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Summary. Background: Asthma is common among young children. The assessment of respiratory resistance by
the impulse oscillometry system (IOS), based on the superimposition of respiratory flow by short-time impulses,
requires no patient active collaboration.
Aim: We evaluated the baseline repeatability and bronchodilator response of IOS indices in preschool children,
their correlation with spirometry and whole body plethysmography, and differences between atopic and non-
atopic children.
Patients and methods: Thirty-three asthmatic children (3-6 yrs.) underwent IOS measurement (R5rs, R20rs and
X5rs) by triplicate at the baseline, after placebo and after salbutamol inhalation. Spirometry (FEV

1
) and whole

body plethysmography (sRaw) were made at the baseline and after salbutamol. Baseline within-test (coefficient
of variation: CV%) and between-test repeatability (baseline-placebo) were addressed. Bronchodilator response
was evaluated by the SD index (change in multiples of the between-test repeatability).
Results: Baseline repeatability for R5rs was 4.1%. Its values decreased by 2SD after salbutamol inhalation, and
correlated with FEV

1
 and sRaw at both, baseline (r=-0.51 and r=0.49) and post-salbutamol (r=-0.63 and r=0.54).

A trend towards correlation between salbutamol-induced changes in R5rs and in sRaw (r=0.33) was observed.
Atopic and non-atopic children showed no differences in lung function.
Conclusion: IOS was well accepted by young asthmatic children and provided reproducible and sensitive indices
of lung function. Resistance values obtained by IOS at low frequency (R5rs) were reproducible and correlated
with spirometry and plethysmographic values.

Key Words: childhood asthma, impulse oscillometry, plethysmography, airway resistance, repeatability,
bronchodilator response.

Introduction

Asthma is a chronic inflammatory disease of the
airways characterized by lung function variability and
bronchial hyperresponsiveness [1]. It usually starts at
the early stages of life [2] and is considered one of the
most common chronic diseases in childhood with an
estimated prevalence of about 15% [3]. The benefits of
the early onset of anti-inflammatory treatment in asthma

have been widely reported [4, 5]. A number of non-atopic
children are presented with a clinical pattern different
to allergic asthma since symptoms develop during
respiratory viral infections [6] and possibly  they exhibit
decreased responses to regular anti-inflammatory
treatment [7].

In children under 6 yrs of age both forced expiratory
manoeuvres and non-invasive techniques of exploring
airway inflammation are seldom feasible and
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reproducible [8]. This lack of objective parameters
hampers asthma diagnosis [9] and limits our knowledge
of its treatment. Airway resistance, a direct reflection of
bronchial caliber, can be measured by whole body
plethysmography (specific airway resistance [sRaw]).
Although simple, this technique requires costly and
sophisticated equipment and further, some young children
refuse to stay in the cabin [10]. In turn, the impulse
oscillometry system (IOS) is a small and portable device
that measures the properties of the respiratory system by
estimating the response to short-time impulses applied via
a loudspeaker [11]. The measurement of the flow signal
created by the impulse and the resulting pressure response
of the thoracic systems yields the respiratory impedance
(Zrs) that is subdivided into respiratory resistance (Rrs)
and respiratory reactance (Xrs) [11,12]. This technique
requires little collaboration from patients since only tidal
volume breaths are required and children up to 2 yrs old
can be examined [12]. The capacity of IOS to detect airway
caliber changes secondary to the inhalation of either
bronchodilating [13,14] or bronchoconstricting [14,15]
agents in young children has been reported.

In this study we have studied 36 asthmatic children
aged 3 to 6 yrs and we evaluated: 1) baseline within-test
and between-test repeatability of IOS measurements; 2)
response to salbutamol inhalation assessed by IOS,
plethysmography and when possible, forced spirometry;
3) correlation among the three methods, and 4) differences
in lung function indices between atopic and non-atopic
children.

Patients and methods

Study design

We evaluated 36 children younger than 6 yrs old (69.7%
male), representing all the asthmatic children that had
consecutively visited  our Allergy office for 4 months and
whose parents agreed that they enter the study. Bronchial
asthma diagnosis was made according to international
guidelines [16]. All drugs were withdrawn for  12 hours

before the tests. Skin prick tests were performed with a
panel of standard airborne (mites, pollens, molds, danders)
and food (egg, milk, wheat, cod, peanut and peach)
allergens (ALK-Abelló, Madrid, Spain) [17]. All the tests
were performed on the same day, according to the schedule
(Figure 1). Placebo and salbutamol (4 puffs, 400 µg)
metered-dose inhalers and plastic spacer devices
(Volumatic®, Glaxo Wellcome, Burgos, Spain) were used.

