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Relation of impulse oscillometry and spirometry with quantitative 
thorax computed tomography after COVID-19 pneumonia
Mustafa Engin Sahin1* , Atila Gökçek1 , Seher Satar1 , Pınar Ergün1 

INTRODUCTION
Computed tomography (CT) abnormalities may last for months 
following COVID-19 pneumonia. Patients with pneumonia 
who develop sequelae require clinical, radiological, and func-
tional follow-up1. It has been shown that CT data can be uti-
lized to evaluate patients for disease severity and follow-up2,3. 
The most common radiographic findings are ground-glass 
opacities (GGO), consolidation, and fibrosis. Thin-section spi-
ral volumetric CT is a common imaging modality used in the 
diagnosis and follow-up of COVID-19 pneumonia patients4. 
Quantitative CT (qCT) was reported to be used to evaluate 
the extent of COVID-19 pneumonia and in follow-up of the 
patients5. Spirometry and lung diffusion tests are recommended 
in routine clinical follow-ups of patients, especially in severe dis-
ease6. Furthermore, sound wave-based tests [forced oscillation 

technique and impulse oscillometry (IOS)] are employed to 
evaluate obstructive and restrictive disorders, particularly in 
obstructive diseases7. In obstructive diseases, IOS was shown to 
be more sensitive than spirometry in identifying minor airway 
obstruction8. Another study in patients who recovered from 
COVID-19 showed that IOS might detect aberrant findings 
even when spirometry was normal9.

This study aimed to investigate the functional equation of 
qCT results in patients with COVID-19 pneumonia, as well 
as their relationship with IOS and spirometry values. Our 
hypothesis was that relatively high-density lung fields in qCT 
due to COVID-19 involvement would correlate with IOS 
and spirometry parameters. As far as we know, no research 
has been undertaken to explore the correlation of qCT and 
IOS measurements.
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SUMMARY
OBJECTIVE: This study aimed to investigate if there is any correlation between the quantitative computed tomography and the impulse oscillometry 

or spirometry results of post-COVID-19 patients.

METHODS: The study comprised 47 post-COVID-19 patients who had spirometry, impulse oscillometry, and high-resolution computed tomography 

examinations at the same time. The study group consisted of 33 patients with quantitative computed tomography involvement, while the control group 

included 14 patients who did not have CT findings. The quantitative computed tomography technology was used to calculate percentages of density 

range volumes. The relationship between percentages of density range volumes for different quantitative computed tomography density ranges and 

impulse oscillometry-spirometry findings was statistically analyzed.

RESULTS: In quantitative computed tomography, the percentage of relatively high-density lung parenchyma, including fibrotic areas, was 1.76±0.43 

and 5.65±3.73 in the control and study groups, respectively. The percentages of primarily ground-glass parenchyma areas were found to be 7.60±2.86 

and 29.25±16.50 in the control and study groups, respectively. In the correlation analysis, the forced vital capacity% predicted in the study group was 

correlated with DRV%
[(-750)-(-500)] 

(volume of the lung parenchyma that has density between (-750)-(-500) Hounsfield units), but no correlation with 

DRV%
[(-500)-0]

 was detected. Also, reactance area and resonant frequency were correlated with DRV%
[(-750)-(-500)]

, while X
5
 was correlated with both DRV%

[(-

500)-0]
 and DRV%

[(-750)-(-500)]
 density. Modified Medical Research Council score was correlated with predicted percentages of forced vital capacity and X

5
.

