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Introduction:  The  role of oscillometry  in  interstitial  lung  disease  (ILD)  is still  unclear.  The  main  objective
of  our  study  was  to  describe  the parameters  determined  by  oscillometry  in these  patients  and  compare
them  with  those  obtained  in  conventional  respiratory  function  tests.
Methods:  This  was  a cross-sectional  observational  study.  Patients  with  no respiratory  disease  and  patients
being  followed  up for  ILD  in  the  specialist  unit  of  Hospital  Universitario  de Getafe,  Madrid  were  included.
Results:  A total of 45  individuals  were  analyzed.  Fifteen  had  no  respiratory  disease,  15  were  ILD  patients
with  mild  functional  impairment,  and  another  15  were  ILD  patients  with  severe  impairment.  None  of  the
participants  had  an  obstructive  pattern  on  spirometry.

Comparison  between  the  three  groups  showed  statistically  significant  differences  in the  values  of  R5-
19,  reactance  at 5 Hz  and  reactance  at 11  Hz.  No  differences  were  observed  between  the  three  groups
in  Delta  Xrs.  The  study  showed  a strong  correlation  between  total  and  inspiratory  reactance  at  5  Hz  and
forced  vital  capacity  and diffusing  capacity  for carbon  monoxide.
Conclusions:  Our results  suggest  that  the  findings  in ILD  are  characteristic  of  this  disease  and  that  they
differ  from  those  found  in  other  diseases  such  as chronic  obstructive  pulmonary  disease.  It  also  seems
that  there  are  differences  according  to the degree  of functional  impairment  of  the patients.  The  results
show  a strong  correlation  with standard  pulmonary  function  tests,  so  oscillometry  could  be  a useful  tool
in patients  with  ILD who  are  unable  to perform  it, and  could  provide  additional  information.

©  2023  Sociedad  Española  de  Neumología  y Cirugía  Torácica  (SEPAR).  Published  by Elsevier  España,
S.L.U. This  is  an open  access  article  under  the  CC BY-NC-ND  license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

¿Es  útil  la  oscilometría  para  medir  la  función  pulmonar  en  enfermedades
pulmonares  intersticiales  difusas?
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Introducción:  El papel  de  la  oscilometría  en  la  enfermedad  pulmonar  intersticial  difusa  (EPID)  aún  no está
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claro.  El  objetivo  principal  de  nuestro  estudio  fue describir  los  parámetros  determinados  por  oscilometría
en  estos  pacientes  y compararlos  con los obtenidos  en las  pruebas  de  función  respiratoria  convencionales.
Métodos:  Se  trata de  un  estudio  observacional  transversal.  Se  incluyeron  tanto  pacientes  sin  enfermedad
respiratoria  como  pacientes  con  EPID  en  seguimiento  en  la  unidad  especializada  del  Hospital  Universitario
de  Getafe,  Madrid.

 un  total  de  45  individuos.  Quince  no tenían  ninguna  enfermedad  respiratoria,
Resultados: Se  analizaron

15  eran  pacientes  con  EPID  y deterioro  funcional  leve,  y otros  15  eran  pacientes  con  EPID  con  deterioro
grave.  Ninguno  de  los  participantes  tenía  un  patrón  obstructivo  en  la  espirometría.
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La  comparación  entre  los tres grupos  mostró  diferencias  estadísticamente  significativas  en  los valores
de  R5-19,  Reactancia  a 5 Hz  y  Reactancia  a 11  Hz.  No se  observaron  diferencias  entre  los  tres  grupos
en  Delta  Xrs. El estudio  mostró  una  fuerte  correlación  entre  la  reactancia  total  e inspiratoria  a  5 Hz  y  la
capacidad vital  forzada  y  capacidad  de  difusión  del monóxido  de  carbono.
Conclusiones:  Nuestros  resultados  sugieren  que los  hallazgos  en  EPID  son  característicos  de  esta  enfer-
medad  y  que  difieren  de  los  que  se encuentran  en  otras  enfermedades  como  la  enfermedad  pulmonar
obstructiva  crónica.  También  parece  que  existen  diferencias  según  el grado  de deterioro  funcional  de  los
pacientes.  Los  resultados  muestran  una  fuerte  correlación  con las  pruebas  estándar  de  función  pulmonar,
por  lo  que  la oscilometría  podría  ser  una  herramienta  útil  en  pacientes  con  EPID  que  no  pueden  realizarla,
y podría  aportar  información  adicional.

