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Liens d’intérêts

• Laboratoire (prêt de ventilateurs):
• Fisher and Paykel
• Medtronic
• Air Liquide Medical Systems

• Conférencier:
• Fisher and Paykel
• Medtronic
• Air Liquide Medical Systems
• Dräger
• GE Healthcare

• Honoraires pour activité de conseil:
• Air Liquide Medical Systems
• Löwenstein

Droits d’auteur: 1,75%



SRLF (2018) ATS (2023) ESICM (2023)
Volume courant 6 ml/kg PPT 6 (4–8) ml/kg PPT 4 et 8 ml/kg PPT

Pplat ≤ 30 cmH2O ≤ 30 cmH2O ≤ 30 cmH2O

PEEP
PEEP élevée (> 12 cmH2O), 
si tolérance respiratoire et 

hémodynamique 

PEEP élevée sans manœuvre de 
recrutement Pas de recommandation

Manœuvres de 
recrutement Non Non Non

Décubitus ventral Si PaO2/FiO2 < 150 si PaO2/FiO2 < 100 Si PaO2/FiO2 < 150

Curarisation
Si PaO2/FiO2 < 150, 

max 48h si PaO2/FiO2 < 100, précoce Non systématique

SDRA modéré à sévère



A Slutsky, M Ranieri. N Engl J Med 2013;369:2126-36.

6 mL/kg PBW

12 mL/kg PBW



𝑉𝑇

𝑃𝑃𝑇
 ≈

𝑉𝑇

α(𝑇𝑎𝑖𝑙𝑙𝑒 𝑑𝑢 𝑝𝑜𝑢𝑚𝑜𝑛 𝑠𝑎𝑖𝑛)



Gattinoni L, Pesenti A. Intensive Care Med 2005: The concept of « baby lung »

𝐶𝑅𝑆 =
∆𝑉

∆𝑃

Compliance du système respiratoire = 𝛼 EELV
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La PRESSION MOTRICE

𝐶𝑅𝑆 =
𝑉𝑇

𝑃𝑝𝑙𝑎𝑡 − 𝑃𝐸𝐸𝑃𝑡𝑜𝑡

∆𝑃 = 𝑃𝑝𝑙𝑎𝑡 − 𝑃𝐸𝐸𝑃𝑡𝑜𝑡 =
𝑉𝑇

𝐶𝑅𝑆



∆𝑃 =
𝑉𝑇

𝐶𝑅𝑆
≈

𝑉𝑇

𝛼𝐸𝐸𝐿𝑉
≈ 𝑠𝑡𝑟𝑎𝑖𝑛



Amato M et al. N Engl J Med 2015;372:747-755

∆𝑃 < 15 𝑐𝑚 𝐻2𝑂



Data:

6RCT
+

MIMIC-III

Costa E et al. Am J Respir Crit Care Med 2021;204:303-311

4 ΔP + RR



Avec PBW-Vent (Vt = 6 mL/kg):
∆P > 14 cm H2O: 18%
∆P 12-14 cm H2O: 10%
∆P < 12 cm H2O: 72%

N = 50 SDRA 
modérés à 
sévères

Vt = 6 mL/kg PBW

Vt pour ∆P = 12-14 cm H2O

FR ajustée pour 
EtCO2 stable



DRIVENT
Vt = 6 mL/kg

PEEP (PEEP/FiO2 table)
Pplat < 30 cm H2O

Evaluation pré-
randomization

12 ≤ ∆P ≤ 14 
cmH2O

Inclus non 
randomisé

(10 à 25%)

∆P < 12 ou > 14 cmH2O

randomisé

∆P-guided VtPBW-guided Vt

VAC:
Vt = 6 mL/kg PPT
PEEP selon PEEP/FiO2
FR pour pH 7,30-7,45
Pplat < 30 (32 si 
obèse)

Recommandations pour DV, curares, ECMO

Standardisation switch vers VSAI pour le sevrage

VAC:
Vt pour cibler 12 ≤ ∆P ≤ 14 cmH2O
PEEP selon PEEP/FiO2
FR pour pH 7,30-7,45
Pplat < 30 (32 si obèse)



