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Definition of Respiratory Failure

Ø Respiratory system fails in one of both of gas exchange functions

üOxygenation

üElimination of carbon dioxide

Ø Arterial oxygen tension (PaO2) < 60mmHg

Ø Arterial carbon dioxide tension (PaCO2) > 45mmHg

C. Roussos et al. ERJ 2003; 22: Suppl. 47, 3s-14s



Types of Respiratory Failure

C. Roussos et al. ERJ 2003; 22: Suppl. 47, 3s-14s

• Gas exchanging organ
– Lung

– Pulmonary vessels

• Ventilation organ
– Chest wall

• Respiratory muscle

• Chest cage

– CNS

– Spinal, Peripheral nerve



Classification of Respiratory Failure

TS Lamba et al. Crit Care Nurs Q Vol. 39, No. 2, pp. 85–93

Based on 

Blood gas

Type 1 or 
Hypoxemic

Type II or 
Hypercapnic

Type III Combined 
oxygenation and 
ventilator failure

Respiratory

failure Based on onset

Acute Chronic Acute on Chronic



VentilatorOxygen Supply

Methods of O2 supply



CASE 1

Ø 55세여자환자가 3일전부터발생한기침, 가래를동반한호흡곤란증상으로

응급실로내원함. 

Ø Vital sign 

Ø BP: 100/50mmHg, HR:120/min, RR:34/min, BT:38.2℃, SaO2 78%

Ø ABGA

Ø RA : pH 7.39, pCO2 26mmHg, PaO2 46mmHg, SaO2 81%



CASE 1

Ø No history of chronic pulmonary, cardiac disease

Ø Supply O2 via mask 10L/min

Ø Vital sign after O2 supply

ü BP: 100/50 mmHg, HR: 120/min, RR: 29/min

ü ABGA pH 7.45, pCO2 25mmHg, PaO2 70 

mmHg, SaO2 92%





Goals of Oxygen Therapy

Ø The ability to supply the patient with the oxygen they need  

Ø Comfort

Ø Avoid endotracheal intubation

Ø Improve mortality

Ø Prevention of adverse effect



Crit Care. 2009;13(6):R209

Ø 17 Patients with ARF requiring > 9L/min

Ø Face mask (9L/min – 15L/min)

Ø HFNC setting : FiO2 60%, initial Flow 40L/min

Comparing HFNC and Conventional oxygen therapy



Roca O et al. Respir Care. 2010 Apr;55(4):408-13.

Ø SaO2 < 96% while receiving FiO2 ≥ 0.5 via face mask

Ø Comparing face mask(15L/min) and HFNC 30L/min

Comparing HFNC and Conventional oxygen therapy



Respir Care 2015;60(10):1377–1382.

Ø 40 Patients with ARF (RR > 24/min and SpO2 < 94% on RA)

Ø HFNC (Flow 35 L/min, FiO2 adjusted to SpO2 ≥ 94%) vs. COT for 60 min

Ø CHF, Asthma attack, COPD c AE, Pneumonia

Ø Mean SpO2  86-88%

Comparing HFNC and Conventional Oxygen Therapy



Respir Care 2016;61(3):291–299.

Ø 303 Patients with ARF (RR ≥ 22/min and SpO2 < 92% on RA)

Ø HFNC (Flow 40 L/min, FiO2 adjusted to SpO2 ≥ 94%) vs. COT 

Ø Outcomes : conversion to NIV or IMV, Hospital LOS, 90-day mortality

Ø Cause of hypoxia : COPD, Pneumonia, CHF, Asthma

Comparing HFNC and Conventional Oxygen Therapy



Rochwerg B et al. Intensive Care Med. 2019 May;45(5):563-572.

Intubation rate

Mortality

Comparing HFNC and Conventional oxygen therapy



ERS clinical practice guidelines: HFNC in acute respiratory failure

Eur Respir J 2022; 59: 2101574



Am J Respir Crit Care Med 2003; 168 (12) 1438-1444

Ø 105 Patients with ARF (P/F ratio ≤ 120 )

Ø Venturi mask (54) vs. NIV (51)

Exclusion Criteria

(1) hypercapnia (PaCO2 of more than 45 mm Hg) on admission

(2) need for emergency intubation

(3) recent esophageal, facial, or cranial trauma or surgery

(4) severely decreased consciousness (a Glasgow coma score ≤ 11)

(5) severe hemodynamic instability despite fluid repletion and use 

of vasoactive agents

(6) a lack of cooperation

(7) tracheotomy or other upper airway disorders

(8) severe ventricular arrhythmia or myocardial ischemia

(9) active upper gastrointestinal bleeding

(10) an inability to clear respiratory secretions

(11)≥1 severe organ dysfunction in addition to respiratory failure.

Comparing NIV and Conventional oxygen therapy



XP Xu et al. Critical Care Medicine: July 2017 - Volume 45 - Issue 7 - p e727-e733.

