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Conclusion: Impulse oscillometry is a useful adjunct to spirometry, which is still the gold
standard, especially for patients who are incapable of performing forced maneuvers.
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breathing; it requires less cooperation; it requires no
effort; and it is unlikely to change the tone of the
smooth muscles of the airways because I10S is
carried out without the need for forceful respiratory
maneuvers.3

Spirometry has long been considered one of
the most reliable methods for assessing pulmonary
flows and volumes. lts practical limits stem mostly
from the fact that it requires a cooperative patient, a
skilled and understanding operator, and approved
and standardized equipment. Conversely, 10S is
very comfortable for the technician to perform and
simple for the patients to understand. Since
spirometry has numerous aerosol-producing
activities that might transmit the causal virus, it could
be detrimental in a pandemic scenario like COVID-
19. On the other hand, 10S is probably going to
generate little to no aerosol while operating.™:3

Spirometry has become the gold standard to
examine lung function in asthma or COPD because it
has international standards and references. When
compared to spirometry, 10S has no sufficient
standards and reference values. In the former, there
are generally no reference rules, and each machine
provides a distinct value.'?3

Due to limited standards and
recommendations for I0OS examination, this study
will analyze the level of concordance between
spirometry and 10S as a lung function examination.

METHODS

This research was a diagnostic test study. The
study population was the medical records data of
patients who underwent spirometry and 10S
procedures within the same period. The study was
conducted in Sebelas Maret University General
Hospital from March to September 2024. Ethical
clearance was approved by the Health Research
Ethics Committee, Faculty of Medicine, Sebelas
Maret University General Hospital
(10/UN27.06.11/KEP/EC/2024).

The inclusion criteria were the medical record
data from patients who could perform the maneuver
of spirometry and 10S and had complete data in their
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medical records. The exclusion criteria were the data
of patients who were unable to perform spirometry
and IOS at the same time, having incomplete medical
records, and having mixed results of restriction and
obstruction. Sample selection was done using
purposive sampling methods. The scheme of sample
collection is shown in Figure 1.

Inclusion Criteria

Medical records of patient who underwent
pulmonary function test in Mareh -
September 2024 in Sebelas Maret

University General Hospital

Exclusion Criteria

Incomplete medical records of patient,
patient cannot perform spirometry and 10S
in the same time, and mixed result of
restriction and obstruction

Obstruction

‘ Restriction ‘ Obstruction

‘ Restriction ‘

Data Tabulation

Data Analysis

Figure 1. Sample collection of the study

This study compared the results of spirometry
and IOS in the form of suitability for restriction and
obstruction. A measurement of lung capacity, Forced
Vital Capacity (FVC), is typically lower in conditions
that result in smaller lungs, such as restriction of the
lung disease and abnormalities of the bellows
(kyphoscoliosis, neuromuscular weakness). A
percentage projected value is obtained by comparing
the patient's absolute FVC with that of their peers. A
condition known as pseudorestriction, in which the
lungs are hyperinflated as a result of severe blockage
and air trapping, as well as increased residual
volume, can also result in a decrease in FVC.

In healthy adults, the Forced Expiratory
Volume in 1 second divided by Forced Vital Capacity
(FEV1/FVC) ratio should be between 75 and 80%.
Instead of utilizing the expected percentage, the
FEV1/FVC ratio is calculated using the absolute
values of FEV1/FVC. Airway resistance to expiratory
flow lowers FEV1 in obstructive illnesses. Premature
airway closure during expiration can also lower FVC,
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though not to the same extent as FEV1i. The
FEV4/FVC ratio decreases as a result. The
FEV1/FVC ratio is normal or even higher in restrictive
diseases, but the FEVi, FVC, and TLC are all
decreased.*®

Generally speaking, obstructive airway
disease is indicated by an FEV1/FVC ratio of less
than 70%. However, it should be noted that the ratio
of FEV1/FVC tends to decrease with age (males over
40 and females over 50). Meanwhile, the lower
border of normal (LLN) for FEV1/FVC is a relevant
sign of obstruction with an absolute value of 70% in
elderly patients.*5

Data analysis was performed using SPSS 21
for Windows. This research presented the frequency
of distribution and the percentage of data. The level
of concordance between spirometry and 10S was
calculated by means of a test of agreement (Kappa
Cohen). The degree of concordance was presented
in the 2x2 table. This research also calculated
sensitivity, specificity, positive predictive value, and
negative predictive value.

RESULTS

This study involved 104 medical records of
patients who fulfilled the inclusion criteria, with a total
of 104 subjects.

