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• Long-term Oxygen Therapy (LTOT)

• Non-invasive ventilation (NIV)

• High-flow nasal cannula (HFNC)
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Long-term oxygen therapy : terminology

• Long-term oxygen (LTOT)

– Oxygen that is delivered to patients with chronic hypoxemia, in most cases for the remainder of the

patient’s life. Long-term oxygen therapy is prescribed for at least 15 h/d

• Severe hypoxemia 

– PaO2 ≤ 55 mmHg or SaO2 (SpO2) ≤ 88%   

– PaO2 = 56 – 59 mmHg (or SpO2 = 89%) plus Right heart failure (edema or P pulmonale) or Erythrocytosis (Hct

≥ 55%)

• Moderate hypoxemia

– SpO2 89 – 93% 

AJRCCM 2021;203(8):1045-1046.



LTOT in severe hypoxemia 

• Landmark studies : NOTT (1980) and MRC (1981)

• COT = continuous oxygen therapy > 19 hours /day 

→ Clear survival benefit 

• RR for death = 1.94 for NOT (12h/d) vs. COT (17.7h/d)

• Other benefits of LTOT in following studies 

: Stabilization of PH, ↓arrhythmia, ↑exercise capacity, 

↑HRQoL, ↑neuropsychiatric function, ↓ exacerbation, 

↓ hospitalization 

IJCOPD 2008:3(2) 231–237



LTOT in moderate hypoxemia : RCT 

• LOTT study (2016) 

• Stable COPD with mod resting desat (SpO2 89 – 93%) 

or mod exertional desat (6MWT, SpO2 80 – 90%)

• N = 738 from 42 centers 

• Primary outcome : time to death or first hospitalizaton

• Intervention : 24 hour O2 (resting desat group) or 

ambulatory/nocturnal O2 (exertional desat group)     

vs. No O2 supplement 

N Engl J Med 2016;375:1617-27.



LTOT in moderate hypoxemia : patients characteristics 

N Engl J Med 2016;375:1617-27.



LTOT in moderate hypoxemia : No benefit 

N Engl J Med 2016;375:1617-27.

No difference in primary outcomes (+ no effect in subgroups) and other outcomes (COPD AE, COPD hospitalization, QoL, 

anxiety/depression, lung function, 6MWD, or other functional status)



LTOT in moderate hypoxemia : compliance

N Engl J Med 2016;375:1617-27.



Meta-analysis

Lancet Respir Med 2022;10: 1029–37



Meta-analysis : no survival benefit 

Lancet Respir Med 2022;10: 1029–37



Meta-analysis : no other benefit 

Lancet Respir Med 2022;10: 1029–37



Possible reasons for the negative result

Lancet Respir Med 2022;10(11): 1010-1011

• Non-linear threshold effects of oxygen saturation on pulmonary vasoconstriction, 

mediator release, and ventilatory drive 

• Daily use of oxygen treatment might have been too low in moderate desaturation 

group

• Substantial developments in COPD management (compared to 1970s’)



GOLD 2023 : LTOT in stable COPD

GOLD 2023 

• The long-term administration of oxygen increases survival 

in patients with severe chronic resting arterial hypoxemia 

(Evidence A).

• In patients with stable COPD and moderate resting or 

exercise-induced arterial desaturation, prescription of 

lung-term oxygen does not lengthen time to death or first 

hospitalization or provide sustained benefit in health 

status, lung function and 6MWD (Evidence A).

• Resting oxygenation at sea level dose not exclude the 

development of severe hypoxemia when traveling by air 

(Evidence C).



Severe exertional hypoxemia? not mentioned in GOLD

AJRCCM 2021;203(8):1045-1046.



Severe exertional hypoxemia

Chest 2008; 134: 746-752
AJRCCM 2021;203(8):1045-1046

• Isolated exertional hypoxemia (IEH) 

– Presents 40% in moderate to severe COPD

– More rapid lung function decline,worse HRQoL, increased mortality (HR 2.63 in SpO2<90% in 6MWT) 

• Limited studies on O2 during  daily life 

• No long-term studies on exercise capacity 

• Meta-analysis for HRQoL (in ATS practice guideline) : Effect size < MCID (0.5)



Severe exertional hypoxemia

ERJ 2002;20(2):306-12

Significant improvement in 
physical role, general health, 
social functioning, and emotional 
role (exceed MCID except for 
social functioning)

• Cross-over double blind RCT for 

12 weeks (N = 41)

• Exertional desaturation ≤ 88%

• O2 4L/min during exercise

• 41% of responders did not want 

to continue therapy
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Role of NIV in COPD AE

Thorax. 2006;61(4):354-61
Annals ATS 2019; 16(9): 1091-1098

• Positive pressure open airways → Increase in 

alveolar ventilation 

• EPAP adjusted to overcome intrinsic PEEP to 

decrease respiratory muscle load → Reduce in 

work of breathing 

• Pressure support ventilation with backup rates 

reduced diaphragm effort → Resting diaphragm 

muscle 



NIV in COPD AE : meta-analysis

Cochrane Database of Systematic Reviews 2017

Mortality



NIV in COPD AE : meta-analysis

Cochrane Database of Systematic Reviews 2017

Need for intubation



NIV in COPD AE :  meta-analysis

Cochrane Database of Systematic Reviews 2017



NIV in COPD AE : Standard of care for RF  

GOLD 2023 



NIV in COPD AE : Technical issues

BTS/ICS guideline
Thorax. 2016;71 Suppl 2:ii1-35.



