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Personnaliser le traitement ventilatoire c’est quoi ?

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

2. Ventilation mécanique
* Peut amplifier/créer lesions pulmonaires (VILI)
e Peut étre ajustée de facon a limiter VILI (et morbi-mortalité)

3. Comprendre |la physiopathologie a I'echelle de I'individu peut aider a
identifier celui qui va “répondre” au traitement



Personnaliser : quels parametres ?

* Personnaliser le Vt

 Personnaliser |a PEEP
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Volume courant
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RFE - Prise en charge du SDRA de l'adulte a la phase initale

R2.1.1 - Il faut utiliser un faible volume courant autour de 6 ml/kg de poids prédit par la taille (PPT) comme
premiére approche pour les patients ayant des SDRA reconnus, en 'absence d’acidose métabolique sévere, y

compris avec SDRA léger, dans le but de diminuer la mortalité.

GRADE 1+, ACCORD FORT

Personnaliser le Vt
= Repérer ['lagression = ventilation non protectrice



Bedside Assessment of Safety for VT Titration

Physiologic Variables Mechanism Threshold (cm H,0)

Plateau pressure Maximal pressure across the respiratory system at 28 (30)
the end of tidal breath

Static total mechanical stress and barotrauma
Transpulmonary plateau pressure Maximal pressure across the lung at the end of tidal breath 22-24
Mechanical stress and barotrauma to the lung

Driving pressure Dynamic pressure change during tidal breath applied 14 (15)
to the respiratory system

Dynamic mechanical stress and strain

Driving transpulmonary pressure Dynamic pressure change during tidal breath applied 8-10
to the lung
Dynamic mechanical stress and strain to the lung
Stress index "Worsening of respiratory system compliance during 1
tidal breath

Overdistension and barotrauma

Mauri T. Critical Care Explorations: July 2021 - Volume 3 - Issue 7 - p 0486



https://journals.lww.com/ccejournal/toc/2021/07000

Pression de plateau

Bedside Assessment of Safety for VT Titration

Physiologic Variables Mechanism Threshold (cm H,0)

Plateau pressure Maximal pressure across the respiratory system at 28 (30)
the end of tidal breath

Static total mechanical stress and barotrauma

Pression (cmH,0)
A

- Pression mesurée ventilateur

- Pression alveolaire
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Stress Index

bh=048 b=1.01 b=1.51
Y L w o , Ranieri VM, Zhang H, Mascia L, Aubin M, Lin CY, Mullen JB, Grasso S, Binnie M, Volgyesi GA, Eng P, Slutsky AS
o L% "\ (2000) Pressure-time curve predicts minimally injurious ventilatory strategy in an isolated rat lung model.
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Stress Index Can Be Accurately and Reliably Assessed by Visually
Inspecting Ventilator Waveforms
RESPIRATORY CARE ® SEPTEMBER 2018 VoL 63 No 9
Xiu-Mei Sun MSc, Guang-Qiang Chen MD, Kai Chen MD, Yu-Mei Wang MD, Xuan He MSc,
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Pression motrice (Driving Pressure)

peak

Driving Pressure

b =
—
+ AP C i Pause I PEEP
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Airway Pressure
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Reflet de la quantité de déformation cyclique du parenchyme imposée par un Vt
Bedside Assessment of Safety for VT Titration

Physiologic Variables Mechanism Threshold (cm H,0)

Driving pressure Dynamic pressure change during tidal breath applied 14 (15)
to the respiratory system

Dynamic mechanical stress and strain

Pression motrice = Signal d’alerte
= Douleur des chaussures trop petites
=Vt trop grand / Baby Lung SDRA ,




Driving Pressure and Survival in the Acute
Respiratory Distress Syndrome N Engl ] Med 2015;372:747-55.
Marcelo B.P. Amato, M.D., Maureen O. Meade, M.D., Arthur S. Slutsky, M.D., DOl: 10' ]_OSGIN EJ Msal410639

Laurent Brochard, M.D., Eduardo L.V. Costa, M.D., David A. Schoenfeld, Ph.D.,
Thomas E. Stewart, M.D., Matthias Briel, M.D., Daniel Talmor, M.D., M.P.H.,
Alain Mercat, M.D., Jean-Christophe M. Richard, M.D.,

Carlos R.R. Carvalho, M.D., and Roy G. Brower, M.D. —
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Effect of Lowering VT on Mortality in Acute Respiratory Distress

Syndrome Varies with Respiratory System Elastance

Ewan C. Goligher'?3* Eduardo L. V. Costa*®*, Christopher J. Yarnell"?® Laurent J. Brochard'"#,
Thomas E. Stewart®, George Tomlinson?, Roy G. Brower®, Arthur S. Slutsky'’, and Marcelo P. B. Amato*

American Journal of Respiratory and Critical Care Medicine Volume 203 Number 11 | June 1 2021

AP= VT/Crs 1/Crs = E = AP/VT Crs = VT/AP

Elastance faible w Elastance élevée

Compliance élevée
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Normalized elastance (cm HoO/(ml/kg)) Normalized elastance (cm HoO/(ml/kg))

Tidal volume strategy =—— Higher —— Lower

Figure 1. V1 and driving pressure according to respiratory system elastance and higher- versus lower-V1 strategy. The shaded regions represent
the standard errors.

Compliance faible

(ARDS). The driving pressure hypoth-

esis predicts that lowering V1 will be
of greatest benefit when respiratory

7

system elastance (Ers) is high and less
beneficial when Ers is low.

