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Background and Objective: Objectively differentiating between wheezing episodes and other respiratory disorders will be helpful
in treatment in office practice. The impulse oscillometry system has been useful in assessing airway resistance in children 3–6 years
old. As the reference values are different in geographical regions the use of the impulse oscillometry is still limited. Comparison
between the percent change in IOS parameters as compared to reference standards and changes in actual IOS parameters was done to
diagnose wheezing episodes.
Methodology: Three to six years old children with a history of fever, cough, cold, and/or breathlessness with noisy breathing and
who were not on any regular medications, whose parents gave consent were recruited in the study. The children underwent an impulse
oscillometry system examination as per the guidelines. The test was repeated after they were given nebulization by salbutamol (2.5
mg) (before COVID 19 pandemic). Final diagnosis was done by following patients for 7 days.
Results: About 106 children were recruited in the study. Five children could not perform the IOS test. Eighteen children did not
complete the follow-up. Hence, 83 children were analyzed. There were 47 males and 36 female patients. The change in actual values
of AX, R5, and X20 showed statistically significant difference in wheezing episode group (p-value<0.001). The percentage change as
compared to predicted values of R5 and X20 also showed a statistically significant difference in the wheezing episode group and the
others group (p-value<0.001).
Conclusion: The change in actual values of AX, R5, X20, and resonant frequency may help to differentiate wheezing episode from
other respiratory diseases.
Keywords: impulse oscillometry system, respiratory disorders, wheezing episode

Introduction
Wheezing in infants and children is a common problem presented to pediatric primary care offices. Approximately 25–
30% of infants will have at least one episode of wheezing.1 By 3 years of age, an episode of wheezing will have occurred
in 30% of children and by 6 years of age, almost half of children will have had at least one episode of wheezing.2

Wheezing occurs during the prolonged expiratory phase by the rapid passage of air through airways that are narrowed
to the point of closure. Children wheeze more often than adults because of physical differences. In infants and young
children bronchi are small, resulting in higher peripheral airway resistance. As a result, diseases that affect the small
airways have a proportionately greater impact on total airway resistance in these patients. Infants also have less elastic
tissue recoil and fewer collateral airways, resulting in easier obstruction and atelectasis. The rib cage, trachea, and
bronchi are also more compliant in infants and young children, and the diaphragm inserts horizontally instead of
obliquely. All of these factors increase the likelihood of wheezing and respiratory distress in infants and chidren.3

It is important for clinicians and epidemiologists to recognize that there are distinct types of audible respiratory noises
in early life with characteristic acoustic properties.4 The assessment of airway obstruction in very young children is
difficult because of the lack of objective lung function measurements and definitive biomarkers.5 Thus, an objective tool
for recognition of wheezing in the outpatient department is of clinical value.6,7
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Intra-observer variation is modest, but inter-observer variation is large for most clinical examination findings in
children with dyspnea. The measurement error induced by this variation is too large to distinguish potentially clinically
relevant changes in dyspnea after treatment in two-thirds of observations. The poor inter-observer reliability of clinical
dyspnea assessment in children limits its usefulness in clinical practice and research, and highlights the need to use more
objective measurements in these patients.8

Mild episodes of wheeze in preschoolers are characterized by enhanced airway inflammation, reversible airflow
limitation, and asthma-related symptoms. FeNO values increase significantly during the first 48 hours and return to
personal baseline within 10 days from the initiation of the episode. Longitudinal follow-up suggests that symptoms,
inflammation, and lung function correlate well in this phenotype of asthma.9 Thus, there is a need for objective
measurement of airway resistance to make a diagnosis of wheezing episode. The impulse oscillometry system (IOS)
has been shown to be useful in assessing airway resistance in children 3–6 years old.10–12 The impulse oscillometry
system parameters are; Zrs, Rrs, Xrs, AX, and resonant frequency. Zrs is total impedance. It is sum of all the forces
opposing the pressure impulses (the oscillations)(Rrs plus Xrs). Rrs is the resistance of airways. Multiple frequency
oscillations provide further information about resistance. R at 5 Hz is resistance at 5 Hz frequency. It measures total
resistance of the airway. R at 20 Hz is resistance at 20 Hz frequency. It represents resistance of large airways. Xrs is
reactance. It is the imaginary part of Zrs. It has two parts. I: Inertance, C: Capacitance. It can be seen as rebound
resistance. It represents compliance. X5 reflects elastic recoil of peripheral airways. Resonant frequency is the frequency
at which inertance and capacitance are equal. AX is integrated low frequency reactance between 5 Hz and resonant
frequency.13 Impulse oscillometry has been shown to be useful in diagnosis of asthma and monitoring of lung function in
children.14