Table 1. Data characteristic of the subject
Subject Characteristic Meanz*Standard Deviation

Age 55.3£15.2
BMI 23.1315.6
FVC/ predicted 71.9423.5
FEV1/ predicted 58.2+20.0
FEV1/ FVC 63.6+£15.0
R5Hz / predicted 146.6+59.0
R20Hz/ predicted 121.6+41.0
X5Hz/ predicted 48.915,147.6
R5-R20 0.15+0.1
Fres 16.5+10.3
AX 2.00+4.9

Note: BMI=Body Mass Index; FVC=Forced Vital Capacity;
FEV.=Forced Expiratory Volume in 1 second;
R5Hz=Resistance at 5 Hz; R20Hz=Resistance at 20 Hz;
X5Hz=Reactance at 5 Hz; Fres=Resonant Frequency;
Ax=Area of Reactance.

Subjects were divided into 54 men (52%) and

50 women (48%). The subjects were also divided by

smoking status (71.2% smokers and 28.8% non-
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smokers) and comorbidities  (27.9%  with
hypertension, 7.7% with diabetes mellitus, and 4.8%
with chronic kidney disease). Another characteristic
is shown in Table 1.

All study subjects underwent spirometry and
IOS examinations at the same time. The results
obtained include restriction, obstruction, and normal
compared between the two examinations, as shown

in Table 2.

Table 2. 10S and spirometry examinations (n=104)

10S Spirometry
Restriction Obstruction Normal
Restriction 32 (30.8%) 5(4.8%) 0 (0.0%)

Obstruction 11 (10.6%) 48 (46.2%) 6 (5.8%) 0.0001 0.557
Normal 0(0.0%)  2(1.9%) 0(0.0%)

P Kappa

A total of 77% of examinations gave the same
results: restriction in 32 subjects (30.8%) and
obstruction in 48 subjects (46.2%), respectively.
Meanwhile, about 23% of IOS examinations gave
different  results compared to  spirometry
examinations (discordance). Six normal results from
spirometry showed the impression of obstruction in
I0S. The agreement between the IOS examination
and spirometry was moderately significant
(kappa=0.557; P=0.0001).

The assessment of the suitability of spirometry
and I0S examination results in this study used a
diagnostic test approach, assuming spirometry as the
gold standard. The specificity of 10S for detecting
obstructive disorders is 75.4%, with a level of
conformity/consistency with spirometry (in the form of
positive predictive value for obstruction findings) of
81.4%. The specificity of IOS for detecting restriction
abnormalities was 90.6%, with a consistency level
with spirometry results (in the form of positive

predictive value for restriction findings) of 86.5%.

Table 3. PPV and NPV for detecting pulmonary obstruction and

restriction
Predictive values Obstruction Restriction
PPV 81.4% 86.5%
NPV 86.5% 81.4%

Note: PPV=Positive Predictive Value;
NPV=Negative Predictive Value.

DISCUSSION

Impulse oscillometry is a reliable test for
evaluating lung function in this patient population,
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since it requires less cooperation and effort from the
patient. Age-related changes in the aged population,
such as muscle weakness and decreased lung
elasticity, can have a major effect on pulmonary
function and make it challenging to perform adequate
effort spirometry and other conventional lung function
tests. 10S is less impacted by these modifications to
the respiratory system and can offer trustworthy data
regarding the mechanical characteristics of the lungs
in this population.36

Consequently, 10S is a useful technique for
evaluating lung function in patients of all ages,
including elderly people and children, who would
have trouble completing conventional pulmonary
function tests. In addition, compared to spirometry,
which can take up to 15 minutes to complete, 10S
testing is a practical alternative for clinical practice
because it is a relatively quick and simple process
that can be finished in 5 to 10 minutes.38

Furthermore, I0S has demonstrated improved
sensitivity in identifying early indicators of obstructive
illness in a number of recent studies and can be used
in a comprehensive assessment of lung function.
Therefore, a potential tool for detecting abnormalities
in lung function and putting the right precautions in
place to stop more harm.36

A total of 104 medical records were examined
in order to analyze the characteristics of the patients
who participated in this study. These results are in
line with previous research that highlights the high
rate of comorbidities among patients suffering from
respiratory conditions, especially lung cancer. It is
commonly known that individuals with lung cancer
frequently have concomitant conditions, including
diabetes and hypertension. Comorbidities, such as
diabetes and hypertension, have a substantial impact
on hospital readmission and mortality rates among
patients with lung cancer, according to a study in
2021 by Zhu et al.”