CONCLUSION: After COVID-19, forced vital capacity, reactance area, resonant frequency, and X
5
 correlated with the percentages of density 

range volumes of ground-glass opacity areas in the quantitative computed tomography. X
5
 was the only parameter correlated with density ranges 

consistent with both ground-glass opacity and fibrosis. Furthermore, the percentages of forced vital capacity and X
5
 were shown to be associated 

with the perception of dyspnea.
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METHODS

Study population
Institutional review board approval was obtained for the study 
from University of Health Sciences, Ankara Ataturk Sanatorium 
Training and Research Hospital. A retrospective analysis was 
performed on 84 consecutive post-COVID-19 patients who 
applied to our center between November 1, 2020, and January 
31, 2021, whose follow-ups were performed using CT, IOS, 
and spirometry because of the prolongation of their symptom-
atic periods (to an average of 6 weeks) after the conclusion of 
therapy. Patients who had more than one week between their 
qCT and IOS-spirometry dates, as well as those who had poor 
IOS and spirometry measurement quality, were excluded from 
the study. Poor measurement quality was defined according to 
the American Thoracic Society – European Respiratory Society 
(ATS/ERS) guidelines recommendations for spirometry and ERS 
task force recommendations for IOS10,11. A total of 47 patients’ 
data were retrieved. The study group included 33 patients 
who had qCT results consistent with COVID-19 pneumo-
nia, while the control group included 14 patients who did not 
have COVID-19-related CT findings (Figure 1). The predicted 
percentages of FEV1, FVC, and FEV1/FVC from spirometry 
measurements were recorded for the control and study groups. 
The IOS parameters reactance area (AX), resonant frequency 
(Fres), R20, R5, R5-20, and X5 were recorded, and the predicted 
percentages of these values were determined using Shulz et al.’s 
reference formulae for Caucasians12. Percentages of volumes of 
certain predefined density ranges (DRV%), within a maximum 

density of 0 Hounsfield units (HU) and a minimum density of 
-850 HU, were obtained from qCT using a computer program. 
The modified Medical Research Council (mMRC) score was 
used to assess the patients’ dyspnea perception scores.

Impulse oscillometry and  
spirometry measurements
All patients first underwent IOS, followed by spirometry 
(Carefusion Vyntus Jaeger IOS, Germany). Initially, the 
patient was informed about the measurement technique that 
would be used in order to improve compliance with the test. 
Oscillometric tests were performed with the patients sitting 
comfortably and straight, with the head and neck in a neutral 
or slightly extended posture, and with no forward head flex-
ion. A nasal clip was used to close the nose, and individuals 
were asked to grip the mouthpiece of the device tightly with 
their lips and externally support their cheeks with their palms 
while breathing normally. It was checked visually by the chest 
physician, who performed the test to see if there was leakage 
from the edges of the mouthpiece and nose clip and whether 
the tongue was in the correct position. The tests were repeated 
at least three times, and the best results were recorded when 
the coherence at 5 Hz was greater than 0.8 or the coherence 
at 20 Hz was greater than 0.913. Swallowing, laryngeal clo-
sure, leaks around the mouthpiece, inappropriate location of 
the nasal clip, irregular breathing, and acute hyperventilation 
during the test are reasons for invalidating the data. Most of 
these events may be detected by the flow signal, which should 
be displayed on the screen during measurement. During and 
after the test, the practitioner controlled each of these condi-
tions visually. The measurements were taken in accordance with 
the ERS recommendations11. Spirometry was used to measure 
forced vital capacity (FVC), forced expiratory volume in one 
second (FEV1), and FEV1/FVC in accordance with the ATS-
ERS recommendations10.

Computed tomography
CT examinations were performed using a multi-detector spi-
ral CT scanner (Philips Ingenuity 128 slice) in a single breath 
hold during deep inspiration. All CT scans obtained after 
intravenous contrast administration were excluded because 
contrast material could interfere with density measurements 
of lung parenchyma. CT acquisitions were performed utiliz-
ing a 120 kV tube voltage and current modulation technique, 
and images were acquired with a 1.5 mm reconstruction thick-
ness and a “B filter.”

The obtained thin-section volumetric CT images were 
quantitatively analyzed using the Philips IntelliSpace Portal Figure 1. Patient selection.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

84 consecutive post-COVID patients who were diagnosed with 
PCR positivity and had simultaneous IOS, spirometry, and 
computed tomography examinations were evaluated an average 
of 6 weeks after their diagnosis. 