As the reference values are different in geographical regions the use of the impulse oscillometry is still limited. To
overcome this it was suggested by Konstantinou et al15 to use actual values, baseline values, and change in R at 5 Hz
after bronchodilation of the patient to diagnose wheezing episode. Thus a study was designed to assess the usefulness of
the impulse oscillometry system in office practice to diagnose wheezing episodes in 3–6 years old children. An attempt
was made to compare the change in percentage of IOS parameters as compared to reference standard provided by the
manufacturer and actual IOS parameters and change in IOS parameters after bronchodilation to diagnose wheezing
episodes.

Methodology
Study Design
A prospective diagnostic cohort study was conducted in the pediatrics department of a tertiary care hospital from
December 2016–December 2019. The study was approved by the Institutional Ethics Committee, D. Y. Patil Medical
College, Kolhapur (2016/35/PA-F dated September 16, 2016). This study was conducted in accordance with the
Declaration of Helsinki. Study population: D. Y. Patil medical college is situated in the city and caters to almost half
the population of the district of Kolhapur, the population of which is around two million. The hospital provides free of
cost services to the patients in an outpatient department and, as is centrally placed in the city, the population can be said
to be representing the community. The children with fever, cough, cold, and/or breathlessness and noisy breathing who
were not on any regular medications and whose parents gave consent for the study were recruited in the study. The
purpose and details of methods used in the study were explained to all the parents. The weight was taken with minimal
clothes on an electronic weighing machine and the height was taken with a stadiometer. Written informed consent was
obtained prior to the study. A validated pre-designed data collection form was used to collect demographic and clinical
information such as symptoms, duration, severity, and details of clinical examination (cough, cold, breathlessness, fever,
heart rate, respiratory rate, examination of respiratory system, and oxygen saturation). The symptoms cough, cold, fever,
and breathlessness were graded by the parents on scales of 1–4. Indicating nil as 1 and severe as 4. A diagnostic cohort
study was done which may avoid spectrum bias. It also avoids misinformation bias.
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Sample size calculation was done considering the prevalence of wheezing episodes (40%). The alpha of 0.05 and 95%
confidence level were considered for the calculation. The following formula (Pourhoseingholi et al16 2013) was used to
calculate the sample size,

n ¼ p 1� pð ÞZ2α
d2 ; where Z1� α is the critical value of the Normal distribution at α (ie, for a confidence level of 95%, the

critical value Zα ¼ 1:96), p is the expected prevalence and d ¼ 0:1ð Þ is the precision. The calculated sample size was 92.
A total of 110 children within 3–6 years of age with the above symptoms and the fulfilling inclusion criteria were

