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Cut-off values for positive bronchodilator response in healthy
Thai preschool children using forced oscillation technique
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Abstract

Background: Forced oscillation technique (FOT) requires minimal patient cooperation and is particularly useful in young
children. Bronchodilator test is a valuable tool for wheezy and asthmatic patients. The cut-oft value for bronchodilator
response by FOT in healthy Thai children has not been reported.

Objective: To determine the cut-off values for positive bronchodilator response in healthy Thai preschool children using
pseudorandom FOT.

Methods: FOT was used to measure respiratory function at baseline and after 400 mcg MDI salbutamol in healthy Thai
children aged 3-6 years. Respiratory resistance (Rrs) and reactance (Xrs) at 6, 8, and 10 Hz were collected. Pre- and
post-bronchodilator tests were compared using paired t-test. Absolute and percent changes after bronchodilator were
calculated and their cut-off values were defined as mean + 1.96 SD. Correlation between each of those and baseline data was
analyzed using Pearson’s correlation coefficient.

Results: Of the 150 enrolled children, FOT measurement at baseline and after bronchodilator was successfully completed
in 111 children (51 boys). The mean + standard deviation age, height, and arm span was 5.2 £ 1.1 years, 109.3 £ 8.7 cm,
and 107.2 + 9.1 cm, respectively. No correlation was observed between any absolute or percent changes in bronchodilator
response and gender, age, height, or arm span. The cut-off values established for bronchodilator response by percent change
were, as follows: Rrs6: -23%, Rrs8: -20%, Rrs10: -20%, Xrs6: 36%, Xrs8: 60%, and Xrs10: 43%.

Conclusions: The cut-off values identified in this study will be useful for evaluating bronchodilator response by FOT in
wheezy and asthmatic young children.
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Introduction

Pulmonary function test and bronchodilator test are com-
monly used in clinical practice to diagnose and assess pa-
tients with respiratory problems. Conventional spirometry is
an effort-dependent test that is used mostly in adults and
older children. It is difficult to achieve accurate spirometry
measurements in young children due to their shorter attention
span and their limited ability to clearly understand instructions
and cooperate.

Forced oscillation technique (FOT) is a pulmonary function
testing method that can be successfully performed in preschool
children with the success rate of 80-90%'*and this technique is
used with increasing frequency in lung function laboratories.
FOT requires minimal patient cooperation with tidal breathing
to measure lung function, which makes it suitable for use in
young children. The oscillatory signal delivered by the machine
is superimposed on spontaneous breathing, which facilitates
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measurement of the mechanical properties of the respiratory
system. FOT variable outcome is respiratory impedance (Zrs),
which comprises respiratory resistance (Rrs) and respiratory
reactance (Xrs).

Asthma and wheezing is very common among preschool
children, and there are various phenotypes of wheezing in
this age group. Bronchodilator test is an effective method for
assessing bronchial hyperreactivity. Several previous studies
reported FOT to be a valid tool for assessment of bronchodi-
lator response in asthmatic and wheezy children.”"' However,
before FOT can be integrated into clinical practice to define
bronchial hyperreactivity, data from healthy population and
asthmatic children are required.

Given that lung function can vary by ethnicity,'*** the cut-
oftf values used in clinical practice should be derived from
the ethnic group predominantly treated in routine clinical
practice.’*!* Most of the studies in bronchodilator testing by
commercially available pseudorandom FOT in healthy pre-
school children were conducted in Caucasian populations and
reported the cut-off percent changes for Rrs ranging from -30%
to -40% and 50% to 70% for Xrs.**!” Our review of the literature
revealed no reports in Thai children, and only limited data from
Asian population.®

Accordingly, the aim of this study was to determine the
cut-off values for positive bronchodilator response in healthy
Thai preschool children using pseudorandom forced oscilla-
tion technique. Our intent was to improve the evaluation and
management of asthmatic and wheezy children, and to improve
our understanding of wheezing phenotypes.

