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ConfortAméliorer
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Soulager les 
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respiratoires

 Mortalité
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l’intubation
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Effets attendus d’un support d’oxygénation

Corriger hypoxémie
Correction hypercapnie

Améliorer dyspnée
Adhésion au traitement



JAMA 2024

N=1800

Nonimmunocompromised 
with hypoxemia 

N=501

Immunocompromised 
with hypoxemia 

N=51

COPD exacerbation
With respiratory 

acidosis
N=79

CPE
N=274

Hypoxemic COVID-19
N=895

NIV 
High-flow 
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Versus

Non-inferiority trial
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Nonimmunocompromised 
with hypoxemia

Critère de jugement principal
intubation ou décès < 7 jours

COPD with respiratory 
acidosis

Hypoxemic COVID-19



Insuffisance respiratoire aiguë hypoxémique

Insuffisance respiratoire hypercapnique

Le meilleur support d’oxygénation : 
pour qui ? 



Insuffisance respiratoire aiguë hypoxémique

La cause la plus fréquente
pneumonie

OAP
exacerbation de BPCO

Effort inspiratoire intense 
Contraction muscles respiratoire accessoires

polypnée

Hypoxemie
PaO2/FiO2 < 200 mm Hg 

ou O2 > 6/min

Helms et al. Annals of Intensive Care (2024) 14:140



Quel support d’oxygénation ?

VNI
Oxygénothérapie à 

haut débit

Pour les effets physiologiques et le 
confort … 

O2 standard



Tomographie 
par 

impédance 
électrique



Effort inspiratoire : ∆Ppleurale

Pression œsophagienne

Mesure de la Pression œsophagienne



Mauri et al. Am J Resp Crit Care Med 2017; 195; 1207-15
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Effet PEP et amélioration oxygenation sous OHD
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Mauri et al. Am J Resp Crit Care Med 2017; 195; 1207-15
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Diminution effort inspiratoire sous OHD

P < 0.01 P < 0.05



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

N=15
PaO2/FIO2 <200 mmHg

P=0.002

OHD Helmet NIV

P=0.001

OHD Helmet NIVHelmet CPAP Helmet CPAP

Menga et al. AJRCCM 2022
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Menga et al. AJRCCM 2022

P=0.56P=0.01

Effort inspiratoire
∆

P eo
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P
TP

OHD Helmet 
NIV



P=0.13

Distension alvéolaire ?

∆
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Menga et al. AJRCCM 2022



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

76% 42% 58%

HFNC Standard O2 NIV

Improvement of 
dyspnea

PaO2 at H1 106 91 118

Oxygenation 
non reliée à 
la dyspnée

Discomfort at H1 29 40 43



versus

Quel support d’oxygénation ?

Pour les bénfices cliniques… 

VNIOHDO2 standard



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

High-flow oxygen
N=106

Standard O2

N=94

NIV/high-flow 
oxygen
N=111

FR > 25/min, signes de DRA
PaO2/FiO2 <300 mmHg



Intubation

P=0.17



P = 0.02 P = 0.009

PaO2/FiO2 ≤ 200 mm Hg

Survival Intubation

Frat et al. N Engl J Med. 2015

PaO2/FiO2 <200 mmHg



O2 
N = 354 

High-flow oxygen 
N = 357

Frat et al. JAMA. 2022;328:1212-1222

HFNC : 6% 
intolérance



Mortalité Intubation

45%

53%



High-flow oxygen 
N=388

O2

N=388

Azoulay et al. JAMA. 2018;320:2099-107

in each group was est imated using a nonparametric est ima-

tor and compared using the Gray test19; effect size was mea-

sured using a univariable cause-specif ic Cox model. The pro-

port ions of ICU-acqui red infect ions in the 2 groups were

compared by χ2 test . TheWilcoxon rank-sum test was chosen

for comparisons of the visual analog scale scores for comfort

and dyspnea, respiratory rate, and ICU length of stay. Rela-

tive risk wasestimated asameasureof treatment effect in terms

of ICU and hospital mortali ty.