The study comprised 47 individuals whose IOS 
and spirometry measurement quality were 
satisfactory and who did not have more than one 
week between qCT and IOS-spirometry tests. 

14 patients without pneumonia 
findings on tomography 
constituted the Control group. 

33 patients with pneumonia 
findings on tomography 
constituted the Study group. 



3

Rev Assoc Med Bras. 2023;69(5):e20221427

Sahin, M. E. et al.

software, and all steps of this analysis were supervised by a 20 
year experienced radiologist. This program can determine the 
overall volume of parenchyma areas and the volume below a 
particular threshold density value after automatically recogniz-
ing both lungs and their lobes on CT images. The percentages 
of parenchymal volumes in the whole lung volume that were 
below the predetermined threshold density values were mea-
sured by using density mask technique, a qCT technique that 
is widely used to quantify emphysema. In this technique, all 
voxels (the volume element of a CT slice that corresponds to 
a pixel of CT image) that have a density less than a predefined 
threshold are identified and masked by a color (Figure 2). Since 
the volume of a single voxel of a CT slice is known (it is pixel 
area multiplied by slice thickness), it is possible to calculate the 
total volume of all “masked densities.”

After measuring parenchymal volumes that have densi-
ties below seven predefined threshold density levels (0, -500, 
-600, -700, -750, -800, and -850 HU), we obtained volumes 
of lung parenchyma regions that have densities between cer-
tain thresholds by simply subtracting the volume of the lower 
threshold value from the volume of the higher one. In this 
way, we obtained an absolute volume value of a parenchymal 
density range, and when we divided it into total lung vol-
ume, we got the percentage of a certain density range volume 
(DRV%), such as DRV%[(-750)-(-500)], which means the percent-
age of lung parenchyma areas that have a density between 
-750 and -500 HU.

Although different density ranges are utilized in the litera-
ture for lung fibrosis and ground glass opacities, in our study, 
DRV%[(-500)-0] was accepted to represent parenchymal areas 
including fibrosis, atelectasis, and consolidation, and DRV%[(-

750)-(-500)] was accepted to represent GGO14,15.
Correlation between predicted percentages of IOS parame-

ters (AX, Fres, R20, R5, R5-20, and X5), spirometry measurements 
(FEV1, FVC and FEV1/FVC), and qCT results (DRV%[(-850)-

0]) were statistically analyzed.

Statistical analysis
In our study, statistical analyses were performed by IBM SPSS 
version 26.0. To determine if the variables were normally dis-
tributed, visual (histograms and probability plots) and analyt-
ical methods (Kolmogorov-Smirnov, Skewness, and Kurtosis 
tests) were used. Normally distributed independent data were 
analyzed using the Independent-Samples t-test. Non-normally 
distributed independent data were analyzed using the Mann-
Whitney U test. The correlation between variables that did not 
show normal distribution was evaluated using Spearman’s test. 
p<0.05 was considered statistically significant.

RESULTS
A total of 47 patients (32 males and 15 females) with a mean age 
of 54 years were included in the study. The study and control 
groups were similar regarding their body mass indices (BMIs), 

Figure 2. (A) Computed tomography image and (B) density mask with -750 Hounsfield units.
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comorbidity rates, and smoking durations. In the control group, 
the hospitalization rate was 28%, and the average number of 
hospitalization days was 2.36 days. In the study group, the rate 
of hospitalized patients was 78%, and the average length of stay 

Table 2. Spirometry and impulse oscillometry results according to the groups.

AX: reactance area; FEV
1
: forced expiratory volume in the first second; Fres: resonant frequency; FVC: forced vital capacity; IOS: impulse oscillometry; pred: 

predicted; R: respiratory resistance; R
5-20

: R
5
-R

20
; SD: standard deviation; X: respiratory reactance. Statistically significant p-values were given as bold.

