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Alberto Vidal Grell1, Ramiro González Vera2, Jose Castro-Rodriguez3, and Alejandra
Méndez Yarur1

1Clinica MEDS
2Clinica Las Condes
3Pontificia Universidad Catolica de Chile Escuela de Medicina

August 12, 2023

Reactance Inversion in persistent asthma: artifact or airway narrowing marker?
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To the Editor,

Recently Tsukahara et al. published a study of impulse oscillometry (IOS) in a cohort of 22 school-age former
preterm children at high risk of bronchopulmonary dysplasia in which reactance inversion (RI) was found
in 7 (32%) children. And reported significant differences between inspiratory and expiratory resistance (R)
and reactance (X) parameters in children with RI compared to those without RI. They postulated that RI
may have a possible pathophysiological cause as tracheobronchomalacia or since it occurs at low oscillatory
frequency it may be an artifactual component produced by high respiratory rates (1).

However, R and X are derived exclusively from the impulse test signal. If the technical standards for
acceptability and reproducibility are met, ventilatory rate should not influence these parameters. Tsukahara
et al. (1) showed only R and X at 10 Hz, but values at 5Hz and other IOS parameters reflecting peripheral
airway function like reactance area (AX), resonance frequency (Fres), difference between respiratory R at
5 and 20 Hz (R5-R20), spirometry, and bronchodilator response (BDR) were not included. Therefore,
information on lung function in these patients is limited. Notice that the R10 had highest values in the RI
group, suggesting more obstructive compromise.

Our group, previously described that RI in children with moderate to severe persistent asthma (n=507,
aged 3-18 years) was more frequent in younger children with greater peripheral airway obstruction. In those
with RI, the X5 value was highest than expected, the correction X5c, done automatically by Sentry Suite
software, correlated better with other IOS parameters reflecting peripheral small airways disfunction (2).

Therefore, to expand these findings, we performed a pilot study on RI in children with persistent moderate
and severe asthma. Our hypothesis is that RI occurs mostly in children with narrow or prone to collapse
airway as occurs in asthma and especially if they were premature or with low birth weight. The aim of this
study was to compare pulmonary function among asthmatic children with and without RI, and between
those in whom the RI disappeared versus persisted after the bronchodilator test.

1



P
os

te
d

on
12

A
u
g

20
23

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
69

18
34

43
.3

78
57

52
5/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Methods

In the present study we enrolled children with persistent moderate to severe asthma who attended at Clinica
Las Condes, Santiago and had pulmonary function tests: oscillometry followed by spirometry performed
with a Vyaire Vyntus model v-176430 spirometer-oscillometer and according to ATS/ERS guidelines (3, 4).
A systematic medical history on birth weight, gestational age, history of of maternal asthma, and pre and
post-natal maternal smoking was obtained. The differences between groups were calculated with the ANOVA
test and the post hoc analysis with the Tukey test. The study was approved by the Ethics Committee of
the institution; and informed consent was applied to the parents/guardians, and assent to the patients.

Results

We enrolled 57 patients with a mean age of 8.4 years, 59.6% were male. We identified 3 groups of children
according with the presence of RI. Group 1 corresponded to 17 (29.8%) patients without RI, group 2 to 17
(29.8%) children in whom RI did not persist after the bronchodilator test, and group 3 to 23 (40.4%) children
who had RI before and after the bronchodilator test. The demographic characteristics of the three groups
were shown in Table 1. Groups 2 and 3 had lower birth weight and gestational age than group 1; although it
was significantly between group 2 vs. 1. No significant differences were found in history of maternal asthma,
prenatal or postnatal maternal smoking among groups. Lung function measured by spirometry and IOS was
more altered in groups 2 and 3 than in the group 1. VEF1 and FEF25-75 were significantly lower in groups
2 and 3 than in group 1, and FVC was lower in the group 3 vs 1. In the IOS, R5, AX, Fres and DR5-R20
were significantly lower in the group 1 vs. 3. Also, R5 and DR5-R20 were lower in the group 2 vs. 3. In
contrast, X5c was significantly higher in the groups 1 and 2 vs. 3, and in the group 2 vs. 3. Finally, RBD
in X5c and D5-20 were significant lower in the group 1 vs. 2, and in group 2 vs 3 (Table 2).

Discussion

In this moderate to severe asthmatic schoolchildren, RI was found in a high proportion of the sample (70%).
This percentage is similar that we found in a previously published study with high number of participants
(2). Results of both studies are concordant and confirm that RI is frequent in schoolchildren with moderate
to severe asthma and represents a real peripheral airway condition and not a technical artefact.

Interestingly, there were asthmatic (group 2) in whom RI disappeared after the bronchodilator test, indicating
that in these cases it is due to reversible bronchial obstruction; while in others asthmatic (40% of the
patients) the RI persisted after the bronchodilator test (group 3). These last group of patients could have a
compromised peripheral airway function for different causes, such as increased inflammation, remodeling, or
diminished lung function present from birth.

There were also another differences in lung function between these three groups. Patients in group 1 with no
prematurity or low birth weight record, had better values in spirometry and in IOS parameters reflecting the
peripheral airway function even in X5c. In contrast, lung function was lower in groups 2 and 3. Resistance
was increased and the parameters reflecting peripheral airway obstruction were higher in children from
groups 2 and 3 than in group 1. Group 3 had highest total airway resistance (R5) and greater small airway
compromise (X5c and DR5-R20) than group 2. Besides, group 3 had a lower RBD average in X5c and DR5-
R20 than in group 2, which could indicate that group 3 corresponds to asthmatics with a narrow and/or a
more collapsible airway associated with prematurity that it persisted until school age.

It has been described that the increase in expiratory resistance and reactance compared to inspiratory may
be useful to differentiate asthmatic children from healthy ones or premature children from those born at term
and reflects the narrowing of the airways during expiration (5,6). In real life, both conditions may or may
not coexist, and in this situation the evaluation of the clinical history, and spirometry becomes important.
In the study by Tsukahara et al. (1), the clinical history was not reported, nor spirometry was performed;
and an alternative explanation for their finding could be that children with RI were also asthmatic.

Finally, it is important to highlight that in the lung, not only a series resonant structure, but a parallel
resonant structure is incorporated. The parallel resonant effect exists in every subject. In children with
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obstructive disease, the accessed lung chamber becomes so small that a superimposed parallel resonance is
seen. The greater the degree of obstruction, the smaller the pulmonary chamber accessed and the higher
the specific parallel resonance frequency. At low frequencies (5 Hz), this will cause the RI phenomenon. In
young patients with moderate to severe asthma, obstruction and small peripheral airway may explain why
RI occurs. In these cases, the X5 reactance is no longer representative; and the use of ”X5 c” would be the
most indicated (2). This was also seen in the present study where the basal alterations and bronchodilator
response were significant with X5c and not with X5Hz.

Conclusion

RI is a frequent phenomenon exist in moderate to severe persistent asthma children with a history of
prematurity or low birth weight, and it is an indicator of alterations in lung function, especially in the
parameters that evaluate the function of the peripheral airway. In asthmatics with RI by IOS, it was
possible to identify a subgroup with greater peripheral airway obstruction and less bronchodilator response
than the group in which the RI disappeared after the bronchodilator test. More studies should be done to
confirm these findings.
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