IOS measurements

The Jaeger MasterScreen Impulse Oscillometry
System (Jaeger, Med Point Technologies, Inc., Milbury,
OH) [12] provided with reference values in preschool
age was used [18]. Impedance was defined as the spectral
ratio between the amplitude of the pressure wave signal
and the resulting flow signal. From its values, airway
resistance at 5 and 20 Hz (R5rs and R20rs) and reactance
at 5 Hz (X5rs) were automatically calculated. The
system was regularly calibrated against reference
impedance of 0.2 kPa· L-1· s-1. During testing, children
wore nose-clips; they were sat with the neck slightly
extended and the lips sealed around the mouthpiece. A
technician supported his/her cheeks with both hands.
Records took about 30 seconds of undisturbed tidal
breathing. Disturbance from coughing or vocalization
resulted in a new measurement. Three correct
measurements were averaged at each time point.
Variability of both, R5rs and X5rs lower than 5% was
required for acceptance of each IOS manoeuvre.

Spirometry and Plethysmography

FEV
1
 and specific airway resistance (sRaw) were

measured with a constant-volume whole-body plethys-
mograph (Jaeger, Würzburg, Germany) [19,20] provided
with reference values for young children [21]. This
equipment has a computer-animated system that was used
to improve children performance with manoeuvres. Three
valid manoeuvres with a forced expiratory period longer than
1 second and at least two out of them with FEV

1
 variability

lower than 5% were required for acceptance spirometry [22].

Baseline

15’ 15’

Placebo inhalation: Salbutamol inhalation

- IOS (x3)
- Plethysmography
- Spirometry

- IOS (x3) - IOS (x3)
- Plethysmography
- Spirometry

Figure 1. Study design.
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Raw was defined as the ratio between the change in
inspiratory and expiratory pressures and associated
respiratory flow rates. BTPS compensation (body
temperature, barometric pressure and water vapour
saturation) was electronic. Measurements were
performed during tidal breathing without attempts to
make patients pant. The mean value of five sequential
specific resistance loops, that appeared similar as judged
by slope and shape, was retained as outcome.

Statistical analysis

The SPSS Windows 8.0 (SPSS; Chicago, IL, USA)
was used. The averaged indices from the three IOS
manoeuvres recorded at each stage (baseline, post-
placebo and post-salbutamol) were used for analysis.
Repeatability of IOS measurements was investigated by
within and between-test variability. The first was stated
in terms of coefficient of variation (CV%) defined as
the residual “mean square” of the 3 baseline recordings,
expressed as percentage of the mean (ANOVA) [12, 23].
The averaged values of the baseline and placebo
recordings were used to calculate between-test
variability (standard deviation of the differences divided
by the square root of 2) [23]. The SD index was defined
by the rate between the change in lung function
measurements and between-test variability [12].

Paired t-test was used to compare recordings at the
different stages. Response to both placebo and
salbutamol was calculated: 1) SD index; 2) percentage
of the baseline values (∆% baseline) and 3) percentage
of the predicted values (∆% predicted). Pearson´s
correlation rank coefficient was used to evaluate
correlation. Statistical significance was established at
p<0.05.

Results

The study was well accepted by all but 3 children
(younger than 4 yrs old). Reproducible forced spirometry

was obtained in 28 patients (85%). The median of age of
children who completed the study was 5 yrs. (interquartile
range: 3-6). Duration of asthma was lower than 1 yr in
45.5% of patients. All children were stable at the time of
the study and taking regular treatment with inhaled
corticosteroids (39.4%), leukotriene modifiers (12.1%)
or short-acting ß agonist drugs used “as needed” (48.5%).
According to clinical history and skin prick tests, 48.5%
had non-allergic asthma whereas the remaining (51.5%)
were allergic to mites (70.6%), molds (17.6%) and animal
dander (11.8%).