evaluated in the study. Four children were excluded due to the presence of chronic respiratory disease, congenital heart
disease, or having undergone ventilation after birth. In total, 106 children were recruited in the study. Five children did
not perform the IOS diagnostic test and 18 children did not come for follow-up, hence they were excluded (Figure 1).
These children underwent an impulse oscillometry system (IOS) test (Masterscreen Impulse Oscillometry system, Care
fusion Germany 234 GmbH Hochberg). The impulse oscillometry was performed according to European respiratory
Society (ERS)/American Thoracic Society (ATS) guidelines.17 Values of parameters R5, R20, X5, X20, AX, and
resonant frequency were measured. The measurements were done again 20 minutes after nebulization with salbutamol
(2.5 mg) (before the COVID pandemic with due precautions). The system was calibrated by a 3-L syringe provided by
the manufacturer once daily. The system was also calibrated for temperature and atmospheric pressure. All the patients
underwent IOS using nose clips and parents or guardians were advised to gently hold the sides of the patient’s face. The
predicted values given by the manufacturer were used for calculation.18 The coherence function given by the machine
was used to assess the acceptability of the recordings. The IOS data was not used for care of the patients. Final diagnosis
was done by following the patient clinically for up to 7 days. Patients with an increased respiratory rate and the presence
of rhonchi and those showing improvement after a bronchodilator were considered to have a clinically wheezing episode.
The case definitions were made appropriately and the same test was done in all the patients to avoid misclassification
bias. Work up bias was avoided by doing tests in all the subjects. The detection bias was avoided as the test was not used
to diagnose cases and its management. It is accepted that clinical examination before the test can lead to some bias.

Children wi th respiratory 

problems evaluated (n=110)  

Children with acute respiratory 
problems (n=106) 

83 patients were analyzed 

Excluded (n=23) 

5 patients did not perform IOS             

18 patients did not come for follow up 

37 patients diagnosed with wheezing 
episode 

46 patients in other group 

Excluded (n=4)

2 Chronic respiratory disease 

1 Congenital heart disease  

1 Child ventilated after birth  

Figure 1 Study flowchart.
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Statistical Analysis
Collected data was analysed in R software (3.6.1). Difference of respiratory resistance between pre- and post-IOS test
was assessed; mean and standard deviation were determined by paired t-test, and Wilcoxon-Sign-Rank test as some
parameters happened to be non-normal. Odds ratio was used to assess the strength of IOS parameters in differentiating
wheezing episode from other respiratory disorders. The ROC curves were plotted for each parameter. The specificity,
sensitivity, positive predictive value, and negative predictive value were calculated for the parameters having ROC values
of more than 0.70.

Results
Eighty-three patients were analyzed in the study. There were 47 males and 36 female patients. The weight was lower in
the other group as compared to the wheezing group. The height was similar in both groups. The symptoms cough, cold,
fever, and breathlessness, as told by parents, did not differentiate between the wheezing episode and other respiratory
diseases. The respiratory rate and respiratory system examination could differentiate between the wheezing episode and
other respiratory disorders (p-value less than <0.001). The hematological parameters did not show a significant difference
between both the groups (Table 1).

The pre-nebulization values of AX, R5, X20, and resonant frequency were significantly higher in the wheezing group.
After nebulization the values of AX, R5, X20, and resonant frequency did not show a significant difference when
compared with the other group. The actual change in values of AX, R5, X20, and resonant frequency showed a
statistically significant difference in the wheezing episode group. The percent change in R5 observed (post-nebulization)
showed a significant difference. The percent change as compared to predicted values of R5 and X20 also showed a
statistically significant difference in the wheezing episode group (Table 2).

Table 1 Association Between Final Diagnosis and Demographic and Clinical Parameters

Parameters Final Diagnosis p-value

Wheezing Episode (n=37) Others (n=46)

Age (years) 4.17±0.95 4.14±0.82 0.989

Gender
Male 19 (51.4%) 28 (60.9%)

0.384

Female 18 (48.6%) 18 (39.1%)

Height (cm) 102.16±5.65 101.15±7.44 0.484
Weight (Kg) 15.35±2.12 14.56±2.90 0.040

Complaints: Cough 2.89±0.77 3.02±0.75 0.436

Complaints: Cold 1.27±0.61 1.35±0.60 0.390
Complaints: Fever 1.62±0.83 1.85±1.01 0.366

Complaints: Breathlessness 1.70±0.88 1.52±0.69 0.418

Heart Rate (per minute) 117.86±16.56 109.93±17.66 0.022a

Respiratory Rate (cycles per minute) 40.38±7.44 35.76±5.26 0.001a

Respiratory System Examination
Clear 10 (27.0%) 27 (58.7%)

