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Pas de conflit d’intérêt
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Personnaliser le traitement ventilatoire c’est quoi ?

1. Le bon traitement,  au bon patient, au bon moment et à la bonne dose

2. Ventilation mécanique
• Peut amplifier/créer lesions pulmonaires (VILI)
• Peut être ajustée de façon à limiter VILI (et morbi-mortalité)

3. Comprendre la physiopathologie à l’echelle de l’individu peut aider à 
identifier celui qui va “répondre” au traitement
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Personnaliser : quels paramètres ?

• Personnaliser le Vt

• Personnaliser la PEEP
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Volume courant 
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Personnaliser le Vt
= Repérer l’agression = ventilation non protectrice
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Pression de plateau

(30)
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≠
Asynchronie, effort patient

Stress Index
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Pression motrice (Driving Pressure)

Reflet de la quantité de déformation cyclique du parenchyme  imposée par un Vt

(15)
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Pression motrice = Signal d’alerte
= Douleur des chaussures trop petites 
= Vt trop grand / Baby Lung SDRA
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Compliance

Elastance Elastance élevée
=

Compliance faible

Elastance faible
=

Compliance élevée

ΔP= VT/Crs 1/Crs = E = ΔP/VT Crs = VT/ΔP 
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Vt reduction: 
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ΔP= VT/Crs 1/Crs = E = ΔP/VT Crs = VT/ΔP 

Vt/Crs > Vt/PBW
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Personnaliser le Vt
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Personnaliser la PEEP

= Evaluer la capacité de recrutement pulmonaire
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Briel et al. JAMA 2010

Moderate or severe ARDS Mild ARDS

P/F ratio < 200 mmHg 17
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JAMA. 2017 Oct 10; 318(14): 1335–1345.
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“one-size-fits-all” approach

Mercat et al. JAMA 2008

ARDSnet NEJM 2004

O’Meade et al. JAMA 2008
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LOV

ExPress

ARDSnet NEJM 2000

ALVEOLI

ARMA



Recruitment and P/V curve

UIP

LIP

Pelosi et al. AJRCCM 2001
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Demory, Arnal et al. Intensive Care Med 2008
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Recruitment-to-inflation ratio (R/I)
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> 0.5 Recrutabilité

Étape 1: diminution FR <10/min                 0 autoPEEP

Etape 2 : diminution de la PEEP sur un cycle                           VTE

Etape 3 : mesurer Pplat à PEEP basse

Baseline
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Pression transpulmonaire (PTP) 

Somme des pressions agissant sur l’alvéole

PTPexp = PEEP – PPL

PTPinsp = PPLAT – PPL

PTP= pression de distension alvéolaire

Paw = 35

Ppl = 20

PA = 15
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• Prévenir l’atelectrauma
SARGE TARGETING TRANSPULMONARY PRESSURE TO PREVENT VENTILATOR INDUCED ALI

296 MINERVA ANESTESIOLOGICA May 2009

pulmonary ARDS, with very different respirato-
ry mechanics.22 The authors found that lung
elastance was markedly higher in patients with
pulmonary ARDS, whereas chest wall elastance
was abnormally increased in the patients with
extrapulmonary ARDS. The intra-abdominal
pressure was higher in the extrapulmonary ARDS
patients than in pulmonary ARDS patients, and
significantly correlated with chest wall elas-
tance.22 

Pelosi et al. have reported a series of animal
experiments where they compared the pressures
obtained in the esophagus to those recorded by
pressure transducers placed directly in the chest
wall. The authors found good correlation between
Pes and the PL measured in the mid portion of the
chest wall in supine lung-injured dogs.18 

In an observational study of patients with
ALI/ARDS,14 Talmor et al. found Pes averaged
17.5±5.7 cmH2O at end-expiration and 21.2±7.7
cmH2O at end-inflation and were not significant-
ly correlated with body mass index or chest wall
elastance. Estimated PL was 1.5±6.3 cmH2O at
end-expiration, 21.4±9.3 cmH2O at end-infla-
tion, and 18.4±10.2 cmH2O during a static end-
inspiratory maneuver. Interestingly, the PL calcu-
lated using Pes was a negative number in many
patients, suggesting that significant numbers of

ventilated patients continue to have cyclic collapse
of lung units at end-expiration.14 

