i~ JRUR 2023

Prédiction de la reponse

au remplissage vasculaire
20 ans de recherche clinique

universite

PARIS-SACLAY

FHU SEPSIS

PPPPPPP lized Interventions
Bicétre




~, JRUR 2023

Disclosures

Pulsion Medical Systems (Getinge)

Honoraria for consulting

Institutional restricted research grants
Honoraria for giving lectures

Refunds of travel expenses

Baxter

Honoraria for consulting

Institutional restricted research grants
Honoraria for giving lectures

Refunds of travel expenses



] ~_ JRUR 2023
What is the concept ? A

Community-acquired @ D
pneumonia ALLLLLLLLLLLLL w2
90/45/60
4 R
C- L D
-
PEEP
12 cmH,0 PaO,/FiO,
110 mmHg
/




What is the concept ?

JRUR 2023

«a D
AL A
90/45/60
. @ ssssss y

Why do we give fluid
to shock patients ?

/




What is the concept ? | Why do we give fluid to shock patients ?
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What is the concept ?

Let’s go back to physiology !
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What is the concept ? | Let’s go back to physiology !
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What is the concept ? | The harmfulness of fluid overload — JRF’R 2020

@m. Intensive Care (2018) ® Annals of Intensive Caa
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Principles of fluid management

and stewardship in septic shock: it is time
to consider the four D’s and the four phases
of fluid therapy

Manu L. N. G. Malbrain'?", Niels Van Regenmortel®, Bernd Saugel*, Brecht De Tavernier?, Pieter-Jan Van Gaal?,
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What is the concept ? : B8

/Sepsis in European intensive care units: Results of the SOAP \
study*

Jean-Louis Vincent, MD, PhD, FCCM; Yasser Sakr, MB, BCh, MSc; Charles L. Sprung, MD; Cohort StUdy
V. Marco Ranieri, MD; Konrad Reinhart, MD, PhD; Herwig Gerlach, MD, PhD; Rui Moreno, MD, PhD; . .
Jean Carlet, MD, PhD: Jean-Roger Le Gall, MD; Didier Payen, MD: on behalf of the Sepsis Occurrence in | | 1,177 Pts with
Acutely Ill Patients Investigators

\_ Crit Care Med 2009

Table 7. Multivariate, forward stepwise logistic regression analysis in sepsis patients (n = 1177), with
intensive care unit mortality as the dependent factor

OR (95% CI) p Value
SAPS 1II score? (per point increase) 1.0 (1.0-1.1) <.001
Cumulative fluid balance” (per liter increase) 1.1 (1.0-1.1) .001
Age (per year increase) 1.0 (\0-1.0) .001
Initial SOFA score (per point increase) 1.1 (1\()—1.1) .002
Blood stream infection 1.7 (1.5 -2.4) .004
Cirrhosis 2.4 (1.3\}.5) .008
Pseudomonas infection 1.6 (1.1—2tneemmmm==a ) s
Medical admission 1.4 (1.0-1.8) C C
Female gender 14 (1.0-1.8) Fluid overload increases

\ ' mortality during sepsis
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/Extravascular Lung Water is an Independent N
Prognostic Factor in Patients with Acute
Respiratory Distress Syndrome :
P y y 200 pts with ARDS
Mathieu Jozwiak, MD; Serena Silva, MD; Romain Persichini, MD; Nadia Anguel, MD; David Osman, MD;
Christian Richard, M D; Jean-Louis Teboul, MD, PhD; Xavier Monnet, MD, PhD .
Crit Care Med 2013,/
Odds Ratio ( Cl 95%) p value
EVLWI,,, (1 unit = 1 mL/kg) 1.07 (1.02-1.12) 0.007
Maximum blood lactate (1 unit =1 mmol/L) 1.29 (1.14- 1.46) 0.0001
YT 1] Fluid overload increases 0.98 (0.97-0.99) 0.006
mortality during ARDS
Mean PEEP (Lunit=1cmH,0) 777 0%2 (0.67-0.91) 0.002
\
\
\
SAPS 11 (1 unit = 1 point) 1.03 1.01- 1.05) 0.02
v
Mean cumulative fluid balance (1 unit =1 mL) 1.0004 ( 1.0001 - 1.0008) 0.02




What is the concept ? | The harmfulness of fluid overload /- JR%?OZS

ﬂm Intensive Care (2018) @ Annals of Intensive Care

REVIEW Open Access

Principles of fluid management @ ' 7]
and stewardship in septic shock: it is time
to consider the four D’s and the four phases
of fluid therapy

Manu L. N. G. Malbrain'#", Niels Van Regenmortel®, Bernd Saugel?, Brecht De Tavernier?, Pieter-Jan Van Gaal®,
@mv Joannes-Boyau®, Jean-Louis Teboul®, Todd W. Rice’, Monty Mythen® and Xavier Monnet® j /- I Lu n g Wa te r
A risk of RV failure
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The concept of fluid responsiveness | The harmfulness of fluid overload 0\ - EEE

@m. Intensive Care (2018) @ Annals of Intensive Caa
REVIEW Open Access

Principles of fluid management

and stewardship in septic shock: it is time
to consider the four D’s and the four phases
of fluid therapy