Effect of high-f low oxygen therapy vs standard oxygen

therapy wasmeasured using HRs est imated from Cox regres-

sion models in subgroups defined by strat if icat ion variables,

then displayed in forest plots. TheGail and Simon interact ion

test was then applied to assesswhether these est imateswere

homogeneous across subsets ie, to test for quant itat ive inter-

act ions between the study treatment and strat if icat ion vari-

ables (baseline oxygen flow rate, need for vasopressors, and

t ime from ICU admission to randomizat ion).

Because there was no handling of the potent ial for type I

error inflation due tomultiple comparisonsof secondary analy-

ses, thoseanalysesshould beconsidered exploratory. Post hoc

analyses included the search for site effect in termsof the pri-

mary end point , using frai l ty model and subset analyses in

intubated pat ients.

Table1. Patient Characteristicsat Randomization

Characteristic

No. (%)

High-Flow
Oxygen Therapy
(n = 388)

Standard
Oxygen Therapy
(n = 388)

Demographics

Age, median (IQR), y 64 (55-70) 63 (56-71)

Sex

Men 270 (69.6) 247 (63.6)

Women 118 (30.4) 141 (36.4)

Comorbidities

Chronic

Respiratorya 115 (29.6) 127 (32.7)

Heart failure 23 (5.9) 27 (6.9)

Liver 45 (13.3) 56 (14.4)

Kidney disease 73 (18.8) 69 (20.4)

CharlsonComorbidity Indexb 5 (4-7) 5 (3-7)

Underlying conditionsc

Cancer 294 (75.8) 319 (82.2)

Hematologicmalignancies 167 (43.0) 181 (46.6)

Solid tumors 127 (32.7) 138 (35.6)

Immunosuppressivedrugs 133 (34.3) 135 (34.8)

Non–transplant-related reasons 89 (22.9) 98 (25.2)

After solid organ transplantation 44 (11.3) 37 (9.5)

Timesincediagnosisof underlying
condition, median (IQR), mo

6.4 (1-29) 7.0 (0.8-40.0)

Chemotherapy at ICUadmission 221/294 (75.2) 228/319 (71.5)

Autologousstemcell transplantation 26/167 (15.6) 22/181 (12.1)

Allogeneic stemcell transplantation 28/167 (16.8) 33/181 (18.2)

Poor performancestatus(3 or 4)d 61 (15.7) 54 (13.9)

RandomizationandOther Characteristics

Randomization

Day of ICUadmission 244 (62.9) 251 (64.7)

Dayafter ICUadmission 77 (19.8) 79 (20.4)

Twodaysafter ICUadmission 47 (12.1) 38 (9.8)

≥3 daysafter 20 (5.1) 20 (5.1)

No. randomized in thepostextubation
period

14 (4.1) 18 (5.3)

SOFAat randomization, median (IQR)e 6 (4-8) 6 (4-8)

SAPSII at randomization, median (IQR)f 36 (28-46) 37 (28-48)

Vasopressorsat randomization 33 (8.5) 39 (10.0)

Goalsof careat randomization

Full codemanagement 308 (79.4) 309 (79.6)

Donot intubate 13 (3.3) 15 (3.9)

Donot resuscitate 3 (0.7) 1 (0.2)

Time-limited trial of intensivecare 35 (9.0) 36 (9.3)

Unknown 29 (7.5) 27 (6.9)

Respiratory statusimmediately
before randomization

Respiratory rate, median (IQR), /min 33 (28-39) 32 (27-38)

PaO2:FIO2 ratio, median (IQR) 136 (96-187) 128 (92-164)

Received standardoxygen therapy
before randomization

311 (80.1) 334 (86.1)

Oxygen flow, median (IQR), L/min 10 (6-15) 10 (6-15)

