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Abstract

Currently, the analysis of respiratory function at suspicion of obstructive pulmonary diseases is recommended to 

start with spirometry as the most sensitive method of obstruction detection. However, data on informative value 

and specificity of a method are contradictory. To obtain reliable results good cooperation of the patient and health 

professionals is necessary. Impulse oscillometry is a noninvasive method of general respiratory resistance assessment, 

which does not require forced exhalations. The sensitivity and specificity of this method remain undecided as well as 

the obtained parameter interpretation. The objective of this work was to study opportunities of impulse oscillometry 

in diagnosis of early respiratory dysfunctions and identification of its most informative indicators correlating with 

parameters of spirometry and body plethysmography. Materials and methods. Patients with the established diagnosis 

of mild asthma (n=68) were examined. In 71 % of patients, obstructive respiratory dysfunction was revealed. In the 

control group (n=41) there were no abnormalities. Results. In most of patients with revealed via spirometry and body 

plethysmography obstructive disturbances the increase in indicators of absolute frequency dependence of the resistive 

component of the respiratory impedance at the oscillation frequency of 5 Hz and 20 Hz (Rrs5-Rrs20) and the reactance 

area (AX). Increase in Rrs5-Rrs20 was revealed in 48 (71 %) patients and the increase in AX was observed in 44 (65 %) 

of the surveyed patients, with 42 (61 %) patients without the increase of reactance (Xrs5) and resistance (Rrs5). 

Conclusion. The absolute frequency dependence of Rrs5-Rrs20 and AX are the most informative parameters of impulse 

oscillometry. In some patients the IOM findings were more significant in comparison with spirometry ones.
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Introduction
Today, bronchial asthma (BA) is one of the most 
relevant health problems worldwide. According to 
official data, the annual increase in patients with 
the onset of the disease increased in the last decade 
[1]. Among the population of the Russian Federa-
tion, the incidence of BA for 2017 was 84.2 people 
per 100,000 people [2].
In the structure of morbidities, mild BA inci-
dence occupies a leading position and occurs
in 50–75 % of cases [3].
Based on forecasts, the number of patients with BA 
in the Russian Federation (both adults and chil-
dren) will grow in the next decades, mainly due to 
early diagnosis of the disease [4, 5]. Thus, the study 
of clinical features of the mild course and early 
changes in the functional state of the respiratory 
system becomes particularly relevant.
Currently, the diagnosis of BA is established on the 
basis of the clinical picture and anamnestic data.
Functional diagnosis of the respiratory system 
allows to confirm the presence of the disease, to 
clarify the severity of bronchial obstruction, as well 
as its reversibility [6, 12, 26]. To date, the study of 
the respiratory system function in cases of suspected 
obstructive diseases is usually started with spirom-
etry as the most sensitive method in the detection 
of bronchial obstruction [28–30]. However, the 
data on the informative value and specificity of 
the method are contradictory. The results of some 
studies indicate a weak relationship between the 
parameters of spirometry and BA manifestations 
[7–9, 23, 24]. It is important to remember that in 
situations when it comes to the examination of 
children and elderly patients, cooperation with 
whom is difficult, the diagnostic significance of 
spirometry is reduced. It should also be noted that 
classical spirometry makes it possible to assess the 
distal and proximal parts of the respiratory tract, 
which take part in forced exhalation. Functional 
changes in the early stages of bronchial obstruc-
tion have a latent nature due to the fact that they 
occur in peripheral bronchi that are not involved 
in the process of forced exhalation [23]. Thus, today 
there is an urgent problem of early diagnosis for 
the initial manifestations of peripheral bronchial 
obstruction. In recent years, oscillatory mechanics 