All patients
n=47

Mean±SD

Control group
n=14

Mean±SD

Study group
n=33

Mean±SD
p-value

FVC, %pred 92.19±19.86 106.93±13.205 85.94±19.002 <0.001

FEV
1
, %pred 91.43±18.54 100.57±14.070 87.55±19.013 0.026

FEV
1
/FVC, % 81.30±10.47 77.2750±8.40269 83.0130±10.90094 0.086

Fres, Hz 16.13±4.31 14.25±3.19 16.93±4.51 0.050

Fres, %pred 120.99±33.16 105.95±31.90 127.37±32.04 0.042

AX, kPa/L 0.58±0.41 0.48±0.46 0.62±0.38 0.278

AX, %pred 180.45±110.30 129.67±93.22 201.99±111.14 0.038

R
5
, kPa/L/s 0.35±0.09 0.351±0.10 0.358±0.09 0.560

R
5
, % 112.62±29.99 100.44±20.280 116.54±31.817 0.165

R
20

, kPa/L/s 0.27±0.07 0.275±0.08 0.276±0.07 0.825

R
20

, %pred 101.70±27.21 92.85±19.595 105.18±29.210 0.169

R
5-20

, kPa/L/s 0.079±0.043 0.076±0.047 0.088±0.035 0.104

R
5-20

, % 126.22±47.45 112.39±48.29 132.08±46.58 0.306

X
5
, kPa /L/s -0.122±0.05 -0.096±0.02 -0.133±0.06 0.035

X
5
, %pred 121.74±58.41 99.73±20.39 131.08±66.58 0.044

Table 1. Demographic data, clinical data, and quantitative computed tomography results of patients.

BMI: body mass index; DRV%: percentages of density range volumes; HU: Hounsfield units; LTOT: long-term oxygen therapy; m/f: male/female; mMRC: 
modified Medical Research Council score; n: number; p/y: pack year; qCT: quantitative computed tomography; SD: standard deviation; y/n: yes/no. Statistically 
significant p-values were given as bold.

All patients
n=47 Mean±SD

Control group
n=14 Mean±SD

Study group
n=33 Mean±SD

p-value

Gender n m/f (%) 32 (68.1)/15 (31.9) 6 (42.9)/8 (57.1) 26 (78.8)/7 (21.2) 0.017

Age 54.23±8.51 49.21±5.92 56.36±8.62 0.007

Comorbidities y/n 25 (53.2)/22 (46.8) 6 (42.9)/8 (57.1) 19 (57.6)/14 (42.4) 0.360

Smoking history (p/y) 6.71±6.68 5.93±6.39 7.1±6.90 0.664

BMI 28.14±4.29 26.72±4.39 28.75±4.17 0.139

mMRC 1.80±0.72 1,43±,514 1,97±,752 0.024

LTOT y/n 15 (31.9)/32 (68.1) 1 (7.1)/13 (92.9) 14 (42.4)/19 (57.6) 0.003

qCT (DRV%)

[(-500)-0] HU
[(-750)-(-500)] HU

4.49±3.60 1.76±0.43 5.65±3.73 <0.001

22.80±17.08 7.60±2.86 29.25±16.50 <0.001

was 9.79 days. In addition, the proportion of patients using 
long-term oxygen therapy (LTOT) was higher in the study 
group. Detailed demographic data and outcome measures are 
shown in Table 1 and 2.
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Table 3. Correlations between spirometry-impulse oscillometry 
parameters with quantitative computed tomography values and 
dyspnea perception.

AX: reactance area; DRV%: percentages of density range volumes; FEV
1
: 

forced expiratory volume in the first second; Fres: resonant frequency; FVC: 
forced vital capacity; HU: Hounsfield units; IOS: impulse oscillometry; mMRC: 
modified Medical Research Council score; pred: predicted; qCT: quantitative 
computed tomography; R: respiratory resistance; R

5-20
: R

5
-R

20
; X: respiratory 

reactance. Statistically significant p-values were given as bold.