Baseline, placebo and post-salbutamol study

The mean values and the standard deviation (SD) of
the 3 IOS measurements recorded at the baseline, post-
placebo and post-salbutamol are listed in Table 1.
Baseline within-test repeatability of IOS measurements
was 4.1% for R5rs, 4.0 for R20rs and 5.6% for X5rs.
Between-test variability (baseline-placebo) was 0.92 for
R5rs, 0.74 for R20rs and 0.70 for X5rs. No difference
was observed between averaged baseline and placebo
recordings. Differences between baseline and post-
salbutamol recordings are shown in Table 1. Indices of
bronchodilator response are given in Table 2.

      Baseline    Post-placebo  Post-salbutamol                       p

R5Rs (%) 86.0 ± 17,6 84.6 ± 17.8 69.1 ± 17.2 < 0.001
R20Rs (%) 89.5 ± 18.4 87.3 ± 16.0 78.7 ± 12.7 0.001
X5Rs (%) 84.8 ± 31.1 77.4 ± 22.5 59.7 ± 17.9 < 0.001
sRaw (%) 176 ± 64.7 Not done 131.4 ± 46.6 0.001
FEV

1
 (%) 108.9 ± 21.0 Not done 116.5 ±22.6 < 0.001

Table 1. Mean and standard deviation of the lung function measurements performed at baseline, post-placebo and
post-salbutamol (values given as percentage of the predicted values). Differences between baseline and post-salbutamol
measurements (t-test for paired data).

  wsSD units      ∆% baseline    ∆% predicted

R5Rs -1.97 ± 1.51 -19.0 ± 12.7 -16.5 ± 12.6
R20Rs -1.026 ± 1.61 -10.1 ± 16 -11.5 ± 16.1
X5Rs 1.27 ± 1.23 23.5 ± 21.3 22.0 ± 21.2
sRaw Not done -22.2 ± 16.4 -45.7 ± 42.2
FEV

1
Not done 7.5 ± 12.7 7.6 ± 11.8

Table 2. Mean changes in lung function indices
expressed as within subject standard deviation (wsSD)
units, change as percent of the baseline values (∆%
baseline) and change as percent of the predicted values
(∆% predicted).
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Correlation

At the baseline we observed a degree of correlation
between IOS measurements and both sRaw (p=0.006,
r=0.49 for R5rs) and FEV

1
 (p=0.006, r=-0.51 for R5rs

and p=0.015, r=-0.46 for R20rs). Following salbutamol
inhalation, IOS measurements correlated with sRaw
(p=0.002, r=0.54 for R5rs and p=0.045, r=0.37 for
R20rs) and FEV

1
 (p<0.001, r=-0.63 for R5rs, p<0.001,

r=-0.66 for R20rs and, p=0.004, r=0.54 for X5rs) values.
Salbutamol-induced R5rs changes (∆% baseline)
showed a trend towards correlation with sRaw changes
(p=0.07, r=0.33).

Comparative study between groups

When children were compared according to asthma
aetiology, no differences in either baseline values or
bronchodilator response were observed (Table 3).

post-salbutamol recordings but not between baseline and
post-placebo. Bronchodilator response was evaluated by
the SD index, calculated from variability between
baseline and post-placebo recordings. This index
transforms the absolute changes experienced by one
individual variable into multiples of its baseline
repeatability allowing comparison with different
measurements [12]. Changes from baseline > 2-fold the
baseline variability have been suggested as evidence of
a significant bronchodilator effect [13]. In our study,
R5rs was the index showing the greatest sensitivity to
salbutamol inhalation, increasing nearly 2-fold the SD
value.

Even in healthy children, salbutamol inhalation
reduces the values of both R5rs and sRaw [26, 27],
suggesting that these techniques (IOS and
plethysmography) can detect minimal changes in airway
caliber [24]. Consequently, drops in R5rs values of 29%
[26] or even of 40% for other authors [27] have been
proposed necessary to consider a  bronchodilator response
positive. The change in R5rs values observed in our study
did not reach that limit which could be attributed to two
facts: clinical stability of children at the time of the study
and that half of them were on regular treatment with
antiasthmatic drugs. In turn, airway reactance (X5rs),
which is not modified by salbutamol in healthy children
[28], changed in our study by 22% suggesting a real
though small bronchodilator response.

