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Small Airway Dysfunction by Impulse Oscillometry
In Symptomatic Patients with Preserved Pulmonary Function
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Symptomatic Patients with
Preserved Pulmonary Function
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Small airway involvement in
BOTH Asthma and COPD
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Disrupted alveolar
attachments
Mucus hypersecretion (emphysema)

(luminal obstruction)

Mucosal and peribronchial
inflammation and fibrosis
(obliterative bronchiolitis)
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Symptomatic Smokers
with Preserved Pulmonary Function
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 More respiratory symptoms (50%) e« Greater airway-wall thickening
 More respiratory exacerbations without emphysema on HRCT

» Greater limitation of activity, * 42% used BDs and
. Slightly lower FEV1, FVC, and IC ~ 23% used ICS (off-labeled use)

CAT: COPD assessment test; FEV1: forced expiratory volume at 15t second

FVC: forced vital capacity; IC: inspiratory capacity; HRCT: high resolution computer
tomography; BDs : bronchodilators; ICS: inhaled corticosteroid Woodruff PG et al, N EnglJ Med. 2016 May 12;374(19):1811-21
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Bronchoscopy

The bronchoscope is a thin
flexible fibre-optic ‘telescope’
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Much greater sensitivity to
detect peripheral airways

obstruction

Patient needs to perform
simple tidal breathing
maneuvers

e Children and elderly

e Patient with MV

e Patient during sleep
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Type of sound waves in FOT and 10S and distances
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Respiratory resistance versus frequency.

Xrs = Inertance + Capacitance
Frequency dependence of Xrs
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Figure 3
Reactance values in a healthy subject showing the “C”
(compliance) and “I” (inertance) portions of reactance,
area of reactance (Ax) and resonant frequency (Fres).

Breathe (Sheff). 2015 Mar;11(1):57-65.



Application of IOS/FOT
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Enrollment =

From March 1, 2017 to July 31, 2017

629 patients underwent spirometry, BDT and 10S

6 asymptomatic patients

19 patients with recent pneumonia

4 patients with active or previous tuberculosis
| 203 patients with restrictive lung diseases

'| 34 patients with bronchiectasis

2 patients with acute exacerbation

5 patients with interstitial lung diseases

5 patients with other structural lung diseases

L 2

349 patients

271 patients with 78 patients with
FEV1/FVC=0.7 FEV1/FVC < 0.7

kL h

L 4

16 patients 62 patients 16 patients
with positive BR with negative BR with positive BR

255 patients
with negative BR

FIGURE 1. Enrollment of study population. BDT, Bronchodilator test.