Given their implications for patient
management, the specific comorbidities found in this
study—like chronic kidney disease (CKD)—are
especially pertinent. The intricate relationships
between lung dysfunction and CKD were
emphasized by Gembillo et al, who pointed out that
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patients with CKD frequently display restrictive lung
patterns, which can make respiratory management
more difficult. This research highlights the necessity
of treating patients with respiratory conditions who
also have serious comorbidities wusing a
multidisciplinary approach.8

For the disorders compatibility between 10S
and spirometry, the results showed a significant
moderate agreement (kappa=0.557; P=0.0001)
between I0S examination and spirometry. This is in
line with the study of Lu et al, who also obtained mild
agreement (kappa=0.322; P<0.001) between these
two modalities. Several factors that can explain this
moderate  suitability include: differences in
measurement  principles  (spirometry  actively
measures air volume and flow, while IOS measures
airway impedance during normal breathing) and
differences in measured parameters (spirometry
focuses on FEV and FVC, while IOS measures the
resistance [R5, R20] and reactance [X5] of the
airway).®

This study obtained an IOS sensitivity of 86.5%
and specificity of 81.4%. This result is higher than the
military study by Houle et al, who reported a
sensitivity of 29.6% and a specificity of 83.3%. This
difference can be caused by the characteristics of
different subjects (this research is on the general
population, while Houle's study is of more
homogeneous military personnel) and the
abnormality criteria used (this research uses R5-R20
>ULN, while Houle's study used R5 above 150% and
X5 below -1.5).8

In identifying obstructive and restrictive airway
problems, the research findings suggest that the I0S
assessment has good specificity and consistency
levels with spirometry. I0S had a positive predictive
value of 81.4% and a specificity of 75.4% for
obstructive diseases. This suggests that patients who
actually have airway blockage can be identified with
a fair degree of accuracy. In a significant study
published in 2017, it was discovered that IOS was
able to identify small airway dysfunction earlier than
traditional spirometry. The positive predictive results
(81.4% for blockage) from the current study are
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consistent with this, indicating that IOS may play a
part in early illness.°

When compared to spirometry findings, 10S
has demonstrated a positive predictive value of
81.4% and a specificity of 75.4% for obstructive
disorders. This is consistent with research by Saadeh
et al, which showed that 10S is superior to spirometry
in the diagnosis of chronic obstructive pulmonary
disease (COPD) and the tracking of bronchodilator
responses. They also suggested that [0S s
especially useful in identifying distal airway function,
even in cases where spirometry results are normal.

Additionally, Saurabh et al pointed out that I0S
characteristics, especially in asthma patients, could
highlight important alterations in lung function that
spirometry can miss. This suggests that IOS can offer
further information about airway congestion that
conventional spirometry is unable to detect.!?

Impulse oscillometry performed better for
restrictive diseases, with a positive predictive value of
86.5% and a specificity of 90.6%. This high specificity
suggests that people without limiting diseases can be
identified with great accuracy. The idea that IOS is
sensitive to changes in lung function that might not be
visible by spirometry alone was supported by Lu et
al's discovery that 10S parameters successfully
detected early airway obstruction changes in
individuals with COPD.

Cross et al further supported the usefulness of
IOS in a variety of therapeutic contexts by
emphasizing that it may be a more accurate indicator
of lung function in kids at risk for asthma.'®'* The
study by Bickel et al, which discovered a substantial
correlation between [0S characteristics and
spirometry measures in individuals with restrictive
illnesses, also supports these findings.'®

Several identified advantages of I0S are in
accordance with the study of Saadeh et al, such as
early detection capabilities (I0S can detect small
airway abnormalities before they are visible on
spirometry, therefore being useful for early diagnosis
and intervention), inspection technique (IOS uses
regular breathing, so it is easier to perform and
requires no forced breathing maneuvers such as in
spirometry), and evaluation of treatment response
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(I0S is more sensitive in detecting changes after
bronchodilators, hence it can help optimize dosage
and monitor therapy).'

Furthermore, IOS is especially appropriate for
populations who would find traditional spirometry
difficult, such as small children or elderly patients with
serious respiratory disorders, due to its non-invasive
nature, which eliminates the need for forceful
exhalation. According to Sarkar, who emphasized the
successful use of 10S in patients with severe COPD
when spirometry could be difficult, this patient-
friendly feature of 10S increases its usefulness in
clinical practice.®

According to these results, I0S may be a
useful adjunct to spirometry for evaluating respiratory
function, especially in situations when doing
traditional spirometry could be difficult. To create
more reliable normative values and standardization
procedures for IOS measurements across various
patient populations, further investigation is
necessary.

LIMITATION

There is no standardized 10S reference value
yet. Variations between brands or types of equipment
may influence results. Requires understanding of
more complex IOS parameters. Requires clinical
experience for accurate interpretation. The study
limitations were a single-center study and no analysis
of the mixed results of restriction and obstruction. In
the future, we need more studies to investigate.

CONCLUSION

Impulse oscillometry and spirometry
complement each other, not replace each other. 10S
has the potential to improve respiratory disease
diagnosis and patient care, as evidenced by the
specificity and positive predictive values found in
recent research. However, I0S has the absence of
established reference values, equipment
unpredictability, parameter complexity, and the
requirement for clinical knowledge. These must be
resolved to improve its diagnostic value in respiratory

medicine.
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The combination of the two provides more
comprehensive information, 10S for initial screening
and therapy monitoring, while spirometry remains the
gold standard for diagnostic tools. I0S is more
suitable for children and the elderly, also useful in
patients who have difficulty performing spirometry.
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