PaO2with standard oxygen,
median (IQR)

81 (65-111) 75 (65-93)

EstimatedPaO2:FIO2 ratio
(on oxygen), median (IQR)

120 (86-164) 114 (82-149)

(continued)

Table1. Patient Characteristicsat Randomization (continued)

Characteristic

No. (%)

High-Flow
Oxygen Therapy
(n = 388)

Standard
Oxygen Therapy
(n = 388)

ReceivedNIVor high-flow oxygen
therapy before randomization

NIV 25 (6.4) 18 (4.6)

High-flow
oxygen therapy

52 (13.4) 36 (9.3)

PaO2:FIO2 ratio,
median (IQR)

117 (87-173) 108 (76-167)

Abbreviations: FIO2, fraction of inspired oxygen; ICU, intensivecareunit;

IQR, interquartile range; NIV, noninvasiveventilation; SOFA,Sequential Organ

FailureAssessment; SAPSII, Simplified AcutePhysiologyScoreversion II.

aChronic respiratory insufficiency includesobstructiveand restrictivechronic

respiratory disease.

bContains19 categoriesof comorbiditiesand predictsthe10-year mortality for

apatient whomayhavearangeof comorbid conditions. Thephysician assigns

each condition ascoreof 1, 2, 3, or 6, dependingon thepatient’srisk of dying

associated with thecondition; higher scoresindicategreater comorbidity,

resulting in an index ranging from19 (low risk of death) to 114 (high risk of

death). It ismeasured by physicians.

cMain hematologicmalignancieswereacutemyeloid leukemia(n = 123),

non-Hodgkin lymphoma(n = 97), andmyeloma(n = 41). Solid tumors

primarily affected the lung (n = 72), digestive tract (n = 60), and breast

(n = 30). Immunosuppressivedrugsincluded steroids in 174 patients; themain

transplanted solid organswere thekidney (n = 46) and liver (n = 19).

d Indicatespatientswho arebedridden or dependent.

eSOFAscorecollects information on thepresenceand intensity of respiratory,

coagulation, hemodynamic, neurologic, liver, and kidney failures. Each organ is

assessed from0 (no failure) to 4 (worst possible failure); score range,

0 (no organ failure) to 24 (all organ failures). Thehighest valuewasrecorded.

Ascorebetween 7and 9 indicatesamortality risk of 15% to 20%.

f SAPSII scorewascalculated aspreviously reported.20 Thescore rangesfrom

0 (predicted hospital mortality of 0%) to 163 (predicted hospital mortality of

100%). Ascoreof 36 indicatesamortality risk of 18% to 20%.

Research Original Investigation High-Flow Nasal vsStandardOxygen in Immunocompromised PatientsWith AcuteRespiratory Failure
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in each group was est imated using a nonparametric est ima-

tor and compared using the Gray test19; effect size was mea-

sured using a univariable cause-specif ic Cox model. The pro-

port ions of ICU-acqui red infect ions in the 2 groups were

compared by χ2 test . TheWilcoxon rank-sum test was chosen

for comparisons of the visual analog scale scores for comfort

and dyspnea, respiratory rate, and ICU length of stay. Rela-

tive risk wasestimated asameasureof treatment effect in terms

of ICU and hospital mortali ty.

Effect of high-f low oxygen therapy vs standard oxygen

therapy wasmeasured using HRs est imated from Cox regres-

sion models in subgroups defined by strat if icat ion variables,

then displayed in forest plots. TheGail and Simon interact ion

test was then applied to assesswhether these est imateswere

homogeneousacross subsets ie, to test for quant itat ive inter-

act ions between the study treatment and strat if icat ion vari-

ables (baseline oxygen flow rate, need for vasopressors, and

t ime from ICU admission to randomizat ion).