DRV%
[(-500)-0] HU

DRV%
[(-750)-(-500)] HU

mMRC

FVC, %pred
r -0.251 -0.453 -0.403

p 0.174 0.011 0.030

FEV
1
, %pred

r -0.080 -0.171 -0.211

p 0.668 0.356 0.272

Fres, Hz
r 0.002 0.057 0.190

p 0.990 0.751 0.306

Fres, %pred
r 0.310 0.452 0.323

p 0.079 0.008 0.077

X
5
,
 
kPa/L/s

r -0.493 -0.716 -0.257

p 0.004 <0.001 0.163

X
5
, %pred

r 0.607 0.773 0.376

p 0.001 <0.001 0.037

AX, kPa/L
r 0.108 0.217 -0.045

p 0.549 0.225 0.808

AX, %pred
r 0.304 0.430 0.334

p 0.086 0.012 0.067

R
5-20

, kPa/L/s
r 0.155 0.232 0.143

p 0.390 0.193 0.442

R
5-20

, %pred
r 0.026 -0.017 -0.001

p 0.887 0.926 0.997

Figure 3. The relationship among FVC%pred and X
5
%pred values with fibrosis (DRV%

[(-500)-0]
) and ground-glass opacities (DRV%

[(-750)-(-500)]
).

  

  X
5  

%pred

FVC  %predFVC  %pred

X
5  

%pred

In the correlation analysis, none of the spirometry and IOS 
parameters in the control group were correlated with any of the 
qCT-derived DRV% values that were within the range of CT 
densities between 0 and -750 HU. Predicted FVC percentages 
were correlated with DRV%[(-750)-(-500)] in the study group, but 
not with DRV%[(-500)-0] (Table 3; Figure 3). In the correlation 
analysis between IOS parameters and DRV% values, AX and 
Fres were correlated with DRV%[(-750)-(-500)], while X5 was cor-
related with both DRV%[(-500)-0] and DRV%[(-750)-(-500)]. The per-
ception of dyspnea measured by mMRC was correlated with 
both FVC%pred and X5%pred.

DISCUSSION
In this study, the correlation of qCT-derived DRV% with 
spirometry and IOS measurement results was investigated in 
patients with COVID-19 pneumonia 6 weeks after the con-
clusion of therapy.

Previous studies have shown that patients with COVID-
19 can develop a restrictive ventilatory defect associated with 
the severity of the disease6. In another study, CT findings were 
observed even 3 months after the disease, and a decrease in 
diffusion capacity was found even when lung volumes were 
within normal ranges16. In both obstructive and restrictive 
diseases, IOS parameters AX, Fres, and R5 generally increase, 
while X5 decreases17,18. However, studies about COVID-19 
are very limited. In our study, FVC%pred was only correlated 
with DRV%[(-750)-(-500)]. DRV%[(-500)-0] did not correlate with 
spirometry parameters. This may be because the percentage 
of DRV%[(-500)-0] is relatively low. Fres and AX values (%pred), 
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which are IOS parameters, are also correlated with DRV%[(-

750)-(-500)]. Of these parameters, only X5 is correlated with both 
DRV%[(-750)-(-500)] and DRV%[(-500)-0]. X5 is associated with elas-
tic recoil as the out-of-phase component of lung impedance. 
Lung diseases that reduce the elastance of the lung (fibrosis 
and hyperinflation) lead to more negative X5

13. It is also a 
useful parameter for the assessment of the peripheral regions 
of the lungs. The reactance at 5 Hz is likely to detect small 
amounts of fibrosis-induced elastic recoil changes. The rate of 
DRV%[(-500)-0], which is supposed to represent mainly fibrotic 
areas, was relatively low in our patients, and we believed that 
X5 might be more sensitive to functional disorders that can-
not be detected by FVC.