Trial

Amato et al., 1998 (17)

Brochard et al., 1998 (14)

Stewart et al., 1998 (13)

Brower et al., 1999 (16)

ARDSNet, 2000 (15)

Ventilation Strategy

Lower VT
Arm

V1 <6 ml/kg of actual
BW, AP <20 cm
H,-0

VT of 6-10 ml/kg of
actual BW,

Pplat <25 cm H,0O

V1 <8 ml/kg of actual
BW, Ppeak < 30 cm
H,-0

VT of 8 ml/kg of
predicted BW,

Pplat <30 cm H,O

VT of 4-8 ml/kg of
predicted BW, Pplat
of 25-30 cm H,0

Higher V1
Arm

VT of 12 ml/kg

V1> 10 mi/kg

VT of 10-15 ml/kg of
actual BW,
Ppeak =50 cm H,O
VT of 10-12 ml/kg,
Pplat <55 cm H>O

VT of 12 ml/kg
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1.00f AP=VT/Crs 1/Crs = E = AP/VT Crs = VT/AP

0.75 Effect of lower V1
ventilation strategy on
absolute risk of death

— 25% decrease (benefit)

Posterior probability of treatment effect

0.50
= >1% decrease (benefit)
== >1% increase (harm)
0.95 — >5% increase (harm)
0.00

1 2 3 4 5 6
Normalized elastance (cm H,0/(mL/kg))

Figure 3. Posterior probabilities of various values of the treatment effect of a lower-Vrt
ventilation strategy on mortality according to respiratory system elastance. The lower panel

Vt reduction:  mortality benefit
was greater in patients with high
elastance and comparatively low in
patients with low elastance. This
finding suggests that the adequacy of
lung protection during mechanical
ventilation should be assessed primar-

ily in terms of driving pressure rather
than V.
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Figure 4. Subpopulation Treatment Effect Pattern Plot analysis of the mortality benefit of a
lower-VT ventilation strategy according to respiratory system elastance. The error bars represent
95% confidence intervals. Subgroups are plotted according to the median elastance value in
each subgroup. The gray dashed lines represent a linear smooth fit onto the relationship
between respiratory system elastance and mortality for the higher- and lower-Vr strategy arms.

Vt/Crs > Vt/PBW
/Crs / »zalando

FR UK US Tile(ncm)
36 3.5 X 23
37 4 X 23,6
38 5 X 243
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Feasibility and safety of ultra-low tidal % Intensive Care Med (2019) 45:1590-1598
volume ventilation without extracorporeal https://doi.org/10.1007/500134-019-05776-x
circulation in moderately severe and severe

ARDS patients

J.C.Richard"**'®, S. Marque®, A. Gros®, M. Muller®, G. Prat’, G. Beduneau®?, J. P Quenot'?, J. Dellamonica'’,
R. Tapponnier'?, E. Soum'?, L. Bitker%?, J. Richecoeur' and the REVA research network
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Fig. 1 Ventilatory parameters over the first 4 days following inclusion. *p<0.05 vs. Hy. Hg, H;-H,, H;—H, 5, Hy4—H, s =time intervals in hours following
inclusion (day 1); D,, D5, D,=study day 2-4; PBW predicted body weight, PEEP positive end-expiratory pressure, Pr,, plateau pressure, AR respiratory
rate, VT tidal volume
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Fig. 2 Arterial blood gas over the first 4 days following inclusion. *p<0.05 vs. Hy. Hy, Ho—H,, He—H, 5, H,,—H,s =time intervals in hours following
inclusion (day 1); D, D5, D, study day 2-4, FiO, fraction of inspired oxygen, PaCO, arterial partial pressure of carbon dioxide, PaCs, arterial partial pres-

sure of oxygen
The main findings of tlLML&LE.LhLﬁQJlMﬂ.g‘_UJﬂ
may be reduced down to 4 mLkg ! in approximately 2/3

of moderately severe-to-severe ARDS patients, and to
5 mlLkeg! in approximately 90%. fvithout ECCO2R, while
targeting arterial pH above 7.20;|(2) this strategy is asso-
ciated with a 4 cmH,O median decrease in AP 24 h pfter
inclusion, at the price of substantial increase in RR and
transient episodes of severe acidosis in approximately 1/3
of the patients




Personnaliser le Vt

VT 6 mL/kg PBW Mauri T. Crit Care Explor. 2021; 3(7): e0486.
'

Personalize PEEP
¢

i '

APgc <15 c¢cmH,0
Pplat £ 28 cmH,0 30

\ J
Ye/ N\ no
f ™
PaCO, < 50 mmHg Decrease VT
oH 2 7.30 7.20-7.25 4-5 mL/kg
RR <30 bpm 35_;40 s 7 *
~
\10 : (" PaCO, < 50 mmHg
pH27.30
. d 1 RR <30 bpm
Keep settings Increase VT \ - ves
Re-assess regularly 7-8 mL/kg no 4 N
N ! g Consider ECCO,-R, Keep settings
r N » ECMO, or permissive Re-assess regularly
yes APgs < 15 cmH,0 hypercapnia
Pplat <28 cmH,0 | NO




Personnaliser |la PEEP

= Evaluer la capacité de recrutement pulmonaire



I CARING FOR THE
CRITICALLY ILL PATIENT

Higher vs Lower Positive End-Expiratory Pressure

in Patients With Acute Lung Injury
and Acute Respiratory Distress Syndrome

Systematic Review and Meta-analysis

In-hospital time to death

Moderate or severe ARDS

=
E
©
@)
O
i . Higher PEEP
0279 | —=mm-- Lower PEEP
O I I 1
0 20 40 60
Days After Randomization
No. at risk
Higher PEEP 949 760 693 666
Lower PEEP 939 723 649 619