Based on these observations, it was postulated
that Pes, corrected for a positional artifact as
described by Washko et al., reflects an effective
estimate of Ppl in critically ill patients as it does in
healthy individuals and can be used to estimate
the PL during static maneuvers as a guide to setting
PEEP and preventing “atelectrauma” at end-exha-
lation.14, 19 Despite the limitation noted by Pelosi
that the absolute values did not always correlate
with the direct pleural pressure measurements for
all regions of the lung,18 consistent trends in PL
estimated from Pes have now been observed by
Pelosi, Gattinoni, and Talmor.14, 18, 22 

Esophageal pressure measurements in clinical
practice

With the balloon in the midesophagus per our
reported technique,14, 23 we perform static airway-
occlusion maneuvers at end-inspiration and end-
expiration to obtain static measurements of PL
with the correction applied per Washko et al. as
follows: PL=Pao–Pes+5 cmH2O. These measure-
ments are graphically presented in Figures 2-4.
Patients in whom the Pes exceeds the Pao at end-
expiration (i.e., estimated PL is negative at end-
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Figure 2.—Two serial measurements with static occlusion maneuvers in a patient with ALI demonstrating esophageal pressures (Pes);
airway opening pressure (Pao); and transpulmonary pressure (PL=Pao–Pes). This figure also demonstrates the effect of increasing PEEP
with the resulting elevation of PL above zero at end-expiration, thus, we theorize, reducing atelectasis and atelectrauma.

MINERVA MEDICA COPYRIGHT®
• Optimiser le recrutement, limiter 

surdistension

PTPinspi < 20-25 cmH2O

PL=0

30

PEEP 20 cmH20 PEEP 24 cmH20

poumon

plèvre
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Talmor et al. NEJM 2008;359:2095

Randomisation

Groupe contrôle 
(31 patients)

Groupe interventionnel 
(30 patients)

Vt=6 ml/kg IBW; FR 30-35 (VC 
ou PC)
Réglage PEEP selon FiO2 
(ARDSNet)

Vt=6 ml/kg IBW (PTPinspi < 25 cmH20) 
FR 30-35 (VC ou PC)
Réglage PEEP pour PTPexpi entre 0 et 
10 cmH20 selon FiO2

Mechanical Ventilation in Acute Lung Injury

n engl j med 359;20 www.nejm.org november 13, 2008 2097

group underwent mechanical ventilation with set-
tings determined by the initial esophageal-pres-
sure measurements. Tidal volume was set at 6 ml 
per kilogram of predicted body weight. The pre-
dicted body weight of male patients was calcu-
lated as 50 + 0.91 × (centimeters of height – 152.4) 
and that of female patients as 45.5 + 0.91 × (centi-
meters of height − 152.4). PEEP levels were set to 
achieve a transpulmonary pressure of 0 to 10 cm 
of water at end expiration, according to a sliding 
scale based on the partial pressure of arterial 
oxygen (PaO2) and the fraction of inspired oxygen 
(FIO2) (Fig. 1). We also limited tidal volume to 
keep transpulmonary pressure at less than 25 cm 
of water at end inspiration, although this limit 
was rarely approached, and tidal volume was 
never reduced for this purpose.

Patients in the control group were treated ac-
cording to the low-tidal-volume strategy reported 
by the ARDSNet study of the National Heart, 
Lung, and Blood Institute.12 This strategy speci-
fies that the tidal volume is set at 6 ml per kilo-
gram of predicted body weight and PEEP is based 
on the patient’s PaO2 and FIO2 (Fig. 1).

In both groups, the goals of mechanical ven-
tilation included a PaO2 of 55 to 120 mm Hg or a 
pulse-oximeter reading of 88 to 98%, an arterial 
pH of 7.30 to 7.45, and a partial pressure of arte-
rial carbon dioxide (PaCO2) of 40 to 60 mm Hg, 
according to the sliding scales in Figure 1. To 
reduce the need for frequent manipulation of the 
ventilator settings, the goals for oxygenation in 
both groups were relaxed from the narrow range 

of PaO2 values in the ARDSNet study (55 to 80 
mm Hg) to a broader range of 55 to 120 mm Hg.

All measurements were repeated 5 minutes 
after the initiation of experimental or control ven-
tilation and again at 24, 48, and 72 hours. Mea-
surements were also performed as needed after 
changes were made to ventilator settings because 
of any clinically significant change in the pa-
tient’s condition.

