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Abstract

Background: The most frequently used parameters for as-
sessing bronchoconstriction and bronchodilation are forced
expiratory volume in 1 s (FEV;) and peak expiratory flow
(PEF). Objectives: To assess the sensitivity of other parame-
ters after induced bronchoconstriction and bronchodila-
tion. Methods: From maximum expiratory flow-volume
(MEFV) curves, forced vital capacity, FEV;, PEF, maximum ex-
piratory flows (MEF) at 25, 50 and 75% of vital capacity and
the area under the MEFV curve (Agy) were measured in two
groups of asthmatic children afterinduced bronchoconstric-
tion and bronchodilation, and in children with cystic fibrosis
(CF) after bronchodilation. Results: In 142 asthmatics with-
out airway obstruction, bronchoconstriction was induced
by inhalation of 1% histamine aerosol. The 20% fall in A,
compared to baseline was found in all asthmatics, while the
20 and 15% falls in FEV; were noted in 36 and 65% of the pa-
tients, respectively. Other parameters were less sensitive or
interpretation was problematic. Another 110 asthmatics with
mild-moderate airway obstruction were treated with vari-
ous bronchodilators. The 20% increase in Ag, was observed
in all asthmatics, while the 20% increase in FEV; was found

in only 33% of the patients and the 15% increase in FEV; in
51%. In 9 CF children, the pattern of changes in Asy, and FEV,
after bronchodilation was similar to that in asthmatics. Con-
clusions: A., was a sensitive and less problematic parameter
in the evaluation of airway patency in comparison with FEV,
and other parameters measured from the MEFV curve in our

study patients. Copyright © 2007 S. Karger AG, Basel

Introduction

Changes in airway patency after inhalation of nonspe-
cific bronchoconstrictors and bronchodilators provide
significant information on the airway reactivity in both
pediatric as well as adult patients with respiratory dis-
eases. The evaluation of bronchial hyperresponsiveness
(BHR) and the reversibility of airway obstruction can be
assessed on the basis of selected functional parameters.
Currently, forced expiratory volume in 1 s (FEV;) and
peak expiratory flow (PEF) represent the most frequently
measured parameters to assess airway response after in-
halation of bronchoconstrictors as well as bronchodila-
tors. A large number of reports published in the literature
evaluated FEV, and PEF in the assessment of BHR and
bronchodilation in asthmatics [1-8]. FEV, is also the
most frequently used parameter in the evaluation of air-
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way function in chronic obstructive pulmonary disease
(COPD) [9].

The 20% fall in the absolute value of FEV; after inha-
lation of bronchoconstrictors compared to baseline is
generally accepted to evidence BHR in both adults and
children, and it is the most frequently used parameter in
this respect [1-4, 8]. The dose of a bronchoconstrictor
inducinga 20% fallin FEV; compared to baseline is called
a provocation dose (PD20ggy,) and the concentration of a
constrictor causing the latter change is a provocation
concentration (PC20ggy,). FEV; and PEF are also fre-
quently used in the evaluation of bronchodilation. We
observed FEV; and PEF to be less sensitive indices of
bronchoconstriction and bronchodilation in asthmatics
than some other parameters [10-12].

Consequently, we searched for more sensitive lung
function parameters after inhalation of a selected bron-
choconstrictor to reveal BHR as well as to assess broncho-
dilation after inhalation of selected bronchodilators.
Therefore, we measured functional parameters from
maximum expiratory flow-volume (MEFV) curves in
asthmatic children after inhalation of a bronchoconstric-
tor or some bronchodilators, and in patients with cystic
fibrosis (CF) after inhalation of a bronchodilator. The
present study is the only one dealing with this topic in
children.

Patients and Methods

Bronchoconstriction

Bronchoconstriction was induced by inhalation of aerosol of
1% histamine solution during tidal breathing in 142 asthmatics
attending our clinic (75 males and 67 females) aged 4-19 years
(mean: 9.7 years) with body height ranging from 83 to 187 cm
(mean: 138.0 cm). The patients were clinically in a stable period
of asthma which was classified as persistent mild or moderate at
the time of the study. They had characteristic clinical symptoms
with periods of deterioration and improvement in airway ob-
struction, typical immunological findings and positive allergic
skin tests. They were treated with various antiasthmatics, but
treatment was not further specified since the purpose of our study
was to evaluate the changes in airway patency with respect to
some functional parameters. Our primary aim was to determine
the decline in some functional parameters after the same bron-
choconstricting stimulus. Patients with a 20% decline in the area
under the MEFV curve (A.,) after induced bronchoconstriction
were included in the study. The study was approved by the local
ethics committee.