Methods
Study Population

This study recruited healthy children aged 3-6 years from
kindergartens and primary schools in Bangkok, the capital city
of Thailand, and the surrounding area during the April 2014
to December 2016 study period. This study was conducted at
the Division of Pulmonology, Department of Pediatrics, Siriraj
Hospital — Thailand’s largest national tertiary referral center.
The exclusion criteria were children with neuromuscular dis-
eases, heart diseases, and/or chronic lung diseases, such as
bronchopulmonary dysplasia and asthma from a past history
taking. Children with the past history of doctor-diagnosed or
parentally-reported wheezing, asthma, or respiratory distress
at any time of their life were excluded. We also excluded chil-
dren with history of pneumonia, wheezing, respiratory distress,
preterm birth, birth weight < 2,500 g, respiratory tract infection
within 2 weeks before the study, and exposure to environmen-
tal tobacco smoke. Baseline data including age, weight, height,
arm span, and gender were recorded. Written informed consent
was obtained from a parent or legal guardian of each partici-
pating child before inclusion. This study was approved by the
Siriraj Institutional Review Board (SIRB), Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok, Thailand (COA
no. 052/2014),and complied with the principles set forth in
the Declaration of Helsinki (1964) and all of its subsequent
amendments.

Forced oscillation technique (FOT) measurement

The commercially available Quark i2m forced oscillation
system (Cosmed srl, Rome, Italy) was used to obtain respira-
tory impedance (Zrs), which is made up of both respiratory
resistance (Rrs) and reactance (Xrs). The equipment gener-
ates a pseudorandom noise with multiple frequencies between
4-48 Hz, and a measurement period of 8 seconds. Pseudoran-
dom noise is composite signals that are applied to spontaneous
breathing. Coherence function, which is a measure of the lin-
ear relationship between input and output signals and reflects
the validity of the measurements at individual frequencies, is
automatically assessed at each frequency.***

Respiratory impedance was measured according to Ameri-
can Thoracic Society/European Respiratory Society guidelines
(ATS/ERS).” Measurements were performed with children
in a sitting position and their head in a neutral position with
a nose clip in place. The cheeks and lower jaw of each child
were supported by the hands of the respiratory technician.
Children breathed normally through a mouth piece fitted with
an antibacterial filter (model: A 182 300 044; Cosmed), which
was connected to the forced oscillation system.*'? Three to five
technically acceptable measurements were obtained. Once
the baseline measurements were recorded, 400 ug of inhaled
salbutamol (Ventolin® MDI 100 ug/dose; GlaxoSmithKline,
Brentford, United Kingdom) was given at tidal breath via
valve holding chamber (AeroChamber Plus; Trudell Medical
International, London, Ontario, Canada). Post-bronchodilator
measurement was performed at 15-20 minutes following
bronchodilator administration.

Measurements were considered acceptable if coherence at
an individual frequency was > 0.95, and excluded if > 3 indi-
vidual frequencies had a coherence of < 0.95. Measurements
with swallowing, mouth leak, mouth movement, glottic clo-
sure, or audible noise were excluded. Respiratory resistance
and reactance at 6, 8, and 10 Hz were reported and analyzed.
These parameters were coded, as follows: Rrs6, Rrs8, and Rrs10
for resistance at 6, 8, and 10 Hz, and Xrs6, Xrs8, and Xrs10 for
reactance at 6, 8, and 10 Hz.

Statistical analysis

All data analyses were performed using SPSS for Windows
version 19 (SPSS, Inc., Chicago, IL, USA). Data are expressed
as mean + standard deviation (SD). Student’s paired ¢-test was
used to compare between pre- and post-bronchodilator Rsr
and Xrs values. Absolute and percent changes after broncho-
dilator for all Rrs and Xrs parameters were calculated. Cut-off
values for positive bronchodilator response were defined by
mean * 1.96 SD of absolute and percent changes. Correlation
between post-bronchodilator change in Rrs and Xrs values and
baseline data, including age, height, arm span, and baseline
measurement, were assessed by Pearson’s correlation coeflicient.
A two-sided p-value less than 0.05 was considered to be statis-
tically significant.

