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Liens d’intérêts

• Fisher & Paykel

• SOS oxygène
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Acute hypoxemic respiratory failure



Covid-ICU
(n=1491)

Std O2 :   51%

HFNC:     38%

NIV :        11%
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34%

Critical Care. 2021; 25:421

23%

JAMA 2022; 368: 1063-72

Lancet RM 2019; 7: 303-12
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Increased PTPes

Inspiratory effort during 
spontaneous breathing

Inspiratory effort

The most frequent cause is 
pneumonia

Cardiogenic pulmonary edema
exacerbation of chronic lung disease



“Pendelluft” during spontaneous breathing

Yoshida et al. Am J Respir Crit Care Med 2013: 1420–1427

First, in the initial stages of the
breath, spontaneous efforts
caused inflation of dependent
lung regions
(red in zones 3 and 4), which was greater
than with controlled breaths. 

Second, the early
inflation in the dependent region
was accompanied by concomitant
(transient) deflation of nondependent
region (red in zone 1)

indicating movement of gas from
nondependent to dependent lung regions.

dependent

nondependent



P-SILIWorsening  
pre-existing lung injury

Patient Self-Inflicted Lung Injury: P-SILI concept
spontaneous breathing

Brochard et al. Am J Respir Crit Care Med. 2017 15;195:438-442



Mortality

Comfort

Blood gas 
improvement

To unload 
inspiratory muscles

To avoid 
intubation

Slutsky. NEJM 2013; 369: 2126-36
Brochard. Am J Respir Crit Care Med. 2017;195:438-42

VILIP-SILI

To avoid worsening  
underlying 

pulmonary injury:
Reduction of 

respiratory drive and Vt

Patient benefits 

Standard oxygen
Noninvasive 
ventilation

High-flow nasal 
oxygen

CPAP



Frat et al.  Resp care 2015; 60: 170- 8 

NIV > high-flow > O2

83 

125 

108 



Oxygenation

Oczkowski et al. Eur Respir J. 2022; 59: 2101574

Favour HFNC

Favour NIV



Mortality

Comfort

Blood gas 
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To unload 
inspiratory muscles

To avoid 
intubation

Slutsky. NEJM 2013; 369: 2126-36
Brochard. Am J Respir Crit Care Med. 2017;195:438-42

VILIP-SILI

To avoid worsening  
underlying 

pulmonary injury:
Reduction of 

respiratory drive and Vt

Patient benefits 

Standard oxygen
Noninvasive 
ventilation

High-flow nasal 
oxygen

CPAPStandard oxygen



Nasal high-flow vs standard O2

inspiratory effort

Mauri et al. Am J Resp Crit Care Med 2017; 195; 1207-15

Std O2 HFNC Std O2 HFNC



Effects of PS and PEEP

Diminution :
• Travail respiratoire, PTPes

•Commande ventilatoire : P0.1

L’Her. Am J Resp Crit Med, 2005; 172:1112-18 

174 102 100

2.6 1.6 0.6



VT > 10 ml/kg

in 50% of patients

G. Carteaux et al., Crit Care Med 2016; 44:282-290.

Increased risk of 
intubation

VT > 9.5 ml/kg 



Menga et al. AJRCCM 2022
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N=15
PaO2/FIO2 <200 mmHg

Helmet NIV: PS 10-12, PEEP 14 cmH2O
Helmet CPAP: PEEP 14 cmH2O
HFNC: 60 L/min

P=0.56 P=0.13P=0.01

Lung inflationInspiratory effort



Menga et al. AJRCCM 2022

Pendelluft
Increases with 

inspiratory effort 
and 

decreases with 
PEEP



Nasal high-flow: 
PEEP effect 

Increased end 
expiratory volume

Mauri et al. Am J Resp Crit Care Med 2017; 195; 1207-15

+ 51%



Tatkov Critical Care (2020) 24:248 

The pressure rises
with the increase of 
the cannula size and 
flow rate



2 sec

Möller. J appl Physiol 2015; 118:1525-32

Nasal high-flow: 
wash out of anatomical dead space



Tatkov et al. Appl Physiol 134: 365–377, 2023.

Asymmetrical cannula: 
dead space clearance and PEEP

- The higher the larger and flow rate, the 
higher dead space clearance and PEEP level
- Asymmetrical cannula provide higher dead 
space clearance and PEEP level



Mortality

Comfort

Blood gas 
improvement

To unload 
inspiratory muscles

To avoid 
intubation

Slutsky. NEJM 2013; 369: 2126-36
Brochard. Am J Respir Crit Care Med. 2017;195:438-42

VILIP-SILI

To avoid worsening  
underlying 

pulmonary injury:
Reduction of 

respiratory drive and Vt

Patient benefits 

Standard oxygen
Noninvasive 
ventilation

High-flow nasal 
oxygen

CPAPStandard oxygen
Noninvasive 
ventilation

CPAP



Frat et al. N Engl J Med. 2015;372:2185-96

29 4340

76% 42% 58%



Oczkowski et al. Eur Respir J. 2022; 59: 2101574

Comfort

Favour HFNC

Favour HFNC



Insuffisance respiratoire aiguë 
hypoxémique : « avant la COVID-19 »  