Changes in IOS indices occurred in parallel with
those observed in sRaw and FEV

1
. Correlation observed

at the baseline and following salbutamol inhalation
between R5rs and, sRaw and FEV

1
, gives coherence to

IOS recordings in lung function exploration. The lack of
higher degrees of correlation between salbutamol-induced
changes recorded with the 3 techniques could be ascribed
to the fact that they are measuring different aspects of
lung dynamics: while sRaw exclusively measures airway
resistance, FEV

1
 is a flow-volume index that only

indirectly reflects it. IOS impedance is subdivided into
respiratory resistance, mainly determined by central
airways caliber and respiratory reactance that depends
upon the compliant properties of the chest-lung system
(airways, lung tissue and chest wall) [11].

In some non-atopic children, asthma is presented as
a benign and transient disease that probably reflects a
congenitally narrow airway, predisposing to asthma
symptoms in the context of viral respiratory infections
[6]. In this group, regular prophylactic treatment is
controversial [7]. We grouped patients into atopic and
non-atopic asthma based on their responses to skin tests
with common airborne and food allergens that were
performed at the time of the study. The absence of
differences between groups could be attributed to either
small size of samples, short duration of asthma
symptoms or clinical stability of children. It is also
possible that, at the early stages of life, our criterion of
grouping patients based upon skin test results is
fictitious.

   Atopic asthma        Non-atopic
          asthma

R5rs (%)   83.5 ± 15.3   88.6 ± 20.0
R20rs (%)   91.8 ± 18.9   87.0 ± 18.0
X5rs (%)   81.9 ± 20.8   87.8 ± 29.7
FEV

1
(%) 112.9 ± 20.9 104.6 ± 21.2

Table 3. Mean values (given as percentage of the
predicted values) of the lung function indices at the
baseline.

Discussion

Lung function exploration is often difficult in young
children [10]. Airway resistance is a direct reflection of
bronchial caliber and can be used to evaluate airway
narrowing. Impulse oscillometry is a non-invasive and
effort-independent technique, that only requires
breathing at tidal volume for 30 seconds [12]. We
examined the repeatability and validity of IOS in 36
asthmatic children (3 to 6 yrs old) whose diagnosis was
based upon recurrent episodes of wheezing, cough and
dyspnea during the last year, with asthma as the most
probable diagnosis [16]. The technique was well
accepted by children (92%) and exhibited good within-
test repeatability, with coefficients (4.1% for R5rs and
5.6% for X5rs) lower than both the 10% proposed as
acceptable limit for R5rs in pre-school children [24] and
those (10% for R5rs and 16% for X5rs) previously
reported [12, 25].

Secondly, we evaluated the bronchodilator response
to salbutamol and compared the results obtained with
the three techniques. The t-test for paired data exhibited
statistically significant changes between baseline and
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In conclusion, IOS is a simple and non- invasive
technique that provides repeatable and valid indices to
explore lung function in young children. Airway
resistance at low frequencies (R5rs) is, according to our
results, the index that shows the highest repeatability and
validity. In clinical practice, IOS measurement could
contribute to both, obtain additional information to forced
spirometry manoeuvres and evaluate lung function among
subjects in whom spirometry is no feasible. Further studies
are needed to provide standardized guidelines on its usage
and criteria for technical reliability of results.

References

  1. National Asthma Education and Prevention Program. Expert
Panel Report: Guidelines for the Diagnosis and Management
of Asthma Update on Selected Topics—2002. J Allergy Clin
Immunol 2002;110:S141-219.

  2. Yunginger J, Reed CE, O’Connell EJ, Melton LJ, O’Fallon
W, Silverstein MD. A community-based study of the
epidemiology of asthma. Incidence rates, 1964-1983. Am
Rev Respir Dis 1992;4:888-894.

  3. Luyt DK, Burton P, Brooke AM, Simpson H. Wheeze in
preschool children and its relation with doctor diagnosed
asthma. Arch Dis Child 1994;71:24-30.

  4. Agertoft L, Pedersen S. Effects of long-term treatment with
an inhaled corticosteroid on growth and pulmonary function
in asthmatic children. Respir Med 1994;88:373-81.

  5. Haahtela T. The long-term influence of therapeutic
interventions in asthma with emphasis on inhaled steroids
and early disease. Clin Exp Allergy 1998;5:133-40.

  6. Martinez F, Wright A, Taussing L. Asthma and wheezing in
the first six years of age. N Engl J Med 1995;332:133-8.

  7. Wilson N, Sloper K, Silverman M. Effect of continuous
treatment with topical corticosteroid on episodic viral wheeze
in preschool children. Arch Dis Child 1995;72:317-20.