Therapies other than mechanical ventilation 
were administered by members of the primary 
ICU team, who were unaware of the results of the 
esophageal-pressure measurements. To avert com-
plications, these team members used protocols 
to guide hemodynamic resuscitation,16 sedation, 
weaning from ventilation, and other standard 
interventions related to ventilator care.17 These 
care standards were aggressively applied in both 
groups. After the measurements at 72 hours, the 
results of pressure measurements were made 
available to the caregivers, who were free to use 
or not use them for decisions concerning treat-
ment and ventilator management.

The primary end point of the study was arte-
rial oxygenation, as measured by the ratio of PaO2 
to FIO2 (PaO2:FIO2) 72 hours after randomization. 
The secondary end points included indexes of 
lung mechanics and gas exchange (respiratory-
system compliance and the ratio of physiological 
dead space to tidal volume), as well as outcomes 
of the patients (the number of ventilator-free days 
at 28 days, length of stay in the ICU, and death 
within 28 days and 180 days after treatment).
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Figure 1. Ventilator Settings According to the Protocol.

For the intervention group, keep the partial pressure of arterial oxygen (PaO2) between 55 and 120 mm Hg or keep 
the oxygen saturation, as measured by pulse oximeter, between 88 and 98% by using the ventilator settings in one 
column at a time. Set the positive end-expiratory pressure (PEEP) at such a level that transpulmonary pressure dur-
ing end-expiratory occlusion (PLexp) stays between 0 and 10 cm of water, and keep transpulmonary pressure during 
end-inspiratory occlusion at less than 25 cm of water. For the control group, keep PaO2 between 55 and 120 mm Hg 
(or keep oxygen saturation according to pulse oximeter between 88 and 98%) by using the ventilator settings in one 
column at a time. Set the PEEP and tidal volume at such levels that the airway pressure during end-inspiratory oc-
clusion stays at less than 30 cm of water. In both groups, apply ventilation with either pressure-control ventilation or 
volume-control ventilation with a ratio of inspiratory time to expiratory time between 1:1 and 1:3 to minimize dys-
synchrony between the patient and the ventilator while achieving a tidal volume of 6±2 ml per kilogram of predicted 
body weight and a respiratory rate of 35 breaths per minute or less. Lung-recruitment maneuvers are permitted to 
reverse episodic hypoxemia after suctioning or inadvertent airway disconnection, but not on a routine basis.

Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by J P. AUFFRAY MD on November 13, 2008 . 
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repeated-measures analysis of variance at 24, 48, 
and 72 hours) (Fig. 2B).

On the first therapeutic day, PEEP was 
changed by less than 5 cm of water in all but one 
of the control patients, whereas patients in the 
esophageal-pressure–guided group had variable 
and often substantial increases in PEEP (Table 3) 
and significantly higher PEEP at 24, 48, and 72 
hours (Fig. 2D, and Fig. 1 in the Supplementary 
Appendix). At 24 hours, the difference in PEEP 
between the groups reached 7.7 cm of water 
(95% CI, 5.5 to 9.9), with a mean PEEP in the 
esophageal-pressure–guided group of 18.7±5.1 cm 
of water, although in 3 of the 31 patients in this 
group, the initial PEEP level was decreased on the 
basis of initial transpulmonary pressure. At 24, 
48, and 72 hours, the mean transpulmonary end-
expiratory pressure remained above zero in the 
esophageal-pressure–guided group, whereas it re-
mained negative in the control group (P<0.001 by 

repeated-measures analysis of variance) (Fig. 2E). 
The plateau airway pressure during end-inspira-
tory occlusion was higher in the esophageal-
pressure–guided group than in the control group 
(P = 0.003 by repeated-measures analysis of vari-
ance) (Fig. 2F, and Fig. 1 in the Supplementary 
Appendix). However, transpulmonary pressures 
during end-inspiratory occlusion never exceeded 
24 cm of water and did not differ significantly 
between the groups (P = 0.13 by repeated-measures 
analysis of variance) (Fig. 2G).