In each patient, a series of 3-5 MEFV curves was obtained
with a spirometer (ZAN 100; ZAN) before and after aerosol inha-
lation of 1% histamine solution. The best curve was automati-
cally selected by a spirometry program according to the American
Thoracic Society (the largest sum of forced vital capacity, FVC,
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and FEV)) [13] and our own criteria, with details being described
elsewhere [14, 15], and analyzed. The reproducibility of the MEFV
curve was primarily based on the reproducible descendent por-
tion of the curve and FVC. At the start of each measurement, the
personnel explained how to perform a forced expiratory maneu-
ver to each child. During the measurement, children were in the
standing position while wearing a nose clip. From the best curve,
the values of FVC, FEV;, PEF, MEF at 25, 50 and 75% of vital ca-
pacity (MEF,s, MEF5;and MEF;5) and A, were calculated. In our
previous studies in healthy children, the variability (1 SD from the
mean) in FVC was 8%, FEV; 9%, PEF 14%, MEF;5 14%, MEFs,
15%, MEF,5 16% and in A, 13% [14, 15].

Histamine inhalation was carried out with an inhalator (Pari-
boy; Pari) during quiet tidal breathing. A cumulative dosage was
used to induce a 20% fall in A.; compared to baseline to evidence
a positive test (i.e. BHR) but not that of FEV;. The initial dose of
histamine was 0.3 mg in the majority of patients, and in some pa-
tients it was 0.15 mg. After a negative response, the next cumula-
tive dose was 0.3 or 0.7 mg of histamine. The next doses were 1.2
and 2.2 mg, until the final cumulative dose of 3 mg of histamine
was achieved. Assumably, some losses in histamine occurred dur-
ing the expiratory phase of tidal breathing, which was not as-
sessed. Therefore, a dose-response curve was obtained and PD,,
was calculated for the functional parameters measured. After
completion of the test, each patient inhaled 2 puffs of a broncho-
dilator (Berodual, ipratropium bromide/fenoterol; Boehringer) to
abolish the induced bronchoconstriction. The dose of histamine
varied from 0.15 to 3 mg of histamine (mean dose: 1.56 mg, me-
dian: 1.5 mg) in the patients. No side effects were observed. The
major task of the test was to induce a 20% decrease in Ay.

Bronchodilation

Bronchodilation was studied after inhalation of different
bronchodilators in asthmatics and CF patients.

Asthmatics. The group comprised 110 asthmatics (68 males
and 42 females) aged 4-19 years (mean: 11.0 years) with body
height ranging from 103 to 190 cm (mean: 147.0 cm). Bronchodi-
lation was evaluated 30 min after inhalation of the following
bronchodilators, i.e. 2 puffs of Berodual, 4 puffs of Ventolin (sal-
butamol; GlaxoSmithKline), 4 puffs of Ecosal (salbutamol; Ivax)
and 2 puffs of the Symbicort-Turbuhaler (formoterol/budesonide;
AstraSeneca) according to the manufacturers’ instructions. Each
patient inhaled only one bronchodilator. The patients had char-
acteristic clinical features of asthma and various degrees of air-
way obstruction. They were treated with different antiasthmatic
drugs. Patients with a 20% increase in A, were included into the
study. Our major aim was to determine the largest increase in the
functional parameters after bronchodilator administration.

CF Patients. The CF group comprised 9 children with CF (4
males and 5 females) aged 3-18 years (mean: 10.3 years) with body
height ranging from 94 to 175 cm (mean: 140.0 cm). Bronchodila-
tion was also evaluated 30 min after 2 puffs of Berodual. We
aimed to determine whether or not the changes in functional pa-
rameters in CF patients are similar to those in asthmatics, and
thus specific or nonspecific for asthmatics. The CF patients had
chronic airway obstruction with viscous mucus secretion and a
positive sweat test with increased chloride levels. CF patients were
treated with mucolytics, antibiotics and physical therapy, and in
some of the patients the efficacy of bronchodilators on airway ob-
struction has been proven [16, 17].
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Table 1. Mean absolute and predicted [14, 15] values of lung function parameters before and after induced bron-
choconstriction in 142 asthmatics (age: 4-19 years, mean: 9.7 years, body height: 83-187 cm, mean: 138 cm)