P/F ratio < 200 mmHg

Mild ARDS

HR, 1.32 (95% Cl, 0.87-2.00)

183
219

20 40 60
Days After Randomization

158 148 144
196 186 183
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Airway pressure (cmH,0)

70

6

o

50

40

30

20

10

801
Lung New
recruitment PEEP titration recruitment
1 A - 60 -

AP=15cmH,0

T 1

Lung recruitment
and titrated PEEP

Low PEEP

Mortality, %
N
<

20+

Hazard ratio, 1.20 (95% Cl, 1.01-1.42); P=.041

0 I I 1 1 I I | |
0 4 8 12 16 20 24 28

Days After Randomization

Maintenance ventilation with
14 optimal PEEP
11

No. at risk
Lung recruitment 501 397 340 303 276 254 233 225

5 10 11 12 13 14 15 16 17 18 15 20 21 22 23 24 25 26 27 28 29 30 and titrated PEEP
Low PEEP 509 423 378 343 312 286 264 260

Time (minutes)

JAMA. 2017 Oct 10; 318(14): 1335—-1345.
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Maximal Recruitment Open Lung Ventilation in Acute Respiratory

Distress Syndrome (PHARLAP)
A Phase Il, Multicenter Randomized Controlled Clinical Trial

Carol L. Hodgson'Z, D. James Cooper’, Yaseen Arabi®*, Victoria King', Andrew Bersten®, Shailesh Bihar?®,

Kathy Brickell®, Andrew Davies’, Ciara Fahey®, John Fraser®, Shay McGuinness®, Lynne Murray', Rachael Parke®,
Eldho Paul’, David Tuxen®, Shirley Vallance®, Meredith Young', and Alistair Nichol'*®; on behalf of the PHARLAP
Study Investigators* and ANZICS Clinical Trials Group
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Amerncan Journal of Respiratory and Critical Care Medicine Volume 200 Number 11 | December 1 2019

COMBINED OPEN LUNG PROCEDURE
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1. Staircase recruitment manoeuvre (SRM) 2. PEEP titration procedure 3. Brief recruitment manoeuvre

PCy 1523 amH. 0 PEEP titrate d until first decrease inSa0. by 22% For 2 minutes
Maximum FEEP 40 =the de-recruitment PEEP Return to Max PEEP
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Effects of higher PEEP and recruitment h=
manoeuvres on mortality in patients with -

ARDS: a systematic review, meta-ana|y5i5' Ball et al. !'H[’EI']SI'UE' Care Medicine EIpE'J’.ﬁ'T?E'r]!'ﬂJ' 2020, Bi5uppl 1)39
meta-regression and trial sequential s/ icalom/101 156/510633-020-003 122

analysis of randomized controlled trials

Lorenzo Ball'**'®, Ary Serpa Neto®*, Valeria Trifiletti', Maura Mandelli', lacopo Firpo', Chiara Robba’,

Marcelo Gama de Abreu®, Marcus J. Schultz*®”, Nicold Patroniti?, Patricia R. M. Rocco®, Paolo Pelosi'? and For the
DRMWIE Mataearks DRMtActnn Vantil atian Mladosoenrks

Intervention Control
Study Events Total Events Total Mortality RR 95%-Cl Weight
Higher PEEP alone ;
Brower 2004 76 276 68 273 ———'— 1.11 [0.83; 1.46] 13.4%
Talmor 2008 5 30 12 31 0.43 [0.17; 1.07] 1.9%
Mercat 2008 107 385 119 382 —RE[ 0.89 [0.72; 1.11] 17.7%

Subgroup 188 691 199 686 --—-- 0.91 [0.68; 1.23] 33.1%
Heterogeneity: I° = 53%, 1° = 0.03, p = 0.12 ;
Test for effect in subgroup: z = -0.60 (p = 0.55)

Higher PEEP and recruitment manceuvres ;
Meade 2008 135 475 164 508 - 0.88 [0.73; 1.06] 20.2%

Huh 2009 12 30 9 27 : 1.20 [0.60;2.39] 3.3%
Hodgson 2011 3 10 2 10 1.50 [0.32; 7.14] 0.7%
Kacmarek 2016 22 99 27 101 ———— 0.83 [0.51; 1.36] 5.9%
Cavalcanti 2017 277 501 251 509 | 1.12 [1.00; 1.26] 27.5%
Hodgson 2019 14 57 15 56 — 0.92 [0.49:1.72] 3.9%
Subgroup 463 1172 468 1211 - 1.01 [0.89; 1.16] 61.4%

Heterogeneity: I° = 17%, 1° = < 0.01, p = 0.30
Test for effect in subgroup: z =0.20 (p = 0.84)

Recruitment manoeuvres alone :
Xi 2010 16 55 24 55 _ 0.67 [0.40;1.11] 5.5%
Subgroup 16 55 24 55 —==Ermea 0.67 [0.40; 1.11] 5.5%
Heterogeneity: not applicable :
Test for effect in subgroup: z = -1.56 (p = 0.12)

Random effects model 667 1918 691 1952 1- 0.96 [0.84; 1.09] 100.0%

Heterogeneity: 1 = 35%, 1° = 0.01, p = 0.12 ' ' ! ' '
Test for overall effect: z = -0.68 (p = 0.50) 0.2 0.5 1 2 5 20

Test for subgroup differences: y5 = 2.65, df = 2 (p = 0.27) Favours intervention  Favours control