Clinical Outcomes
Table 4 presents the clinical outcomes, all of 
which were prespecified secondary outcomes. 
There was no significant difference between the 
groups in ventilator-free days at day 28 or length 
of stay in the ICU. The 28-day mortality rate in 
the entire study cohort was 17 of 61 patients 
(28%). As would be expected, the APACHE II 

Table 2. Measurements of Ventilatory Function at Baseline and 72 Hours.*

Measurement Baseline 72 Hr†

Esophageal-
Pressure–Guided 

(N = 30)

Conventional 
Treatment

(N = 31) P Value

Esophageal-
Pressure–Guided

(N = 29)

Conventional  
Treatment

(N = 29) P Value

PaO2:FIO2 147±56 145±57 0.89 280±126 191±71 0.002
Respiratory-system compliance  

(ml/cm of water)
36±12 36±10 0.94 45±14 35±9 0.005

Ratio of physiological dead space to tidal  
volume

0.67±0.11 0.67±0.09 0.95 0.61±0.09 0.64±0.10 0.27

PaO2 (mm Hg) 91±25 107±44 0.09 124±44 101±33 0.03
FIO2 0.66±0.17 0.77±0.18 0.02 0.49±0.17 0.57±0.18 0.07
PEEP (cm of water) 13±5 13±3 0.73 17±6 10±4 <0.001
Tidal volume (ml) 484±98 491±105 0.80 472±98 418±80 0.03
Tidal volume (ml per kg of predicted body 

weight)
7.3±1.3 7.9±1.4 0.12 7.1 ±1.3 6.8±1 0.31

Respiratory rate (breaths/min) 26±6 24±6 0.32 26±6 28±5 0.20
Inspiratory time (sec) 0.8±0.1 0.9±0.2 0.19 0.8±0.1 0.8±0.1 0.27
PEEPtotal (cm of water) 14±5 15±4 0.67 18±5 12±5 <0.001
Peak inspiratory pressure (cm of water) 35±8 35±7 0.85 32±8 28±7 0.007
Mean airway pressure (cm of water) 20±6 20±4 0.88 22±6 16±5 0.001
Plateau pressure (cm of water) 29±7 29±5 0.79 28±7 25±6 0.07
Transpulmonary end-inspiratory pressure  

(cm of water)
7.9±6.0 8.6±5.4 0.61 7.4±4.4 6.7±4.9 0.58

Transpulmonary end-expiratory pressure  
(cm of water)

−2.8±5.0 −1.9±4.7 0.49 0.1±2.6 −2.0±4.7 0.06

Esophageal end-inspiratory pressure  
(cm of water)

21.2±4.9 20.7±5.1 0.68 21.7±7.2 17.9±5.2 0.03

Esophageal end-expiratory pressure  
(cm of water)

17.2±4.4 16.9±5.0 0.79 18.4±5.9 14.3±4.9 0.008

* Plus–minus values are means ±SD. FIO2 denotes the fraction of inspired oxygen, PaO2 the partial pressure of arterial oxygen, PEEP positive 
end-expiratory pressure applied by the ventilator, and PEEPtotal airway pressure measured during end-expiratory occlusion.

† The values are given for the 29 surviving patients in each treatment group.

Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by J P. AUFFRAY MD on November 13, 2008 . 
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JAMA February 2019; DOI:10.1001/jama.2019.0555
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VT 6 mL, PEEP qsp Pplat 28-30 

!

PTP expi ≥ 0
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FOCAL: no recruitmentDIFFUSE: recruitment

Imagerie
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ZEEP

↑↑ PEEP



Lancet Respiratory medicine, 2019, 7 (10),870-880 

20% mal 
classés

1/3 TDM
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Utilisation des ultra-sons

40



41



Personnaliser la PEEP

42

Mauri T. Crit Care Explor. 2021; 3(7): e0486.

« Focal »« Non Focal »
Cœur pulmonaireObèse
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3 points à retenir
1. Volume courant 

• Vt = 6 ml/Kg PBW 
• Pression motrice = Vt / Compliance RS 
• Si Pplat >  28-30 et/ou ΔP > 14-15 cmH20

2. PEEPSDRA
• PEEPmini 5-8 cmH2O 
• Evaluer Recrutabilité par la technique que l’on maitrise
• Au minimum Focal (PEEP 5-8) vs Diffus (PEEP QSP Pplat 28-30)
• Au minimum Table PEEP/FIO2
• PEEP ou Vt changé = Pplat mesurée

3. Choc, cœur pulmonaire Obèse
PEEP 5-8 cmH2O PEEP élevée

> P ouverture VA
PTP expi > 0 (Poeso)

44



45

Merci de votre 
attention
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