Intubation rate

Mortality

Comparing NIV and Conventional oxygen therapy



Benefit of NIV in acute hypoxemic respiratory failure

Ø Patients likely to benefit

ü Acute cardiogenic pulmonary edema

Ø Patients likely to benefit

ü Hypoxemic nonhypercapnic respiratory failure not due to ACPE

(Inability to cooperate, protect airway, or clear secretions)

ü Acute respiratory failure due to asthma exacerbation

ü Post-operative or chest trauma induced acute respiratory failure



JP Frat et. al. N Engl J Med 2015; 372:2185-2196

Ø Multi-center Randomized controlled trial, 23 ICUs in France and Belgium

Ø 310 patients with acute hypoxemic respiratory failure, HFNC(106) vs. SOT(94) vs. NIV(110)

Ø Acute hypoxemic respiratory failure : P/F ratio < 300

Ø Outcome

ü Primary outcome : Intubation rate at day 28

ü 2ndary outcome : All cause mortality in ICU and at 90 days



JP Frat et. al. N Engl J Med 2015; 372:2185-2196

HFNC(38%) vs. COT(47%) vs. NIV(50%) HFNC(35%) vs. COT(53%) vs. NIV(58%)

Intubation rate



JP Frat et. al. N Engl J Med 2015; 372:2185-2196

HFNC(12%) vs. COT(23%) vs. NIV(28%)

All cause mortality



JP Frat et. al. N Engl J Med 2015; 372:2185-2196



Adverse effect of NIV

European Respiratory Journal 2018 52: PA2378



Full face mask face mask Nasal mask Helmet mask

NIV Interfaces



Helmet NIV

JAMA. 2021;325(17):1731-1743.



BK Patel et al. JAMA. 2016;315(22):2435-2441.

Ø 83 Patients with ARDS, P/F ratio 90-220, Shock (25%)

Ø Helmet device (44) vs. Face mask device (39)

Comparing between NIV interfaces



BK Patel et al. JAMA. 2016;315(22):2435-2441.

Comparing between NIV interfaces



Helmet NIV vs. HFNC in COVID-19

JAMA. 2021;325(17):1731-1743.

28% vs. 51% 0.37(0.17 to 0.82)

Ø 109 Patients with ARF (PaO2/FiO2 ≤ 200), HFNC vs. Helmet NIV

Ø Outcomes : respiratory support free days, intubation rate, mortality



CASE 1



Response to different flow ratios.

Ø HFNC and required a minimum FiO2 of 0.4 to maintain pulse oximetry (SpO2) of 90–97%

Ø Peak tidal inspiratory flow

ü Mean : 34 ± 9

ü Median : 31 [27-42]

Li et al. Annals of Intensive Care (2021) 11:164



CASE 2

Ø 60/M

Ø C/C dyspnea (onset : 3 days ago)

Ø fever, chill, cough, sputum after greenhouse work

Ø Vital sign 

Ø BP: 100/60mmHg, HR:79/min, RR:24/min, BT:38.1℃

Ø ABGA via Mask 8L/min

Ø RA : pH 7.44, pCO2 33mmHg, PaO2 65mmHg, SaO2 93%





RRSaO2FiO2
Flow 

(L/min)

2494%0.760Day 1

2096%0.560Day 2

2495%0.860Day 3

2893%0.860Day 4

3491%0.960Day 5



BJ Kang et al. Intensive Care Med (2015) 41:623-632.

Ø Restrospective, HFNC failure
Ø 175 patients, Timing of intubation before 48hr(early) and after 48hr(late)

Ø The early intubated patients had better overall ICU mortality

Is HFNC safe to all patients?



Roca O et al. Am J Respir Crit Care Med. 2018 Dec 21. doi: 10.1164/rccm.201803-0589OC

Ø Acute respiratory failure d/t Pneumonia., 191 patients

Ø ROX index SaO2 / FiO2

Respiratory rate 

ROX index – Predict outcome of HFNC



ROX 
index

2.74

9.60

3.16

2.65

2.40

RRSaO2FiO2
Flow 

(L/min)

2494%0.760Day 1

2096%0.560Day 2

2495%0.860Day 3

2893%0.860Day 4

3491%0.960Day 5
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bation



J Messika et al. Respir Care 2015;60(2):162–169.

Ø 180 patients, HFNC (n=87)

Ø First line Treatment of ARDS (n=45)

Risk factor of HFNC failure



BJ Kang et al. Intensive Care Med (2015) 41:623-632.

Delayed intubation was associated with higher mortality

Ø 449 patients with hypoxemia who were receiving NIV

Ø NIV failure rate : 58%

Ø Mortality of patients with NIV failure : 75%

Ø Hospital Mortality  : Early intubation (66%) vs. Late intubation (79%) p=0.03



E Ozyilmaz et al. BMC Pulm Med. 2014; 14: 19.    NS Hill et al. Respir Care. 2009 Jan;54(1):62-70.