Chiu et al, J Allergy Clin Immunol Pract. 2019 Jul 10.
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Demographics e
MNonobstructive group (FEV,/FVC = 0.7) Obstructive group (FEV,/FVC < 0.7)
Characteristic BR{—) (N = 255) BR (+] (N = 16] BR(—] (N = 62] BR(+](N = 16] P value
Age (y) 56 (41-64) 59 (51-70) 67 (62-75) 63 (56-80) <01
Height icm) 165 (158-170) 160 (157-167) 162 (157-167) 164 (159-173) 19
Weight (kg) 65 (56-75) 68 (57-77) 63 (57-70) 62 (54-78) .62
BMI (kgfmz} 243 (21.7-26.8) 258 (23.1-28.1) 24 (21.9-26.1) 228 (20.7-264) 30
Sex: male, n (%) 133 (52.2 7 (43.8) 44 (71.0) 1 (68.8) 03
Smoking, n (%) 7 (34.1) 4 (25) 32i51.6) 9 (56.3) A2
Symptoms, n (%)
Wheeze 34 (13.3) 0 3(4.8) 3(18.8) 10
Cough 180 (70.6) 12 (75) 42 (67.7) 10 (62.5) .85
Sputum 1200 (47.1) & (50) 36 (58.1) 7 (43.8) A6
Dyspnea 119 (46.7) 5(31.3) 42 (67.7) 9 (56.3) A1
Pulmonary function test
FEV,/[FVC .82 (0.78-0.86) 077 (0.72-0.78) 0,63 (0.56-0.66) 0.58 (0.52-0.65) .01
FEV, (Lis) 2700 (2.16-322 1.95 (1.76-2.35) 1.84 (1.54-2.13) 1.70 (1.3-2.08) <01
FEV, (% predicted) 99.87 + 12.36 86.86 + 14.26 80.12 + 14.4 72.82 + 1697 <.01
FVC (Lfs) 3.30 {2.68-395) 2.66 {2.25-3.15) 3.1 (2.54-3.58) 297 (2.67-3.47) <01
FVC (% predicted) 96.1 (88-104.2) 86.4 (82.6-91.5) 97.1 (90.6-107.9) 89.6 (84.6-101.2) <.01
PEF (% predicted) 90.6 £ 17.78 75.53 £ 12.53 64.93 £+ 17.72 55.31 £ 1055 <01
FEF 354,755 (% predicted) 8209 + 25.65 59.34 + 28.39 29.89 £ 93 30.69 + 1368 <.01
FEF sy (% predicted) 96.54 £+ 30.17 66.83 £ 25.14 35.62 £ 12.03 3439 £ 1743 <01
108
Rs [KPa/(Lis)] 0.36 (0.340.45) 0.36 (0.32-0.5) 041 (0.34-0.53) 0.41 (0.34-0.52) A3
Rs — Ry [KPal(L/s)] 0.07 (0.04-011) 0.07 (0.02-0.14) 011 {0.08-0.17) 0.14 (0.1-0.18) <.01
Xs [kPa/(Lis)] 0.1 (=013 to =007 =011 (=016 to —0.05) =015 (=021 to 0.1} —0.19 (-0.22 to —0.15) <01
F,.. (Hz) 14.17 (10.66-16.72) 15.87 (11.72-18.19) 17.35 (1546-21.06) 18.17 (17.08-21.39) <.01
AX (kPa/L) 0.4 (0.240.7) 0.56 (0.23-1.29) 0.9 (0.54-1.66) 1.15 {0.94-1.83) <01
FEF25.75% <65% predicted, n (%) 64 (25.1) 10 (62.5) 62 (100) 16 (100) .01

BMI, Body mass index; FEF s, forced expiratory flow at expiration of 50% of FVC; PEF, peak expiratory flow.
The data are described using mean (SD) for normally distributed variables and median (interquartile range) for nonnormally distributed variables. P value is for l-way ANOVA

for 4 groups.

Chiu et al, J Allergy Clin Immunol Pract. 2019 Jul 10.



Characteristics of healthy controls
and symptomatic patients (N =43)

Charactaristic Healthy controls (N = 43) Symptomatic patients with PPF and SAD (N = 43) P valua
Age (y) 55 (42-63) 57 (46-66) 047
Sex: male, n (%) 21 (45.584) 21 (48.584) 1
Height (cm) 165 (159-172) 164 (156-170) 0.39
smokmg, n (%) O (OO0 10 {23.26) =001
FEV, (% predicted) 101.24 (94.12-108.52) 8689 (82.05-92.15) <0.01
FvC (% predicted) 101.14 (89.56-107.99) 02094 (85.16-101.23) 0.02
FEF 155,755 (% predicted) B3.47 (72.65-1001007) 5355 (45.71-39.26) <001
Rs — Ry [kPa/(L/s)] 0.07 (0004-0.09) 0.09 ([0.05-0.15) 0.03
Xs [kPafLis)] —0.09 (.13 w —0.07) —0L.11 {—0.14 1o —0.08) 0.11
Fre. (Hz) 13.14 (10.53-14.9) 1533 (13.36-15.92) <2001
AX (kPa/L) 0.34 (0.16-0.57) 049 (0.28-1.05) <001
The data are described using mean (5D) for normally distributed variables and median (interguartile mnge) for nonnormally distributed variables,
*Matched by age and sex.

Chiu et al, J Allergy Clin Immunol Pract. 2019 Jul 10.