“one-size-fits

ARMA

ALVEOLI

ARDSnet NEJM 2004

LOV

ExPress

Mercat et a/. TJAMA 2008

-al

|Il

approach

Lower-PEEP group

FiO, 03 04 04] 05 05 06 0.7 0.7 0.7 0.8 09 09 09 1.0
PEEP 5 5 3 8 10 10 10 12 14 14 14 16 18 18-24
Higher-PEEP group (before protocol changed to use higher levels of PEEP)
FiO, 03 03 03 03 03 04 04 05 05 0508 08 0.9 1.0
PEEP 5 8 10 12 14 14 16 16 18 20 22 22 22-24
Higher-PEEP group (after protocol changed to use higher levels of PEEP)
FiO, 03 03] 04 04 O05)05 0508 08 09 10
PEEP 12 14 14 16 16 18 20 22 22 22-24
Fraction of Inspired Oxygen (FI0,)
I 1
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Control PEEP ranges, cm H,O 5 5-8 8-10 10 10-14 14 14-18 18-24
Lung open ventilation PEEP ranges, cm H;O
Before protocol change 5-10 10-14 14-20 20 20 20 20 20-24
After protocol change 5-10 10-18 18-20 20 20 20-22 22 22-24

PEEPD
Minimal distension group®

Total PEEP between 5 and 9 cm H,O

Increased recruitment group®

-Plateau pressure between 28 and 30 cmzll—lgo




Inflation Volume (%)

1004 |Recruitment and P/V curve

R =100%

Pelosi et al. ATRCCM 2001

R=0% Airway pressure (cm H,0)
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ANESTHESIOLOGY ™ 54.

Prevalence of Complete
Airway Closure According
to Body Mass Index

in Acute Respiratory —
Distress Syndrome

Pooled Cohort Analysis

Rémi Coudroy, M.D., Ph.D., Damien Vimpere, M.D.,
Nadia Aigsaoui, M.D., Ph.D., Romy Younan, M.D.,
Clotilde Bailleul, M.D., Amélie Couteau-Chardon, M.D.,
Aymeric Lancelot, M.D., Emmanuel Guerot, M.D.,

Lu Chen, M.D., Laurent Brochard, M.D.,

Jean-Luc Diehl, M.D., Ph.D.

ANESTHESIOLOGY 2020, 133:867-78 1 00 -

0O 5 10 15

Quasi-static Airway Pressure (CmH5Q0)

500 -~

10 15 20 25 30

Quasi-static Airway Pressure (CmH5Q0)

Table 2. Respiratory System Mechanics at Low PEEP According to Body Mass Index and Respective to Airway Closure Consideration

Body Mass Index

Pooled Cohort < 30 kg/m? = 30 and < 40 kg/m? = 40 kg/m?
(n = 61) (n=18) (n=16) (n=17) P Value
PEEP set, cm H,0 5 (5-6) 5 (5-5) 5 (5-8) 5 (5-5) 0.219
__Complete airway closure, n (% 21 (41%) 4 (22% 6 (38% 11 (65%) 0.036 4
Airway opening pressure, cm H.0 9.6 (8.5—13.2) 9.7 (9.22.2) 12.5 (7.516.7) 9.6 (8.8—10.0 0.836




Personalized Positive End-Expiratory L
Pressure and Tidal Volume in Acute Mauri T. Crit Care Explor. 2021; 3(7): e0486.
Respiratory Distress Syndrome:

Bedside Phyvsioloav-Based Approach
3500 = A

P-V curve 10 cm H20 PEEP

4
s
Volume

3000+
P-V curve 5 cm H,0 PEEP

2500+

-f‘r Recruited 1

=R

S '

CH '

2 s :

S : Volume .

<] : : AEELchpccm 1 .
20004 ' | H .

10 cm H,0

Fig. 20. Pressure-volume (P-V) curve technique to determine re-
cruited lung volume with 2 levels of PEEP.

Pressure

0 6 12 18 24 30 36 42
Paw (emH,0)
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Didier Demory
Jean-Michel Arnal
Marc Wysocki
Stéphane Donati
Isabelle Granier
Gaélle Corno

Recruitability of the lung estimated
by the pressure volume curve hysteresis
in ARDS patients

Demory, Arnal et al. Intensive Care Med 2008

Volume (mL)

Jacques Durand-Gasselin Fig. 2 Nlustrative examples of 1600 1600 1
pressure volume curve recorded 0] PV curve - PV curve
Pressure ramp Recruitment Maneuver from ZEEP to 40 CETIHQO y
ik s N (upper panel) and 10 s/ o it ~ 1200
401 40 cmH-0 recruitment E 1000 1 TE' 1000 1
351 maneuver (lower panel) in g 800 - © B
5 30, representative patients showing = £
Jg: a low hysteresis (left panel) and g B0 5 5007
3 29 a large hysteresis (right panel) 400 4 > 4004
- 200 200 -
@ -
2 45 0 _ Hprf =171 cm'HQO-mUK'Q o Hpy = 203 cmH,0.mL/Kg
10 4 10 20 30 40 0 10 20 30 40
51 Pressure (cmH,0) Pressure (cmH,0)
D.
1600 1 < : :
s 10 £ Recruitment $ %7 Recruitment
1400 4 !
maneuver 14001 maneuver II
— 1200 4 e )
1400 1400 Vol = - 1200
1200 - 1200 E,. 1000 - é 1000 o
1000 E 1000 1] @
800 2 s00 g B E 800 1
600 % 600 D 6004 o 600 4
400 > 400 = =
200 200 400 4 400 1
Ppmer—— ; o 200 1 200 |
0 dos RZo o0, A0 0 10 20 30 40 y =-1,37 + 0,0109 X p<0,001 . - -
Pressure (cmH,0) Pressure (cmH,0) 95% confidence interval 0+ Yo =13 LG LUE Vg LKy
Hysteresis calculation: Volume increase calculation: = 10 20 30 a0 0 10 20 30 40
Hpy = Hy / PBW Vey = Vol / PBW = Pressure (cmH,0) Pressure (cmH,0)
£
=
&
1 OIO 2OIU 30|0 40IO 5()'0 60IO