Results

FOT was attempted in 150 children and measurement was
successfully completed for both baseline measurement and
bronchodilator testin 111 (74%) of them. The gender proportion
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breakdown was 51 (45.9%) boys and 60 (54.1%) girls. The mean
+ standard deviation age, height, weight, and arm span was 5.2
+ 1.1 years, 109.3 + 8.7 cm, 18.8 + 4.1 kg, and 107.2 + 9.1 cm,
respectively. Baseline Rrs and Xrs values are shown in Table 1.

Post-bronchodilator data

Statistically significant difference was observed between pre-
and post-bronchodilator values for all Rrs and Xrs parameters
in both absolute change and percent change analyses. The cut-
off values for bronchodilator response for absolute (percent)
change in Rrs (defined as the lower limit of the mean change
+ 1.96 SD) were -1.13 (-23%), -0.92 (-20%), and -0.94 (-20%)
for Rrs6, Rrs8, and Rrsl0, respectively. The cut-off values for
Xrs6, Xrs8, and Xrs10 (defined as the upper limit of the mean
change + 1.96 SD) were 0.45 (36%), 0.45 (60%), and 0.41 (43%),

Table 1. Post-bronchodilator change in respiratory impedance

respectively (Table 1). The data of percent change after bron-
chodilator of Rrs and Xrs at 6, 8, and 10 Hz demonstrated nor-
mal distribution. Histograms of percent change in Rrs8 and
Xrs8 and their cut-off value were demonstrated in Figure 1.

Correlation between post-bronchodilator change in Rrs and
Xrs and gender, age, height, arm span, and baseline measure-
ment

This study found no correlation between absolute and per-
cent change after bronchodilator for any Rrs or Xrs value and
gender, age, height, or arm span. (Tables 2, 3, and 4). The abso-
lute and percent changes in all Rrs and Xrs values were related
to their corresponding baseline measurement, but the coeffi-
cient of correlation (r) values for percent changes were lower
than those for absolute changes (Tables 3 and 4).

Rrs6 Rrs8 Rrs10 Xrs6 Xrs8 Xrs10
Baseline 4.85 +0.52 4.52 +0.44 4.56 +0.47 -0.88 £0.21 -0.65+0.23 -0.70 £0.23
(hPasec/L), mean + SD
Post-BD 4.55+0.48 4.25+0.45 427 +0.47 -0.80 £ 0.21 -0.61 £0.21 -0.61 £0.21
(hPasec/L), mean + SD
Absolute change after BD*
o Mean + SD (hPasec/L) -0.31 +0.42 -0.27 +0.33 -0.29£0.33 0.08 £ 0.19 0.04 £ 0.21 0.09 £0.19
» Normal range (hPasec/L) -1.13 to 0.51 -0.92 to 0.38 -0.94 to 0.36 -0.29 to 0.45 -0.37 to 0.45 -0.28 to 0.41
o P-value <0.001 < 0.001 <0.001 <0.001 0.039 <0.001
% change after BD®
o Mean * SD (%) -5.91 £8.74 -5.84 £7.20 -6.07 £7.14 -9.01 £23.11 -6.05 £ 33.91 -12.46 £ 28.14
» Normal range (%) -23.04 to 11.22 -19.95 to 8.27 -20.06 to 7.92 -54.31 to 36.30 -72.51 to 60.41 -67.60 to 42.79
o P-value < 0.001 <0.001 <0.001 0.003 0.042 0.001
A p-value < 0.05 indicates statistical significance
Normal range = mean + 1.96 SD
* Absolute change = postbronchodilator - prebronchodilator
® % change = (postbronchodilator - prebronchodilator) * 100 / prebronchodilator
Abbreviations: Rrs, respiratory resistance; Xrs, respiratory reactance; BD, bronchodilator; SD, standard deviation
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Figure 1. Histogram of percent change after bronchodilator in Rrs8 and Xrs8 and their cut-off value