Studies on the use of IOS in restrictive diseases are rela-
tively few. Soave et al. reported that reactance can be used in 
the functional follow-up of interstitial lung disease (ILD)19. 
In both obstructive and restrictive diseases, AX, Fres, and R5 
increase, and X5 decreases. It has been claimed that a normal 
R20 level can be used for discrimination in ILD20. The mean 
R20%pred in our patients was also normal. Intrapulmonary 
airway and alveolar destruction, basal cell proliferation in the 
airways, and fibrinous exudates have all been seen in autopsy 
series of COVID-19 patients21,22. This shows that some indi-
viduals may also have airway obstruction. However, in addi-
tion to the normal R20 and R5 percentages in our study group, 
there was no statistically significant difference when compared 
to the control group. Although the R5-20 mean was higher in 
the study group than in the control group, no statistically sig-
nificant difference was identified between the two groups. 
Iwamoto et al. reported that the inspiratory X5, being more 
negative than the expiratory X5, may be a guide to distinguish 
restrictive diseases from obstructive pathologies, and a sin-
gle breath reactance measurement would not discriminate23. 
Our study was designed retrospectively, and patients did not 
have delta X5 results.

The mMRC dyspnea score has been proposed as a simple 
and valid method for classifying COPD-related disability24. 
In patients with idiopathic pulmonary fibrosis whose restric-
tion is prominent, the mMRC score has been shown to cor-
relate with major functional parameters of both maximal and 
submaximal exercise tests, which are known to be associated 
with disease severity and survival, as well as ventilatory impair-
ment and exercise limitation25. Correlation of mMRC score 
with spirometry and IOS findings shows the importance of 
functional follow-up of patients and suggests that IOS can be 
used in the follow-up of patients.

IOS is a test that requires minimal patient cooperation. 
Oscillometry is fundamentally a different measurement from 

traditional lung function measurements, spirometry, and lung 
volumes. IOS detects small airway obstructions more sensi-
tively than spirometry and has a strong correlation with the 
degree of obstruction. Furthermore, it can reveal the location 
of the obstruction. However, spirometry was found to be 
more sensitive in cases of large airway obstruction8. Lu et al. 
showed that IOS may be more sensitive than spirometry in 
the diagnosis of small airway disease in people with nor-
mal lung functions. However, in patients with abnormal 
lung function, spirometry may be more sensitive than IOS 
to detect patients with clinical symptoms and CT lesions26. 
It can detect lung involvement in patients with ILDs who 
have mild or even normal spirometry changes27. Our findings 
showed that IOS parameters, especially X5 value, were asso-
ciated with some qCT-derived DRV%s. It may be useful to 
use the IOS test together with spirometry in the functional 
evaluation of post-COVID patients.

As a result of this study, we hope that general pulmonolo-
gists will remember that the findings on quantitative thoracic 
CT of patients with COVID-19 pneumonia correlated with 
spirometry and IOS parameters, with the strongest correlation 
being with X5 from the IOS parameters.

Our study had some limitations. As it was a retrospective 
study, some results could not be reached, and the number of 
our patients was small. However, as far as we know, this is the 
first study to investigate the functional equivalence of qCT 
findings with IOS measurements.

CONCLUSION
In this study, 6 weeks after COVID-19 pneumonia, the spi-
rometry parameter FVC, as well as the IOS parameters AX 
and Fres (%predicted), was correlated with the qCT-derived 
DRV%[(-750)-(-500)]. The percentage of X5 relative to what was 
predicted was the sole parameter associated with both DRV%[(-

750)-(-500)] and DRV%[(-500)-0]. Furthermore, the predicted per-
centages of FVC and X5 were correlated to the perception of 
dyspnea. IOS can be used in combination with spirometry 
to assess pulmonary function in individuals with COVID-
19 pneumonia.
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