tests based on the technique of forced oscillations 
are increasingly used to identify early changes in 
the functional state of the respiratory system. The 
latest modification of the method — impulse oscil-
lometry (IOM) — is more widely used. This tech-
nique allows to overcome the disadvantages of 
classical spirometry [25].
IOM is a non-invasive method of assessing total 
respiratory resistance in calm breathing, which 
does not require forced exhalations. The param-
eters calculated in IOM reflect the manifestations 
of obstruction, both in the central and peripheral 
bronchi. Data indicating patency disorders in 
small bronchi can be used both for early diagno-
sis of mild BA and for assessment of the efficacy of 
the therapy [10]. Baseline IOM parameters are the 
total amount of elastic and inertial resistance (the 
reactive component of respiratory impedance, or 
reactance (Xrs)) at a frequency of oscillations from 
5 to 35 Hz and the resistive component of respira-
tory impedance (Rrs) [11].
To date, a number of studies aimed at assessing the 
capabilities of IOM have been conducted, but the 
interpretation of the indicators obtained during 
the examination, as well as the sensitivity and spec-
ificity of the method require further study [10, 17, 
18, 20, 21].

The objective of this work was to study the capa-
bilities of IOM in the diagnosis of early dysfunc-
tion of the respiratory system and to identify the 
most informative indicators of impulse oscillom-
etry correlated with parameters of spirometry, body 
plethysmography.

Materials and methods
The main group of the study included patients 
diagnosed with mild BA (n=68), among them 27 
(40 %) were male and 41 (60 %) were female. The 
median age was 26[22;33] years.
Verification of the diagnosis and the severity of BA 
was established in accordance with the recommen-
dations set out in “Global strategy for the treatment 
and prevention of bronchial asthma”, 2017 [12].
The control group included healthy subjects with-
out clinical manifestations of lung disease and 
severe comorbidity (n=41), including 15 (37 %) 



О Р И Г И Н А Л Ь Н Ы Е  С Т А Т Ь ИАрхивъ внутренней медицины • № 3 • 2019

215 

men and 26 (63 %) women. The median age was 
25[21;32] years.
During the study, they used modern methods of 
functional diagnostics such as spirometry, body 
plethysmography and IOM. Examinations were 
conducted on the Master Screen Body (Jaeger, 
Germany) installation. Body plethysmography and 
spirometry were performed in the framework of the 
quality standards for studies of European Respira-
tory Society (ERS) and American Thoracic Society 
(ATS) [13,14]. IOM was carried out according to 
the recommendations of H. J. Smith, P. Reinhold 
et al. [15].
The study analyzed the following indicators of pul-
monary functional tests:
1. Spirometric indicators — forced vital capacity 

(FVC), forced expiratory volume in the first sec-
ond (FEV1), Gensler index (FEV1/FVC), Tiffeneau 
index (FEV1/VC), volume rate in the middle sec-
tion of the forced expiratory flow-volume curve 
between 25–75 % of the exhaled FVC (MVR25-75).

2. Indicators of body plethysmography — total 
lung capacity (TLC), vital capacity (VC), residual 
volume (RV), the ratio of residual volume to to-
tal capacity (RV/TLC), intrathoracic gas volume 
(ITV), total, inspiration and expiration bronchial 
resistance parameters (Rawt, Rawin, Rawex).

3. Indicators of IOM — total respiratory resistance 
or respiratory impedance at the frequency of the 
oscillations of 5 Hz (Zrs5), the resistive component 
of respiratory impedance at the frequency of os-
cillations of 5 Hz and 20 Hz (Rrs5, Rrs20). Since 
the reactance at a frequency of 5 Hz (Xrs5) can 
assume negative values, its ratio to the predicted 
value was calculated by the difference between 
its predicted and obtained value (deltaXrs5) [16]. 
The frequency dependence was calculated as the 
absolute difference between the values of the re-
sistive component of the respiratory impedance 
at the oscillation frequency of 5 Hz and 20 Hz 
(Rrs5-Rrs20), as well as a relative value. When de-
termining the (relative) frequency dependence 
of Rrs, two methods of calculation recommended 
by different sources were used:
D (Rrs%Rrs5) = (Rrs5 — Rrs20)/Rrs5*100 % [17]
D (Rrs%Rrs20) = (Rrs5 — Rrs20)/Rrs20*100 % [18]
The analysis includes DXrs5 parameters, which is 
defined as the difference between the mean values 

of Xrs5 on inhalation and exhalation, its increase 
is a functional sign of the expiratory flow restric-
tion. The following IOM parameters were also 
evaluated during the work: resonance frequency 
(fres), the area above the Xrs curve in the frequency 
range from 5 Hz to fres, (AX), which is sometimes 
called as Goldman triangle and coherence at the 
oscillation frequency of 5 Hz (Co5).