Correlation between spirometry and 10S
parameters in patients with PPF (N=255)

FEV, FVvC PEF FEF;50, FEFsu, FEF 50,
(Yopred) (Yopred) (Yopred) (Yopred) (Yopred) (Yopred)
r p value r p value r p value r p value r p value r p value
R5-R20 -.147 .03 -217 <01 -11 A0 26" <01 -.15" 01 -18™ <01
X5 13" .03 A1 .07 A1 .09 -14" .03 .09 15 .08 22
Fres 22" . -277 <01 -11 A1 .06 34 -20" <01 -17" <01
AX -227 <01 -.14" .04 22" <.01 -.16" 01 -177 0 <01

Chiu et al, J Allergy Clin Immunol Pract. 2019 Jul 10.



Cutoff values of SAD-related 10S
parameters in patients with pPFT (N=255)

Cutoff Sen (%) Spe (%) LR(+) LR(-) AUC Youden p value
value index

R5-R20 >0.07 62.5 59.7 155 0.63 0.62 0.22 <0.01
X5 <0.12 46.9 @ 2,08 0.69 0.64 0.24 <0.01
Fres >14.14 57.9 1.78 0.43 0.69 0.33 <0.01
AX >0.44 65.6 61.9 172 0.56 0.67 0.28 <0.01

Chiu et al, J Allergy Clin Immunol Pract. 2019 Jul 10.



/TN
Incidence of SAD
-- defined by FEF,: -, and 10S parameters
FEV,/FVC >0.7 FEV,/FVC < 0.7
BDR(-) BDR(+) BDR(-) BDR(+)
(N=255) (N=16) (N=62) (N=16)
FEF 55 150,<65%pred, N (%) 64(25.1) 10(62.5) 62(100) 16(100)
R5-R20>0.07, N (%) 127(49.8) 7(43.8) 50(80.6) 14(87.5)
X5<-0.12, N (%) 74(29.0) 7(43.8) 39(62.9) 14(87.5)
Fres >14.14Hz, N (%) 128(50.2) 11(68.8) 54(87.1) 15(93.8)
AX >0.44, N (%) 111(43.5) 10(62.5) 51(82.3) 15(93.8)

50.2% patients with PPF

had SAD defined by Fres>14.14Hz




The Journal of Allergy and Clinical Immunology:

In Practice

Small Airway Dysfunction by Impulse Oscillometry
in Symptomatic Patients with Preserved Pulmonary
Function

Original Article

Hwa-Yen Chiu, MD**, Yi-Han Hsiao, MD*"”"*, Kang-Cheng Su, MD*"°, Yu-Chin Lee, MD®“, Hsin-Kuo Ko, MD*"*°, and
Diahn-Warng Perng, MD, PhD*“ Tuipei and New Taipei City, Taiwan

What is already known about this topic? Compared with forced expiratory flow between 25% and 75%, impulse
oscillometry (I0OS) is an effort-independent utility to detect small airway dysfunction.

What does this article add to our knowledge? This study provides reference values of IOS parameters, and the 10S
parameter resonant frequency is more sensitive than forced expiratory flow between 25% and 75% to detect small airway

dysfunction.