Parameter Means * SD (% of predicted) Decrease, % Z-score
+ SD
before after s )
FVC, liters 2.16£1.04 (97.8) 1.93+0.97 (87.4) -10.6 £7.6* -1.32
FEV|, liters 1.95+0.87 (104.1) 1.59+0.73 (84.7) -18.5*+7.0¢ -2.05
PEF, I's”! 4.11%1.87 (94.1) 3.46 %+ 1.66 (79.4) ~15.8+9.5b ~1.13
MEF;s, I-s7! 3.73+1.51 (94.1) 2.84+1.74 (72.6) 235+ 11.6° -1.68
MEFsg, s~ 2.57+0.97 (93.4) 1.70£0.71 (61.6)* ~33.8+12.2¢ 225
MEF;s, I:s 1.32+0.52 (93.8) 0.82+0.37 (58.1)* -37.6+14.54 -2.35
A, Pes7! 5.86+5.37 (104.1) 3.89+3.69 (66.4)* ~34.0+10.2¢ -2.62

Asterisks denote a significant reduction (<2 SD) from the predicted value [14, 15], paired t test: * p < 0.03-
0.05,%p < 0.002, ¢ p < 0.0001-0.0004, 4 p < 0.00001. z-score = Number of SD below the predicted value.

A series of MEFV curves was carried out before and after in-
halation of bronchodilators. Similar to the group of asthmatics
after bronchoconstriction, the best curves before and after bron-
chodilation were selected according to the criteria of the Ameri-
can Thoracic Society and our own criteria, and analyzed [13-15].
The functional parameters required for the assessment of bron-
chodilation were derived from the curves (see bronchoconstric-
tion test).

Statistical Analysis

All parameters before and after induced bronchoconstriction
and bronchodilation in the patients were compared with the ref-
erence values for children and adolescents matched for body
height, age and sex [14, 15]. The absolute values of the data in the
tables are given as means * SD and as percentages of predicted
values. The changes in values before versus after inhalation of
histamine and bronchodilators were tested by paired t test; p <
0.05 were considered significant. Percent decreases, increases and
z-scores (number of SD from the predicted value) of parameters
after inhalation versus before inhalation of bronchomotoric
agents were also calculated. We focused our analysis primarily on
the parameters A, and FEV. The incidence rates of asthmatics
with 15 and 20% declines in FEV, and 20 and 30% declines in A,
after inhalation of histamine were then calculated as well as the
incidence rates of asthmatics and CF patients with 20% increases
in Ae and FEVy, and a 15% increase in FEV| after inhalation of
bronchodilators. A further McNemar test (x? test for the same
subject) was performed in order to compare the proportions of
patients with positive responses in A, and FEV;.

Results

Lung Function Parameters after Induced

Bronchoconstriction

In all studied asthmatics, all parameters measured be-
fore induced bronchoconstriction were within normal

42 Respiration 2008;75:40-47

limits (table 1). After bronchoconstriction, all functional
parameters significantly (p <0.03-0.00001) decreased in
all of them. However, the mean percent decline was dif-
ferent for each parameter (table 1). The fall in MEF,5 was
about 37% on average, A.x dropped by 34% and MEFs;,
also decreased by about 34% on average. The fall in FEV,
was 18.5% and that of PEF only 15.8% on average after
induced bronchoconstriction. The value of the z-score for
A, showed the largest decline after bronchoconstriction
(table 1).

Further, the incidence of positive bronchoconstriction
tests, i.e. BHR, was assessed individually according to de-
creases =20% in FEV, and A, from baseline (table 2).
Based on a 20% decrease in A.,, BHR was detected in all
(100%) patients. The 30% decrease in Ay, another crite-
rion of BHR, showed BHR in 66% of the patients. Based
on the 20% fall in FEV,, BHR was found in 36% of the
patients, which implies BHR remained undetected in al-
most two thirds of our asthmatics. Based on the 15% de-
cline in FEV,, BHR was disclosed in 65% of the asthmat-
ics. McNemar test showed the significantly higher pro-
portions of subjects with a positive response in A., than
FEV, (table 2). We did not evaluate the individual inci-
dence of BHR based on the fall in MEF values because
these parameters were not measured at the same lung vol-
ume levels before and after histamine inhalation due to
decreases in FVC.

