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Abstract

inversion

The incorporation of oscillometry into the diagnosis and monitoring of pediatric respiratory disease has allowed for the exploration of new ways
to analyze its results. Measuring intra-breath impedance changes is an innovative oscillometric technique that could provide valuable information
regarding the pathophysiological characteristics and phenotypes of wheezing, asthma, and chronic lung disease in premature infants.
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Introduction

Impulse oscillometry (I0S) has undergone significant
development in recent decades, enabling advancements in the
understanding of the pathophysiology of chronic respiratory
diseases such as asthma, bronchopulmonary dysplasia, and
bronchiolitis obliterans, as well as measuring the impact of
prematurity or pollution on respiratory health [1]. The I0S
analyzes the respiratory system impedance (Zrs), which is the
sum of the resistive component, known as Resistance (Rrs),
and the reactive component, also called Reactance (Xrs), and
which are projected onto different frequency waves [2]. At
high frequencies (above 20 Hertz), Rrs and Xrs better reflect
alterations occurring in the proximal airway, while at lower
frequencies (below 15 Hertz), distal airway alterations are better
represented [3]. The data obtained from the IOS are interpreted
using spectral analysis, which is currently the most widely
used method, but Rrs and Xrs can also be measured during
the respiratory cycle. Inspiratory analysis reflects the intrinsic
behavior of the airway or lung tissue, while expiratory analysis
measures the dynamic compromise of the airway or alterations
in the elastic recoil of the respiratory system [4]. This analysis
could be useful for the early characterization of the phenotype of
children with pediatric obstructive respiratory diseases. (Figure
1) shows a graphical representation of the variation of Rrs and
Xrs during the respiratory cycle at different frequency waves.

Discussion

A study showed that preschoolers who went to the
emergency department with acute wheezing had a significant
increase in intra-breath Rrs in forced oscillation technique
(FOT), compared to healthy controls [5]. In a cohort of healthy
infants who underwent FOT at 6 weeks of age, the group with
greater intra-breath differences in Rrs and Xrs was associated
with a higher frequency and severity of acute lower respiratory
infections during the first year of life [6]. A significant association
has also been reported between increased intra-breath Rrs in
10S at 3 years of age and parental reports of asthma or wheezing
during the first years of life [7]. In children with asthma, it
became apparent that the differences in the intra-breath analysis
of some 10S parameters, such as Rrs, Xrs, and reactance area,
were greater than those found in healthy controls [8]. Another
study conducted in children and adolescents with respiratory
symptoms during exercise showed that those with exercise-
induced asthma had greater intra-breath differences in Xrs than
those without it [9].

In near-term premature infants, it was shown that those
presenting with Reactance Inversion (RI) had more marked
intra-breath differences in Rrs and Xrs at low frequencies
(10 Hertz) than premature infants without RI [10,11]. Rl is a
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pathophysiological finding also described more frequently in
the 10S of asthmatic children with lower weight and gestational
age [12]. Inferring from these results, one could speculate that
intra-breath changes in Zrs and RI could be useful parameters
for identifying and differentiating, early in life, children with
obstructive diseases, associated or not with prematurity. A
study conducted on schoolchildren aged 7 to 12 years showed
that those with a history of being premature with a gestational
age <34 weeks and obstructive pulmonary disease confirmed
by spirometry had greater differences in intra-breath Rrs and

Xrs than healthy premature controls or full-term newborns [13].
It was also shown that adolescents between 11 and 14 years of
age with a history of having been born at a gestational age of less
than 37 weeks had significant intra-breath changes in Rrs and
Xrs, compared with controls born at term [14]. Finally, in children
and adolescents with cystic fibrosis, it was shown that those who
had greater Intra-breath changes in the Xrs were associated with
a greater degree of airway obstruction measured by spirometry
and air trapping on plethysmography [15].
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Figure 1: Graphical representation of the respiratory system impedance (Zrs). Zrs = Resistance (Rrs) + Reactance (Xrs). Solid blue line
(inspiratory Rrs), dashed blue line (expiratory Rrs), solid green line (inspiratory Xrs), dashed green line (expiratory Xrs). Note that at low
frequencies (5 or 10 hertz), the intra-breath variations of Rrs and Xrs are more marked (red arrows).

Conclusion

Intra-breath oscillometric changes have proven useful
in differentiating infants or preschoolers with wheezing and
increased respiratory morbidity from healthy individuals. These
changes are also more pronounced in children with asthma or
premature infants with chronic lung disease than in healthy
or full-term children. Early classification and differentiation of
clinical phenotypes of obstructive lung disease based on intra-
breath oscillometry would allow for appropriate monitoring
of pulmonary function trajectories with the aim of preserving
pulmonary function in the medium and long term.
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