Because there was no handling of the potent ial for type I

error inflation due tomultiple comparisonsof secondary analy-

ses, thoseanalysesshould beconsidered exploratory. Post hoc

analyses included the search for site effect in termsof the pri-

mary end point , using f rai l ty model and subset analyses in

intubated pat ients.

Table1. Patient Characteristicsat Randomization

Characteristic

No. (%)

High-Flow
Oxygen Therapy
(n = 388)

Standard
Oxygen Therapy
(n = 388)

Demographics

Age, median (IQR), y 64 (55-70) 63 (56-71)

Sex

Men 270 (69.6) 247 (63.6)

Women 118 (30.4) 141 (36.4)

Comorbidities

Chronic

Respiratorya 115 (29.6) 127 (32.7)

Heart failure 23 (5.9) 27 (6.9)

Liver 45 (13.3) 56 (14.4)

Kidney disease 73 (18.8) 69 (20.4)

CharlsonComorbidity Indexb 5 (4-7) 5 (3-7)

Underlying conditionsc

Cancer 294 (75.8) 319 (82.2)

Hematologicmalignancies 167 (43.0) 181 (46.6)

Solid tumors 127 (32.7) 138 (35.6)

Immunosuppressivedrugs 133 (34.3) 135 (34.8)

Non–transplant-related reasons 89 (22.9) 98 (25.2)

After solid organ transplantation 44 (11.3) 37 (9.5)

Timesincediagnosisof underlying
condition, median (IQR), mo

6.4 (1-29) 7.0 (0.8-40.0)

Chemotherapy at ICUadmission 221/294 (75.2) 228/319 (71.5)

Autologousstemcell transplantation 26/167 (15.6) 22/181 (12.1)

Allogeneic stemcell transplantation 28/167 (16.8) 33/181 (18.2)

Poor performancestatus(3 or 4)d 61 (15.7) 54 (13.9)

Randomization andOther Characteristics

Randomization

Day of ICUadmission 244 (62.9) 251 (64.7)

Day after ICUadmission 77 (19.8) 79 (20.4)

Twodaysafter ICUadmission 47 (12.1) 38 (9.8)

≥3 daysafter 20 (5.1) 20 (5.1)

No. randomized in thepostextubation
period

14 (4.1) 18 (5.3)

SOFAat randomization, median (IQR)e 6 (4-8) 6 (4-8)

SAPSII at randomization, median (IQR)f 36 (28-46) 37 (28-48)

Vasopressorsat randomization 33 (8.5) 39 (10.0)

Goalsof careat randomization

Full codemanagement 308 (79.4) 309 (79.6)

Donot intubate 13 (3.3) 15 (3.9)

Donot resuscitate 3 (0.7) 1 (0.2)

Time-limited trial of intensivecare 35 (9.0) 36 (9.3)

Unknown 29 (7.5) 27 (6.9)

Respiratory statusimmediately
before randomization

Respiratory rate, median (IQR), /min 33 (28-39) 32 (27-38)

PaO2:FIO2 ratio, median (IQR) 136 (96-187) 128 (92-164)

Received standard oxygen therapy
before randomization

311 (80.1) 334 (86.1)

Oxygen flow, median (IQR), L/min 10 (6-15) 10 (6-15)

PaO2with standard oxygen,
median (IQR)

81 (65-111) 75 (65-93)

EstimatedPaO2:FIO2 ratio
(on oxygen), median (IQR)

120 (86-164) 114 (82-149)

(continued)

Table1.Patient Characteristicsat Randomization (continued)

Characteristic

No. (%)

High-Flow
Oxygen Therapy
(n = 388)

Standard
Oxygen Therapy
(n = 388)

ReceivedNIVor high-flow oxygen
therapy before randomization

NIV 25 (6.4) 18 (4.6)

High-flow
oxygen therapy

52 (13.4) 36 (9.3)

PaO2:FIO2 ratio,
median (IQR)

117 (87-173) 108 (76-167)

Abbreviations: FIO2, fraction of inspired oxygen; ICU, intensivecareunit;

