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Normal Asthma

Mauad et al. J Allergy Clin Immunol 2007

Tulic & Hamid, CHEST 2003; 123:348s-355s
Barnes, NEJM 2000; 343:269-280 

Hogg, Lancet 2004; 364:709-721
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Small airway involvement in 
BOTH Asthma and COPD



Symptomatic Smokers  

with Preserved Pulmonary Function
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Woodruff PG et al, N Engl J Med. 2016 May 12;374(19):1811-21

• More respiratory symptoms (50%)

• More respiratory exacerbations 

• Greater limitation of activity,

• Slightly lower FEV1, FVC, and IC

• Greater airway-wall thickening 
without emphysema on HRCT

• 42% used BDs and 
23% used ICS (off-labeled use)

*: p <0.05, v.s. smoker 
with PPF and CAT<10

CAT: COPD assessment test; FEV1: forced expiratory volume at 1st second

FVC: forced vital capacity; IC: inspiratory capacity; HRCT: high resolution computer 

tomography; BDs : bronchodilators; ICS: inhaled corticosteroid



Measurements of Small Airway Dysfunction
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Wagner EM, Am Rev Respir Dis. 1990 Mar;141(3):584-8

Cottini et al. Asthma Research and Practice (2015) 1:13

Kraft et al, Chest 2006 and AJRCCM 2001



Impulse Oscillometry System (IOS)
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• Much greater sensitivity to 
detect peripheral airways 
obstruction

• Patient needs to perform 
simple tidal breathing 
maneuvers 
• Children and elderly
• Patient with MV
• Patient during sleep

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

Total   
airway 
resistance
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Xrs = Inertance + Capacitance
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Application of IOS/FOT

J Allergy Clin Immunol. 2013 Mar;131(3):718-23.

Haruna et al. BMC Pulmonary Medicine 2010

Crisafulli E. et al., Respiration. 2017;93(1):32-41. 

IOS parameters and asthma control



Enrollment
From March 1, 2017 to July 31, 2017

73%

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

Chiu et al, J Allergy Clin Immunol Pract. 2019 Jul 10. 
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Characteristics of healthy controls 
and symptomatic patients (N =43)



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

FEV1

(%pred)

FVC 
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PEF 
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FEF25-75%

(%pred)
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(%pred)

FEF50%

(%pred)

FEF25%

(%pred)

r p value r p value r p value r p value r p value r p value r p value

R5-R20 -.14* .03 -.21** <.01 -.11 .10 -.13* .04 .26** <.01 -.15* .01 -.18** <.01

X5 .13* .03 .11 .07 .11 .09 .15* .02 -.14* .03 .09 .15 .08 .22

Fres -.22** <.01 -.27** <.01 -.11 .11 -.21** <.01 .06 .34 -.20** <.01 -.17** <.01

AX -.16** <.01 -.22** .<01 -.14* .04 -.18** <.01 .22** <.01 -.16* .01 -.17** <.01

X

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



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

Cutoff 

value

Sen (%) Spe (%) LR(+) LR(-) AUC Youden

index

p value

R5-R20 >0.07 62.5 59.7 1.55 0.63 0.62 0.22 <0.01

X5 <-0.12 46.9 77.5 2.08 0.69 0.64 0.24 <0.01

Fres >14.14 75.0 57.9 1.78 0.43 0.69 0.33 <0.01

AX >0.44 65.6 61.9 1.72 0.56 0.67 0.28 <0.01

X
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Incidence of SAD 
-- defined by FEF25-75% and IOS parameters

FEV1/FVC ≥ 0.7 FEV1/FVC < 0.7

BDR(-)

(N=255)

BDR(+)

(N=16)

BDR(-)

(N=62)

BDR(+) 

(N=16)

FEF25-75%<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
Chiu et al, J Allergy Clin Immunol Pract. 2019 Jul 10. 
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Thanks for your attention
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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

X5(kPa L(-1)s) <-0.12

Fres(Hz) >14.14

AX(kPa L(-1) ) >0.44

HY Chiu, YH Hsiao and DW Perng, 

Thematic Poster Session, B64-9831, Monday May 21, ATS 2018, San Diego

<-0.12

>0.07

>14.14

>0.44

X



Clinical diagnoses
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Conclusion
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• Reference values of IOS parameters

• Fres is more sensitive than FEF25%-75% to detect SAD

• Patients with respiratory symptoms and PPF may

have SAD, which can be diagnosed with IOS in 

addition to spirometry.