Hpy (mL.cmH20/Kg)
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Recruitment-to-inflation ratio (R/I)

Papas ot org/10.166/413613-020006757 ®© Annals of Intensive Care
RESEARCH Open Access

. . . m
Recruitability and effect of PEEP S

in SARS-Cov-2-associated acute respiratory
distress syndrome

Francois M. Beloncle!®, Bertrand Pavlovsky', Christophe Desprez', Nicolas Fage', Pierre-Yves Olivier',
Pierre Asfar', Jean-Christophe Richard'? and Alain Mercat'

Lung Recruitability in COVID-19-associated Acute
Respiratory Distress Syndrome: A Single-Center
Observational Study

Chun Pan, M.D.

American Journal of Respiratory and Critical Care Medicine Volume 201 Number 10 | May 15 2020

Potential for Lung Recruitment Estimated by the Recruitment-to-Inflation Ratio in
Acute Respiratory Distress Syndrome. A Clinical Trial.
Chen L, Del Sorbo L, Grieco DL Junhasavasdikul D, Rittayamai N, Soliman |, Sklar MC, Rauseo M,

Ferguson ND, Fan E, Richard JM, Brochard L.

Am J Respir Crit Care Med. 2020 Jan 15;201(2):178-187. doi: 10.1164/rccm.201902-03340C.

Methods: Patients with acute respiratory distress syndrome were ventilated at 15 and 5 cm H,O of PEEP.

Multiple pressure-volume curves were compared with a single-breath technique. eIV sl\YAgEE N pf -4 o4 35

»0) increases expired volume: the difference between this volume and the volume
predicted by compliance at low PEEP (or above airway opening pressure) estimated the recruited volume

by PEEP. This recruited volume divided by the effective pressure change gave the compliance of the
recruited lung; the ratio of this compliance to the compliance at low PEEP gave the recruitment-to

IliEllelilEldile. Response to PEEP was compared between high and low recruiters based on this ratio. 27
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Pression transpulmonaire (PTP)

Somme des pressions agissant sur 'alvéole

PTPexp = PEEP — Py,
PTPinSp = PPLAT_ PPL

P.=30-5=25cmH,0

PTP= pression de distension alvéolaire

I:)L = Paw - Ppl

29



* Prévenir l'atelectrauma

PEEP 20 cmH20
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e Optimiser le recrutement, limiter

surdistension
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ANESTHESIOLOGY

Prevalence of Complete
Airway Closure According
to Body Mass Index

in Acute Respiratory

: Q o
Distress Syndrome o o .
. o
Pooled Cohort Analysis £ _ ¢ °
“(:')-_ 2 - ® :
Rémi Coudroy, M.D., Ph.D., Damien Vimpere, M.D., E‘ O -4 ..-. - L
Nadia Aissaoui, M.D., Ph.D., Romy Younan, M.D., o 5 o "....
Clotilde Bailleul, M.D., Amélie Couteau-Chardon, M.D., ™ 3 -6 o® “ - [
Aymeric Lancelot, M.D., Emmanuel Guerot, M.D., = 0 ® o = *-.ﬁ
Lu Chen, M.D., Laurent Brochard, M.D., % 5_ -8 °® - -
Jean-Luc Diehl, M.D., Ph.D. IC|I2i > o ® "~
ANESTHESIOLOGY 2020; 133:867—-78 © © =10 ® ® z S~
& 5 -12 »
© O
=
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% e
5 —18-
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Body Mass Index (kglmz)

Fig. 3. Relationship between individual values of end-expiratory transpulmonary pressure considering complete airway closure at low posi-
tive end-expiratory pressure and body mass index (Spearman p = —0.52 [95% Cl, —0.72 to —0.28]). The dotted line represents the regression

line (end-expiratory transpulmonary pressure = 1.65 — 0.18 x body mass index; R = 0.28; P < 0.001). "



Randomisation

o

Groupe contréle
(31 patients)

v

Vt=6 ml/kg IBW; FR 30-35 (VC
ou PC)

Réglage PEEP selon FiO2
(ARDSNet)

¥

Groupe interventionnel
(30 patients)

Y

Vt=6 ml/kg IBW (PTP;,.,i < 25 cmH,0)

FR 30-35 (VC ou PC)

