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Abstract

Impulse oscillometry (I0S) is a lung function study that uses pulse waves to measure respiratory impedance. It requires little effort, which makes
it easily reproducible and useful when monitoring children with asthma. The accuracy of its interpretation depends on the reference predictive
values. The most recent evidence positions it as a good method to predict loss of control, future risk of exacerbations, and persistent alterations

of lung function in pediatric asthma.
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I0S uses square-type sound waves at least 5 times per
second in constant pulses to transmit airway pressure. Through
these pressure pulses delivered to the respiratory system, a flow
reaction is generated with its oscillations at certain frequencies.
Higher frequency sound waves (>20 Hertz) move a shorter
distance, so they will reflect the characteristics of larger airways.
Lower frequency sound waves (<15 Hertz) travel deeper into
the airways, allowing small airway parameters to be measured.
By obtaining measurements at high and low frequencies, 10S
can reflect proximal and distal airway function simultaneously,
which is extremely useful in bronchial asthma [1]. Furthermore,
the 10S is a test that requires minimal effort on the part of the
patient, who only must breathe at tidal volume, which allows for
measuring the lung function of many asthmatic children who are
not able to perform spirometry.

Impulse oscillometry measures lung impedance (Zrs) which
is composed of lung resistance (Rrs) and lung reactance (Xrs).
The Rrs is the energy required to propagate the pressure wave
through the airways and inflate the lung, reflecting the caliber of
the airway. Narrower airways will have greater resistance due to
greater frictional pressure loss as air flows through them. The Rrs
at low frequencies such as 5 Hertz (R5) represents the resistance
of the total airway (proximal and distal), while the resistance at
higher frequencies, such as 20 Hertz (R20), represents only the
resistance of the proximal airways. The Rrs of the peripheral
airways can be determined by subtracting the resistance of the

proximal airways (R20) from the total Rrs of the respiratory
system (R5), and this value is commonly known as the R5-R20.
Xrs is another 10S parameter used in asthma, which is frequency-
dependent and measures the elastic retraction of lung tissue.

Atlow frequencies, the most negative values will predominate,
while at higher frequencies the most positive values will
predominate. In asthma, the most used parameter is the reactance
at 5 Hertz (X5), which will be more negative as there is greater
obstruction of the small airway. There is a point at which the
reactance is equal to zero, it is known as the Resonant Frequency
(Fres), and the area delimited by the horizontal axis, the Xrs curve
below zero and vertex is in Fres, is called the reactance area (AX)
or Goldman triangle [2,3]. (Figure 1) plots the curves of Rrs, Xrs,
the reactance area, and Fres. In pediatric asthma, all or some
of the 10S parameters can be altered and determine types of
obstructive alterations. The most common is peripheral or distal
airway obstruction followed by combined airway obstruction
(distal and proximal) and very less frequent central or proximal
airway obstruction [4]. (Table 1) shows the different parameters
altered in each type of obstruction.

For the interpretation of I0S in asthma, it is important to have
reference predictive values in healthy children. These predictive
values vary with patient size, but also by age, gender, weight, and
ethnicity. Currently, there are at least 15 countries on different
continents that have reported predictive values for I10S in healthy
children. When the predictive values between Hispanics and
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Caucasians have been compared, a good degree of agreement has
been demonstrated for most of the I0S parameters, indicating
that there would not be many geographic or ethnic differences
[5]- Recently, Gochicoa, et al. [6] published continuous predictive
values for life, which allows monitoring the patient with asthma

Table 1: Types of I0S obstruction in pediatric asthma.

from the preschool stage to adolescence without having to change
the predictive values as the child grows, thereby eliminating
the discordance that can be produced by mixing the different
equations [6].

Obstruction R5 R20 R5-R20 X5 Fres AX
Peripheral or distal T Normal T More negative T T
Central or proximal T T Normal Normal Normal Normal

Combined T T T More negative T T

R5, respiratory resistance at 5Hz; R20, respiratory resistance at 20Hz; R5-20, the difference between respiratory resistance at 5 and 20Hz; X5,

respiratory reactance at 5Hz; Fres, resonant frequency; AX, reactance area.
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Figure 1: Conventional plots of respiratory resistance (Rrs) and reactance (Xrs) depending on frequency, Fres or Resonant Frequency
(reactance = 0), and reactance area (hatched area).
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In recent years, evidence has increased regarding the role of
I10S in the monitoring of pediatric asthma. Ling et al. [ 7] published
a meta-analysis of 6 studies with 615 children and adolescents
with asthma and showed that R5, X5, AX, and Fres are good 10S
parameters to predict asthma exacerbations or loss of control
[7]. In a prospective observational cohort of 560 asthmatic
children between 6 and 12 years (average 9 years) it was shown
that the parameters R5, R5-R20, X5, and AX can predict lower
scores in asthma control measured by the childhood asthma
control test (C-ACT). Furthermore, in this study, the parameter
R5-R20, which reflects the alteration of the small airway, is the
strongest risk factor for uncontrolled asthmatic children in
multiple regression analysis [8]. A 3-year follow-up study with 66
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asthmatic preschoolers showed that AX, R5-R20, and R5 had the
best LR+ (50, 10, and 7.1, respectively) to increase the probability
of abnormal spirometry at school age [9]. Similar findings were
later found in a cohort of 220 preschool children followed from
the age of 4 years with 10S in which it was demonstrated that the
increase in preschool R5 was associated with active asthma and
impaired lung function at age 8 years [10].

Conclusion

I0S in pediatric asthma used from preschool age can predict
loss of control, exacerbations, and deterioration of lung function
in the short and medium term.
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