Lung Function Parameters after Induced

Bronchodilation

In all studied asthmatics, before inhalation of bron-
chodilators airway obstruction was established by signif-
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Table 2. Incidence of positive induced bronchoconstriction (BHR) in 142 asthmatics (age: 4-19 years, mean: 9.7
years, body height: 83-187 cm, mean: 138 cm)

Based on a fall in A, vs. baseline

Based on a fall in FEV vs. baseline

<20% <30%

<15% 20%

142 patients
100% of patients

94 patients
66% of patients

92 patients
65% patients

51 patients
36% patients

McNemar test: Aex <20% or <30% vs. FEV; <20% was highly significant, p < 0.000005. A, <30% vs. FEV,

<15% was not significant.

Table 3. Mean absolute and predicted [14, 15] values of lung function parameters before and after induced bron-
chodilation in 110 asthmatics (age: 4-19 years, mean: 11 years, body height: 103-190 cm, mean: 147 cm)

Parameter Mean * SD (% of predicted) Increase, % Z-score
+
before after {amen 25 §0)

EVG, liters 2.60*1.05 (97.7) 2.73+1.08 (102.6) 5.0+5.52 0.63
FEV,, liters 1.98 +0.69 (88.4) 2.33%0.85 (104.2) 17.3+7.7¢ 1.92
PEF, I-s™! 430+ 1.52 (85.0) 4.89+1.79 (96.5) 13.6+10.4° 0.97
MEFs, 157! 3.22+1.05 (71.9)* 4.26%1.40 (95.1) 32.2+18.0¢ 23
MEPFs, Is7! 1.86 £0.61 (58.7)% 2.74%+0.89 (86.5) 47.3+21.04 3.15
MEF,s, I-s7! 0.86+0.31 (52.0)* 1.33%0.50 (81.7) 54.0+27.04 3.37
Ay, 120571 5.59+3.82 (83.5) 7.81%5.63 (116.0) 40.0+17.84 3.08

For further information, see table 1.

icantly reduced MEF;5, MEFsoand MEF,svalues (table 3).
Airway obstruction was classified into mild, moderate
and severe. FEV; <80% of the predicted value showed
airway obstruction in only 25% of our asthmatics [14,
15].

In the whole group of patients, all parameters signifi-
cantly (p < 0.05-0.00001) increased after inhalation of
bronchodilators (table 3), particularly in MEF,s, MEFs,
and A.. FEV, increased by about 17% and PEF by 14%.
The z-score showed a pattern similar to the latter param-
eters (table 3).

According to the individual increases in the parame-
ters after induced bronchodilation, the increase in A,
was =20% compared to baseline in all our asthmatics.
However, the positive bronchodilation based on an in-
crease in FEV; =20% was revealed in only 33% of our
asthmatics and based on a 15% increase in FEV| it was
found in 51% of them (table 4). Using McNemar test, the
proportion of patients with a positive response in A, was
higher compared to FEV (table 4).

Area under the MEFV Curve Is a
Sensitive Lung Function Parameter

Before inhalation of Berodual, all lung function pa-
rameters in all CF patients were significantly reduced
suggesting moderate/severe airway obstruction (table 5).
Following Berodual inhalation, these parameters signifi-
cantly increased (p < 0.05-0.0001) and normalized ex-
cept for MEF,s. Major increases were noted in A.,, MEF,5
and MEF;,. FEV, increased by 14% and PEF by 18% on
average. The largest z-score was observed for A (ta-
ble 5).

A positive bronchodilation test defined as an increase
in Ay =20% was observed in all patients. The 15% in-
crease in FEV; was revealed in 56% of the patients and
the 20% increase in FEV| was found in none of them (ta-
ble 4). McNemar test also showed higher numbers of pa-
tients with a positive response in A, compared with FEV,
(table 4).

Weassessed induced bronchodilation in patients based
primarily on the increase in absolute values of A., and
FEV, compared to baseline and not on the increase in
MEEF values. Nevertheless, MEF values also increased
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Table 4. Incidence of a positive bronchodilation test 30 min after inhalation of Berodual in 9 CF patients (age:
3-18 years, mean: 10.3 years, body height: 94-175 cm, mean: 140 cm) and after inhalation of bronchodilators
in 110 asthmatics (age: 4-19 years, mean: 11 years, body height: 103-190 cm, mean: 147 cm)

Based on an increase in A, vs. baseline

Based on an increase in FEV vs. baseline

>20% >15% >20%
CF Patients (n=9)
9 patients 5 patients 0 patients®

100% of patients

55% of patients 0% of patients®

Asthmatics (n =110)
110 patients
100% of patients

36 patients®
33% of patients®

56 patients®
51% of patients®

Mc Nemar test: 2 p < 0.01,° p < 0.00005, vs. Aey >20%.