➚ Pression 
pleurale

Coudroy R et al. Anesthesiology 2020

OBESE
End expiratory 

pleural pressure 

NON OBESE
End expiratory 

pleural pressure 

CCW CCW

Beloncle F et al. Crit Care 2023

➘ Pression 
transpulmonaire



SRLF (2018) ATS (2023) ESICM (2023)
Volume courant 6 ml/kg PPT 6 (4–8) ml/kg PPT 4 et 8 ml/kg PPT

Pplat ≤ 30 cmH2O ≤ 30 cmH2O ≤ 30 cmH2O

PEEP
PEEP élevée (> 12 cmH2O), 
si tolérance respirartoire et 

hémodynamique 

PEEP élevée sans manœuvre de 
recrutement Pas de recommandation

Manœuvres de 
recrutement Non Non Non

Décubitus ventral Si PaO2/FiO2 < 150 si PaO2/FiO2 < 100 Si PaO2/FiO2 < 150

Curarisation
Si PaO2/FiO2 < 150, 

max 48h si PaO2/FiO2 < 100, précoce Non systématique

SDRA modéré à sévère



N = 108



➚PEEP

A Slutsky, M Ranieri. N Engl J Med 2013;369:2126-36

VT



VT

VT

Low PEEP

A Slutsky, M Ranieri. N Engl J Med 2013;369:2126-36



➚PEEP VT

Low PEEP

VT

high PEEP

A Slutsky, M Ranieri. N Engl J Med 2013;369:2126-36



Mortality: 50%
➘Gas exchange

➘Respiratory mechanics
➚Right ventricular afterload

Epinephrine requirement x 10

Severe and recruitable animal model of ARDS

Mortality = 0%

MLA Sousa et al. Am J Respir Crit Care Med 2024

Low PEEP = 
minimizing overdistension

High PEEP = 
Minimizing lung collapse

Overdistension

Collapse



Briel M et al. JAMA 2010

PaO2/FiO2 ≤ 200 mm Hg







Are the airways open?

Broche et al, Crit Care Med, 2019

High-resolution 
synchrotron phase- 

contrast CT 



Chen Am J Respir Crit Care Med 2018

2.4 mL/cmH2O

Circuit’s compliance38 mL

16 cmH2O

PV curve and Airway Opening Pressure (AOP)

Chen et al. Am J Respir Crit Care Med 2017



Airway closure No airway closure

Chen et al. Am J Respir Crit Care Med 2017



Airway closure and airway opening pressure

ZEEP PEEP = 8 cm H2O PEEP = 16 cm H2O

Chen et al. Am J Respir Crit Care Med 2017



Airway closure: a common phenomenon?

Guérin J Appl Physiol 2020

Coudroy Anesthesiology 2020

51 ARDS patients



Chen Am J Respir Crit Care Med 2018

How to measure AOP?

Chen et al. Am J Respir Crit Care Med 2017



Haudebourg A-F et al. Crit Care 2023 

PEEP 5 cm H2O
➘RR 8 breaths/min
➘ Flow 5 L/min



Haudebourg A-F et al. Crit Care 2023 



Haudebourg A-F et al. Crit Care 2023 



Haudebourg A-F et al. Crit Care 2023 



Haudebourg A-F et al. Crit Care 2023 

PEEP 5 cm H2O
+/- ➘RR 20 breaths/min (no PEEPi)

𝑃𝑎𝑤 = 𝑃0 + 𝑅 × 𝑉′ + 𝑉. 𝐸



Haudebourg A-F et al. Crit Care 2023 

PEEP 5 cm H2O
+/- ➘RR 20 breaths/min (no PEEPi)

𝑃𝑎𝑤 = 𝑃0 + 𝑅 × 𝑉′ + 𝑉. 𝐸



Haudebourg A-F et al. Crit Care 2023 

PEEP 5 cm H2O
+/- ➘RR 20 breaths/min (no PEEPi)



Haudebourg A-F et al. Crit Care 2023 

PEEP 5 cm H2O
+/- ➘RR 20 breaths/min (no PEEPi)

NPV = 97%



Pres

Paw

Flow

t

t

AOP

0

PEEP

Actual
∆P Apparent 

∆P 𝐶𝑅𝑆 =
𝑉𝑇

∆𝑃

If Pcond > Pres : the apparent ∆P overestimates the actual 
∆P



Airway closure?