The results of spirometry and body plethysmogra-
phy were analyzed taking into account the require-
ments of the ERS, ATS [13, 14] and the Federal 
clinical recommendations of the Russian respira-
tory society for spirometry method [19].
Mild severity of ventilation disorders was diagnosed 
with the decline in the Tiffeneau index <70 % 
of predicted, FEV1 >70, moderate severity if 
FEV1 index was in the range 60–69 %, and Tiffe-
neau index — <70 % of predicted, severe (sig-
nificant) impairment was in case of FEV1 values 
in the range of 50–59 % of predicted [13, 19].
The degree of severity of obstructive disorders 
according to the results of IOM was evaluated by 
changes in the main indicators of Rrs5 and del-
taXrs5. For the resistive component of the respira-
tory impedance at the oscillation frequency of 5 Hz 
and 20 Hz (Rrs5, Rrs20) the values <150 % of pre-
dicted were considered as normal; for relative fre-
quency dependence <35 %, for absolute frequency 
dependence (Rrs5-Rrs20) <0.08 kPa. DeltaXrs5 
≤0.15 kPa•s/l, the area above the Xrs curve in the 
frequency range from 5 Hz to fres, (AX) <0.33 kPa/l, 
DXrs5 <0.07 kPa•s/l, and the values of the reso-
nance frequency of fres in the range from 6 to 12 Hz 
were also taken into account within normal values 
[16, 20].
Taking into account what indicators exceeded 
normal values, conclusions were made about 
the level of respiratory tract (RT) damage. 
In case of their increase together with Rrs5 and 
Rrs20 increase and unchanged frequency depen-
dence of Rrs5-Rrs20, obstruction associated with 
pathological process in the central RT was diag-
nosed. The increase of only Rrs5, leading to an 
increase in frequency dependence, was character-
ized by changes in peripheral RT. These changes, 
accompanied by an increase in deltaХrs5, indicated 
a significant and more severe degree of obstruc-
tion. Generalized obstruction was diagnosed in the 
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detection of disturbances typical for obstructive 
disorders of peripheral and central RT.
The exceeding of the limits of the normal values of 
the area over the Xrs curve in the frequency range 
from 5 Hz to fres, (AX), which is sometimes referred 
to as the Goldman triangle, was also typical for the 
obstruction of the peripheral parts of the RT. The 
decrease in coherence at the frequency of oscilla-
tions of 5 Hz by less than 0.6 was considered as a 
sign of pathological heterogeneity of mechanical 
properties of the ventilation apparatus [21].
The results were processed using the Statis-
tica-6.1 package for Windows. Quantitative values 
are presented as median (Me) and interquartile 
interval [Q1;Q3], where Q1 is the 25 percentile, Q3 is 
the 75 percentile. In the case of deviation from the 
normal distribution of samples determined by the 
Kolmogorov-Smirnov method and the Shapiro-
Wilk test, the nonparametric Mann-Whitney U-test 
was used in the comparative analysis of groups on 
quantitative characteristics. Correlation analysis 
using Spearman rank correlation was used to assess 
the relationship between features. A very significant 
correlation was observed at r, corresponding to the 
level of statistical significance p <0.01, a significant 
correlation — at r, corresponding to the level of sta-
tistical significance p <0.05.

Results and discussion
According to spirometry data in the group of 
patients with mild BA, ventilation disorders 
of obstructive type were found only in 11 patients 
(16 %) (Table 1). In quantitative analysis 
of the FEV1, mild airway patency disorders (APD) 
were reported in 3 (4 %) people, moderate APD — 
in 6 (9 %) patients, severe — in 2 (3 %) people, 
while the parameters of FVC and VC in all patients 
were within normal values. We found the decline of 
MVR25-75 in 13 patients (19 %). Similar results were 
demonstrated in a previous study by Pellegrino R. 
et al. (2005), which suggests that in the diagnosis of 
early bronchial obstruction, MVR25-75 may be more 
sensitive than FEV1 [22].
According to body plethysmography the most 
pronounced changes were in bronchial resis-
tance during exhalation (Rawex); this parameter 
increased in 32 (47 %) subjects, and increase in 