<0.001a

Rhonchi 25 (67.6%) 7 (15.2%)

Crepts 2 (5.4%) 10 (21.7%)

Crepts+ Rhonchi 0 (0.0%) 2 (4.3%)
SpO2 (%) 95.97±2.03 96.59±1.26 0.195

Hemoglobin (g/dL) 11.13±0.98 11.22±1.36 0.817

Packed cell volume (%) 35.05±2.52 33.85±3.07 0.126
Platelet Count (/cu.mm) 373,400.00±106,682.71 339,846.15±97,480.13 0.279

Total leukocyte count (/cu.mm) 9,445.00±2,023.41 8,719.23±2841.41 0.318

ESR, (mm/Hr) 20.95±3.93 20.54±5.25 0.807

Notes: Values presented as mean±SD (where otherwise not specified); ap-value<0.05 is taken as significant.
Abbreviation: ESR, erythrocyte sedimentation rate.
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The sensitivity of the impulse oscillometry parameters AX, R5, X20, and resonant frequency was 60–80%. The
specificity varied from 56–93%. The change in pre- and post-nebulization values for R5 showed a maximum specificity
of 93.5% (for the cutoff 0.24, ROC value=0.785). The positive predictive value for change in R5 was 88.5% (range=70–
98%) and the negative predictive value was 75.4% (range=62–86%) (Table 3).

The percentage change in R at 5 Hz (observed post-nebulization ie Δ5) at cut-off 16.67 has a 67.6% sensitivity and a
specificity of 91.3% and a positive predictive value of 86.2% and a negative predictive value of 77.8% (ROC
value=0.784). The confidence intervals for these values were narrow, indicating the strength of these values. At a cut-
off of Absolute Change in R5: Percent of Predicted R5 (Post-Nebulization) ≤-19.101, it predicts a final diagnosis of
wheezing episode with a sensitivity of 73%, and a specificity of 93.5% (ROC value=0.801). Change in AX 4.5 had an
ROC value of 0.781. The sensitivity 73%, specificity 67.4%, PPV 64.3%, and NPV 69.9% were good. The resonant
frequency had an ROC value of 0.647. The sensitivity, specificity, PPV, and NPV values were moderately good.

The odds ratios were calculated for these IOS parameters. The odds ratio for change in R5 was 23.55 and it was 21.88
for percent change of R5 and change in R5% of predicted (post-nebulization) was 38.7. The odds ratios were 9.7 for
change in AX values and 13.47 for the percent change in AX value (Table 4).

Discussion
Respiratory problems are the commonest cause of morbidity and mortality in children. Wheezing episodes remain the
common cause of morbidity in children.6 The diagnosis of these conditions is objectively difficult due to the unavail-
ability of a test which can be performed easily in children. Spirometry is the currently performed test for assessing
pulmonary function in clinical practice and is considered to be the gold standard for diagnosing asthma. However,
spirometry is not easy to perform in children younger than 5 years, since it requires good patient co-operation. Batmaz
et al19 and Knitillha et al20 conducted a study in children with impulse oscillometry and spirometry and concluded that

Table 2 Significance of Impulse Oscillometry Parameters in Wheezing Episode and Others

IOS Parameter Wheezing Episode Others p-value

AX Actual value (Pre-Nebulization) (kPa/L) 7.33±8.21 4.00±1.99 0.001*
AX Actual value (Post-Nebulization) (kPa/L) 4.79±6.82 3.61±1.71 0.402

Change in AX (Post-Nebulization) (kPa/L) −2.55±4.43 −0.39±1.16 <0.001*

Percent Change as compared to predicted value AX (Post-Nebulization) (%) 172.90±1,208.34 2.78±63.53 <0.001*
R5: Predicted (kPa/lt/s) 0.99±0.21 1.07±0.18 0.146

