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VS lors d’un SDRA a la phase aigue: Good & Bad

* Petit rappel
* Les bénéfices attendus
* Les risques

* Le monitorage



Equation du mouvement: Paw + Pmus = PEP + QxRes + V,/Crs
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Increasing Intensity of Intervention

Epidemiology, Patterns of Care, and Mortality
for Patients With Acute Respiratory Distress Syndrome

The Berlin definition of ARDS: an expanded
rationale, justification, and supplementary
material

in Intensive Care Units in 50 Countries

VS-

ECMO
ECCO,-R All Mild Moderate Severe
Parameter (N = 2377) (n=714) (n=1106) (n=557) P Value®
HFO Age, median (IQR), y 61 (61-62) 61 (60-63) 62 (62-63) 57 (55-58) <.001
No longer meet ARDS criteria after 24 h, 486 (17.3) 190 (26.6) 152 (13.7) 71(12.8) <.001
No. (%) [95% CI] [15.9-18.7] [23.4-30.0] [11.8-15.9] [10.1-15.8]

Prone Position

Neuromuscular Blockade

Noninvasive Ventilation

Higher PEEP

Pao,/Fio, ratio, mean (95% CI), mmHg
Sp0,, mean (95% CI)
Median (IQR)
PaC0,, mean (95% Cl), mm Hg
pH, mean (95% CI)

161 (158-163)
95 (94-95)

96 (93-98)

46.0 (45.4-46.6)
7.33(7.32-7.33)

246 (244-248)
97 (97-98)

98 (96-99)
41.5(40.7-42.2)
7.36 (7.36-7.37)

149 (147-150)
95 (95-96)

96 (94-98)

45.8 (44.9-46.6)
7.33 (7.32-7.33)

Low —~ Moderate PEEP
Low Tidal Volume Ventilation

Increasing Severity of Injury

>
[ Moderate ARDS Severe ARDS
T T T I T T
300 250 200 150 100 50

Pa0,/Fio,

75 (74-77) <.001
90 (89-91) <001
92 (88-95)

52.2 (50.7-53.7) <.001
7.27 (7.26-7.29) <.001
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Spontaneously regulated vs. controlled ventilation of acute lung

injury/acute respiratory distress syndrome
John J. Marini

Current Opinion in Critical Care 2011,
17:24-29

Sur le plan moteur respiratoire, la VS évite I'atrophie rapide des muscles respiratoire comme le diaphragme.
Les secrétions des voies aériennes peuvent étre mieux évacuées par la toux qui persiste en VS.

Sur les échanges gazeux, la VS améliore les rapports ventilation/perfusion,

Sur le plan hémodynamique, la VS avec une pression intra thoraciqgue moins positive ou négative préserve plus le retour
veineux. L'utilisation de moins de sédation a aussi un effet sur la vasoplégie et donc le recours au remplissage vasculaire
OU aux amines vasopressives.

Sur le plan lymphatique la pression pleurale négative de la VS aide au drainage de I'cedeme.

Sur le plan neurologique la VS nécessite moins de sédations, moins de délirium, moins de durée de ventilation ou de durée
de séjour dans certaines études, mais pas toutes.
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Sanford Levine, M.D., Taitan Nguyen, B.S.E., Nyali Taylor, M.D., M.P.H., Michael E. Friscia, M.D.,
Murat T. Budak, M.D., Ph.D., Pamela Rothenberg, B.A., Jianliang Zhu, M.D., Rajeev Sachdeva, M.D.,
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Control

Fiber Size

N Engl ) Med 2008;358:1327-35.



Efficacy and safety of a paired sedation and ventilator
weaning protocol for mechanically ventilated patients in
intensive care (Awakening and Breathing Controlled trial):
a randomised controlled trial

Timothy D Girard, John P Kress, Barry D Fuchs, JasonW W Thomason, William D Schweickert, Brenda T Pun, Darren BTaichman, Jan G Dunn,

Anne S Pohiman, Paul A Kinniry, James C Jackson, Angelo E Canonico, Richard W Light, Ayumi K Shintani, Jennifer L Thompson, Sharon M Gordon,
Jesse B Hall, Robert 5 Dittus, Gordon R Bernard, E Wesley Ely
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The impact of spontaneous breathing during

mechanical ventilation

Christian Putensen, Thomas Muders, Dirk Varelmann and Hermann Wrigge

APRV with
spontaneous breathing
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CRITICAL CAR

