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Beneficial effects of NIV

1. Heated and humidified gas

3.  PaCO2 : Alveolar ventilation

5. Cardiac effects

2.  PaO2: FiO2 100% + PEEP 

effect

4.  Effort: Pressure-Support

CPE



Deleterious effects of NIV

1. Poor tolerance

2. Patient-ventilator asynchronies

3. Delayed intubation?

4. Barotrauma: VT > 9 ml/kg



Which noninvasive respiratory support?



310 patients with acute 

respiratory failure included 

in 23 ICUs
RR >25 /min, PaO2/FiO2 ≤ 

300 mm Hg, and PaCO2 ≤ 45 
mm Hg 

2015: The FLORALI 

study



Mortality was lower with High-flow nasal oxygen (12%) than with 

Standard O2 (23%) or Noninvasive ventilation (28%), p=0.02.



Frat JP. et al., New England Journal of Medicine 2015; 
372:2185-2196.

Among the 238 patients with PaO2/FiO2 ≤ 200 mm Hg

Intubation rates were lower with High-flow nasal oxygen (35%) 

than with Standard O2 (53%) or Noninvasive ventilation (58%), 

p<0.01.



76% 42% 58%

28 31 31

29 40 43



Patient self-inflicted lung injury (PSILI)

Slutsky AS. and Ranieri VM., New England Journal of Medicine 2013; 
369:2126-36.
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Transpulmonar

y pressure

25 cm H2O!

Large 

VT

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



Frat JP. et al., Critical Care Medicine 2018; 
46:208-215.

VT > 9 ml/kg 

1h after NIV initiation 

was independently 

associated with 

intubation and mortality.



Acute 

hypoxemic 

respiratory 

failure

Rochwerg B. et al., Eur Respir J 2017; 
50:1602426.



Lemiale V. et al., JAMA 2015; 314:1711-
1719.

Intubation: 

O2 44% vs. VNI 38% 
(p=0.20)

374 patients

NIVO2

Low dosis of NIV 

(short sessions 8h/day) 

with low PEEP levels…



FLORALI-IM study

300 immunocompromised patients 

with acute respiratory failure in 29 ICUs

RR ≥ 25 breaths/min and PaO2/FiO2 ≤ 

300 mm Hg and PaCO2 ≤ 50 mm Hg.

Coudroy R. et al., Lancet Respiratory Medicine 2022; 
10:641-649.

Randomization
Stratification on 
Hematological 

disease

High-flow 

nasal 

oxygen 

alone

High-flow 

nasal 

oxygen 

with NIV
Mortality at day-90



Coudroy R. et al., Lancet Respiratory Medicine 2022; 
10:641-649.

Protective NIV

Prolonged sessions > 12h/day

Low PS - High PEEP levels (8-

10)

High-flow NIV

Mortality ay day-28 36% 35% p=0.83

Intubation at day-28 51% 46% p=0.44



Effective on 

Intubation, 

Comfort & 

Dyspnea

Oczkowski S. et al., European Respiratory Journal 2022; 
59:2101574.



What the future holds ? Helmet?



Grieco DL. et al., Am J Respir Crit Care Med 2020; 
201:301-312.

Physiological study, 

15 patients with acute 

hypoxemic respiratory failure 

Intervention

Helmet

High-Flow 

nasal 

oxygen



51

%
30

%

Intervention

Helmet

High-Flow 

nasal 

oxygen

HENIVOT study
109 patients Covid-19 included in 4 ICUs 
between October and December 2020.

Mortality Helmet High-flow nasal oxygen

At day-28 8 (15%) 10 (18%) P = 

0.80

At day-60 13 

(24%)

12 (22%) P = 

0.82
Grieco DL. et al., JAMA 2021; 325:1731-
1743.



Acute hypercapnic respiratory 

failure 
underlying chronic lung disease

COPD 
spirometry: 

FEV1/CV < 70%



Hypercapnic 

ARF
Chronic lung 

disease

PaCO2 > 45 mm Hg and pH ≤ 

7.35

Rochwerg B. et al., Eur Respir J 2017; 
50:1602426.



Acute hypercapnic respiratory 

failure 
underlying chronic lung disease

COPD
spirometry: 

FEV1/CV < 70%

Obesity 
hypoventilation 

syndrome



Carrillo A. et al., Am J Respir Crit Care Med 2012, 186: 
1279-1285.

Single center

716 patients 
543 COPD & 173 OHS

Better survival in 

obese patients



Respiratory Care, 2013; 58:2045-
2052.