© 2023  Sociedad  Española  de Neumología  y  Cirugía  Torácica  (SEPAR).  Publicado  por  Elsevier  España,

t
h
t
w
a

b
m
t
l

c
r
m
p

i
o
p
p
t
t

w
o
u
m
w

a
i
o
a
c
C

S

h
m
A
h
o
p

Introduction

Respiratory function tests are key in routine clinical practice
to rule out respiratory diseases. Oscillometry is a non-invasive
technique, first described in 1953 by DuBois1 for measuring the
mechanical properties of the respiratory system. It involves apply-
ing small pressure oscillations at different frequencies to the airway
openings during quiet normal breathing. These pressures and air-
flow changes are analyzed by a pneumotachograph for subsequent
interpretation of the results.

Until now, studies have focused primarily on children, due to the
simplicity of the technique and the limited cooperation required.
However, in recent years there has been an increased interest in the
use of oscillometry in the adult population, especially in obstructive
airway diseases.

Several studies have shown significant differences in lung func-
tion measured by oscillometry between patients with bronchial
asthma or chronic obstructive pulmonary disease (COPD)2,3 and
healthy volunteers. However, further results are still needed before
this technique can be incorporated into daily practice.4

Scant evidence is available on the use of this technique
in interstitial lung disease (ILD). Existing data suggest that in
these diseases, there is an increase in 5 Hz resistances and
pulmonary reactance, reflecting total resistances and elastic prop-
erties, respectively.5,6

These results focus mainly on idiopathic pulmonary fibrosis
(IPF), the most widely studied disease, although they are also con-
sistent with larger studies, such as that recently published by Liang
et al.7 that compares both obstructive and restrictive lung diseases.

Another relevant finding in ILD is the difference between inspi-
ratory and expiratory 5-Hz reactance. In these patients, a greater
magnitude of X5 has been observed in inspiration than in expira-
tion, which could help to differentiate it from obstructive airway
diseases, since in COPD the expiratory X5 is increased, while
in asthma no differences are observed between inspiration and
expiration.8

Despite all this, oscillometry is still used more in research than
in daily clinical practice, given the lack of cut-off points from which
to determine the existence of disease and its severity.

The main objective of our study was to describe the parame-
ters determined by oscillometry in diffuse interstitial diseases and
determine any differences depending on the severity of the disease.

Material and methods

Study design and patients
This was a cross-sectional observational study conducted
between August 1, 2021 and December 1, 2022.

Information was gathered from 45 patients: 15 had no respira-
tory disease (NRD) and 30 patients were being followed up for ILD in
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he specialist unit of the Hospital Universitario de Getafe, Madrid;
alf had mild functional impairment (MI) and half had severe func-
ional impairment (SI). All patients who participated in the study
ere diagnosed according to current clinical practice guidelines,

fter being evaluated by a multidisciplinary committee.
The severity of functional impairment was established on the

asis of forced vital capacity (FVC) and diffusing capacity for carbon
onoxide (DLCO). The MI  group had FVC and DLCO equal to or more

han 70%, while the SI group had FVC less than 70% and/or DLCO
ess than 70%.