Réglage PEEP pour PTP entre O et

10 cmH,0 selon FiO2

Esophageal-Pressure—Guided Group

F10, 0.4 0.5 0.5 0.6 0.6

Plexp 0 0 2 2 4
Control Group

F10, 0.3 0.4 0.4 0.5 0.5 0.6

PEEP 5 5 8 8 10 10

0.7 0.8 0.8

6 6 8
0.7 0.7 0.7 0.8
10 12 14 14

0.9 0.9 1.0
8 10 10

0.9 0.9 0.9 1.0
14 16 18 20-24

Talmor et al. NEJM 2008;359:2095




Table 2. Measurements of Ventilatory Function at Baseline and 72 Hours.*
Measurement Baseline 72 Hry
Esophageal- Conventional
Pressure-Guided ~ Treatment
(N=29) (N=29) P Value
Pa0,:FIO, 280+126 191+71 0.002
Respiratory-system compliance 45+14 3549 0.005
(ml/cm of water)
Ratio of physiological dead space to tidal 0.61+0.09 0.64+0.10 0.27
volume
PaO, (mm Hg) 12444 10133 0.03
FIO, 0.49+0.17 0.57+0.18 0.07
PEEP (cm of water) 1716 10+4 <0.001
Tidal volume (ml) 472+98 418+80 0.03
Tidal volume (ml per kg of predicted body 7.1+1.3 6.8+1 031
weight)
Respiratory rate (breaths/min) 2616 2845 0.20
Inspiratory time (sec) 0.8+0.1 0.8+0.1 0.27
PEEP; a1 (cm of water) 1845 1245 <0.001
Peak inspiratory pressure (cm of water) 32+8 28+7 0.007
Mean airway oressure (com of water) 22:6 165 0001
Plateau pressure (cm of water) 28+7 25+6 0.07
Transpulmonary end-inspiratory pressure 7.4+4.4 6.7+4.9 0.58
(cm of water)
Transpulmonary end-expiratory pressure 0.1+2.6 -2.0+4.7 0.06
(cm of water)
Esophageal end-inspiratory pressure 21.747.2 17.945.2 0.03
(cm of water)
Esophageal end-expiratory pressure 18.4£5.9 14.3+4.9 0.008
(cm of water)

Talmor et al. NEJM 2008;359:2095




JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effect of Titrating Positive End-Expiratory Pressure (PEEP)
With an Esophageal Pressure-Guided Strategy vs an Empirical

High PEEP-Fio, Strategy on Death and Days Free From
Mechanical Ventilation Among Patients With Acute

Respiratory Distress Syndrome
A Randomized Clinical Trial

Jeremy R. Beitler, MD, MPH:; Todd Sarge, MD; Valerie M. Banner-Goodspeed, MPH; Michelle N. Gong, MD, MSc; Deborah Cook, MD;

Victor Novack, MD, PhD; Stephen H. Loring, MD; Daniel Talmor, MD, MPH; for the EPVent-2 Study Group

JAMA February 2019; DOI:10.1001/jama.2019.0555

Figure 3. Kaplan-Meier Survival Analysis Through Day 60

10
=~ Pec-guided PEEP
0.8
Empirical
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" 0.6 —
L
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&
S
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-
v
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LDg_r
D T T T T T 1
0 10 20 30 40 50 ]
Time, d
No. atrisk
PES—guided PEEP 102 88 75 68 67 64 63
Empirical |3'EEF'—FID2 98 81 71 68 65 64 61
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https://doi.org/10.1001/jama.2019.0555

bedside Selection of Positive End-Expiratory
Pressure in Mild, Moderate, and Severe Acute
Respiratory Distress Syndrome

www.ccmjournal.org

February 2014 « Volume 42 » Number 2

TABLE 1. Positive End-Expiratory Pressure/

Davide Chiumello, MD"%
Antonella Marino, MD?; Elisabetta Gallazzi, MD?;

Massimo Cressoni, MD? Eleonora Carlesso, MSc* Maria L. Caspani, MD’;

Pietro Caironi, MD%%; Marco Lazzerini, MD?;

Onnen Moerer, MD* Michael Quintel, MD% Luciano Gattinoni, MD, FRCP'?

51 ALIYARDS patients

\1/ Pressure-control: PEEP 5 ¢cmH,0, plateau

Recruitment maneuver

pressure 45 cmH,O, respiratory rate 10
breaths/min, I/E ratio 1:1 and FiO2 0.7 for 2

Tidal volume of 6-8 ml/Kg ideal

\L minutes

body weight. Respiratory rate
adjusted to keep pH between 7.3
and 7.45 and inspired oxygen

PEEP 10 cmH,0 for 60

minulcs

fraction adjusted to keep an oxygen
saturation above 89%

Randomized test of five different PEEP

iHing ineth VT 6 mL, PEEP gsp Pplat 28-30
-PEEI% 5 cmﬂ/ / PR R

*Absolute esophageal pressure

LOV
*ExPress

Fio, Table
Positive End-Expiratory
Fio, Pressure (cm H,0)
03 5-10
04 10-18
05 18-20
06 20
0.7 20
08 20-22
08 22
5 4 1 22-24

*Stress Index

Recruitment maneuver

CT scan at PEEP 5 cmH,0

CT scan at PEEP 45 cmH,0

STRESS INDEX.L = 1.12

PTP expi 20
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TABLE 1. Positive End-Expiratory Pressure/

Fio, Table

Fio,

03
04
05
06
0.7
08
09
1

Positive End-Expiratory
Pressure (cm H,0)

5-10
10-18
18-20
20
20
20-22
22
22-24

A 20 7

15 7

PEEP (cmH,0)

LOV

4 10 17

29

ExPress Stress Index Esophageal pressure

—-
T Ty
L ! AN <
a2 .y_—’—
+
1

I | [ ] [ I I 1 | | | 1
4 10 17 29 4 10 17 29 4 10 17 29

Quartile of lung recruitability (%)

36



Imagerie

ZEEP

Py DIFFUSE: recruitment peer v FOCAL: no recruitment

™1 PEEP




Personalised mechanical ventilation tailored to lung
morphology versus low positive end-expiratory pressure for
patients with acute respiratory distress syndrome in France
(the LIVE study): a multicentre, single-blind, randomised
controlled trial