Manu L. N. G. Malbrain'#", Niels Van Regenmortel®, Bernd Saugel®, Brecht De Tavernier’, Pieter-Jan Van Gaal®,
@iev Joannes-Boyau®, Jean-Louis Teboul®, Todd W. Rice’, Monty Mythen® and Xavier Monnet® j

The effects of fluid
infusion are not constant

responsiveness

Fluid infusion is
potentially harmful !
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Which tests and indices could be used ?
(e roseon I

The prediction of fluid responsiveness N

k)(avier Monnet''®, Manu L. N. G. Malbrain?**® and Michael R. Pinsky*® /

JRUR 2023

Any surrogate Stroke
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preload

Any intervention that changes }
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Which tests and indices could be used ?
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Intensive Care Med \

https://doi.org/10.1007/500134-022-06900-0 . . \
{ N

{ Mimicking a
i fluid challenge !

LASTING LEGACY IN INTENSIVE CARE MEDICINE /
The prediction of fluid respons;
=’

Stroke
volume Any surrogate
of SV/CO

(\M\M\AMN\MNU\AM Tidal volume challenge
O
Vena cava collapsibility
—_—
Cardiac prefoad | " ” " " " " " " " " " " " " " End-exp. occlusion test
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Which tests and indices could be used ? O
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| Well Reliable | Easy to Applicable in Possible with no
. demonstrated | . (Se, Sp) | . perform | | many patients | | CO monitoring

? Mini-fluid challenge
.J Passive leg raising test

M{\M\MMMMM{\M\ Tidal volume challenge

Vena cava collapsibility

e

‘“““““““. I““““““l End-exp. occlusion test
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Which tests and indices could be used ?
4 P J——— S | : )
Well . Reliable | . Easyto | . Applicable in . Possible withno |
demonstrated (Se, Sp) | perform | many patients | CO monitoring

Mini-fluid challenge ,
i Easy to perform

____________________________
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Which tests and indices could be used ? § Mini-fluid challenge
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| Well Reliable? Easy to Applicable in Possible with no |
. demonstrated | . (Se, Sp) | . perform | | many patients | | CO monitoring

Mini-fluid challenge
A /

Which tests and indices could be used ?

’
____________________________
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______________________________

t Different thresholds :
reported ;
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Which tests and indices cou

ld be used ?

Mini-fluid challenge

ﬂ«esma e al. Critical Care

(2019) 23:264

hitps//doiorg/10.1186/s13054-019-2545-2

Critical Care\

Alvarado Sanchez et al. Ann. Intensive Care (2021)11:28
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® Annals of Intensive Care \

https://doi.org/10.1186/513613-021-00817-5

RESEARCH Open Access

Functional hemodynamic tests: a
systematic review and a metanalysis on the

‘Check for
‘In“

7 studies
l 368 patients

™

. . . . - ®
Predictors of fluid responsiveness in critically ==

2 studies (low Vt only)

False Positive Rate

e : : 88 patients
fe"ab'“éy f]jf ;he e_“‘f"fTXPd'fa;OW occlusion ill patients mechanically ventilated at low tidal
=k d?"t. 0 ﬂt %m'"" T e volumes: systematic review and meta-analysis
pre Ic Ing i responSIVGness Jorge Ivan Alvarado Sanchez'#'®, Juan Daniel Caicedo Ruiz?, Juan José Diaztagle Fernandez>*#,
Antonio Messina"' @, Antonio Pell'Anna"', Ma"ah Baggiani’, Flavia TO(Q”*’ ’, Gian Marco Mafe'sc,a"". William Fernando Amaya Zufiga®, Gustavo Adolfo Ospina-Tascén® and Luis Eduardo Cruz Martinez’
K\/wctona Bennett”, Laura Saderi®, Giovanni Sotgiu®, Massimo Antonelli*” and Maurizio Cecconi )
1 —== | o
o v _— T e ' a
[].9- [ - = e = ,/ ————————————
P e B B
ol EI LI = BN A
) ® ‘ [ ] M e
0.71!
06l | = - AN CO21%
= i 2 o = (0]
£ AN CO25% 3
2 o5 3
g
b ' » < AUROC = 0.95 [0.90-0.99]
0| AUROC =0.91 [0.85-0.97] o
0.37
; o~
0.2 ; AUC = 091 o
( SE(AUC) = 0.03
& 95% CI = 0.85-0.97
0.1/
§ < ]
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Which tests and indices could be used ? § Mini-fluid challenge "
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Which tests and indices could be used ? | Mini-fluid challenge 0\ - EEE

/An Increase in Aortic Blood Flow after an Infusion of 100 ml <__
Colloid over 1 Minute C 51 Predict Fluid Responsiveness \\
\
.. . \ \
The Mini-fluid Challenge Su,\’g
\\\
\
Laurent Muller, M.D., M.Sc.,” Medhi Toumi, M.D.,” Phl|lpp(: ~ ""wsquet M.D.,t Small amount
Béatrice Riu- Poulenc M.D..T Guillaume Louart, M D.,” Damien (Ja ~~J N..* Lana Zoric, M.D.,* .
Carey Suehs, Ph.D. T Jean-Emmanuel de La Coussaye M.D., Ph.D.,§ NicZ *~~' hqu Ph.D..t Of flu‘|d
Jean-Yves Lefrant, M.D., Ph.D.,§ in the AzuRéa Group ~~~~
\_ Anesthesiology 207~1/
\\\
)
| Cardiac US | Small change
N in CO/SV

Changes B
in VTI T
A ol Detectable by

echo?..