Patients who  refused to participate in the study, patients with
oncomitant respiratory diseases that could interfere with the
esults (malignancies, heart failure, emphysema, chest wall defor-
ity, neuromuscular diseases, etc.), and patients with obstructive

attern in simple spirometry were excluded.
Oscillometry was  the first test to be conducted. It was performed

n patients in a seated position who  had abstained from smoking
r sport in the previous 2 h. If simple spirometry, plethysmogra-
hy and DLCO could not be performed on the same day, they were
erformed later, within a period not longer than one month. All
ests were performed according to the current European Respira-
ory Society guidelines.9–11

The oscillometry device used was  the Resmon Pro with a soft-
are version of V6.1.2, which performs the analysis at a frequency

f 5, 11 and 19 Hz. SentrySuiteTM, version V2.21.7 software was
sed to perform simple spirometry, plethysmography and DLCO. A
inimum of three tests were performed per patient, in compliance
ith European reproducibility and quality criteria.

All subjects were given an adequate explanation of the study
nd provided written informed consent. This study was  conducted
n accordance with the International Conference on Harmonization
n Good Clinical Practice and the Declaration of Helsinki (2008),
nd approval was granted by the institutional research ethics
ommittee of Hospital Universitario de Getafe (approval number:
EIm21-36).

tudy variables

Anthropometric and clinical data (body mass index, smoking
istory, dyspnea, arterial hypertension, dyslipidemia and diabetes
ellitus) were extracted from patients’ electronic medical records.
ll patients, including the non-respiratory disease control group,
ad to have undergone a high-resolution computed tomography
f the chest (HRCT), for reasons unrelated to the study, during the
revious year.

Respiratory impedance was  measured in all patients using oscil-

ometry.

Resistances and reactances were measured at all frequencies,
oth in inspiration and expiration. The Resmon Pro V3 also has a
atented index, called Delta Xrs, which consists of the difference

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table  1
Main patient characteristics. The table shows the data presented as mean ± SD or
median and [interquartile range], as appropriate.

NRD
(n = 15)

MI
(n = 15)

SI
(n = 15)

p-Value

Sex: male/female 4/11 12/3 11/4 0.01
Age  (years) 57 ± 9.7 68.9 ± 7.1 65.2 ± 9.4 0.00
Smoking pack-years 20 [15] 30 [25] 25 [20] 0.743
BMI, kg/m2 28 [5.7] 28 [5] 28.8 [5.9] 0.981
mMRC dyspnea scale

0 (n) 15 0 0 0.00
1  (n) 0 13 4
2  (n) 0 1 3
3  (n) 0 0 6
4  (n) 0 0 1

BMI: body mass index; MI:  mild functional impairment; mMRC: modified Medical
Research Council; NRD: non-respiratory disease control group; SI: severe functional

Table 2
Conventional PFT results. The table shows the data presented as mean ± SD. The p-
value was calculated with the chi-squared test, Student’s t-test or Mann–Whitney
U  as appropriate (normal distribution or not).

NRD
(n = 15)

MI
(n = 15)

SI
(n = 15)

p-Value

FVC (mL) 3581 ± 659 3228 ± 715 2229 ± 536 0.00
FVC  (%) 109 ± 15.3 96 ± 15.7 64.4 ± 10.8 0.00
FEV1/FVC (%) 78 ± 3 80 ± 7.7 78 ± 4.6 0.638
TLC  (L) 5.4 ± 1.1 5.2 ± 1.1 3.5 ± 0.6 0.004
TLC  (%) 105.3 ± 14.6 90.5 ± 11.2 59.9 ± 6.9 0.00
RV  (L) 2.1 ± 0.6 2 ± 0.5 1.4 ± 0.3 0.030
RV  (%) 111 ± 16 84 ± 19 58 ± 24 0.00
RV/TLC (%) 98 ± 14.6 93 ± 14.3 100 ± 22.2 0.371
DLCO (mmol/(min kPa)) 8.1 ± 1.5 6.5 ± 1.3 3.9 ± 1.1 0.00
DLCO (%) 105 ± 17 84.8 ± 11.8 48.7 ± 10.5 0.00

DLCO: diffusing capacity for carbon monoxide; FEV1: forced expiratory volume in
t
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impairment. The p-value was  calculated with the chi-squared test, Student’s t-test,
Mann–Whitney U test or Fisher’s exact test as appropriate (normal distribution or
not).

between the reactance at 5 Hz in expiration and inspiration, which
helps to determine the presence of airflow limitation in expiration.