How does this study impact current management guidelines? Patients with respiratory symptoms and preserved
pulmonary function may have small airway dysfunction that can be diagnosed with |OS in addition to spirometry.
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Parameter SAD (—) SAD (+) P value
FEF>55. 755 < 65% predicted 191 64
Wheeze, n (%) 23 (12.0) 11 (17.2) 30
Cough, n (%) 136 (71.2) 44 (68.8) g1
Sputum, n (%) 88 (46.1) 32 (50) .59
Dyspnea, n (%) 86 (45.0) 33 (51.6) 36
FEFsp < 60% predicted 226 29
Wheeze, n (%) 28 (12.4) 6 (20.7) 22
Cough, n (%) 160 (70.8) 20 (69.0) .84
Sputum, n (%) 103 (45.6) 17 (58.6) .19
Dyspnea, n (%) 103 (45.6) 16 (55.2) 33
Rs — Ry = 0.07 [kPa/(L/s)] 128 127
Wheeze, n (%) 11 (8.6) 23 (18.1) 03
Cough, n (%) 86 (67.2) 04 (74.0) 23
Sputum, n (%) 51 (39.8) 69 (54.3) 02
Dyspnea, n (%) 55 (43.0) 64 (50.4) 24
Xs < —0.12 [kPa/(L/s)] 181 74
Wheeze, n (%) 17 (9.4) 17 (23) <.01
Cough, n (%) 124 (68.5) 56 (75.7) 25
Sputum, n (%) 77 (42.5) 43 (58.1) 02
Dyspnea, n (%) 83 (45.9) 36 (48.6) .69
Fes > 14.14 Hz 126 128
Wheeze, n (%) 7 (5.6) 27 (21.1) <.01
Cough, n (%) 87 (69) 93 (72.7) 53
Sputum, n (%) 51 (40.5) 69 (53.9) 03
Dyspnea, n (%) 54 (42.9) 65 (50.8) 21
AX = 044 kPa/L 142 111
Wheeze, n (%) 13 (9.2) 21 (18.9) 02
Cough, n (%) 101 (71.1) 78 (70.3) B8
Sputum, n (%) 59 (41.5) 61 (55) 03
Dyspnea, n (%) 63 (44.4) 56 (50.5) 34

Respiratory symptoms and
SAD detected by different
parameters in patients with
PPF

Chiu et al, J Allergy Clin Immunol Pract. 2019 Jul 10.
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Reference value
for symptomatic patients with PPF
Cutoff value . )
R5-R20(kPa L(-1)s) >0.07 2
X5(kPa L(-1)s) <-0.12 . to
Fres(Hz) >14.14 § 7048 s
AX(kPa L(-1)) >0.44 1 © <0.12
>0.07 | 3
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Clinical diagnoses

TABLE E3. Clinical diagnoses of the participants

Nonobstructive group (FEV,/FVC = 0.7)

Obstructive group (FEV,/FVC < 0.7)

Diagnosis ER (—) (N = 255) BR(+)(N = 16) BER (=) (N = 62) BR(+) (N = 16)
Allergy history, n (%) 39 (15.3) 6 (35.7) 8 (12.9) 2 (12.5)
Allergic rhinitis, n (%) 108 (42.4) 7 (43.8) 21 (33.9) 8 (50)
Clinical diagnosis, n (%)
Bronchitis 104 (40.8) 3 (18.8) 2 (3.2) 1 (6.3)
Asthma 122 (47.8) 10 (62.4) 28 (45.2) 6 (37.4)
COPD 3 (18.8) 27 (43.5) 4 (25)
ACO 5 (8.1) 5 (31.3)
Other diagnosis 29 (11.4) 0 5 (8.1) 5 (31.3)

ACO, Asthma-COPD overlap.
Other diagnoses include allergic rhinitis, gastroesophageal reflux disease, and upper respiratory tract infection.