Table 5. Mean absolute and predicted [14, 15] values of lung function parameters before and after induced bron-
chodilation in 9 CF patients (age: 3-18 years, mean: 10.3 years, body height: 94-175 cm, mean: 140 cm)

Parameter Mean * SD (% of predicted) Increase, % Z-score
+
before after (s &2 K10))
FVC, liters 1.83+0.94 (79.5)* 2.04+1.01 (88.6) 11.4+4.3? 1.42
FEV, liters 1.47 £0.70 (75.4)* 1.68 £0.76 (86.2) 14.3+£3.6° 1.58
PEF, I-s7! 3.67£1.62 (81.2)* 4.36 £1.94 (96.5) 18.8+6.9° 1.34
MEF;s, Is! 3.22 +1.48 (79.7)* 3.90 +1.72 (96.5) 21.1+10.9 1.51
MEFs, 157! 1.68 +0.69 (58.9)* 220091 (77.2) 30.9+21.3¢ 2.06
MEE,s5, 157! 0.56+0.21 (38.3)* 0.74 %0.30 (51.0)* 33.0+22.2¢ 2.06
Agp 12057 3.72+3.18 (71.8)* 5.01+4.11 (96.7) 34.7+8.7° 2.67

For further information, see table 1.

substantially after bronchodilation, which may be ex-
plained by the different lung volume levels for MEF be-
fore and after bronchodilation due to FVC increases after
bronchodilation (tables 3, 5).

Discussion

In our asthmatic children and patients with CF, the
lung function parameters derived from MEFV curves af-
ter induced bronchoconstriction and bronchodilation
showed rather different results concerning the positivity
of bronchoconstriction and bronchodilation (tables 1-5).
The largest decline in the z-score of the mean A, value
suggested A to be the most sensitive parameter in the
detection of BHR in our asthmatics (table 1).

44 Respiration 2008;75:40-47

The positivity of BHR in our asthmatics, based on a
>20% decrease in the absolute A, value after versus be-
fore inhalation of histamine, showed BHR in all of them
(table 2). Based on the 20% fall in the absolute FEV; value
compared to baseline, BHR remained undiscovered in al-
most two thirds of our asthmatics. The 20% fall in A.,
was chosen as the cutoff value because the lower limit of
A, was close to 20% in our healthy preschool and school
children as well as adolescents studied [14, 15]. Another
reason for selecting a 20% fall in A,y as a criterion indi-
cating a positive BHR was an already generally accepted
20% fall in FEV; (PD20ggy,) compared to baseline in the
past [1-4]. The 30% fall in Ay as another criterion of BHR
still proved BHR in a large number of asthmatics, i.e. in
66% of our patients. We do not consider the 10-15% fall
in FEV, (PD1o or PC10, PD15 or PC15) to be a correct cut-
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off of BHR, as quoted previously [18, 19], since the lower
confidence limit (i.e. -2SD) from the mean FEV, was 18%
in our healthy children [14, 15]. The 10-15% change in
FEV, is still within the physiological range for this pa-
rameter. The 15% decline in FEV, as a measure of BHR
did not show BHR in about one third of our asthmatics
(table 2). Therefore, we suggestPD20,_ asa parameter de-
termining BHR.

The histamine dose in our asthmatics was probably
lower due to a certain loss of histamine during the expi-
ratory phase of tidal breathing. Such an error occurred
similarly in all patients. We aimed to induce bronchocon-
striction by the same manner in all patients and to evalu-
ate the various declines in functional parameters.

In asthmatics, the incidence rates of BHR based pri-
marily on the fall in FEV; and A., compared to baseline
obviously differed depending on the therapeutic regimen
employed. In the long-term management of asthmatics,
using BHR as an additional guide is considered indis-
pensable because BHR significantly correlates with
chronic airway inflammation in asthma [3, 4]. Therefore,
to assess BHR, sensitive lung function parameters are
mandatory. First of all, we compared the sensitivity of Ay
with the most frequently and routinely used parameter
FEV}, and then with other parameters derived from the
MEFV curve.

We considered the parameters MEF,;, MEFs, and
MEF;; to be less suitable in the evaluation of BHR in our
asthmatics, because they were measured at different ab-
solute lung volume levels before and after induced bron-
choconstriction due to a decrease in FVC resulting in a
change in lung volume levels at which MEF values were
measured. MEF values obtained after induced broncho-
constriction were actually falsely higher.