Non-COPD COPD 

15%

Single center

242 patients



Respiratory Care, 2013; 58:2045-
2052.

Single center

242 patients



Mauri T. et al., Am J Respir Crit Care Med 2017; 195:1207-
1215.

Physiological study, 

15 patients with acute 

hypoxemic respiratory failure 

The higher the PaCO2, the 
greater the reduction in work of 

breathing



High-flow nasal oxygen 

Decreased patient respiratory effort++

102143283 cmH2O 

xs/min



48

%

Doshi P. et al., Annals of Emergency Medicine 2018; 
72:73-83.



Hypercapnic 

ARF
Chronic lung 

disease

Oczkowski S. et al., European Respiratory Journal 2022; 
59:2101574.



-Syndrome d’Apnées du Sommeil

Not Studied:

Death within the 3 months following ICU discharge: N 

= 5

Refusal to participate despite initial agreement: N = 14

Sleep apneas 100%
Severe in 56% (> 30/h)

 PEEP 8-10 cm 

H2O
Thille AW. et al., Intensive Care Medicine 2018; 
44:267-269.

Single center - Patients included: N = 35

 PSG + spirometry at 3 

months (N = 16)



Oczkowski S. et al., European Respiratory Journal 2022; 
59:2101574.

Prophylactic 

NIV after 

extubation



High-Wean study

30 ICUs in France

Thille AW. et al., JAMA 2019; 322: 1465-
1475. 



The HIGH-WEAN study

Randomizatio

n
stratified on the 

PaCO2 level 

> 45 mm Hg

High-flow 

nasal 

oxygen 

alone

High-flow 

nasal 

oxygen 

with NIV

Reintubation at day 7

650 Patients at high-risk of extubation failure
Age > 65y or with any underlying cardiac or respiratory disease



NIV
- PS 8 ± 2 cm H2O

- PEEP 5 ± 1 cm 

H2O

13 hours in mean 

within the first 24h

11.7

%

18.2

%

Thille AW. et al., JAMA 2019; 322: 1465-
1475. 



NIV in patients with obesity?

Thille AW. et al., Am J Respir Crit Care Med 2022; 
205:440-449.

Interaction test

Heterogeneity of treatment 

effects with NIV on 

reintubation 

according to BMI

Normal or underweight: BMI < 

25

Overweight: 25 ≤ BMI < 30

Obesity: BMI ≥ 30 



Normal or underweight

BMI < 25

N = 213

Overweight 

25 ≤ BMI < 30

N = 204

Obesity

BMI ≥ 30

N = 206



BMI < 25 kg/m2

14

%

20

%

25 ≤ BMI < 30 kg/m2

21

%

9%

BMI ≥ 30 kg/m2

18

%

6%

Reintubation rates according to the 
BMI according to the BMI



NIV for postextubation respiratory 

failure



H12 H2

Esteban A. et al., New England Journal of Medicine 2004; 
350:2452-60.

48%48%

25

%

14

%

P < 

0.05



NIV for post-

extubation 

respiratory 

failure

Rochwerg B et al., Eur Respir J 2017; 
50:1602426.

NIV used as rescue therapy 

could increase the risk of death 

by delaying reintubation 

High-flow nasal 

oxygen has never been 

specifically studied in this 

setting.



Thille AW. et al., Critical Care 2021; 25: 
221. 

High-Wean 
study

Post-hoc analysis focusing on the 158 patients who experienced 

respiratory failure within the 7 days following extubation. 

Primary outcome: Mortality at day 28



29%

18%



The Ventilo study: NCT 05686850

Randomizatio

n
stratified on the 

PaCO2 level 

> 45 mm Hg

High-flow 

nasal 

oxygen 

alone

High-flow 

nasal 

oxygen 

with NIV

Mortality at day 28

670 Patients with post-extubation respiratory failure 



Postoperative  Hypoxemic 

ARF/ARDS

Extubated < 6h after end of surgery: 63% (184/293) 

Jaber S. et al., JAMA 2016; 315:1345-
1353.



Jaber S. et al., JAMA 2016; 315:1345-
1353.

20 ICUs 

293 patients

NIV (n=148) vs. O2

(n=145)

Abdominal surgery

O2 50%

VNI 39%



Good indications for VNI

1. Acute hypercapnic respiratory 

failure

2. Postoperative respiratory failure

3. After extubation in patients at high risk of extubation 

failure