  8. Wilson NM, Bridge P, Spanevello A, Silverman M. Induced
sputum in children: feasibility, repeatability, and relation of
findings to asthma severity. Thorax 2000;55:768-74.

  9. Grimfeld A, Just J. Clinical characteristics of childhood
asthma. Clin Exp Allergy 1998;5:67-70.

10. Sly P, Robertson C. A review of pulmonary function testing
in children. J Asthma 1990;27:137-147.

11. Klug B. The impulse oscillation technique applied for
measurements of respiratory function in young children.
Pediatr Pulmonol Suppl 1997;16:240-1.

12. Bisgaard H, Klug B. Lung function measurement in awake
young children. Eur Respir J 1995;8:2067-75.

13. Ortiz G, Menendez R. The effects of inhaled albuterol and
salmeterol in 2- to 5-year-old asthmatic children as measured
by impulse oscillometry. J Asthma 2002;39:531-6.

14. Vink GR, Arets HG, Van Der Laag J, Van Der Ent CK.
Impulse oscillometry: A measure for airway obstruction.
Pediatr Pulmonol 2003;35:214-9.

15. Klug B, Bisgaard H. Measurement of lung function in awake
2-4-year-old asthmatic children during methacholine
challenge and acute asthma: a comparison of the impulse
oscillation technique, the interrupter technique, and
transcutaneous measurement of oxygen versus whole-body
plethysmography. Pediatr Pulmonol 1996;21:290-300.

16. Warner J, Naspitz C. Third International Pediatric Consensus
Statement on the management of childhood asthma. Pediatr
Pulmonol 1998;25:1-17.

17. Dreborg S. Skin testing. The safety of skin tests and the
information obtained from using different methods and
concentrations of allergen. Allergy 1993;48:473-5.

18. Duiverman EJ, Clement J, van de Woestijne KP, Neijens HJ,
van den Bergh AC, Kerrebijn KF. Forced oscillation technique.
Reference values for resistance and reactance over a frequency
spectrum of 2-26 Hz in healthy children aged 2.3-12.5 years.
Bull Eur Physiopathol Respir 1985;21:171-8.

19. Standardization of Spirometry, 1994 Update. American
Thoracic Society. Am J Respir Crit Care Med
1995;152:1107-36.

20. Coates A, Peslin R, Rodenstein D, Stocks J. Measurement
of lung volumes by pletismography. Eur Respir J
1997;10:1415-27.

21. Zapletal A, Samanek M, Hruda J, Hucin B. Lung function
in children and adolescents with tetralogy of Fallot after
intracardiac repair. Pediatr Pulmonol 1993;16:23-30.

22. Arets HG, Brackel HJ, van der Ent CK. Forced expiratory
manoeuvres in children: do they meet ATS and ERS criteria
for spirometry? Eur Respir J 2001;18:655-60.

23. Chinn S. Statistics in respiratory medicine. 2. Repeatability
and method comparison. Thorax 1991;46:454-6.

24. Malmberg LP, Pelkonen A, Poussa T, Pohianpalo A, Haahtela T,
Turpeinen M. Determinants of respiratory system input
impedance and bronchodilator response in healthy Finnish
preschool children. Clin Physiol Funct Imaging 2002;22:64-71.

25. Klug B, Bisgaard H. Specific airway resistance, interrupter
resistance, and respiratory impedance in healthy children
aged 2-7 years. Pediatr Pulmonol 1998;25:322-31.

26. Nielsen KG, Bisgaard H. The effect of inhaled budesonide
on symptoms, lung function, and cold air and methacholine
responsiveness in 2- to 5-year-old asthmatic children. Am J
Respir Crit Care Med 2000;162:1500-6.

27. Hellinckx J, De Boeck K, Bande-Knops J, van der Poel M,
Demedts M. Bronchodilator response in 3-6.5 years old
healthy and stable asthmatic children. Eur Respir J
1998;12:438-43.

28. Nielsen KG, Bisgaard H. Discriminative capacity of
bronchodilator response measured with three different lung
function techniques in asthmatic and healthy children aged
2 to 5 years. Am J Respir Crit Care Med 2001;164:554-9.

JM Olaguíbel Rivera

S. Alergología. CS Conde Oliveto
Plaza de la Paz SN
31002 Pamplona. Spain
Phone: 34 848 429307
E-mail: jmolaguibel@telefonica.net