R5: Actual value (Pre-Nebulization) (kPa/lt/s) 1.32±0.51 1.02±0.30 0.002*

R5: Actual value (Post-Nebulization) (kPa/lt/s) 1.07±0.43 1.00±0.27 0.425
Percent Change in R5: Observed (Post-Nebulization)(ΔR5) −12.80±35.24 0.81±24.18 <0.001*

Change in R5: Actual value (Post-Nebulization) (kPa/lt/s) −0.25±0.35 −0.02±0.18 <0.001*
Change in R5: Percent of Predicted (Post-Nebulization) (%) −28.60±41.44 −2.03±15.62 <0.001*

X20: Predicted (kPa/lt/s) 0.03±0.02 0.03±0.02 0.810

X20: Actual value (Pre-Nebulization) (kPa/lt/s) −0.20±0.20 −0.08±0.07 <0.001*
X20: Actual value (Post-Nebulization) (kPa/lt/s) −0.11±0.18 −0.07±0.07 0.460

Change in X20: Actual value (Post-Nebulization) (kPa/lt/s) 0.10±0.10 0.01±0.07 <0.001*

Percent Change in X20: Observed (Post-Nebulization) (kPa/lt/s) −128.32±355.53 −4.90±107.01 0.001*
Change in X20: Percent of Predicted (Post-Nebulization) 236.62±294.20 21.67±222.88 <0.001*

Resonant Frequency Actual value (Pre-Nebulization) (Hz) 26.49±6.33 23.48±2.81 0.005*

Resonant Frequency Actual value (Post-Nebulization) (Hz) 24.53±7.12 22.98±2.72 0.394
Change in Resonant Frequency (Post-Nebulization) −1.95±3.86 −0.50±2.39 0.022

Percent Change in Resonant Frequency (Post-Nebulization)(%) −6.78±13.97 −1.63±9.89 0.026

Provisional Diagnosis 0.202
Wheezing Episode 18 (48.6%) 16 (34.8%)

Others 19 (51.4%) 30 (65.2%)

Abbreviations: IOS, impulse oscillometry system; AX, area of reactance; R5, resistance at 5 Hz frequency; ΔRx, (Rx post-bronchodilation - Rx pre-bronchodilation/Rx pre-
bronchodilation), X20, reactance at frequency 20 Hz.
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Table 3 Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value of Significant IOS Parameters

Variable Sensitivity Specificity PPV NPV Diagnostic Accuracy

Change in AX (Post-Nebulization) (Cut-off: −1.38 by ROC) (AUROC=0.781) 70.3% (53–84) 80.4% (66–91) 74.3% (57–88) 77.1% (63–88) 75.9% (65–85)

Percent Change in AX (Post-Nebulization) (Cut-off: −34.59 by ROC) (AUROC=0.764) 62.2% (45–78) 89.1% (76–96) 82.1% (63–94) 74.5% (61–85) 77.1% (67–86)
Change in R5: Actual value (Post-Nebulization) (Cut-off: −0.24 by ROC) (AUROC=0.785) 62.2% (45–78) 93.5% (82–99) 88.5% (70–98) 75.4% (62–86) 79.5% (69–88)

Change in R5: Percent of Predicted (Post-Nebulization) (Cut-off: −19.101 by ROC) 73.0% (56–86) 93.5% (82–99) 90.0% (73–98) 81.1% (68–91) 84.3% (75–91)

Percent Change in R5 (Post-Nebulization) (Cut-off: −16.667 by ROC) (AUROC=0.784) 67.6% (50–82) 91.3% (79–98) 86.2% (68–96) 77.8% (64–88) 80.7% (71–89)
Change in X20: Actual value (Post-Nebulization) (Cut-off: 0.03 by ROC) (AUROC=0.813) 83.8% (68–94) 56.5% (41–71) 60.8% (46–74) 81.2% (64–93) 68.7% (58–78)

