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Assessment of ventilation

ABGA

Non-invasive method of serial measurement 

SaO2 (Oxyhemoglobin saturation) by Pulse Oxymeter 

EtCO2 (End-tidal CO2 ) by Capnometer/Capnography 

TcCO2 (Transcutaneous CO2 ) by transcutaneous blood gas monitoring device



SaO2 (Oxyhemoglobin saturation) 

by Pulse Oxymeter 

EtCO2 (End-tidal CO2 ) 

by Capnometer/Capnography 

TcCO2 (Transcutaneous CO2 ) 

by transcutaneous blood gas monitoring



Reliability of smartphone measurements of vital parameters: 

A prospective study using a reference method

Am J Emerg Med 2019;37:1527–1530.



Am J Emerg Med 2019;37:1527–1530.

Reliability of smartphone measurements of vital parameters: 

A prospective study using a reference method



Am J Emerg Med 2019;37:1527–1530.

Reliability of smartphone measurements of vital parameters: 

A prospective study using a reference method



Ann Am Thorac Soc. 2014 May;11(4):645-52.



Ann Am Thorac Soc. 2014 May;11(4):645-52.



Eur J Clin Exp Med 2022; 20 (3): 316–322. doi: 10.15584/ejcem.2022.3.9

Correlation of the end-tidal CO2 value with 

arterial blood gas parameters 



Ann Am Thorac Soc. 2014 May;11(4):645-52.



Clin Respir J. 2023 Feb;17(2):96-104

Correlation of the end-tidal CO2 value with 

arterial blood gas parameters 



Ann Am Thorac Soc. 2014 May;11(4):645-52.

PaCO2 and PtcCO2 levels during NIV in a patient with COPD
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Respir Med. 2018 Mar;136:98-110. doi: 10.1016/j.rmed.2018.01.012.



Respir Med. 2018 Mar;136:98-110. doi: 10.1016/j.rmed.2018.01.012.



Peak Cough Flow

Neuromuscul Disord. 2018 Mar;28(3):289-298

Sci Rep. 2020 Feb 6;10(1):2030.



FVC and Peak Cough Flow

Neuromuscul Disord. 2018 Mar;28(3):289-298



FVC and Peak Cough Flow

Neuromuscul Disord. 2018 Mar;28(3):289-298



Mechanical Insufflator-Exsufflator (MIE, cough machine) 



Mechanical Insufflator-Exsufflator (MIE, cough machine) 



Mechanical Insufflator-Exsufflator (MIE, cough machine) 



Thorax 2001;56:438–444



Sci Rep. 2020 Feb 6;10(1):2030.



Types of Airway Clearance Modalities 

Mechanical devices 
Positive Expiratory Pressure (PEP) 

Oscillatory Positive Expiratory Pressure (OPEP) 

High frequency chest wall compression 

Intrapulmonary Percussive Ventilation (IPPV) 

Mechanical Insufflation-Exsufflator (MIE, cough machine) 

Breathing techniques 
Active Cycle of Breathing (ACBT) 

Autogenic Drainage 

Manual techniques 
Postural drainage 

Clapping, Percussion, and Vibration 
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Positive Expiratory Pressure (PEP) 

Ann Cardiopulm Rehabil 2021;1(1):23-32.



Positive Expiratory Pressure (PEP) 

Ann Cardiopulm Rehabil 2021;1(1):23-32.

Pursed lip breathing



CHEST 2005; 128:640 – 650

Effects of Imposed Pursed-Lips Breathing on Respiratory 

Mechanics and Dyspnea at Rest and During Exercise in COPD



Respir Med. 2015 Mar;109(3):297-307. doi: 10.1016/j.rmed.2014.11.003.

PEP and Lung volume



Respir Med. 2015 Mar;109(3):297-307. doi: 10.1016/j.rmed.2014.11.003.

PEP and Lung volume



Oscillatory Positive Expiratory Pressure (OPEP) 



Pulm Ther. 2022 Mar;8(1):1-41.

doi: 10.1007/s41030-021-00178-1.

Oscillatory Positive Expiratory Pressure (OPEP) 



J Chron Obstruct Pulmon Dis. 2016;13(1):66–74.

OPEP and fMRI ventilation 





Oscillatory Positive Expiratory Pressure (OPEP) 

Respir Med. 2015 Mar;109(3):297-307. doi: 10.1016/j.rmed.2014.11.003.

Flutter Valve

J Korean Med Assoc. 2016 Sep;59(9):705-712.