The R5-19 parameter refers to the resistance of the small air-
ways, since it is total resistance (R5 Hz) minus resistance at 19 Hz.

Our device does not calculate resonance frequency or reactance
area.

Statistical analysis

Statistical analyses were performed using IBM SPSS v 21. The
absolute and % predicted values are presented as mean ± SD or
median and IQR, as appropriate.

A significance level of 0.05 was established. For continuous
variables with a normal distribution, ANOVA was  used. For vari-
ables without a normal distribution, the Kruskal–Wallis hypothesis
test was used. The chi-square test was used for the analysis of
contingency tables and for the comparison of proportions and/or
frequency distributions.

Results

Characteristics of the study population

A summary of the characteristics of the patients in each group
is shown in Table 1.

Seven patients in the MI  group had a diagnosis of IPF,
3 indeterminate ILD, 2 interstitial lung abnormalities (ILA), 1
smoking-related interstitial fibrosis (SRIF), 1 organizing pneumonia
(NO), and 1 interstitial lung disease post-COVID.

On HRCT, 6 patients in this group showed a reticular interstitial
pattern with peripheral subpleural distribution, 3 interstitial thick-
ening and 6 had a fibrotic pattern (with honeycombing, traction
bronchiectasis and lung volume loss).

Six patients in the SI group had a diagnosis of progressive
pulmonary fibrosis (PPF), 4 IPF, 2 non-progressive fibrotic hyper-
sensitivity pneumonitis (HP), 2 indeterminate ILD, and 1 pulmonary
Langerhans cell histiocytosis.

On HRCT, all patients in this group had a fibrotic pattern, except
for 1 patient who had a predominantly cystic pattern.

Conventional pulmonary function test and oscillometry results

None of the participants had an obstructive pattern on spirom-
etry. The mild and severe groups were differentiated on the basis

of FVC and DLCO values.

The MI  group had FVC and DLCO equal to or greater than 70%,
while the SI group had FVC less than 70% and/or DLCO less than
70%.

o
i

o

3

he first second; FVC: forced vital capacity; MI:  mild functional impairment; NRD:
on-respiratory disease control group; RV: residual volume; SI: severe functional

mpairment; TLC: total lung capacity.

Table 2 shows the spirometry, plethysmography and DLCO
esults in the different groups.

Oscillometry results are shown in Table 3.

elationship between oscillometry and conventional PFTs

The correlation coefficient between DLCO and FVC values with
espect to total and inspiratory X5 Hz, can be seen in Fig. 1. There
s a close correlation (0.6 < r < 0.8) between DLCO and total X5 Hz,
nd between inspiratory X5 Hz and both FVC and DLCO.

iscussion

To the best of our knowledge, this is the first Spanish study on the
se of oscillometry in ILD. It highlights three main findings regard-

ng the usefulness of this technique in this group of patients: (1)
tatistically significant differences in reactance were observed at
oth 5 Hz and 11 Hz in the study population; (2) statistically sig-
ificant differences in the R5-19 values were observed between
he groups analyzed; and (3) a strong correlation was observed
etween the values of the conventional pulmonary function tests,
uch as FVC and DLCO, with reactance, both total and inspiratory,
t 5 Hz.

Pulmonary reactance represents the reactive component of
espiratory impedance and, at frequencies lower than resonance
gures, has always been related to pulmonary elastance. One of
he first articles that analyzed Xrs measured by oscillometry in
LD was published by Van Noord et al.12 in 1989. Already then,
his parameter was seen to be altered in these patients, although it
id not seem to be specific to these diseases. A single value alone
oes not indicate a disease; the entire result must be evaluated as

 whole.
Other more recent articles have supported this finding, such as

hat published by Liang et al.,7 which compares the results obtained
y oscillometry in different diseases. They also describe Xrs alter-
tions in ILD patients, although they observed even more negative
alues in obstructive airway diseases, suggesting that X5 Hz is more
ensitive to changes in airway obstruction, due to small airway
nvolvement, than to lung elasticity.