IQR, interquartile range; NIV, noninvasiveventilation; SOFA, Sequential Organ

FailureAssessment; SAPSII, Simplified AcutePhysiologyScore version II.

aChronic respiratory insufficiency includesobstructiveand restrictivechronic

respiratory disease.

bContains19 categoriesof comorbiditiesand predictsthe10-year mortality for

apatient whomay havearangeof comorbid conditions. Thephysician assigns

each condition ascoreof 1, 2, 3, or 6, dependingon thepatient’srisk of dying

associated with thecondition; higher scoresindicategreater comorbidity,

resulting in an index ranging from 19 (low risk of death) to 114 (high risk of

death). It ismeasured by physicians.

cMain hematologicmalignancieswereacutemyeloid leukemia(n = 123),

non-Hodgkin lymphoma(n = 97), andmyeloma(n = 41). Solid tumors

primarily affected the lung (n = 72), digestive tract (n = 60), and breast

(n = 30). Immunosuppressivedrugsincluded steroids in 174 patients; themain

transplanted solid organswere thekidney (n = 46) and liver (n = 19).

d Indicatespatientswho arebedridden or dependent.

eSOFAscorecollects information on thepresenceand intensity of respiratory,

coagulation, hemodynamic, neurologic, liver, and kidney failures. Each organ is

assessed from 0 (no failure) to 4 (worst possible failure); score range,

0 (no organ failure) to 24 (all organ failures). Thehighest valuewasrecorded.

Ascorebetween 7and 9 indicatesamortality risk of 15% to 20%.

f SAPSII scorewascalculated aspreviously reported.20 Thescore rangesfrom

0 (predicted hospital mortality of 0%) to 163 (predicted hospital mortality of

100%). Ascoreof 36 indicatesamortality risk of 18% to 20%.
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33/min

78 mm Hg



Azoulay et al. JAMA. 2018;320:2099-107

Mortalité

36%

36%
Intubation   

- HFNC : 39%
- O2 : 44%

38% 
deceased 
without 

intubation



Sub-total n=518      n=504 0.84 [0.73, 0.98]

HFNC O2

Sub-total n=1227    n=1172 0.89 [0.80, 0.98]

OHD O2

Total n=1745      n=1676 0.89 [0.80, 0.98]

Intubation 

Helms et al. Annals of Intensive Care 2024; 14:140 suppl



Sub-total 518     504 0.93 [0.78, 1.11]

Sub-total 1228    1174 0.88 [0.73, 1.07]

Total 1746      1678 0.91 [0.79, 1.03]

Mortalité 

Helms et al. Annals of Intensive Care 2024; 14:140 suppl



versus

Quel support d’oxygénation ?

Les bénéfices cliniques… 

VNIOHDStandard O2



Coudroy et al. Lancet Respir Med 2022; 10:641-649

High-flow oxygen 
N = 145

NIV
 N = 154

PaO2/FiO2 147 mm Hg

F Resp 32/min



Survie Intubation

P = 0.75 P = 0.33

Coudroy et al. Lancet Respir Med 2022

51%

46%



Grieco et al. JAMA. 2021; 325:1731-43

NIV-Helmet 
N = 53

High-flow oxygen
N = 54

Helmet NIV

- PS: 10 cm H2O (10-12)

- PEEP 12 cm H2O (10-12)



Grieco et al. JAMA. 2021; 325:1731-43

Pas de différence sur 
la mortalité 

51%

30%

Intubation

20% 
d’intolérance 
dans groupe 

Helmet



Mortalité
VNI vs. OHD

Intubation
VNI vs. OHD

Total 464 473 1.11 [0.77-1.59]

Total 113 94 1.31 [0.88-1.95]

Helms et al. Annals of Intensive Care 2024; 14:140 suppl



Bénéfice de l’OHD sur l’O2 standard car diminution 
risqué d’intubation

• Pas de benefice de l’OHD sur la survie

• Pas de prevue de la supériorité de l’OHD sur la 
VNI et inversement



Recommendation 5B
High-flow nasal cannula oxygen therapy should probably be used rather than 
standard oxygen therapy in patients with hypoxemic ARF, with an oxygen flow 
rate > 6L/min to achieve SpO2 > 92% or a PaO2/Fi O2 ratio < 200 
(GRADE 2 + , moderate quality of evidence, strong agreement).

