimuli, or the perception of 
obstruction [2, 10, 12]. Secondly, we have demonstrated 
that asthmatic children often feature an unmeasurably 
high maximal response to methacholine. This reflects 
the potential of excessive airway narrowing in response 
to inhaled bronchoconstrictors, which is the most haz
ardous feature of bronchial hyperresponsiveness [15]. 
The therapeutic implications in children are, therefore, 
the same as in adults [38]. 

In conclusion, nonasthmatic children demonstrate a 
limited maximal response to inhaled methacholine, as 
occurs in adults. The maximal response increases with 
increasing sensitivity. For a given PD

20 
the maximal 

response is highly comparable between children and 
adults. Excessive airway narrowing is a feature of both 
asthmatic children and adults, and needs to be treated 
appropriately. 
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Comparaison du retrecissement maximal des voies aeriennes 
par la methacholine des enfants et des adultes. S. de Pee, M. C. 
Timmers, J. Hermans, E.J. Duiverman, P.J. Sterk. 
RESUME: L'hyperreactivite bronchique des adultes est 
caracterisee par une augmentation de sensibilite, aussi bien 
que par une augmentation de la reponse maximale a 
1 'inhalation de bronchoconstricteurs. Chez les enfants 
toutefois, on ne sail pas si la reponse maximale augmente 
avec l'agumentation de sensibilite. Nous avons etudie le degre 
maximal de retrecissement des voies aeriennes apres 
methacholine chez des enfants non asthmatiques et 
asthmatiques de 7 a 12 ans, et l'avons compare a celui des 
adultes. Dix-neuf enfants (9 normaux, 10 asthmatiques) et 19 
adultes (8 normaux et 11 asthmatiques) ont ete selectionnes 
pour couvrir une large distribution de reactivite bronchique. 
Tous les sujets ont subi 2 tests de provocation a la metha
choline a des jours separes, en inhalant des doses doublees 
graces a une technique dosimetrique standardisee Gusqu'a 
une dose non cumulative de 59 ~mol) . La reponse a ete 
mesuree par le VEMS et exprimee sous forme de pourcentage 
de chute par rapport a la valeur de depart. Les courbes dose
reponse completes ont ete caracterisees par leur position (PDf

0
, 

la dose de provocation entrainant une chute de 20% <lu 
VEMS), et par leur reponse maximale (MFEV

1
, reponse 

moyenne sur le plateau definie comme ~2 points a l'interieur 
d'une zone de reponse de 5%). Des plateaux ont ete observes 
chez 13 enfants et 9 adultes, le coefficient de reproductibilite 
de MFEV

1 
etant de 10.8 et de 10.4% de chute respectivement. 

L'on a note une relation inverse entre log PD20 et MFEV , qui 
ne differe d'ailleurs pas entre adultes et enfants (p>d.15). 
Chez la plupart des enfants et adultes asthmatiques, le plateau 
ne peut pas etre mesure (il excede une chute de 50% du 
VEMS) si PD

20 
est <1 ~mol. Nous concluons que pour une 

sensibilite bronchique donnee, la reponse maximale a la 
methacholine inhalee est similaire chez les enfants et chez 
les adultes. Ces observations suggerent que le retrecissement 
excessif des voies aeriennes est egalement un aspect important 
de l'hyperreactivite bronchique chez les enfants. 
Eur Respir J., 1991, 4, 421-428. 