N Engl J Med. 2015;372:2185-96

High-flow
N=106

Std O2

N=94
NIV

N=111

Inclusion criteria
Acute hypoxemic respiratory failure

PaO2/FiO2 <300 mm Hg
Respiratory rate > 25 breaths/min

Signs of respiratory distress

Exclusion criteria
Hypercapnia >45 mm Hg, 

exacerbation of chronic respiratory disease, 
cardiogenic pulmonary edema

Glasgow score <12 points…

Prespecified criteria of intubation



Intubation :
High-Flow oxygen:  35% 
Standard O2: 53%
NIV: 58%

P = 0.009

Post-hoc analysis
PaO2/FiO2 ≤ 200 mm Hg

P = 0.17Intubation : 
High-Flow oxygen:  38% 
Standard O2: 47%
NIV: 50%

Mortality D-90 : P=0.02
High-Flow oxygen: 12% 
Standard O2:           23%
NIV: 28% P = 0.02

Frat et al. N Engl J Med. 2015;372:2185-96



High flow 
oxygen 

Standard O2

Oczkowski et al. Eur Respir J 2022; 59: 2101574

Intubation



Oczkowski et al. Eur Respir J 2022; 59: 2101574

High flow 
oxygen 

Standard O2

Mortality



Insuffisance respiratoire aiguë 
et COVID-19

Virus ou bactérie, 
j’espère que l’OHD fait 

le job ?



Perkins et al., JAMA 2022, January 24

CPAP
N=380

O2

N=475
HFNC
N=418

24 23

66 67

• Adaptive RCT
- CPAP vs O2 

- HFNC vs O2

• inclusion criteria: 
- Admission in hospital for 

hypoxemic ARF
- SpO2 <94%, FiO2 >40%

• Not only critically-ill patients
• No prespecified criteria of  

intubation
• Recruitment trial stopped 

prematurely 
• Switch of treatment: 17%

Respiratory rate



CPAP
N=377

O2

N=356

33% 41% P=0.02

NS
30% 

(62/204)
30% 

(66/219)

Recovery-RS
HFNC vs. O2

Recovery-RS
CPAP vs. O2

High-flow
N=415

O2

N=368

41% 42% P=0.72intubation 

Mortality in 
ICU

NS
29% 

(72/251)
30% 

(65/214)

62% 59%Admission in ICU 



Ospina et al., JAMA. 2021;326:2161-21

78 73

28 28Respiratory rate /min

PaO2 mm Hg

Inclusion criteria 
• Patients with COVID-19  
• PaO2/FiO2 <200 mm Hg, 
• RR > 25/min
• Clinical signs of respiratory 

distress

• Predetermined criteria of 
intubation

• Adherence to treatment: 
99%



51%

34%

Intubation D-28

8% 16%Mortality D-28

51%34%Intubation D-28

P=0.11

P=0.03



JAMA online 27 sept 2022

Inclusion criteria 
• Patients with COVID-19  
• PaO2/FiO2 <200 mm Hg, 

despite O2 >10 L/min

• Predetermined criteria of 
intubation

• Adherence to treatment: 
HFNC group: 6% switched to std O2

Std O2: 3% switched to HFNC 

PaO2 mm Hg

28 29Respiratory rate /min

73 76

HFNC (n=357) O2 (n=354)



Mortality Intubation

45%

53%

10%

11%

Time to intubation (P=0.10) 
High-flow oxygen: 36 h
Standard oxygen: 26 h



High-flow oxygen vs. standard O2

Intubation 

Mortality



Helmet NIV 
n = 53

HFNC 
n = 54
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Grieco et al. JAMA. 2021; 325:1731-1743

Helmet NIV: 

- PS: 10 cm H2O (10-12)

- PEEP 12 cm H2O (10-12)

HFNC : 60 L/Min (60-60)



HENIVOT trial

Grieco. JAMA. 2021; 325:1731-1743

NS
Mortality

Intubation 30% 51%

15% 18%

P=0.03



Inclusion criteria 
• Patients with COVID-19  
• PaO2/FiO2 <200 mm Hg, 

despite O2 >10 L/min

• Helmet-NIV : 
PS 8 cm H2O and PEEP 10 cm H2O

• Usual respiratory support: NIV via 
mask, HFNC, standard O2

JAMA. 2022;328:1063-1072

31 30

60 60



34

69%

69%

76%

20%

95%

14

27%

26%

50%

47%

Time to intubation 
(P=0.10) 

HFNC: 36 h
Std O2: 26 h

Mask NIV

Helmet NIV



Conclusion

• Dans l’insuffisance respiratoire hypoxémique, l’OHD est une 
alternative à l’O2 standard pour diminuer le risque 
d’intubation, cependant l’effet sur la mortalité n’est pas 
certain. 

• La VNI avec helmet ou CPAP ne peuvent pas être encore 
recommandées, en raison du faible nombre d’essais réalisés. 