total bronchial resistance (Rawt) was also reported 
in 15 (22 %) subjects and in bronchial resistance 
during inspiration (Rawin) — in 9 (13 %) people.
In the control group bronchial resistance indices 
were within normal values in all subjects.
The results of IOM in the group of patients with 
mild asthma indicated an increase in the resistive 
component of respiratory impedance at the fre-
quency of the oscillations of 5 Hz Rrs5 in 9 (13 %) 
patients, deltaXrs5 — in 10 (15 %) patients and 
an increase in Rrs20 — in 4 (6 %) of the patients. 
The comparison of the results for indicators in the 
group allowed to diagnose ventilation disorders 
of obstructive type, in 14 (21 %) patients, among 
them in 9 (13 %) patients moderate disorders were 
revealed and in 3 (4 %) — severe disorders and in 2 
(3 %) — extreme disorders. Thus, in 5 (7 %) subjects 
changes based on IOM were more pronounced in 
comparison with spirometry.
In the analysis of IOM indicators in the group 
with mild BA, absolute frequency dependence 
Rrs5-Rrs20 was the most susceptible to changes, 
and its increase was found in 48 (71 %) people, 
of which 42 (61 %) patients had deltaXrs5 and 
Rrs5 within normal values. These changes were 
considered as an early sign of peripheral respira-
tory tract pathology. It is noteworthy that 44 (65 %) 
people had a larger area above the Xrs curve in the 
frequency range from 5 Hz to fres, (AX) and the res-
onance frequency fres shifted to the high frequen-
cies. Quantification of resistive component param-
eters of respiratory impedance at the frequency of 
oscillations equal to 5 and 20 Hz, the absolute fre-
quency dependence Rrs5-Rrs20 and deltaХrs5 in 
patients with mild BA showed the presence of 
obstructive disorders on the level of the central 
respiratory tract in 3 patients (4 %), and 1 (2 %) 
patient was diagnosed with generalized obstruc-
tion. In the control group, the values of these indi-
cators did not change.
As a result of the analysis of the relationship 
between findings of spirometry, body plethysmog-
raphy and IOM in the group of patients with mild 
BA, direct and inverse highly significant (p <0.001) 
correlations were identified.
Therefore, there was a strong positive correlation 
between bronchial resistance parameter Rawex 
and the area above the Xrs curve in the frequency 
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range from 5 Hz to fres, (AX) (r = 0.73, p <0.001). 
Also mean, direct, correlation for Rawin, Rawt and 
AX (r = 0.67, p <0,001, r = 0.68, p <0.001, respec-
tively), mean direct, highly significant correlation 
of these parameters with the resonant frequency 
fres (r = 0.53, p <0.001, r = 0.54, p <0.001, respec-
tively) were found (Fig. 1). Thus, in most patients 
with clinical manifestations of bronchial obstruc-
tion and increased bronchial resistance, there was 
an increase in the area above the Xrs curve in the 
frequency range from 5 Hz to fres, (AX).
We also found a mean direct correlation of the 
Rrs5 parameter with bronchial resistance indicators 

Rawex (r = 0.67, p <0.001), Rawin (r = 0.66, p <0.001), 
Rawt (r = 0.67, p <0.001) and between Rrs20 and 
Rawex (r = 0.54, p <0.001), Rawin (r = 0.53, p <0.001), 
Rawt (r = 0.52, p <0.001) (Fig. 2).
Correlation analysis of spirometry and IOM indi-
cators revealed mean inverse correlation between 
MVR25-75 and the following indicators: Rrs5 
(r = –0.56, p <0.001), AX (r = –0.59, p <0.001), abso-
lute frequency dependence Rrs5-Rrs20 (r = –0.50, 
p <0.001) and resonance frequency fres (r = –0.66, 
p <0.001). Moderate inverse correlation between 
the Rrs20 indicator and Tiffeneau index (r = –0.50, 
p <0.001), Gensler index (r = –0.54, p <0.001), and 