Jean-Michel Constantin, Matthieu Jabaudon, Jean-Yves Lefrant, Samir Jaber, Jean-Pierre Quenot, Olivier Langeron, Martine Ferrandiére,
Fabien Grelon, Philippe Seguin, Carole Ichai, Benoit Veber, Bertrand Souweine, Thomas Uberti, Sigismond Lasocki, Frangois Legay, Marc Leone,
Nathanael Eisenmann, Claire Dahyot-Fizelier, Hervé Dupont, Karim Asehnoune, Achille Sossou, Gérald Chanques, Laurent Muller,
Jean-Etienne Bazin, Antoine Monsel, Lucile Borao, Jean-Marc Garcier, Jean-Jacques Rouby, Bruno Pereira, Emmanuel Futier, for the AZUREA

Network*

Control group Personalised group (n=196)
(n=204)

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

420 randomly assigned

:

213 assigned to the control group
108 with focal ARDS
105 with non-focal ARDS

Focal lung morphology ~ Non-focal lung morphology

Mode of ventilation Volume control Volume control Volume control

Tidal volume 6 mL/kg IBW 8 mL/kg IBW 6 mL/kg IBW

PEEP PEEP/FiO; 5-9 ¢cm H.0 To reach Pplat of 30 cm H.0
PEEP-PSV Free 5-9cmH20 210 cm H.0

Recruitment manoeuvre  Rescue Rescue Mandatory

Prone position Encouraged Mandatory Rescue

IBW=ideal body weight. PEEP=positive-end expiratory pressure. FiO.=fraction of inspired oxygen. Pplat=end-
inspiratory plateau pressure. PEEP-PSV=positive-end expiratory pressure used during pressure support ventilation.

v

207 assigned to the personalised group
104 with focal ARDS
103 with non-focal ARDS

9 excluded 11 excluded

2 withdrew consent 2 withdrew consent

4 with ARDS >12 h 1 with morbid obesity

1 with metastatic cancer (BMI >40)

> 2 under tutelage > 2with ARDS >12 h
3 with metastatic cancer
2 without SSN
1 with pulmonary embolism
h 4 \ 4

204 analysed by intention to treat
102 with focal ARDS
102 with non-focal ARDS

45 misclassified

Table 1: Summary of ventilator settings according to lung morphology and randomisation group

204 analysed per-protocol
57 reclassified with focal ARDS
147 reclassified with non-focal ARDS

196 analysed by intention to treat
98 with focal ARDS
98 with non-focal ARDS

20% mal

classés 40 misclassified

1/3 TDM

156 analysed per-protocol
67 reclassified with focal ARDS

89 reclassified with non-focal ARDS
2




A Intention to treat (n=400)

B Per protocol (n=360)

100 -
80+ -
2 s i When lung
3 morphology is correctly assessed, mortality might
£ 401 HR 08505 €l Dok . HR 0.6, 95%10:36-0.95: decrease with personalised strategies in patients with
= p=0-64 p=0-045
4 moderate-to-severe ARDS. However, when personal-
£ 20 .
— Control group (n=204) — Control group (n=204)
—— Personalised group (n=196) —— Personalised group (n=156)
0
0 3IO 6IO 9|O 0 3IO 6IO 9IO
Time after inclusion (days) Time after inclusion (days)
Number at risk
Personalised group 196 151 144 141 156 135 129 127
Control group 204 160 150 146 204 160 150 146
C Control group (n=204) D Personalised group (n=196)
—— Focal correctly classified —— Focal correctly classified
---- Focal misclassified Focal misclassified or misaligned
—— Non-focal correctly classified —— Non-focal correctly classified
-- -~ Non-focal misclassified -~~~ Non-focal misclassified or misaligned
100 =mmmmr e R 0,94, 95% C1 0456157
p=0-81 T
8] Y —
g 60 HR 1-04, 95% Cl 0-89-1-21; i p=0-001
3 p=0-62
=1 1
£ 40 1 8 i H h 1
3 | HR2:03, 95% C11-58-2-63; owever, wnen personal-
3 | p<0-001 . . 508 . & .
-y I e ised ventilation is misaligned with lung morphology,
B mortality increases substantially, suggesting a harmful
0 . | | ; . effect of open-lung ventilation in patients without
0 30 60 90 0 30 60 90 .
. Time after inclusion (days) Time after inclusion (days) alVEOIaI' recruitment.
Number at risk
Focal correctly classified 51 42 42 41 67 61 58 56
Focal misclassified 6 6 5 2 9 2 2 1
Non-focal correctly classified 96 73 68 68 89 74 71 71 39
Non-focal misclassified 51 39 35 32 31 14 13 13



Utilisation des ultra-sons

Diffuse loss of aeration Focal loss of aeration




Bedside Contribution of Electrical Impedance Tomography to Setting Am J Respir Crit Care Med Vol 196, Iss 4, pp 447-457, Aug 15, 2017
Positive End-Expiratory Pressure for Extracorporeal Membrane

Oxygenation-treated Patients with Severe Acute Respiratory

Distress Syndrome

A i < _
Guillaume Franchineau', Nicolas Bréchot', Guillaume Lebreton"®, Guillaume | _ _Papenﬁtjﬂd-. Dpfinos PEERS: PEEP PEEPy: PEEPyq PEEPg PEEP,
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Personnaliser |a PEEP

\
ARDS
VTe 6 mL/kg PBW Mauri T. Crit Care Explor. 2021; 3(7): e0486.

PEEP 5 cmH,0
.