No airway closure
AOP measurement

AOP ≥ 10-12 cm H2O

High PEEPRecruitability 
assessment

AOP < 10-12 cm H2O



C = 30 ml/cm H2O

PEEP = 5 cm H2O

EELV = 800 ml



C = 30 ml/cm H2O

PEEP = 5 cm H2O

EELV = 800 ml

PEEP = 15 cm H2O

EELV = ?



C = 30 ml/cm H2O

PEEP = 5 cm H2O

EELV = 800 ml

PEEP = 15 cm H2O

EELV = 1100 ml

300 ml



C = 30 ml/cm H2O

PEEP = 5 cm H2O

EELV = 800 ml

PEEP = 15 cm H2O

EELV = 1100 ml + Vrec

VREC

300 ml



C = 30 ml/cm H2O

PEEP = 5 cm H2O

EELV = 800 ml

VT

PEEP = 15 cm H2O

EELV = 1100 ml + Vrec



C = 30 ml/cm H2O

PEEP = 5 cm H2O

EELV = 800 ml

PEEP = 15 cm H2O

EELV = 1100 ml + Vrec

VT



VREC = VTe – VT – (Clow PEEP x 𝜟𝐏𝐄𝐄𝐏)

C = 30 ml/cm H2O

𝛥PEP

VTe

VT

VREC



Chen L et al. AJRCCM 2020;2:178-187



Chen L et al. AJRCCM 2020;2:178-187

450 ml

850 ml

Clow-PEEP = 
30 
ml/cmH2O

Pplat = 20 cmH2O

PEEP = 5 cmH2O



VREC = VTe – VT – (Clow-PEEP x 𝜟𝐏𝐄𝐄𝐏)

C = 30 ml/cm H2O

𝛥PEP

VTe

VT

VREC

VREC = 850 – 450 – (30 x 10) = 100 mL



Clow PEEP = 30 ml/cm H2O CREC = 100 ml / 10 cm 
H20 

 = 10 ml/cm H2O

PEP = 5 cm H20 PEP = 15 cm H20



Clow PEEP = 30 ml/cm H2O CREC = 100 ml / 10 cm H20 

 = 10 ml/cm H2O
𝑅𝑒𝑐𝑟𝑢𝑡𝑚𝑒𝑛𝑡

𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛
=

𝑅

𝐼
=

𝐶𝑅𝐸𝐶

𝐶𝑙𝑜𝑤 𝑃𝐸𝐸𝑃

PEEP = 5 cm H20 PEEP = 15 cm H20



Clow PEEP = 30 ml/cm H2O CREC = 100 ml / 10 cm 
H20 

 = 10 ml/cm H2O𝑅

𝐼
= 0,3

PEP = 5 cm H20 PEP = 15 cm H20



Chen L et al. AJRCCM 2020;2:178-187

R/I
Median

0,5
Low potential for lung recruitment High potential for lung recruitment



R/I ratio

R/I ≤ 0.2-0.3 R/I > 0.2-0.3

No potential for lung 
recruitment

Potential for lung 
recruitment

« Low » PEEP

PEEP = 8 cm H2O

« High » PEEP

PEEP = ?



What is High PEEP?

« Express » PEEP

Increasing PEEP to the maximum without signs of overdistension

➚ PEEP until

Pplat = 28 cm H2O

By default

Stop earlier if signs of 
overdistension occur



Amato M et al. N Engl J Med 2015 Suter PM et al. NEJM 1975Henderson W.R. et al. Am J Respir Crit Care Med 2017
Grasso S et al. Crit Care Med 2004

∆P ≥ 15 cm H2O

Stress index > 1 ➚ PaCO2

Poor hemodynamic tolerance





Take home message
A

ir
w

ay
 c

lo
su

re
? No airway 

closure R/I ratio

AOP measurement AOP > 10-12 cm H2O High PEEP

AOP ≤ 10-12 cm H2O

R/I ratio ≤ 0.2

R/I ratio > 0.2

Low PEEP

= 8 cm H2O

➚ PEEP 
    ↳Pplat = 28 cm H2O

 without
Stress index > 1
Resp mecanics deterioration
➚ PaCO2
Poor hemodynamic tolerance

∆𝑃 =
𝑉𝑇

𝐶𝑅𝑆
≈

𝑉𝑇

𝛼𝐸𝐸𝐿𝑉
≈ 𝑠𝑡𝑟𝑎𝑖𝑛 If ∆𝑃 ≥ 15 cmH2O 

∆𝑃 too low?
Wait for RCT
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