Chiu et al, J Allergy Clin Immunol Pract. 2019 Jul 10.
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TABLE E1. Between-group analysis with Scheffe method in patients without BR
Characteristic Noncbstructive group (N = 255) Obstructive group (N = 62) P value
Age (y) 53 £+ 16.1 68.2 + 0.7 <.01
Height (cm) 163.9 £ 89 161.8 £ 8 40
Weight (kg) 67 £+ 13.7 64.1 £ 114 47
BMI (kg/m”) 249 £ 43 244 £ 37 .81
Sex: male, n (%) 133 (52.2) 44 (71) .01
Smoking, n (%) 87 (34.1) 32 (51.6) .01
Symptoms, n (%)
Wheeze 34 (13.3) 3 (4.8) .06
Cough 180 (70.6) 42 (67.7) .66
Sputum 120 (47.1) 36 (58.1) 12
Dyspnea 119 (46.7) 42 (67.7) <.01
Chest tightness 91 (35.7) 17 (27.4) 22
Pulmonary function test
FEV,/FVC 0.82 = 0.06 0.6 £ 0.09 <.01
FEV,, % predicticted 99.87 £+ 12.36 80.12 + 14.4 <.01
FVC, % predicted 07.13 £ 11.06 995 = 12.08 53
PEF, % predicted 90.6 £ 17.78 64.93 £ 17.72 <.01
FEF150 755, % predicted 82.09 £ 25.65 20.89 £9.3 <.01
FEFs5yz, % predicted 96.54 £ 30.17 35.62 £ 12.03 <.01
Rs — Rsg [kPa/(L/s)] 0.08 £+ 0.07 0.14 + 0.11 <.01
X5 [kPa/(L/s)] —0.1 £ 0.06 —0.18 £ 0.13 <.01
Fies (Hz) 14.59 + 5.66 18.53 + 5.41 <.01
AX (kPa/L) 0.56 = 0.54 1.32 £ 1.24 <.01

BMI, Body mass index: FEFsgs, forced expiratory flow at expiration of 50% of FVC; PEF, peak expiratory flow.
The data are described using mean (SD) for normally distributed variables and median (interquartile range) for nonnormally distributed variables.

Chiu et al, J Allergy Clin Immunol Pract. 2019 Jul 10.



TABLE E2. Between-group analysis with Scheffe method in patients without airflow limitation

Characteristic BR(—) (N = 255) ER (+) (N = 16) P value
Age (v) 53 + 16.1 57.6 + 19.1 0.72
Height (cm) 163.9 £ 8.9 161.7 £ 7.3 0.80
Weight (kg) 67 £ 13.7 66.9 + 104 1.00
BMI (kg/m°) 249 + 43 25.5 + 34 0.94
Sex: male, n (%) 133 (52.2) 7 (43.8) 0.51
Smoking, n (%) 87 (34.1) 4 (25) 0.45
Symptoms, n (%)
Wheeze 34 (13.3) 0 () 0.12
Cough 180 (70.6) 12 (75) 0.71
Sputum 120 (47.1) 8 (50) 0.82
Dyspnea 119 (46.7) 5(31.3) 0.23
Chest tightness 91 (35.7) 4 (25) (.39
Pulmonary function test
FEV /EVC (.82 £ 0.06 0.77 £ 0.06 0.05
FEV, % predicted 99.87 = 1236 86.80 £+ 14.26 <0.01
FVC, % predicted 97.13 £ 11.06 87.714 £ 6.22 0.02
PEF, % predicted 90.6 & 17.78 75.53 + 1253 0.01
FEF 250 750, % predicted 82.09 + 25.65 59.34 + 2839 <0.01
FEF.;, % predicted 96.54 £ 30.17 66.83 £ 25.14 <0.01
Rs — Ry [kPa/(L/s)] 0.08 £ 0.07 0.09 £ 0.08 0.99
Xs [kPa/(L/s)) —0.1 = 0.06 —0.11 + 0.07 0.95
Fios (Hz) 14.59 + 5.66 15.05 & 4.72 0.99
AX (kPa/L) 0.56 £+ 0.54 0.73 + 0.61 (.85

BMI, Body mass index; FEF s, forced expiratory flow at expiration of 50% of FVC; PEF, peak expiratory flow.
The data are described using mean (5D) for normally distributed variables and median (interquartile range) for nonnormally distributed variables.

Chiu et al, J Allergy Clin Immunol Pract. 2019 Jul 10.
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FIGURE E1. Small airway dysfunction defined by FEF2575+ < 65% predicted detected by impulse oscillometry (I0S) parameters. AUC,

Area under curve.
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Conclusion

» Reference values of IOS parameters

* F,. IS more sensitive than FEF .y, -0, to detect SAD

res

 Patients with respiratory symptoms and PPF may
have SAD, which can be diagnosed with 10S In
addition to spirometry.

Chiu et al, J Allergy Clin Immunol Pract. 2019 Jul 10.