Respir Care 2003;48(2):124–130



Respir Care 2003;48(2):124–130



Respir Care 2003;48(2):124–130



Thorax 2023;78:136–143





Thorax 2023;78:136–143



Thorax 2023;78:136–143

(fatigue)



High-frequency airway clearance techniques

Assisted

Unassisted

Intrapulmonary percussive ventilation (IPV)

High frequency chest wall compression (HFCWC)

Oscillatory Positive Expiratory Pressure (OPEP) 

Airway application

External (chest wall)



High frequency chest wall oscillator 

variable air-pulse generator nonstretch inflatable vest 



Int J Chron Obstruct Pulmon Dis. 2022 Nov 10;17:2857-2869

Sputum expectoration in AECOPD patients



Hospital stays in AECOPD patients



Intrapulmonary percussive ventilation

Respirol Case Rep. 2020 Nov 4;8(9):e00676.



MetaNeb®



Crit Care Med. 2006 Dec;34(12):2940-5.



Crit Care Med. 2006 Dec;34(12):2940-5.



Respirol Case Rep. 2020 Nov 4;8(9):e00676.

Pulmonary alveolar proteinosis with respiratory failure treated by IPV
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Muscle function and COPD

Muscle dysfunction

: muscle strength ↓ (muscle weakness) or edurance impairment (muscle fatigue) 

Upper-limb muscles, Lower-limb muscles / Respiratory muscles 



Respiratory muscles

Inspiratory muscles:

• Diaphragm 

• Accessory inspiratory muscles: ext. intercostal muscles, upper rib cage muscle

Expiratory muscles:

• Int. intercostal muscles 

• Abdominal muscles

Respiratory muscle dysfunction → dyspnea, respiratory failure



J Thorac Dis. 2015 Oct;7(10):E418-38.

doi: 10.3978/j.issn.2072-1439.2015.08.04.

Muscle dysfunction in COPD



Front Physiol. 2022 May 2;13:872277

Diaphragm dysfunction in COPD 



Respiratory muscle strength test

Maximal inspiratory pressure (Pimax, MIP)

Maximal expiratory pressure (Pemax, MEP)



Eur Respir J 2011; 37: 416–425 

Impact of inspiratory muscle training in patients with COPD



Eur Respir J 2011; 37: 416–425 

Impact of inspiratory muscle training in patients with COPD



Ann Rehabil Med 2017;41(4):659-666



Thorax 2018;73:942–950. 

Training quality indices and improvements in PImax



ExperimentalPhysiology.2023;1–14.

Inspiratory muscle training and detraining



Inspiratory muscle training and detraining

ExperimentalPhysiology.2023;1–14.



Inspiratory muscle exercise

흡기 저항 훈련(inspiratory resistance training)

흡기 역치 훈련 (inspiratory threshold training) 

등탄산 과호흡 훈련(isocapneic hyperventilation)



Inspiratory muscle training (IMT)

Inspiratory resistance training

(=Flow resistive training)
Inspiratory threshold training

(flow independent)



POWERbreathe

https://www.powerbreathe.com/product-category/breathing-trainers/k-series-inspiratory-muscle-training-imt/




Phys Ther. 2015;95:1264–1273



CHEST 2006; 129:325–332



Ann Am Thorac Soc. 2015 Oct;12(10):1490-7. doi: 10.1513/AnnalsATS.201504-231OC.



CHEST 2006; 129:325–332



CHEST 2006; 129:325–332



Patient satisfaction of one-legged cycling in COPD

Ann Am Thorac Soc. 2015 Oct;12(10):1490-7. doi: 10.1513/AnnalsATS.201504-231OC.



Lancet Respir Med 2016; 4: 27–36



Lancet Respir Med 2016; 4: 27–36



high-frequency (HF; 75 Hz) vs low-frequency (LF; 15 Hz) 

Respir Med. 2020 Jan;161:105851.



Eur J Phys Rehabil Med. 2022;58(3):487-496



Eur J Phys Rehabil Med. 2022;58(3):487-496



29.07m

Eur J Phys Rehabil Med. 2022;58(3):487-496



Eur J Phys Rehabil Med. 2022;58(3):487-496



Respir Care 2016;61(11):1488–1496

COPD and Balance 



Respir Care 2016;61(11):1488–1496

COPD and Balance 



Gloeckl et al. Respir Res (2021) 22:138 https://doi.org/10.1186/s12931-021-01688-x
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Ther Adv Respir Dis. 2022 Jan-Dec;16:17534666221075493. 

doi: 10.1177/17534666221075493.



Exercise tolerance and Digital PR

ERJ Open Res 2023; 9: 00212-2022 [DOI: 10.1183/ 23120541.00212-2022].



Breathe 2017 13: e27-e36



Breathe 2017 13: e27-e36



Digit Health. 2023 Feb 1;9:20552076221150745.



Spielmanns M, et al. Thorax 2022;0:1–10. doi:10.1136/thoraxjnl-2021-218338 1 







Changes in steps per day 

from baseline to 6 months Mean steps per day
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