Table 1. Parameters of body plethysmography, spirometry and impulse oscillometry in the group of patients with 
mild asthma and the control group

Parameters

Mild asthma, n=68 Control, n=41
Significance 

of 
differencesMe[Q1;Q3] Me[Q1;Q3]

n 1 n 2

VC, % 68 100.9[91.15;109.55] 41 99.1[91.9;107.7] p1-2 = 0.72

FVC, % 68 99.55[90.2;109] 41 102.8[95;110] p1-2 = 0.43

FEV1, % 68 90.75[82.5;98.45] 41 101.5[92.6;109] p1-2 = 0.001

FEV1/VC, % 68 77.55[72.25;80.6] 41 88[83;89.6] p1-2 <0.001

FEV1/FVC % 68 77.9[72.17;81.8] 41 86.44[82.08;88.37] p1-2 <0.001

MVR75-25, % 68 80.1[75.2;89.35] 41 89.4[82.2;96.8] p1-2 = 0.003

TLC, % 68 104.6[99.25;110.75] 41 101[95;107.7] p1-2 = 0.057

RV, % 68 112.05[97.45;137.2] 41 98.1[87.8;110.4] p1-2 = 0.003

RV/TLC, % 68 106.55[92.05;126.35] 41 94.1[87.1;105.6] p1-2 = 0.013

FRCpleth, % 68 106.9[88.7;117.2] 41 89.4[83;103.6] p1-2 = 0.001

Rawt, kPa•s/l 68 0.21[0.15;0.29] 41 0.16[0.12;0.2] p1-2 <0.001

Rawex, kPa•s/l 68 0.23[0.18;0.35] 41 0.2[0.15;0.24] p1-2 = 0.002

Rawin, kPa•s/l 68 0.18[0.14;0.26] 41 0.19[0.14;0.22] p1-2 = 0.438

Zrs5, % 68 127.2[108;138.7] 41 106.4[97.2;122.3] p1-2 <0.001

Rrs5, % 68 128.7[95.2;145.2] 41 102[87.1;112] p1-2 <0.001

Rrs20, % 68 92.2[73.05;117.55] 41 94.5[73.3;99] p1-2 = 0.247

(Rrs5-Rrs20)/Rrs5, % 68 20.3[11.4;28.1] 41 12.2[8.6;15.9] p1-2 <0.001

(Rrs5-Rrs20)/Rrs20, % 68 25.4[13.0;39.1] 41 13.9[9.4;19.0] p1-2 <0.001

Rrs5-Rrs20, kPa•s/l 68 0.09[0.07;0.14] 41 0.04[0.03;0.06] p1-2 <0.001

deltaXrs5, kPa•s/l 68 0.1[0.08;0.14] 41 0.09[0.07;0.12] p1-2 = 0.038

AX, kPa/l 68 0.37[0.2;0.56] 41 0.18[0.15;0.21] p1-2 <0.001

DXrs5, kPa•s/l 68 0.07[0.035;0.125] 41 0.04[0.02;0.05] p1-2 <0.001

Сo5 68 0.78[0.67;0.88] 41 0.72[0.67;0.79] p1-2 = 0.046

fres, Hz 68 16.5[12.5;19] 41 9[7;11] p1-2 <0.001

Note: The significance of differences between groups is calculated using the Mann-Whitney test; differences are significant at p <0.05; n is the 
number of observations



O R I G I N A L  A R T I C L E The Russian Archives of Internal Medicine • № 3 • 2019

218 

moderate inverse correlation between the abso-
lute frequency dependence Rrs5-Rrs20 and FEV1 
(r = –0.46, p <0.001), Tiffeneau index (r = –0.49, 
p <0.001), Gensler index (r = –0.45, p <0.001) 
(Fig. 3) were found.
The results obtained suggest that the IOM parame-
ters, such as the area above the Xrs curve in the fre-
quency range from 5 Hz to fres, (AX), the absolute 
frequency dependence Rrs5-Rrs20 and the resis-
tive component of the respiratory impedance at the 
oscillation frequency of 5 along with the param-
eters of spirometry MVR25-75, FEV1, FEV1/VC, FEV1/

FVC can indicate the presence of airway patency 
impairment.
In addition, in the group of patients with mild 
BA, moderate inverse correlation was established 
between the VC and FVC parameters and Rrs5 
(r = –0.34, p = 0.005, r = –0.35, p = 0.003, respec-
tively), the absolute frequency dependence Rrs5-
Rrs20 (r = –0.31, p = 0.011, r = –0.36, p = 0.002, 
respectively), AX (r = –0.32, p = 0.009, r = –0.34, 
p = 0.005, respectively) and the resonance fre-
quency fres (r = –0.38, p = 0.002, r = –0.43, p <0.001, 
respectively) (Fig. 4).