Our results show statistically significant differences in Xrs in
he three groups. In fact, this seems to be related to the sever-
ty of the functional impairment, since in severe patients, we

bserved more negative mean values than in those with mild
mpairment.

Most publications to date refer to reactance at 5 Hz. However,
ur equipment also measures X at 11 Hz, which is also significantly
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Table  3
Oscillometry results in the three different groups. The table shows the data presented as mean ± SD or median and [interquartile range], as appropriate. The p-value was
calculated with the ANOVA or Kruskal–Wallis test, as appropriate (normal distribution or not).

NRD(n = 15) MI (n = 15) SI (n = 15) p-Value

R5 Hz (cmH2O/(L/S)) 2.7 ± 1 3.3 ± 0.9 3.4 ± 1.3 0.198
R5  Hz (%) 79.9 [47.6] 87.3 [28.3] 101.8 [50.4] 0.110
R11  Hz (cmH2O/(L/S)) 2.6 ± 0.9 3 ± 0.7 2.9 ± 1 0.470
R11  Hz (%) 84.7 [38.2] 90.4 [17.1] 98.7 [39.9] 0.204
R19  Hz (cmH2O/(L/S)) 2.6 ± 0.9 2.6 ± 0.6 2.6 ± 0.8 0.978
R19  Hz (%) 84.6 [41.4] 82.9 [8] 86.6 [27.8] 0.505
R5 19 0.1 [0.5] 0.5 [0.6] 0.9 [0.6] <0.001
Delta  Xrs −0.1 [0.4] 0.2 [0.7] −0.1 [0.7] 0.09
Inspiratory X5 Hz (cmH2O/(L/S)) −0.7 ± 0.4 −1.2 ± 0.6 −1.8 ± 0.4 <0.001
Expiratory X5 Hz (cmH2O/(L/S)) −0.8 [0.5] −1.2 [1] −1.9 [1] <0.001
Total  X5 Hz (cmH2O/(L/S)) −0.7 ± 0.4 −1.3 ± 0.6 −1.9 ± 0.8 <0.001
Inspiratory X5 Hz (%) 53.3 [30.4] 85.1 [77.6] 132.9 [30.5] <0.001
Expiratory X5 Hz (%) 50 [33.1] 98.2 [63.1] 112.8 [116.4] <0.001
Total  X5 Hz (%) 51 ± 26.8 92.4 ± 41.6 146.1 ± 48.8 <0.001
Inspiratory X11 Hz (cmH2O/(L/S)) 0 [0.1] −0.5 [0.4] −0.8 [0.5] <0.001
Expiratory X11 Hz (cmH2O/(L/S)) −0.1 [0.4] −0.7 [1.1] −0.5 [0.9] <0.001
Total  X11 Hz (cmH2O/(L/S)) −0.1 [0.3] −0.7 [0.7] −1 [0.8] <0.001
Inspiratory X11 Hz (%) 7.1 [69.6] 241.6 [132.1] 376 [450.4] 0.002
Expiratory X11 Hz (%) 48.7 [237.9] 299.8 [319.8] 221.6 [777.4] 0.001
Total  X11 Hz (%) 29.4 [134.3] 280.2 [223.5] 295.7 [604.5] <0.001

MI:  mild functional impairment; NRD: non-respiratory disease control group; R: resistance; SI: severe functional impairment; X: reactance.
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Fig. 1. Correlation coefficient between DLCO and 

impaired. This implies more negative values for all the parameters
of the reactance curve and, therefore, an increase in the reactance
area in these patients.