4 )

Assess Potential for Lung recruitment (PLR)
1) PLR.: non-aerated/total lung weight 210%
2) PLRf: R/l ratio 20.5
3) End-expiratory P 210 cmH,0
4) Pa0,/FiO, at PEEP 5 cmH,0 <200 .
5) EIT-based index: V,gg/Vye, COV O ASS " .
\ / : Hemodynamic shock :
Until resolution :

At least one yesﬁ Non Focal » « Focal » NO euseassssenssssnassensasssssssenasasst ¢

J

Obeése Coeur pulmonaire
Higher PLR Lower PLR *
4 N\ 4 N
Higher PEEP
Pplat 28-30 cmH,0 or Pplat, 22-24 cmH,0 ol
5-8 cmH,0
PLe =0 cmH,0 Check C... SpO
EIT-based method: OD-LC, GI, CoV, EELV stability R SPY2

\ J \ J 42
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Un logiciel pour personnaliser la
ventilation des malades atteints de
syndrome de détresse respiratoire
aigue

22 avril 2020 RESULTATS SCIENTIFIQUES IMAGE
Contact

Le syndrome de détresse respiratoire aigué (SDRA), qui peut étre un des A Jean-Christophe Richard

. . ., . . . L, . PUPH a I'Université de Lyon 1 et membre
résultats, entre autres, du Covid-19, nécessite une ventilation mécanique de CREATIS
pour controéler I'hypoxémie (diminution de quantité d’oxygéne dans le sang). jean-

A " y , S christophe.richard@creatis.insa-
Cependant, des réglages ventilatoires inadéquats peuvent aggraver les fints
Iésions pulmonaires du SDRA. Un logiciel développé par le Centre de & Eduardo E. Davila Serrano
i, & - Ingénieur d'études a CREATIS
Recherche en Acquisition et Traitement d'Images pour la Santé ¢ -
eduardo.davila@creatis.insa-lyonfr

(CREATIS - CNRS/Inserm/Université Claude Bernard Lyon 1/Université
Jean Monnet/INSA Lyon) permet d’analyser semi-automatiquement des
images de scanner afin d’adapter au plus juste la ventilation aux besoins du
patient.

Restez informé avec I'INS2I

Découvrez les actualités de I'lnstitut des sciences de l'information et de leurs

Le syndrome de détresse respiratoire aigué (SDRA) est une forme particuliérement grave el

d'insuffisance respiratoire aigué. La prise en charge thérapeutigue repose actuellement sur le
traitement de la cause du SDRA, et sur la ventilation mécanique avec une pression expiratoire
positive (PEP) pour tenter de controler I'hypoxémie. Or il a été démontré a de multiples reprises

A Maciej Orkisz
Professeur aI'Université de Lyon1et
membre de CREATIS

maciej.orkisz@creatis.insa-lyon.fr
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3 points a retenir

1. Volume courant
* Vt =6 ml/Kg PBW

* Pression motrice = Vt / Compliance RS )é')
* Si Pplat > 28-30 et/ou AP > 14-15 cmH,0 $ “R
2. PEEPSDRA ‘u :

* PEEPmini 5-8 cmH,0

e Evaluer Recrutabilité par la technique que I'on maitrise

* Au minimum Focal (PEEP 5-8) vs Diffus (PEEP QSP Pplat 28-30)
* Au minimum Table PEEP/FIO,

 PEEP ou Vt changé = Pplat mesurée

3. Choc, cceur pulmonaire Obese

PEEP élevée
> P ouverture VA
PTP expi > 0 (Poeso)

PEEP 5-8 cmH,0 g
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Personalized mechanical ventilation in acute

respiratory distress syndrome

Paolo Pelosi'?", Lorenzo Ball'?, Carmen S. V. Barbas®* Rinaldo Bellomo®®/8? Karen E. A. Burns'®'!

Sharon Einav'?, Luciano Gattinoni'?, John G. Laffey'*, John J. Marini'®, Sheila N. Myatra'®,
Marcus J. Schultz' 9?1 Jean Louis Teboul'® and Patricia R. M. Rocco'®

Palosi et al. Crit Care
https://doi.org/10.1186/513054-021-03686-3

RATIONALE

Regulate ventilatory parameters based on
close monitoring of targeted physiologic
variables, intervention responses and
individual integrated goals.

TIDAL VOLUME

Low V; (4-6 mlIKg PBW) is a standard of
care. Personalized targeting requires
evaluation of EELV and IC, Al and closed-loop
systems may provide better monitoring.

DRIVING AND PLATEAU PRESSURE

Low AP (< 13 cmH.0) is a target in most
patients. AP could help individualize V;
and PEEP levels. Ppiy; Should be kept
below 27 cmH,0.

TRANSPULMONARY PRESSURE

P, estimated on esophageal pressure can bhe
used to titrate ventilation, but requires
correct physiological interpretation.

MECHANICAL POWER
Mechanical power is a summary variable
including recognized determinants of VILI.

00 000

ALVEOLAR RECRUITMENT

The identification of recruitable patients
and estimation of recruitment are essential
to individualize recruitment strategies.

GAS-EXCHANGE

Gas-exchange including oxygenation is
commonly targeted to set ventilation.
However, dead space, ventilatory ratio and
oxygen transport should be considered.

LUNG IMAGING

Computed tomography remains the gold
standard. Lung ultrasound and
electrical impedance tomography are
promising bedside tools.

PHENOTYPES

Patient stratification according to
biological phenotypes is promising, but
translation into clinical practice
requires further research.

LIMITS OF PHYSIOLOGICAL GAIN

When applying physiological
manipulations, clinicians should consider
the uncertainty surrounding their effect
on patient-centered outcomes

(2021) 25:250
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