FIFTY YEARS oF ResearcH IN ARDS
Spontaneous Breathing during Mechanical Ventilation

Risks, Mechanisms, and Management VS
Takeshi Yoshida"24, Yuji Fujino®, Marcelo B. P. Amato®, and Brian P. Kavanagh'2? Contraction du diaphragme
Am J Respir Crit Care Med Vol 195, Iss 8, pp 985-992, Apr 15, 2017 Dépression pleu ra Ie
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Spontaneous Breathing During Ventilatory Support T
Improves Ventilation-Perfusion Distributions in 51 : L
Pati ith A R - Di S 5o : i Valve Tricuspide
atients with Acute Respiratory Distress Syndrome f -

B asde k. 5 - S .3
CHRISTIAN PUTENSEN, NORBERT J. MUTZ, GABRIELE PUTENSEN-HIMMER, and JORG ZINSERLING i 1 3

E . . E
Department of Anesthesiology and Intensive Care Medicine, University of Bonn, Bonn, Germany; and Division of Intensive Care & . E Va IVe PU | mona | re
Medicine, Department of Anesthesia and Intensive Care Medicine, University of Innsbruck, Innsbruck, Austria & _,/ﬂ |‘|

Pression Pleurale Journal of Applied Physiology 87:1644-1650, 1999.

VS PVR diminue

moins positive en VS

Diaphragm Equal Airway Pressure Limits'
APRV! APRV'
-l*
Pra : Py R Vs
Right ~ Thoracic :  Abdominal Baseline’ PV
Atrium Vena Cava Vena Cava HR, min~! 112+5 112+ 4 113 + 4 106 + 4
Psa, mm Hg 88 + 3 91 + 3 90 + 2 94 + 3
Ppayy, mm Hg 32 + 2 31+ 2 33 + 1 29 + 28l
PV - PRA PcVyy, mm Hg 16 + 1 16 + 1 15 + 1 16 + 1
Retour Veineux — Paoy, mm Hg 16 + 1 16 + 1 17 +1 16 + 1

CLL-min"'"-m?2 51+02 53+02 50+02% 5602
SVR,dyn-s-cm™® 550 +25 550+25 56531 521+ 24
PVR,dyn-s-cm™> 126+12 115+*15 13019 95 + 17%
RVEF, % 33+ 2 36 + 1 32 + 28 41 + 28
RVEDVI, ml-m 2 122+3 128+ 4 123+ 5% 136 + 4"

Rv RK '15

VS P, diminue

AM ] RESPIR CRIT CARE MED 1999;159:1241-1248.
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The NEW ENGLAND JOURNAL of MEDICINE

REVIEW ARTICLE

CRITICAL CARE MEDICINE
Simon R. Finfer, M.D., and Jean-Louis Vincent, M.D., Ph.D., Editors

Ventilator-Induced Lung Injury

Arthur S. Slutsky, M.D., and V. Marco Ranieri, M.D.

Lésions

D Trumpet player while playing a note E Patient with marked respiratory distress, on noninvasive
ventilation, at end inspiration

Palv =150 cm H,0 L Palv =10 cm H,O

Ppl=140cm H,0
Ppl=-15cm H,0

Ptp = 150 — 140 = +10 cm H,0 Ptp = 10 - (~15) = +25 cm H,0

VS






Ventilator-induced Lung Injury
Lessons from Experimental Studies

DIDIER DREYFUSS and GEORGES SAUMON

Eau pulmonaire extra vasculaire

Haute Pression
Bas Volume

Haute Pression
Haut Volume

Pression <0
Haut Volume

Am ] Respir Crit Care Med Vol 157. pp 294-323, 1998



CRITICAL CARE PE

Mechanical Ventilation to Minimize Progression of Lung Injury in Acute

Respiratory Failure

Laurent Brochard'?, Arthur Slutsky'#, and Antonio Pesenti®**

VILl vs P-SILI

—_—
——3  Capillary Lung
Leak Edema
P-SILI Impaired
. Palv Gas Exchange

TVt, Pendelluft
Increased Pes swings

Mechanics

Increased
Respiratory Drive

Am J Respir Crit Care Med Vol 195, Iss 4, pp 438-442, Feb 15, 2017



Failure of Noninvasive Ventilation for De Novo Acute
Hypoxemic Respiratory Failure: Role of Tidal Volume Le V; en VS dans I'IRA hypoxémique