Percent Change in X20 (Post-Nebulization) (Cut-off: −40 by ROC) (AUROC=0.707) 81.1% (63–92) 65.9% (50–80) 66.7% (51–80) 80.6% (64–92) 72.8% (60–81)

Change in Resonant Frequency (Post-Nebulization) (Cut-off: −0.83 by ROC) (AUROC=0.647) 67.6% (50–82) 58.7% (43–73) 56.8% (41–72) 69.2% (52–83) 62.7% (51–73)
Percent Change in Resonant Frequency (Post-Nebulization) (Cut-off: −4.13 by ROC) (AUROC=0.642) 67.6% (50–82) 60.9% (45–75) 58.1% (42–73) 70.0% (53–83) 63.9% (53–74)

Abbreviations: PPV, Positive predictive value of having a wheezing episode if ΔR5Hz is lower than or equal to that specified in the first column; NPV, negative predictive value of not having a wheezing episode if ΔR5Hz is higher than or
equal to that specified in the first column; ROC, receiver operating curve; AUROC, area under receiver operating curve.
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Table 4 The Odds Ratio for Significant Parameters of Impulse Oscillometry

Variable LR+ LR- Yuden Index Odds Ratio Kappa p-value

Change in AX (Post-Nebulization) (Cut-off: −1.38 by ROC) 3.59 (1.93–6.69) 0.37 (0.22–0.62) 50.7 9.72 (3.53–26.78) 0.51 <0.001

Percent Change in AX percent predicted (Post-Nebulization) (Cut-off: −34.59 by ROC) 5.72 (2.41–13.58) 0.42 (0.28–0.65) 51.3 13.47 (4.30–42.19) 0.53 <0.001

Change in R5: Actual value (Post-Nebulization) (Cut-off: −0.24 by ROC) 9.53 (3.10–29.29) 0.40 (0.27–0.62) 55.6 23.55 (6.13–90.45) 0.57 <0.001
Change in R5: Percent of Predicted (Post-Nebulization) (Cut-off: −19.101 by ROC) 11.19 (3.68–34.00) 0.29 (0.17–0.49) 66.5 38.70 (9.76–153.37) 0.68 <0.001

Percent Change in R5: (Post-Nebulization) (Cut-off: −16.667 by ROC) 7.77 (2.97–20.35) 0.36 (0.22–0.57) 58.9 21.88 (6.36–75.23) 0.6 <0.001

Change in X20: Actual value (Post-Nebulization) (Cut-off: 0.03 by ROC) 1.93 (1.35–2.76) 0.29 (0.13–0.62) 40.3 6.72 (2.35–19.21) 0.39 <0.001
Percent Change in X20: Percent of Predicted (Post-Nebulization) (Cut-off: −40 by ROC) 2.35 (1.51–3.65) 0.30 (0.15–0.61) 45.9 7.73 (2.74–21.80) 0.45 <0.001

Change in Resonant Frequency (Post-Nebulization) (Cutoff: −0.83 by ROC) 1.64 (1.09–2.47) 0.55 (0.33–0.93) 26.3 2.96 (1.20–7.32) 0.26 0.017

Percent Change in Resonant Frequency (Post-Nebulization) (Cutoff: −4.13 by ROC) 1.73 (1.13–2.64) 0.53 (0.32–0.90) 28.4 3.24 (1.31–8.03) 0.28 0.010

Abbreviation: LR, likelihood ratio.

JournalofA
sthm

a
and

A
llergy

2022:15
https://doi.org/10.2147/JA

A
.S344643

D
o
v
e
P
r
e
s
s

359

D
o
v
e
p
r
e
s
s

K
ulkarniet

al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


IOS values correlated with spirometry. DuBois et al21 discovered the forced oscillation technique (FOT), a tool that
measures pulmonary function using sound waves of the same frequency generated by a loud speaker and which pass into
the lungs at the time of tidal breathing. This test was modified by Michaelson et al,22 and named the impulse oscillometry
system (IOS). In this test, resistance is measured. Children perform this test easily as minimum cooperation is needed. In
our study, five children did not perform the test, which could be because of initial fear about a test in the hospital. More
familiarity probably could resolve this issue. IOS parameters such as reactance (R), impedance (X), and total resistance
(Z) at low frequency (5 Hz) were more likely to differentiate wheezing from other respiratory disorders than at higher
frequencies. This can be attributed to easy penetration of low frequency into peripheral bronchial tree (diameter <2 mm)
and, hence, reflects obstruction in both the peripheral and the central airways, whereas higher frequencies do not transmit
to the peripheral airways of lungs.

