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ABSTRACT: Introduction: The Impulse Oscillometry System(IOS) is useful for evaluation of
pulmonary function in children, since it does not require their active collaboration. Objective:
to assess pulmonary function in preschool children diagnosed with asthma attending a
specialized clinic and to re-evaluate them 12 months later. Method: The pulmonary function
of children with asthma(aged 3 to 6 years) was evaluated using I0S at the admission of the
study and after 12 months of follow-up. Total resistance at 5Hz(R5), central resistance at
20Hz(R20), the difference between these(R5-R20), reactance at 5Hz(X5) and the reactance
area(AX) were measured before and after inhalation of bronchodilator. A reduction of 40%,
50% and 80% or greater for R5, X5 and AX respectively was deemed to constitute a positive
response. Results: All the children(n=58) performed the pulmonary function evaluation
correctly. There was no difference between R5 and X5(percentage of predicted) at the
outset of the study and that registered at the end. In the first year, 24% and 36% of the
children presented abnormal values of R5 and X5, respectively; and, in the second year, the
figures were 29% and 53%. In six children R5 was increased on both visits and in 14 X5 was
abnormal. Bronchodilator response was not frequent and changes were most observed in
X5. Conclusion: Early abnormalities in pulmonary function can be observed in almost half
preschoolers with asthma in spite of specialized care and treatment. This demonstrates the
need for long-term specialized treatment, including monitoring of pulmonary function, and
clinical follow-up in these patients.

KEYWORDS: Respiratory sounds, asthma, respiratory tests, oscillometry.

INTRODUCTION

Asthma is a chronic inflammatory disease of the airways associated with varying
degrees of obstruction of airflow, presenting with recurrent episodes of wheezing, coughing,
tightness of the chest and dyspnea'. Prospective investigations suggest that irreversible
changes in lung function begin in infancy, before reaching school age®3. One possible cause
of this functional impairment may be late diagnosis and/or inadequate treatment of children
with asthma, which may lead to progressive deterioration of pulmonary function extending
into adulthood?2. Pulmonary function follow-up in children with recurrent wheezing or asthma
is important for confirmation of diagnosis, evaluation of the disease severity and monitoring
of these patients over time*.

Spirometry is a test that is widely used in diagnosis, follow-up and evaluation of
the effectiveness of asthma treatment. However, the test is difficult to perform correctly in
children aged six years or under, because it requires effort and cooperation of the patient
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in order to obtain acceptable and reproducible flow-volume curves®. Although 10S may
correlate with spirometry, each is thought to measure different aspects of lung function, I0S
assessing airway caliber, while spirometry reflects airflow characteristics®.

For this reason, impulse oscillometry (IOS) is being introduced into clinical practice
as an alternative to spirometry, since it requires minimal patient cooperation and can be
successfully applied to preschool children’.The advantage of I0S over spirometry is that
measurements are carried out during tidal breathing and therefore can be performed in
children from the age of two years onwards®. 10S assesses pulmonary function using
frequency waves between 5 and 35 Hz. Low oscillation frequencies reach the distal airways
and provide information of the whole lung. Thus, resistance at 5Hz (R5) may be heightened
in the presence of proximal or distal obstruction®.

I0S may be useful for evaluation of the pulmonary function of children and it is a
auxiliary tool for the evaluation of disorders of the distal airways, especially in younger
children, who often do not possess the degree of understanding or coordination required
to undergo spirometry'®. In asthma, it can be used to evaluate the bronchodilator response
and contribute to the assessment of the disease control’®. The aim of the present study
was to assess pulmonary function in preschool children diagnosed with asthma attending a
specialized clinic and to re-evaluate them 12 months later.

METHODS

The study covered children diagnosed with asthma' (aged 3 to 6 years, n=58)
attending and regularly followed-up by the Allergy and Immunology Outpatients Clinic of
the Federal University of Pernambuco’s Clinical Hospital, in Recife, Brazil. The study was
approved by the institution’s Ethics Committee (protocol no. 2,361,934), and all parents /
guardians signed a Term of Free Informed Consent.