Guillaume Carteaux, MD"*% Teresa Millan-Guilarte, MD* Nicolas De Prost, MD, PhD"*;
Keyvan Razazi, MD"?% Shariq Abid, MD, PhD? Arnaud W. Thille, MD, PhD?;

Frédérique Schortgen, MD, PhD"?; Laurent Brochard, MD?*%7; Christian Brun-Buisson, MD"%;
Armand Mekontso Dessap, MD, PhD"*?
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@ NIV failure

@ Meanvte > 8 and < 10 milkg PBW

B Mean Vie = 10 and < 12 ml'kg PBW
Bl Mean \Vie > 12 ml/kg PBW

4 Mean Vie up to H4 < 9.5 mlkg

Crit Care Med 2015



CHEST Original Research

CRITICAL CARE

Mechanical Ventilation-Induced
Reverse-Triggered Breaths VILI & P-SILI VS dans le SDRA avec reverse triggering

A Frequently Unrecognized Form of
Neuromechanical Coupling

Evangelia Akoumianaki, MD; Aissam Lyazidi, PhD; Nathalie Rey, MD;
Dimitrios Matamis, MD; Nelly Perez-Martinez, MD; Raphael Ciraud, MD;
Jordi Manecebo, MD; Laurent Brochard, MD; and Jean-Christophe Marie Richard, MD, PhD
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The Comparison of Spontaneous Breathing and
Muscle Paralysis in Two Different Severities of
Experimental Lung Injury*

Takeshi Yoshida, MD'?% Akinori Uchiyama, MD, PhD? Nariaki Matsuura, MD, PhD?;

Takashi Mashimo, MD, PhD? Yuji Fujino, MD, PhD?
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High Positive End-Expiratory Pressure Renders Spontaneous
Effort Noninjurious

Caio C. A. Morais™, Yukiko Koyama?®*, Takeshi Yoshida®>®*, Glauco M. Plens', Susimeire Gomes’,

Cristhiano A. S. Lima', Ozires P. S. Ramos’, Sérgio M. Pereira’, Naomasa Kawaguchi*, Hirofumi Yamamoto®,
Akinori Uchiyama?®, Jodo B. Borges®, Marcos F. Vidal Melo®, Mauro R. Tucci', Marcelo B. P. Amato’,

Brian P. Kavanagh®, Eduardo L. V. Costa', and Yuji Fujino?

Am J Respir Crit Care Med Vol 197, Iss 10, pp 1285-1296, May 15, 2018

Palv = PEEP + VT/Crs — Pmus
Palv plus negative si moins de PEEP et/ou si Pmus augmente
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Extremely high transpulmonary pressure ®™

in a spontaneously breathing patient with early

severe ARDS on ECMO VSAI
Tommaso Mauri', Thomas Langer?, Alberto Zanella', Giacomo Grasselli' and Antonio Pesenti'?* Al 9 PEP 15
30 -
o 25 Valurme Pressure
£ 20
5 s controlled support
5
* 0 FEEP (cmH.O) 15 15
— 30 -
E 20 Vit imlikg PBW) 4
3 13 1 RR (bpm) 10 21
10 Ppeak (cmH,0) 37
% ECMO GF (l/min) 6.5 11.0 Tracrium 10 mg/ml soll{qién
£ ysion
3 VCO,-NL (mlimin) n.a. 74 E inyectable y para perf ;
VCO,-ML (ml/min) n.a. 253 :
%’ VCO,-MLIVCO,-TOT (%) na. 77
E - APes (cmH.0) +2
| P P {cmH,0) 12
g
o pH 7.42 7.47
S AV AV pw s Pa0, (mmHg) 63 63
.5
Time [seconds] PaCQ, (mmHg) 45 a7

Intensive Care Med (2016) 42:2101-2102



Compliance en VAC apreés Intubation = 15 ml/cmH,0

Pression motrice en VSAI: VT a 550 ml = 36 cmH,0
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Comment mesurer la pression motrice en VS?