NIV in COPD AE : Standard of care  

GOLD 2023 



NIV failure in COPD AE : high mortality 

AJRCCM. 2012;185(2):152-9

NIV only

NIV to IMV



NIV failure in COPD AE : Technical issues

BTS/ICS guideline
Thorax. 2016;71 Suppl 2:ii1-35.



Home NIV in post-AE COPD

JAMA 2017;317(21): 2177-86 

Time to Readmission or Death

• N= 116, Persistent hypercapnia (PaCO2 > 53mmHg) 2-

4weeks after respiratory acidosis resolution 

• O2 + NIV (IPAP : EPAP 24:4, backup RR 14) vs. O2 alone

• Mean PaCO2 = 59mmHg

• NIV for at least 6 hours nightly →median 7.6 hours 



Home NIV in post-AE COPD

Cochrane Database of Systematic Reviews 2021



Home NIV in stable COPD

Cochrane Database of Systematic Reviews 2021



Home NIV : mortality benefit in stable COPD

TRD (Seoul) 2022; 85(1): 47-55.

Stable COPD
↓ 29% death

Post AE COPD
= death

Total COPD
↓ 21% death



NIV in stable COPD + OSA 

AJRCCM 2010; 182(3): 325-31.

without OSA

without OSA



NIV in stable COPD + OSA 

AJRCCM 2022;206(2): 197-205



NIV in stable COPD : Ambulatory NIV

AJRCCM 2013;188(3):334–342.

0.45kg

• N= 15, mean FEV1 32.2%, exertional SpO2 86.5%

• Constant work rate (CWR) cycle ergometer exercise



• Long-term Oxygen Therapy (LTOT)

• Non-invasive ventilation (NIV)

• High-flow nasal cannula (HFNC)

Contents



HFNC 

AJRCCM 2017;195(9):1128-1131.

• Physiologic benefits

• Avoid adverse event of IMV

• Patients’ comfort 

• Less resource required     

(even in terms of healthcare 

workload) 



HFNC (vs. NIV) in COPD AE  

Clin Respir J. 2018;12(6):2046-2056

• Single center prospective observational study (not RCT) in Korea 

• N = 88 (NIV:HFNC = 1:1)

• COPD AE with PF ratio < 200, PaCO2 > 45 mm Hg, pH 7.25 – 7.35  



HFNC (vs. NIV) in COPD AE  

Clin Respir J. 2018;12(6):2046-2056



HFNC (vs. NIV) in COPD AE  

Clin Respir J. 2018;12(6):2046-2056

Intubation Mortality PaCO2



HFNC (vs. NIV) in COPD AE : PaCO2 removal

Heart & Lung 2023; 60:116-126 



HFNC (vs. NIV) in COPD AE : intubation risk

Heart & Lung 2023; 60:116-126

Risk of intubation 
(COPD AE)

Risk of reintubation 
(Post intubation)



HFNC (vs. NIV) in COPD AE : mortality

Heart & Lung 2023; 60:116-126

28-day

In-hospital



HFNC (vs. NIV) in COPD AE : Recommendation

Eur Respir J 2022; 59(4): 2101574

This is insufficient to make a recommendation in favour of HFNC, given the high-certainty evidence for the use of NIV 
in COPD, and that more evidence would be required before HFNC could be considered equivalent or superior to NIV.



HFNC (vs. O2) in COPD AE

Crit Care. 2022;26(1):109.

• Multi-center (17 tertiary hospitals) RCT in China 

• N =337, COPD AE with mild hypercapnia (PaCO2 > 45 mm Hg and pH ≥ 7.35)  

• Primary outcome : Intubation during hospitalization

• Secondary outcome : Intolerance and need for NIV or IMV, LOS, hospital cost, mortality, readmission



HFNC (vs. O2) in COPD AE

Crit Care. 2022;26(1):109.



HFNC (vs. O2) in COPD AE : PaCO2 removal

IJCOPD 2023:18 895–906



HFNC (vs. O2) in COPD AE : treatment failure

IJCOPD 2023:18 895–906

Treatment failure

Escalation to NIV



Home HFNC (vs. O2) in stable COPD

AJRCCM 2022;206(11):1326-1335

• Multi-center (42 hospitals) RCT in Japan 

• N =104, Stable COPD with daytime hypercapnia (PaCO2 ≥ 45 mm Hg and pH ≥ 7.35) receiving LTOT (≥ 

16hours/day) for at least 1 month + History of AE within 1 year 

• LTOT vs. LTOT/HFNC (HFNC for ≥ 4 h/night during sleep at flow rates of 30–40 L/min →mean 7.3 h)

• Primary outcome : Moderate or severe exacerbation rate. 

• Secondary outcome : ABGA, lung function, HRQoL, 6MWT, Intubation during hospitalization



Home HFNC (vs. O2) in stable COPD

AJRCCM 2022;206(11):1326-1335

Median time to first mod or severe AE 
= 25 weeks in LTOT << Not met in HFNC/LTOT group



Home HFNC (vs. O2) in stable COPD

AJRCCM 2022;206(11):1326-1335



Home HFNC (vs. O2) in stable COPD

Heart & Lung 2023; 60:116-126

PaCO2

PaO2



• Long-term Oxygen Therapy (LTOT)

– Survival benefit in patients with severe resting hypoxemia (not with moderate hypoxemia)

– Isolated severe exertional hypoxemia  

• Non-invasive ventilation (NIV)

– 1st recommended treatment for respiratory support in AE COPD with hypercapnia

– Mortality benefit in stable COPD 

– Ambulatory NIV 

• High-flow nasal cannula (HFNC)

– Possible alternative to NIV in AE COPD (currently, insufficient evidence)

– Superior to conventional O2 in AE COPD and stable COPD 

Summary
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