From the spontaneous demand of the service itself, patients of both sexes, aged
between 3 and 6 years old, who had symptoms compatible with asthma, were inserted
into the study continuously'. The exclusion criteria were prematurely-born children, as
were those with low birth weight, those with recent respiratory infections (within the last
30 days), previous diagnosis of bronchitis or chronic lung disease other than asthma. The
test was discontinued after six attempts or when the child did not achieve the coefficient
or was not focused on the task. The children underwent skin prick test (Dermatophagoides
pteronyssinus and Blomia tropicalis, dog epithelium, cockroach mix, cow’s milk, egg, wheat,
corn and soy)'2.

Anthropometric data were gathered using a duly calibrated pedestal scale (Filizola),
attached to a stadiometer. For measurement the children removed their shoes and wore as
little clothing as possible. The children then underwent a pulmonary function test using 10S
and re-evaluate 12 months later.
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IMPULSE OSCILLOMETRY

IOS was conducted employing a Masterscreen 10S (VIASYS Healthcare CmbH,
Germany). Calibration was carried out with a 3.0L syringe, in accordance with the
manufacturer’s instructions. The position for the test was explained to the children using an
illustration (a photo of a child in the correct position to begin the test), sitting comfortably in
a chair with a backrest, both feet supported, chin and cheeks held in the hands to prevent
air from escaping, and lips firmly closed around the disposable mouthpiece, using a nose
clip to prevent air escaping through the nose, and breathing uninterruptedly through the
mouthpiece to provide data for 40 seconds'®'. Three recordings of 40 seconds of tidal
breathing were made at two distinct points in time: prior to and 15 minutes after inhalation
of bronchodilator (salbutamol 200mcg with spacer and facemask)'s. Standardization of the
technique followed the guidelines of the American Thoracic Society/European Respiratory
Society’s.

The parameters registered were: total resistance at 5Hz (R5), central resistance
at 20Hz (R20), the difference between these two (R5-R20), which represents peripheral
resistance; reactance at 5Hz (X5), and the reactance area (AX), all measured in kPas/L.
The parameters were expressed as Z scores for reference values corrected for height
and deemed to be indicative of altered pulmonary function if there was an increase of two
standard deviations in R5, R5-R20 and AX and a decrease of two standard deviations in
X5 in relation to the expected value'”.The response to bronchodilator was deemed positive,
for R5, X5 and AX, when the parameter decreased, respectively by 40%, 50% and 80%
or more, after use'®. The results were considered reliable after correct application of the
technique, with repeated measurements, when the acceptable coefficient was reached in
R5 (0.8 cmH,0) and R20 (0.9 to 1.0 cmH,0)".

STATISTICAL ANALYSIS

Comparative analysis was carried out using SPSS 20.0 (Statistical Package for the
Social Sciences). The Shapiro-Wilk test was used to test for normality. The means and
standard deviations and derived parameters were calculated, along with the frequency
percentages. Comparison of numerical parameters was carried out using the t test and
the chi-squared test for qualitative parameters. A p value less than or equal to 0.05 was
considered statistically significant.

RESULTS

Sixty-three patients were recruited and five were subsequently excluded for not
completing the study protocol. The mean interval between the two evaluations was 12.9+1.6
months. All 58 participants performed the pulmonary function maneuvers correctly. More
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than 90% of patients were treated with inhaled corticosteroid, 90% had already used an
bronchodilator prior to the initial visit, and over 80% had already received emergency care
for wheezing exacerbations. Table 1 presents all the main characteristics of the population

under study.

Variables N (%)

Sex (boys) 35 (60.3%)

Time of return visit (months - mean + sd) 12.9+1,6

Wheezing in first year of life 50 (82.2%)
Wheezing in the last 12 months 56 (90.5%)

Use of IC during study period 53 (91.37%)

Blood eosinophils >4% 18/36" (50%)

Positive skin prick test 23/37° (62.16%)
Temporal Variables Initial Visit Final Visit
Age (years - mean + sd) 4.08+0.8 5.22+0.95
Height (cm - mean + sd) 105.7+7.1 113.6+7.8
Use of BD 56 (90.5%) 42 (72.4%)
Emergency visit prior to initial visit and during study period 48 (82.76%) 20 (34.5%)

IC = inhaled corticosteroid; "= Exams performed T= food and air allergens; BD = bronchodilator

Table 1 — Clinical Profile of Children included in Study (n = 58).