In our study, we did not observe statistically significant differ-
ences in the measurement of Delta Xrs. This suggests that these
patients have no expiratory airflow limitation, which could be the
key to differentiating it from COPD, a disease characterized by this
finding.13

A remarkable aspect of our study is that we were able to describe
and measure inspiratory and expiratory reactance separately, not
only the total figures. Sugiyama et al.8 attempted to describe the

main differences between the two phases of respiration. They found
that the magnitudes of expiratory X5 were greater than those of
inspiratory X5 in patients with COPD, whereas this situation was
reversed in patients with ILD. In our study, we  corroborated this
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alues with respect to total and inspiratory X5 Hz.

nding in the group with severe impairment but not in the group
ith mild impairment.

Another parameter found to be significantly altered in our
tudy is R5-19, reflecting small airway resistance. The existence
r absence of altered resistance in ILD has been studied previ-
usly. Mikamo et al.14 conducted an interesting study aimed at
nalyzing the small airway in this group of patients. They divided
he study population in two: patients with ILD and small airway
nvolvement (mosaic pattern, air trapping and centrilobular nod-
les) and patients with ILD but without small airway involvement.
hey observed that the R5-20 parameter was  significantly altered

n the first group, as is the case in our study when comparing ILD
atients with healthy controls. However, in our case these find-

ngs were not specified on CT, but the result is in line with other
esearchers who  have evaluated oscillometry in ILD.
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Another recent publication by Panagopoulos et al.15 evaluated
the small airway in patients with scleroderma, with and without
ILD, finding a significant increase in R5-20 in the first group.

This result is in agreement with that of the abovementioned
registry published by Liang et al.,7 which highlights the increase in
resistance, mainly at the expense of the small airways. This fact is
mainly related to TLC: the lower the TLC, the higher the peripheral
resistances, which would explain our finding. The R5-20 parameter
increases as does the severity of respiratory functional impairment.

Our results also show a progressive increase in the mean values
of R5 and R11 Hz as severity increases, although the differences
were not statistically significant. This is not the case at R19 Hz,
which helps to differentiate ILD from COPD, and usually presents
alterations at all frequencies.16

The most studied disease among the ILD is IPF, and the updated
guideline on IPF and PPF has recently been published.17 The impor-
tance of pulmonary function in diagnosis and treatment is clear in
these recommendations. Indeed, the diagnostic criteria for PPF, in
addition to radiological and clinical criteria, include a 5% absolute
decline in FVC in 1 year and a 10% decline in DLCO in the same
period. These parameters are also used in clinical trials as the main
objective to monitor the usefulness of new drugs, as was  the case
in the INBUILD18 study or the study conducted by Maher et al.19

The results of our study show a strong correlation between FVC
and DLCO values and total and inspiratory 5 Hz reactance and open
a door to further research in this area. This would support the use-
fulness of oscillometry as an additional tool for the evaluation of this
patient profile, although further studies in this regard are required.

Adding oscillometry to routine clinical practice would provide
important benefits, including more detailed information on patient
function (differentiating between resistance and reactance at dif-
ferent levels of the airway) and improved comfort. In patients with
severe impairment, it is sometimes impossible to perform spirom-
etry or diffusion, given their limited functional capacity. Instead,
oscillometry can be performed at tidal volume, without any addi-
tional effort, and completed in less than a minute.20

The differences observed in our study between the different
study groups also support the potential usefulness of oscillometry
in the classification of severity. This could be further investigated
to determine if oscillometry detects changes more sensitively than
spirometry, so that it could be used for disease screening. It has
already been studied with promising results.21

This study may  have some limitations. The primary limitation
to the generalization of these results is the small sample size, as it
was conducted in a single center. Furthermore, the patients were
analyzed according to the severity of their functional impairment
with no differentiation in terms of underlying disease, which may
have an influence, given that ILD are very heterogeneous.

In conclusion, this study analyzes the correlation between con-
ventional functional values and oscillometry, with positive results.
This is the first study conducted on ILD in Spain: most of the studies
conducted to date focus on the Asian population. It is an accessible
and easy-to-use tool that is much better tolerated by patients with
severe involvement. Studies such as ours underline the need for
more studies in this area with larger sample sizes and a multicenter
design.
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