A Method for Measuring Passive Elastance during
Proportional Assist Ventilation PAV +

MAGDY YOUNES, KIMBERLY WEBSTER, JOHN KUN, DANIEL ROBERTS, and BRAD MASIOWSKI
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Am ] Respir Crit Care Med Vol 164. pp 50-60, 2001



Vaporidi et al. Ann. Intensive Care (2019) 9:1

https://doi.org/10.1186/513613-018-0477-4 ® Annals of Intensive Care

RESEARCH Open Access
@Cmssl\{ark

Driving pressure during proportional
assist ventilation: an observational study
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Plateau and driving pressure in the
presence of spontaneous breathing

Giacomo Bellani* ®, Alice Grassi', Simone Sosio' and Giuseppe Foti'?

DP = Pmus + Paw — PEEP
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Do spontaneous and mechanical breathing ®
have similar effects on average
transpulmonary and alveolar pressure? A

clinical crossover study Palv = Paw - QxR = PEEP + VT/Crs — Pmus

Giacomo Bellani'?", Giacomo Grasselli*®, Maddalena Teggia-Droghi'?, Tommaso Mauri®, Andrea Coppadoro”,
Laurent Brochard®® and Antonio Pesenti'*

La Pression Alvéolaire dans le SDRA

Pcrete

cmH20 mL

cmH20

Fréquence Viti

12 487

cycle/min mL
Vm Vt PP 40 - P

9.0 O *
L/min mL/kg PP = 0_// /

Jmi

Courbe P/V A

Bellani et al. Critical Care (2016) 20:142



Do spontaneous and mechanical breathing ®
have similar effects on average

transpulmonary and alveolar pressure? A

clinical crossover study

Giacomo Bellani'?", Giacomo Grasselli**, Maddalena Teggia-Droghi'?, Tommaso Mauri®, Andrea Coppadorao®, ESE
Laurent Brochard®® and Antonio Pesenti'*

Ppi Pcap -20

0 19 Interstitial

Fluid

Am J Respir Crit Care Med Vol 195, Iss 8, pp 985-992, Apr 15, 2017
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Birds trial

Breathing spontaneously at the early phase of ARDS

350 patients /groupe APRV vs VAC

Jean-Christophe M Richard
PF 130 Crs 33 ml/cmH,0 Pmo 13 cmH,0O PEEP 13

Laurent Brochard
L . 0
Alain Mercat Mortalité identique autour de 27 %
Moins de sédation en APRV
Moins de DV en APRV ...
. 1F
B [ [ 4
3‘
2
o)
% a Log-rank P = 0.82
FAY g |
. L i ? o] Death before hospital discharge, No (%)
ACV: 116 (33.0 %) PC-IMV: 115 (33.2 %) 0.958
Lay D 2 Day3 Day4 {,,_:) 5 [ 1y € ,, / |




Spontaneous breathing (SB) using @ e

airway pressure-release ventilation (APRV)
in patients under extracorporeal-membrane
oxygenation (ECMO) for acute respiratory
distress syndrome (ARDS)

Hadrien Rozé'"®, Jean-Christophe Marie Richard?, Mathieu Thumerel*# and Alexandre Quattara'”

Crs = 290/(25-14) = 26,3 ml/cmH20
] e ; En VS VT =120 ml donc
- E_— DP =120/26,3 = 4,6 cmH20

Intensive Care Med (2017) 43:1919-1920



CONCLUSION

Balance bénéfices /risques

* VS vs Curares ey T o

* VS cachée en VAC ou PAC reverse triggering /‘

 Concept de P-SILI o P-SILI e
* Lésions alvéolaire séveres: attention ""‘\ /
* Intérét protecteur de la PEP ety e

Intensité de I'effort inspiratoire (monitorage) : Pmus/Pmotrice/Palv
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Simulation of Mechanical Ventilation

Username or Email

Mission statement

Healthcare simulation is an innovative method to improve safety within patient's care. Our field of intere

Password

operating rooms
s ; Forgot? Register
ilation settings are

simulatig

The goal of SimVA is to reduce it through training.

We createq
proportio 4 al point of view,
driving and Srreoerss e ST G C Ty oV S Cr T T ST TG c roys dlar inspiratory and
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This tool is a virtual simulator called SimVA, it is a tablet with a software and a learning program with video
tutorials from basic to advance level.

Who is behind the conception?

SimVA comes from a vision of a passionate team with a MD,PhD in intensive care and in the operating room
dealing with lung transplantations everyday and a PhD in machin¢ Capture d'écran intelligency and electrical
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