The pulmonary function parameters of the children are presented in Table 2. There
was no difference between R5 and X5 at the baseline and at the end of the study. Even so,
less than half of the patients presented abnormal values of R5 on the first and second visit
and of X5 on the first visit. Persistent impaired pulmonary function (abnormal values in both
visits) was observed in six children for R5 and in 14 for X5 (data not shown).
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Pulmonary Function Data

p value’
1st year 2nd year
R5
Absolute value 1.03+0.24 0.91+0.26 -
% of expected 101.33+21.02 118.11+24.65 0.601
X5
Absolute value -0.34+0.18 -0.34+0.16
% of expected 133.62+21.46 131.55+43.65 0.312
AX
Absolute Value 3.78+1.66 3.19+1.45 -
R5-R20
Absolute Value 0.35+0.15 0.30+0.16 -
Individuals with Alterations in Pulmonary Function
1st year 2nd year
R5 14 (24%) 17 (29%) 0,529
X5 21(36%) 31(53%) 0,062

*T test and Chi-squared.

Table 2 — Pulmonary function parameters (I0S) for children studied (n = 58).

Only one child responded to bronchodilator in parameter R5, three in parameter X5
and none in AX. No children responded to bronchodilator in parameter R5, two children in
X5 and one in AX. The difference between pre- and post-bronchodilator use was 40% for
R5, 50% for X5 and 80% for AX (Table 3). X5 was the most heavily affected. Only some
children who responded to the bronchodilator had presented altered pulmonary function on
evaluation prior to the bronchodilator. The number of children with bronchodilator response
in R5 was considerable increased when lower cut-offs (20% and 35%) were employed?®2!,
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Increase

20% 35% 40% 50% 80%

R5 1st visit 17/03* 06/02* 01/01*

R5 2nd visit 15/07* 03/02* 00

X5 1st visit 03/01*

X5 2nd visit 02

AX 1st visit 00

AX 2nd visit 01
R5-R20 1st visit 30 17 13
R5-R20 2nd visit 37 20 14

*Altered pulmonary function prior to bronchodilator.

Table 3 — Bronchodilator response: patients with bronchodilator response in this percentage/patients
with abnormal lung function* (n = 58)

Mean response (%) in pulmonary function before and after use of bronchodilator are

presented in Table 4.

Visit
Parameter
Initial (Mxsd) Final (Mxsd) *p-value
R5 17.95+11.89 17.28+10.44 0.683
X5 23.59£14.28 23.32£17.33 0.561
R5-R20 30.09+17.62 34.64+17.31 0.179
AX 30.03+20.83 34.00+19.44 0.686

*t test. M= mean, sd — standard deviation

Table 4 — Mean variation values (%) for parameters observed after inhalation of bronchodilator on initial
and final visits.

DISCUSSION

The present study evaluated pulmonary function in preschoolers diagnosed with
asthma undergoing regular follow-up and mostly using inhaled corticosteroid for a period
of 12 months with 10S. Although no change in pulmonary function was observed in the
study period, more than 24% of these children diagnosed with asthma and undergoing
regular treatment presented altered pulmonary function for R5 and X5, indicating possible
obstruction. These children deserve special attention because they have altered pulmonary
function as well as symptoms.

Atest was considered positive for abnormality prior to bronchodilator inhalation when
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R5 was greater than twice the standard deviation compared to the predicted value for sex, age
and height, and when X5 was two times lower'®'". In fact, R5 indicates resistance throughout
the respiratory tract, including more distal airways®. Inflammation of the peripheral airways
is an important component of the physiopathology of asthma?. It is estimated that the distal
airways account for 15% to 24% of total resistance in healthy lungs and that this resistance
is heightened in individuals with asthma? A comparative study found a significant increase
in R5 prior to bronchodilator inhalation in children with uncontrolled asthma compared to
those with controlled asthma and healthy individuals™™.

On the other hand, X5is related to the elasticity of the lung and obstruction of
peripheral airways results in a loss of elastic recoil, demonstrated by more negative X5, as
observed in diseases that reduce lung elasticity (such as fibrosis or hyperinsuflation)'s:24,

Bisgard et al?®, studied children aged 4 to 6 years and found that R5 and X5 showed
a heightened response to the metacholine challenge test, suggesting that there is a relation
between these two parameters and indicating that X5-confirmed hyperinsufflation increase
in proportion to increased R5 resistance.