Risk factor of NIV failure



CASE 3

Ø C/C dyspnea (O : 2 days ago)

Ø COPD로외래추적중 – ICS/LABA

Ø URI history (+)

Ø Wheezing(+)

Ø Alert mental state



CASE 3

Ø Diagnosis

Ø Acute exacerbation of COPD

Ø Acute hypercapnic respiratory failure





Indications for NIV in AECOPD

GOLD 2023

Ø ABGA

ü pH 7.23, pCO2 62mmHg, PO2 55mmHg, SaO2 82%



PK Plant et al. Lancet 2000; 355: 1931–35

Ø Prospective multicenter RCT, 14 UK hospitals

Ø 236 patients, COPD c AE, pH 7.25-35, PaCO2 > 45 mmHg

Ø NIV vs. COT (Target SaO2 85-90%) 

Comparing NIV and Convention oxygen Therapy



Osadnik CR et al. Cochrane Database of Systematic Reviews2017, Issue 7. Art. No.: CD004104.

Intubation rate



Mortality

Osadnik CR et al. Cochrane Database of Systematic Reviews2017, Issue 7. Art. No.: CD004104.



CASE 2



CASE 2



NS Hill et al. Respir Care. 2009 Jan;54(1):62-70.

Monitoring of NIV failure



Signs of treatment failure of NIV

Ø Worsening or lack of improvement in gas exchange

Ø Signs of respiratory muscle fatigue

Ø Feeling of unbearable dyspnea

Ø Development of respiratory acidosis

Ø Presence of unmanageable tracheal secretions

Ø Hemodynamic instability

Journal of Intensive Medicine 3 (2023) 11–19



Prediction of NIV failure

Duan et al. Ann. Intensive Care (2019) 9:108



Prediction of in-hospital mortality in AHRF requiring NIV

European Respiratory Journal 2021 58: 2004042



Ø 기저로 COPD를가지고있는 80세남자환자가호흡곤란을주소로내원하였다. 

내원시양폐로천명음(wheezing)이들렸다. 의식은명료하였다. 

Ø ABGA

• RA state : pH 7.38 pCO2 72mmHg, PO2 43mmHg, SaO2 78%

Ø IV steroid 및 IV antibiotics 치료를시작하였다. 

Ø 다음으로선택할수있는 Oxygen Therapy는?

CASE 4





Indications for NIV in AECOPD

GOLD 2023

Ø ABGA

• pH 7.38 pCO2 72mmHg, PO2 43mmHg, SaO2 78%



Ø Improve mucociliary clearance

Ø Reduce dead space

Ø Deliver low level of airway pressure

Ø Comfort

Mechanism of HFNC in COPD patients



HFNC may be useful in COPD

American Journal of Emergency Medicine 33 (2015) 1344–1349



HFNC may reduce the need to intubation

Xu-Yan Li et al. Int J Chron Obstruct Pulmon Dis. 2020; 15: 3051–3061.

Ø Prospective RCT, 320 patients, China

Ø Patients with AECOPD with pH ≥ 7.35, PaO2 < 60 mmHg, and PaCO2 > 45 mmHg 

PCOTHFNCOutcome

0.02631 (19.4%)16 (10.0%)Treatment failure

0.039
0.002

<0.001

26 (16.3%)
17.0 ± 7.3
3.9 ± 1.6

13 (8.1%)
12.0 ± 7.6
2.3 ± 1.1

Patients received NIV
CAT scores at discharge
Subjective discomfort score

0.05024 (15.0)
7(4.4)

12 (7.5)
4 (2.5)

Reason for NIV
Respiratory acidosis
Obvious dyspnea



HFNC may be useful in AECOPD

Bräunlich J et al. IJCOPD. 2018 Nov 30;13:3895-3897.

• Not tolerated NIV, COPD c AE, pH ≤ 7.38 and PaCO2 > 45mmHg
• 38 patients, Initiation setting : Flow 50L/min
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Xu-Yan Li et al. Int J Chron Obstruct Pulmon Dis. 2020; 15: 3051–3061.

Risk factor Failure of HFNC in COPD patients



Risk factor of HFNC failure in AECOPD

Crit Care Explor. 2021 Feb; 3(2): e0337.



HFNC vs. NIV in COPD Patients

Heart & Lung 49 (2020) 610-615

Ø 65 patients

Ø NIV IPAP 10-20 cmH2O FiO2 1.0 

Ø HFNC 35 L/min, FiO2 1.0



Indications for Invasive mechanical ventilation in AECOPD

GOLD 2023



Summary 

Ø Respiratory failure : lung failure, pump failure

Ø Acute hypoxemic respiratory failure 

ü HFNC > COT or NIV

ü NIV : Acute cardiogenic pulmonary edema

Ø Acute hypercapnic respiratory failure

ü NIV > HFNC, COT

ü HFNC : hypercapnic AECOPD without respiratory acidosis