This study was designed to find the usefulness of an impulse oscillometry system in routine pediatric office practice.
Hence the population of children with symptoms fever, cough, cold, and breathlessness as told by the parents was
included in the study. In a diagnostic study rather than a healthy control group the children with similar symptoms form a
better comparative group. The idea was to differentiate the wheezing episode with a history and clinical examination and
a test in the outpatient department. The children with mild-to-moderate disease severity were included as the diagnosis is
likely to be difficult in these children. A coherence value above 0.9 was taken as an acceptable record. It was found to be
feasible in the routine outpatient department. The impulse oscillometry can be used for longitudinal assessment of airway
resistance, which has been shown in a study by Konstantinou et al.15 Various reference equations have been derived at
various geographic regions and in various age groups.23–26 But they cannot be used at other geographical areas. As has
been shown by Konstantinou et al,15 actual values and percent change in actual values of IOS parameters can be used
instead of reference values for children below 6 years. In this study it is seen that the percent change in predicted value as
well as percent change in actual value both have almost similar sensitivity and specificity. In a region where the reference
values are not available, values before and after bronchodilation can help in the diagnosis. The mean value of R at 5 Hz
in the study by Konstantinou et al15 was 1.114±0.280 kPa/lt/sec at the time of wheezing episode, the mean value in this
study was 1.32 ± 0.51kPa/lt/sec. This difference may be because the age group in our study was 3–6 years and the age
group in the study by Konstantinou et al15 was 4–6 years. The lower the age group the higher is the value of resistance.
The confidence interval in this study was larger than the other study because there was a large range of age group. In this
study, percent change in R at 5 Hz if taken as −16.6%, sensitivity was 67.6%, specificity was 91.3%, and diagnostic
accuracy was 80.7%. In the study by Konstantinou et al,15 a cut-off of −20.5% had a sensitivity of 69.7% and specificity
of 74.41% and at −46.4% the specificity increased to 100% but sensitivity decreased to 4.3%. Klug et al27 in their study
had values of R at 5 Hz 1.48±0.25 pre-bronchodilation and 1.25±0.22 post-bronchodilation in age group 2–5 years. The
higher R at 5 Hz values could be because children selected were stable asthmatic children and with the lower age group
than in this study.

The odds ratio calculated shows that actual change in R5, percent change in actual value of R5, or percentage change
as compared to predicted value are the significant parameters with discriminating ability and, hence, it may help in
practice in the diagnosis of wheezing episode. In addition, the parameters AX and resonant frequency can also be used.
X20 shows similar good prediction but how inertia of the lung or airways is affected by bronchodilation needs further
research.

The measurement of airway resistance not only helps in differentiating the wheezing episode from other diseases but
it will help in quantifying the resistance at each episode and measuring the response to bronchodilators after treatment.
This will help in detecting borderline cases and it will help in proper diagnosis and treatment of the patients.

Limitations
The limitations of the study are the small sample size and the study of IOS parameters was done only twice on one single
day. One observer of clinical severity may contribute bias to the drawbacks. All the stringent criteria of within-subject
variability were not followed.
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Conclusion
Using percent change in actual values of R at 5 Hz and percent change in R at 5 Hz as compared to reference standard
after nebulization with salbutamol may help in arriving at the diagnosis of wheezing episode along with history and
examination of the patient. It requires the least cooperation from children. Hence, it can be considered for the same
among 3–6 years old children.
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