It is acknowledged that there is a correlation between R5 and X5 with the degree of
airway obstruction or restriction, helping the clinic to detect respiratory symptoms. These
parameters are thus recommended for clinical detection of respiratory symptoms'®2'. It would
seem, therefore, that the reduction in pulmonary function in preschoolers observed using
IOS can be used to identify a subgroup of children with asthma with persistent morbidity,
indicating the possible need for more careful follow-up during childhood?®.

The findings of the present study may be attributed to the fact that, in the age group
under study, respiratory symptoms may be milder and develop later?”. The increase in the
number of tests showing abnormalities on second visit, as shown by these two parameters,
may be associated with the reports of attacks of wheezing during the follow-up period in
over 90% of children, and consequent use of a bronchodilator to alleviate symptoms in more
than half of them. However, as no instrument, such as GINA" or the Test for Respiratory
and Asthma Control in Kids (TRACK)?8, was included to measure symptoms control it is not
possible to make such an inference.

The bronchodilator response was infrequent, considering the new ERS guidelines of
a level of reduction in R5, X5 and AX of 40%, 50% and 80% respectively compared to the
figures prior to bronchodilator use. The exact cut-off point for bronchodilator response is a
matter of some controversy. Some authors suggest a cut-off point of 40% for R5 in children
aged between 3 and 6.5 years' . In preschoolers and school-aged children, it is suggested
that a positive response to the bronchodilator has occurred if the reduction is greater than
40%, signifying reversibility in the airways of these children. However, this cut-off point is
unable to differentiate between asthmatics and non-asthmatics?*.

Nevertheless, some authors believe that IOS outperforms spirometry in distinguishing

preschoolers with asthma from normal cohorts, especially when using the bronchodilator
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response at R5 or R10 of 20% (20,21). It is possible that, when adopting a higher cut-off
point, some children with abnormal pulmonary function may fail to receive adequate follow-
up?. The diminished pulmonary function in preschoolers observed using IOS may be able
to identify a subgroup of children with asthma with persistent morbidity, indicating the need
for more careful follow-up during childhood.

Some authors believe the R5-R20 parameter to be associated with greater specificity
for the peripheral airways in patients with asthma?*?. One study evaluated the inflammatory
and obstructive processes of asthma using 10S and confirmed that the peripheral airways
(R5-R20) are useful for addressing the issue of asthma in children and may help to confirm
the response to treatment®?. In our study, the response to the bronchodilator was low
compared to parameters R5 and X5. However, the lack of information on local patterns of
normality prevents firmer conclusions from being drawn for the purpose of comparison?2,

The clinical data, along with the use of medication during the study, were not strongly
associated with pulmonary function. Clinical indicators based on symptoms may thus lead to
false-positive or false-negative diagnoses, and the use of objective methods, such as I0OS,
to back up diagnosis, should be encouraged in preschoolers with a diagnosis of suspected
asthma®.

The present study included only children diagnosed with asthma. This may more
accurately reflect the situation in the real world, where pulmonary function is tested using
IOS only in children displaying symptoms. Clinical evaluation was carried out using data
on symptoms reported by the child’s parent/guardian during follow-up visits and we did not
use any other instrument to evaluate the control or not of symptoms'2. This may have
led to under- or overestimation of the clinical status at the time of evaluation. Even so,
some children were identified as having early onset altered pulmonary function that went
unnoticed during spirometry or clinical evaluation and, in this case, all would be treated
without the follow-up necessary for children whose symptoms may persist.

The sample size ruled out extensive multifactorial analysis and a longer follow-
up period might have provided a more accurate picture of the development of pulmonary
function in these children over time. Finally, there are no benchmark values for healthy
children for the age group covered by our study (brazilian children) and it was therefore

necessary to use data from similar populations.