Figure 1. Correlation of bronchial resistance and IOM parameters in the group of patients with mild asthma

Figure 2. Correlation of bronchial resistance and the resistive component of the respiratory impedance at the 
oscillation frequency of 5 and 20 Hz in the group of patients with mild asthma
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Figure 3. Correlation of respiration mechanics parameters (MVR25–75, Tiffeneau index, Gensler index, FEV1) 
with IOM parameters, resistive component of the respiratory impedance at the oscillation frequency of 5 and 20 Hz, 
absolute frequency dependence, resonance frequency fres and AX in the group of patients with mild asthma

MVR25-75 

MVR25-75 

MVR25-75 

MVR25-75 

Tiffeneau index 

Gensler index 

Mild BA

Mild BA

Mild BA

Mild BA

Mild BA

Mild BA

FEV1 
Mild BA

Tiffeneau index 
Mild BA

Gensler index 
Mild BA

AX 

r = –0.66, p <0.001 

r = –0.50, p <0.001 

r = –0.56, p <0.001 

r = –0.59, p <0.001 

r = –0.50, p <0.001 

r = –0.54, p <0.001 

r = –0.46, p <0.001 

r = –0.49, p <0.001 

r = –0.45, p <0.001 

Figure 4. Correlation of lung volumes (VC, FVC) and the resistive component of the respiratory impedance at the 
oscillation frequency of 5 and 20 Hz, absolute frequency dependence Rrs, resonance frequency fres and AX in the 
group of patients with mild asthma
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Thus, the results of the analysis showed that in 
patients with ventilation disorders of obstruc-
tive type, bronchial resistance indicators are sig-
nificantly correlated with all the main param-
eters of IOM. The most informative indicators of 
IOM were absolute frequency dependence Rrs5-
Rrs20 and the area above the curve Xrs in the fre-
quency range from 5 Hz to fres, (AX); these indica-
tors were closely correlated with the magnitude of 
bronchial resistance, and in inverse proportion to 
rate indicators, such as FEV1, MVR25-75, FEV1/VC, 
FEV1/FVC. Similar correlations were observed 
between the VC, FVC and resistive component 
of the respiratory impedance at the oscillation 
frequency of 5, 20 Hz Rrs5, Rrs20. Therefore, 
the lower the rate and the greater the capacity, 
the greater the absolute frequency dependence 
Rrs5-Rrs20, AX and Rrs5, Rrs20.
In the future, it is planned to conduct a study with 
the expansion of the groups of subjects and a more 
in-depth analysis of the relationship between the 
indicators of functional tests, including IOM with 
the severity of obstructive disorders in patients with 
bronchial asthma.

Conclusion
According to the results of the study, the following 
conclusions can be made:
1. IOM parameters are significantly correlated with 

body plethysmography and spirometry parame-
ters, to a greater extent with indicators of bron-
chial resistance

2. The absolute frequency dependence Rrs5-
Rrs20 and the area above the Xrs curve in the fre-
quency range from 5 Hz to fres, (AX) are the most 
informative parameters of the IOM and are in a 
closer correlation with the respiratory mechanics 
parameters

3. Indicators of the resistive component of the re-
spiratory impedance at the oscillation frequency 
of 5 Hz, 20 Hz, Rrs5, Rrs20 and deltaXrs5 allow 
to differentiate the localization of the pathologi-
cal process in the central and peripheral RT and, 
possibly, in some cases, can be more informative 
than basic parameters of spirometry; in 5 sub-
jects (7 %), according to IOM, changes were more 
pronounced in comparison with spirometry.
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