/‘ Asian Pac ] Allergy Immunol DOI 10.12932/AP-280718-0381

APJAI

Table 2. Comparison in mean percent and absolute change in Rrs and Xrs variables after bronchodilator between boys and girls

Percent change (%) Absolute change (hPasec/L)
mean * SD mean = SD
p-value p-value
Boy Girl Boy Girl
A Rrs6 -7.70 £9.23 -4.39 £ 8.07 0.06 -0.39 + 0.45 -0.25+0.38 0.06
A Rrs8 -7.11+7.97 -4.77 £ 6.36 0.09 -0.33 £ 0.36 -0.28 +0.29 0.08
A Rrs10 -7.25+7.85 -5.06 £ 6.36 0.11 -0.34 +0.35 -0.24 £ 0.30 0.11
A Xrs6 -9.32 +25.19 -4.28 +21.12 0.25 0.09 +0.21 0.06 £ 0.18 0.36
A Xrs8 -9.41 + 32.40 -4.96 + 34.03 0.20 0.09 £0.23 0.05 £ 0.17 0.25
A Xrs10 -15.97 £24.13 | -10.74 £ 30.21 0.30 0.14 £ 0.19 0.09 £0.17 0.28

A p-value < 0.05 indicates statistical significance

Abbreviations: Rrs, respiratory resistance; Xrs, respiratory reactance; SD, standard deviation; A, change

Table 3. Correlation between percent change in Rrs and Xrs variables and age, height, arm span, and baseline measurement

Age (years) Height (cm) Arm span (cm) Baseline (hPasec/L)
r 4 r 4 r P r 4

%A Rrs6 0.10 0.28 0.13 0.19 0.08 0.42 -0.43 <0.001
%A Rrs8 0.01 0.91 0.04 0.71 0.01 0.91 -0.28 0.003
%A Rrs10 -0.01 0.91 0.02 0.83 0.01 0.84 -0.26 0.007
%A Xrs6 0.12 0.22 0.05 0.59 0.06 0.56 0.38 <0.001
%A Xrs8 0.06 0.55 0.03 0.76 -0.02 0.87 0.48 <0.001
%A Xrs10 0.02 0.88 0.01 0.90 -0.02 0.84 0.35 <0.001

A p-value < 0.05 indicates statistical significance

Abbreviations: Rrs, respiratory resistance; Xrs, respiratory reactance; r, Pearson’s correlation coefficient; p, p-value; A, change

Table 4. Correlation between absolute change in Rrs and Xrs variables and age, height, arm span, and baseline measurement

Age (years) Height (cm) Arm span (cm) Baseline (hPasec/L)
r P r P r P r P

A Rrs6 0.15 0.13 0.17 0.08 0.12 0.19 -0.51 <0.001
A Rrs8 0.05 0.59 0.08 0.41 0.06 0.55 -0.40 <0.001
A Rrs10 0.04 0.66 0.08 0.43 0.04 0.70 -0.35 <0.001
A Xrs6 -0.16 0.09 -0.10 0.30 -0.10 0.31 -0.48 <0.001
A Xrs8 -0.05 0.59 0.01 0.98 0.05 0.62 -0.54 <0.001
A Xrs10 -0.06 0.56 -0.02 0.84 0.01 0.95 -0.50 <0.001

A p-value < 0.05 indicates statistical significance

Abbreviations: Rrs, respiratory resistance; Xrs, respiratory reactance; r, Pearson’s correlation coeflicient; p, p-value; A, change

Discussion

Consistent with the findings of several previous studies,”
172021 this study found statistically significant differences for all
Rrs and Xrs parameters between pre- and post-bronchodilator
administration in both absolute and percent change among
healthy Thai preschool children.

In order to introduce bronchodilator test by FOT into clini-
cal practice, correlations between bronchodilator response and

age, gender, height, and baseline lung function should be
evaluated. If any significant associations are found, the related
factors must be taken into account when interpreting the
result.”? Consistent with the findings of Vu, et al.,> we found the
absolute and percent changes in FOT variables after broncho-
dilator administration to be independent of gender, age, and
height. Thamrin, et al’ also reported no correlation between
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height and bronchodilator response, as expressed by either
absolute change or percent change. This finding supports that
change values in Rrs and Xrs after bronchodilator can be used
to interpret bronchial hyperresponsiveness irrespective of these
factors.