CONCLUSION

This study showed altered pulmonary function in children aged 3 to 6 years with
asthma, who, despite receiving specialized care and treatment, showed no change over
a twelve-month period. This shows the need for long-term specialized care, including
evaluation of pulmonary function, to follow up the evolution of asthma in these patients.
Our findings suggest that IOS may improve evaluation of asthma and increase the likelihood
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of early more accurate diagnosis and adequate treatment in preschool children.

REFERENCES

1. Papadopoulos NG, Arakawa H, Carlsen KH, Custovic A, Gern J, Lemanske R, et al. International
consensus on (ICON) pediatric asthma. Allergy 2012;67:976-997.

2. Strachan D, Gerritsen J. Long-term outcome of early childhood wheezing: population data. Eur Respir
J Suppl. 1996;21:42s-47s.

3. Sears MR, Greene JM, Willan AR, Wiecek EM, Taylor DR, Flannery EM, Cowan JO, Herbison GP,
Silva PA, Poulton R. A Longitudinal, Population-Based, Cohort Study of Childhood Asthma Followed to
Adulthood. N Engl J Med 2003;349:1414—1422.

4. Duenas-Meza E, Correa E, Lépez E, Morales JC, Aguirre-Franco CE, Morantes-Ariza CF, Granados
CE, Gonzales-Garcia M. Impulse oscillometry reference values and bronchodilator response in three- to
five-year old children living at high altitude. Journal of Asthma and Allergy 2019 Sep 19;12:263-271.

5 Crenesse D, Berlioz M, Bourrier T, Albertini M. Spirometry in children aged 3 to 5 years: reliability of
forced expiratory maneuvers. Pediatr Pulmonol 2001;32:56—-61.

6 Galant SP, Komarow HD, Hye-Won S, Siddiqui S, Lipworth BJ. The Case for Impulse Oscillometry in
the Management of Asthma in Children and AdultsAnn Allergy Asthma Immunol. 2017; 118(6):664—671.

7 Komarow HD, Myles IA, Uzzaman A, Metcalfe DD. Impulse oscillometry in the evaluation of diseases
of the airways in children. Ann Allergy Asthma Immunol 2011;106:191-9.

8 Al-Mutairi S, Sharma P, Al-Alawi A, Al-Deen JSI. Impulse oscillometry: an alternative modality to the
conventional pulmonary function test to categorize obstructive pulmonary disorders. Clin Exp Med
2007;7:56-64.

9 Sol IS, Kim YK, Kim SY, Kim JD, Choi SH, Kim KW, Sohn MHet al. Assessment of within-breath
impulse oscillometry parameters in children with asthma. Pediatric Pulmonology 2019;54:117-124.

10 de Oliveira Jorge PP, de Lima JHP, Chong Neto HJ, Medeiros D, Solé D, Wandalsen GF. Impulse
oscillometry in the assessment of children’s lung function. Allergol Immunopathol (Madr) 2019 May -
Jun; 47(3):295-302.

11 The Global Strategy for Asthma Management and Prevention, Global Initiative for Asthma GINA
update 2018. Retrieved from http://www.ginasthma.org/ april,23/2018.

12 Daher s, Galvao C, Abe A, Cocco R. Diagnostico em Doencgas Alérgicas Mediadas por IgE. Rev.
bras. alerg. imunopatol. 2009;32(1):3-8.

13 Meraz EG, Nazeran H, Ramos CD, Nava P, Diong B, Goldman MD, Goldman CA et al. Analysis
of impulse oscillometric measures of lung function and respiratory system model parameters in small
airway-impaired and healthy children over a 2-year period. Biomed Eng Online 2011;10:21.

14 Brashier B, Salvi S. Measuring lung function using sound waves: role of The forced oscilation
techinique and impulse oscillometry system. Brathe 2015; 11(1):57-65.

A medicina voltada a promoc¢ao da saude e do bem-estar 4 Capitulo 10

114


https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Oliveira%20Jorge%20PP%5BAuthor%5D&cauthor=true&cauthor_uid=29983239
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Lima%20JHP%5BAuthor%5D&cauthor=true&cauthor_uid=29983239
http://www.ginasthma.org/
https://pubmed.ncbi.nlm.nih.gov/?term=Nava+P&cauthor_id=21439045
https://pubmed.ncbi.nlm.nih.gov/?term=Diong+B&cauthor_id=21439045
https://pubmed.ncbi.nlm.nih.gov/?term=Goldman+MD&cauthor_id=21439045

15 McLaughlin AV, Bhandari A, Schramm CM. Two vs four puffs of albuterol: does dose change
bronchodilator response? Journal of Asthma and Allergy. 2019:12 59-65.