Recommendation 6 A
In the absence of intubation criteria, high-flow nasal cannula oxygen therapy 
should probably be used rather than NIV in patients with de novo acute 
hypoxemic respiratory failure 
(GRADE 2 + , moderate quality of evidence, strong agreement).

Helms et al. Annals of Intensive Care (2024) 14:140



Insuffisance respiratoire aiguë hypoxémique

Insuffisance respiratoire aiguë hypercapnique

Le meilleur support d’oxygénation : 
pour qui ? 



Insuffisance respiratoire aiguë hypercapnique

Exacerbation BPCO 

• Augmentation des resistance bronchiques
• Hyperinflation dytnamique (bronchospasme, 

secretions bronchiques)



Eur Respir J 2017; 50: 1602426

La VNI est le traitement de reference de l’exacerbation de 
BPCO avec acidose hypercapnique

• intubation
• pneumonie nosocomiale
• mortalité



Haut debit dans  exacerbation modérée à sévère ?

Pour qui ?

Haut debit dans  exacerbation légère ? 



Xia et al. Crit care 2022, 26:109

Nasal high-flow vs. O2 

Mild COPD exacerbation

pH >7.35, PaCO2 ≥ 45 mmHg

(n=330)

Nasal high-flow
N=158

Standard O2

N=172

• 30 L/min [25-40]
• 18 h/d (D2 and D3)

• 20 h/d (D2 and D3)



Xia et al. Crit care 2022, 26:109

Nasal high-flow 
(n=158)

O2 
(n=172)

P=0.2
Criteria for 
intubation 2.5% 0.6%

intubation 2% 0.6% P=0.35
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Nonimmunocompromised 
with hypoxemia

Critère de jugement principal
intubation ou décès < 7 jours

COPD with respiratory 
acidosis

Hypoxemic COVID-19



Tan et al. Crit Care 2024; 28:250

Nasal high-flow vs. NIV

Moderate COPD exacerbation 

(pH 7.25–7.35, PaCO2 ≥ 50 mmHg)

(n=228)

Nasal high-flow
N=110

NIV
N=109



Tan et al. Crit Care 2024; 28:250

Moderate COPD exacerbation 

(pH 7.25–7.35, PaCO2 ≥ 50 mmHg)

(n=228)

Nasal high-flow vs. NIV

26%

14%

Invasive ventilation 0.026
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High-flow 
oxygen 

NIV



Spoletini et al. J Crit Care 2018; 48:418-25

Nasal high-flow (vs. O2) 
to optimize NIV

Hypercapnic ARF 
(pH <7.35 et PaCO2 > 45 mmHg) 

and hypoxemic  ARF

NIV / Nasal high-flow
N=23

NIV / O2

N=24

Nasal high-flow
38 ± 7 L/min



Spoletini et al. J Crit Care 2018; 48:418-25

NIV duration
Interval between 

NIV sessions

No difference between 

HFNC and O2

• NIV duration

• interval between NIV session

NS NS

Nasal high-flow (vs. O2) 
to optimize NIV



Insuffisance respiraoire
aiguë hypoxémique

Insuffisance respiraoire
aiguë hypercapnique

Oxygène à haut debit nasal

• Pas de bénéfice de l’OHD

• Association VNI/OHD ?

• La VNI n’est pas 
recommandée

• Place de la VNI avec haut 
niveaux de PEP ?

VNI 



Merci pour 
votre attention 
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