Our study found both absolute and percent changes in
bronchodilator response to be significantly related to their
corresponding baseline values; however, percent changes had
lower correlation coefficient, which is consistent with the find-
ings of Calogero, et al.*'” and Thamrin, et al.® Accordingly, our
finding supports percent change values as more appropriate
than absolute change values for interpreting bronchial hyperre-
sponsiveness as recommended by Thamrin, et al.’

The cut-off values that we established in this study for bron-
chodilator response by percent change were, as follows: -23%
for Rrs6, -20% for Rrs8, -20% for Rrs10, 36% for Xrs6, 60% for
Xrs8, and 43% for Xrs10. There are a relatively small number of
reports on reference values that define bronchodilator response
by pseudorandom FOT. Previously reported cut-off percent
changes for Rrs ranged from -30% to-40%,***'7 50% to 70%
for Xrs,*>'” and 16% for Xrs8 by Vu, et al.* Previous studies by
Hellinckx, et al.* and Malmberg, et al?* in preschool children
using impulse oscillometry technique proposed cut-offs for
Rrs5 of -41% and -37%, respectively. While, Nielsen, et al.?
reported a lower Rrs5 value of -28%. Our cut-off values for Rrs
(-20% to -30%) are lower than those reported in most previous
studies, but they are comparable with that values reported by
Nielsen, et al.® The differences between studies are likely due
to differences in the ethnicity of the study population and/or
differences in equipment specifications. In addition, the differ-
ent results may be affected by techniques and children’s co-op-
erations. Our measurement technique is less likely to be the
cause of this difference, as we followed standardized protocol
according to ATS/ERS recommendation.” This result supports
the assertion that lung function interpretation should be based
on ethnicity-specific data.'>'¢

The strength of our study is that arm span was included
with other demographic and anthropometric variables, and the
result of no significant association with changes after bron-
chodilator was the same for all basic patient data. As a result,
patients in whom arm span is used instead of height to predict
lung function can use the same Rrs and Xrs cut-off values for
bronchodilator response. Another strength is that we analyzed
association between changes after bronchodilator and baseline
lung function to evaluate how to suitably express bronchodi-
lator response in terms of absolute or percent change. Lastly,
given that no cut-off values to define bronchodilator response
by FOT in Thai preschool children have been reported and
studies in Asian population are scarce, our data will provide
clinical and/or comparative benefit to physicians in Thailand, in
Asia, and to pediatric pulmonologists worldwide.

There is no confounding factor in this study because it
is not a study to determine risk factors of a certain disease.
Regarding selection bias, healthy preschool children from
Bangkok and surrounding areas were recruited. We were not
able to do a multistage cluster sampling in order to get a good
representative of all healthy preschool children in Thailand.
For measurement errors, we try to minimize this limitation.
The pulmonary function testing was performed by only two

experience technicians and the same equipment and standard
technique was used to obtain the measurement. Rrx and Xrs
values were averaged from 3-5 technically acceptable measure-
ments. Another mentionable limitation is that while we intend
our findings will have benefit for pulmonary clinicians in other
Asian countries, we cannot be certain that these findings can be
extrapolated to preschool children from other countries in Asia.

Conclusions

The present study advocates using percentage change be-
tween baseline and post-bronchodilator to determine broncho-
dilator response. The cut-off values for evaluating bronchodi-
lator response by FOT in young Thai children are, as follows:
Rrs6: -23%, Rrs8: -20%, and, Rrs10: -20%; and, Xrs6: 36%, Xrs8:
60%, and Xrs10: 43%. No significant association was observed
between any demographic or anthropometric parameters
and absolute or percent changes in bronchodilator response.
The cut-off values identified in this study will be useful for
evaluating bronchodilator response by FOT in wheezy and
asthmatic young Thai children.
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