In spite of the problematic lung volume level, MEF val-
ues showed a larger increase after inhalation of histamine
and bronchodilators than FEV; in our asthmatics, which
was in agreement with previous studies [7]. Nevertheless,
they might be used as a measure of bronchoconstriction
and bronchodilation responses assuming that lung vol-
ume might be a source of error. If FVC remains constant,
the measurement of MEF values is accurate. MEF values
reflect primarily the obstruction of peripheral airways
which are the predominant site of airway obstruction in
patients with obstructive lung disease [20].

In our asthmatics, the bronchodilation test assessed by
FEV, was less often positive than with A.;. The 20% in-
crease in the parameter A, revealed a positive broncho-
dilation response in all our asthmatics while the 20% in-
crease in FEV; indicated a positive bronchodilation in

Area under the MEFV Curve Is a
Sensitive Lung Function Parameter

only one third of them. Based on the 15% increase in
FEV,, about half of the patients had a positive test (ta-
ble 4). A similar increase in z-scores for MEF,5, MEFs,
and A suggested a similar degree of bronchodilation
(table 3).

In patients with CF, the positive bronchodilation test
resembled that found in asthmatics. Based on a 20% in-
crease in Ay, bronchodilation was revealed in all patients
(table 4), based on a 15% increase in FEV, in 56%, and on
a 20% increase in none of them. The largest z-score for
Ay also proved A, to be the most sensitive parameter
indicating bronchodilation.

The number of patients with a 12% increase in FEV,
after bronchodilation was not included, similar to a pre-
vious study [18], due to the physiological variability in
FEV;.

Our results suggest that the parameter A., can be con-
sidered as a sensitive, simple and reliable index in the
evaluation of airway patency, and is thus suitable for rou-
tine use. A, reflects both lung volume and airflow chang-
es during the whole forced expiratory maneuver. It pro-
vides thus information on both central and peripheral
airway obstruction. A,y is expressed as 1/s because the
area under the MEFV curve is calculated as a product of
volume X volume per second (1%/s).

The greater sensitivity of A,y in the evaluation of in-
duced bronchoconstriction and bronchodilation can be
attributed to both airflow and FVC changes as a result of
residual volume increase or decrease during forced expi-
ration. A, was not a specific feature of asthmatics be-
cause the pattern and magnitude of changes for FEV,,
PEF, MEF values and A, after bronchodilation were sim-
ilar in both asthmatics and CF patients (tables 2-5).

The parameter A., was advantageous in the evaluation
of airway patency in both asthmatics and patients with
CF because A, includes both lung volume and flow
changes over the whole range of FVC. It thus reflects air-
way obstruction during the complete forced expiratory
maneuver. In contrast, FEV, reflects changes in airway
patencyatabout 80-90% of FVCin the majority of healthy
children [14, 15]. In patients with obstructive diseases,
FEV, reflects airway obstruction even in patients with a
smaller lung volume range than 80% of FVC and primar-
ily a central airway obstruction.

The PEF parameter showed low sensitivity in the eval-
uation of airway patency in all of our patients (tables 1-5).
It represents the highest expiratory flow derived from the
MEFV curve and reflects primarily central airway ob-
struction. Both FEV, and PEF thus provide limited infor-
mation mainly on the caliber of smaller airways. Never-
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theless, both parameters (FEV, and PEF) are recom-
mended in the guidelines of the Global Initiative for
Asthma for the evaluation of airway obstruction in asth-
matics [3]. It might result in unrecognized airway ob-
struction or BHR and consequently in inappropriate
treatment in patients with mild/moderate asthma, for ex-
ample.

Similarly, in patients with COPD the most commonly
used spirometry parameter FEV; also showed only a
weak correlation with the characteristic symptoms of
COPD, such as dyspnea, reduced activity and poor health
status, and did not reflect the severity of the disease [9,
21, 22] or frequency of exacerbations in COPD patients
[23].

In the literature, there are few relevant studies on us-
ing the parameter A in the evaluation of bronchocon-
striction and bronchodilation. No study on this topic ex-
ists in children. Vermaak et al. [24] first introduced the
parameter A, as a very sensitive indicator of lung func-
tion impairment and developed the equation for calculat-
ing A.y. He assumed A, is a triangle with FVC as a base,
PEF as a perpendicular and straight descendent portion
of the MEFV curve as a hypotenuse. However, the MEFV
curve is not a triangle in patients with obstructive dis-
ease. Sovijarvi [25] tested the sensitivity and reliability of
A,y after methacholine challenges in patients with BHR.
A,y showed the greatest decrease compared to baseline
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