16 Beydon N, Davis SD, Lombardi E, Allen JL, Arets HG, Aurora P, Bisgaard H, Davis GM, Ducharme
FM, Eigen H. An Oficial American Thoracic Society/European Respiratory Society statement: pulmonary
function testing in preschool children. American Thoracic Society/European Respiratory Society Working
Group on Infant and Young Children Pulmonary Function Testing. Am J Respir Crit Care Med. 2007 Jun
15;175(12):1304-45.

17 Dencker M, Malmberg LP, Valind S, Thorsson O, Karlsson MK, Pelkonen A, Pohjanpalo A, Haahtela
T, Turpeinen M, Wollmer P. Reference values for respiratory system impedance by using impulse
oscillometry in children aged 2-11 years. Clin Physiol Funct Imaging. 2006;26(4):247-50.

18 King GG, Bates J, Berger KIl, Calverley P, de Melo PL, Dellaca RL, Farré R, Hall GL, loan |, Irvin
CH, et al. Technical standards for respiratory oscillometry. Eur Respir J 2020;27;55(2).

19 Bickel S, Popler J, Lesnick B, Eid N. Impulse oscillometry: interpretation and practical applications.
Chest 2014;146(3):841-847.

20 Marotta A, Klinnert MD, Price MR, Larsen GL, Liu AH. Impulse oscillometry provides an effective
measure of lung dysfunction of 4-year- old children at risk for persistent asthma. J Allergy Clin Immunol
2003;112:317-32.

21 Peirano R. Oscilometria de impulso (I0S) em nifios. Neumol Pediatr. 2010;5(2):89-95.
22 Desai U, Jyotsna, Joshi M. Advances in Respiratory Medicine 2019, vol. 87, no. 4, pages 235-238.

23 Pesola GR, Ahmed U. Small Airways Disease and Asthma. The Internet Journal of Asthma, Allergy
and Immunology 2005;4(1).

24 Galant SP, Komarow HD, Shin HW, Siddiqui S, Lipworth BJ. The Case for Impulse Oscillometry
in the Management of Asthma in Children and Adults. Ann Allergy Asthma Immunol 2017 June;
118(6):664—-671.

25 Knihtil€a H, Kotaniemi-Syrj€anen A, Mékeld MJ, Bondestam J, Pelkonen AS, Malmberg LP.
Preschool Oscillometry and Lung Function at Adolescence in Asthmatic Children. Pediatric Pulmonology
(2015)1.50:1205-1213.

26 Bisgaard H, Klug B. Lung function measurement in awake young children. Eur Respir J., 1995;8,
2067-2075.

27 Wright AL. Epidemiology of asthma and recurrent wheeze in childhood. Clin Rev Allergy Immunol
2002;22(1):33-44.

28 Wandalsen GF, Dias RG, Chong-Neto HJ, Rosério N, Moraes L, Wandalsen NF, Medeiros D,
Bianca ACD, Urrutia-Pereira M, Avila J et al. Test for Respiratory and Asthma Control in Kids (TRACK):
validation of the Portuguese version. World Allergy Organ J 2018 Dec 5; 11(1):40.

29 Song TW, Kim KW, Kim ES, Park JW, Sohn MH, Kim KE. Utility of impulse oscillometry in young
children with asthma. Pediatr Allergy Immunol 2008;19:163-8.

A medicina voltada a promoc¢ao da saude e do bem-estar 4 Capitulo 10

115


https://www.ncbi.nlm.nih.gov/pubmed/30534341
https://www.ncbi.nlm.nih.gov/pubmed/30534341

30 Lajunen K, Kalliola S, Kotaniemi-Syrjanen A, Sarna S, Malmberg LP, Pelkonen AS, Makela MJ.
Abnormal lung function at preschool age asthma in adolescence? Ann Allergy Asthma Immunol
2018;120:520-526.

A medicina voltada a promoc¢ao da saude e do bem-estar 4 Capitulo 10 116