\ PR

-
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Which tests and indices could be used ? § Mini-fluid challenge

@“k etal. Critical Care  (2019) 23:116

https/doi.org/10.1186/513054-019-2413-x Critica| Ca re
RESEARCH Open Access

What is the lowest change in cardiac 100 stable patients

JRUR 2023

output that transthoracic echocardiography | 16% in 1F, 54% under MV

can detect?
Mathieu Jozwiak'?'®, Pablo Mercado'?, Jean-Louis Teboul'?, Anouar Benmalek?, Julia Gimenez'?,

—

(wngois Dépret'?, Christian Richard'? and Xavier Monnet'?

LSC of VTI (% :
40 - (%) Between two different

examinations

30 - * Smallest detectable change
=Y 10%
204 T
1
101
I
=31
0 I 1 T 1 T




Which tests and indices could be used ?

Colloid over 1 Minute C A Predict Fluid Responsiveness
The Mini-fluid Challenge Stl\’g

\\\
~

~
Laurent Muller, M.D., M.Sc.,” Medhi Toumi, M.D.,” Philipp&:*~:’wsquet, M.D.t
Béatrice Riu-Poulenc, M.D.,T Guillaume Louart, M.D.,” Damien (Ja.7~~;4 N..* Lana Zoric, M.D.,*
Carey Suehs, Ph.D.,t Jean-Emmanuel de La Coussaye, M.D., Ph.D..§ Nu,:*s;":qri, Ph.D.,t
Jean-Yves Lefrant, M.D., Ph.D.,§ in the AzuRéa Group "~~~~

[ Cardiac US ]

-
L d
\ PR

-
\N_—’

~

\_ Anesthesiology 207~1/
~

Mini-fluid challenge

4 An Increase in Aortic Blood Flow after an Infusion of 100 ml <=~

Small amount

of fluid

Small change
in CO/SV

Changes B
in VTI T
A ol Detectable by

echo?..

... Or by
precise

more
techniques ?
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Which tests and indices could be used ?

Mini-fluid challenge
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demonstrated (Se, Sp)
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. Possible withno |
. CO monitoring
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Passive leg raising test
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Well
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\§

.J Passive leg raising test

Easy to
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; \
. Possible with no
. CO monitoring
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Which tests and indices could be used ? J Passive leg raising test

Stroke
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Which tests and indices could be used ?

Passive leg raising test
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Well

demonstrated (Se, Sp)

A LOT of studies... |

___________
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Passive leg raising test

Easy to
. perform |

'l Applicable in
. many patients |

; \
. Possible with no
. CO monitoring




Which tests and indices could be used ? ot o

ﬁ’nsive Care Med \
https://doi.org/10.1007/500134-021-06506-y

GUIDELINES

Surviving sepsis campaign: international o
guidelines for management of sepsis and septic

\shock 2021 -

Most patients require continued fluid administra-
tion following initis
needs to be ba!
tion and pot
in particular
kidney inju

et of fluid status. Dynamic measures have demonstrated

ongoing re
N better diagnostic accuracy at predicting fluid respon-
ful assessn

o siveness compared with static techniques. Dynamic

of fluid st

B measures include passive leg raising combined with car-

measures 1

dic outp diac output (CO) measurement, fluid challenges against

and increa

purkion stroke volume (SV), systolic pressure or pulse pressure,

with reduc . . . .

length o and increases of SV in response to changes in intratho-
s, there

ity between septic |

- 4

L i
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Which tests and indices could be used ? J Passive leg raising test
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[ ™ ST A I N\ Vs \‘ - \‘. \
| Well . Reliable | . Easyto . Applicablein | | Possible withno |
. demonstrated | . (Se, Sp) | . perform | | many patients | | CO monitoring
i ALOT of studies... |
\ ------------------------
\su
o o o o o
7
i Not possible with arterial pressure...
i One needs to estimate CO
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Which tests and indices could be used ?

ﬂﬂ nnet and Teboul Critical Care \
200 101 186/5 1305401 407085
‘C: CRITICAL CARE

EDITORIAL

Passive leg raising: five rules, not a drop of fluid!
K:{ax-'ier Monnet'" and Jean-Louis Teboul'™” /

Changes in
pulse pressure

(Arterial pressure

: Not that
AR AL 99 reliable

. T




Which tests and indices could be used ? [Changes in }

pulse pressure

ﬁunnet and Teboul Critical Care \
DOI 10.1186/513054-01 407085 @ CRITICAL CARE [Arterial pressure

EDITORIAL

Passive leg raising: five rules, not a drop of fluid! ,
Changes in pulse }

\Mvier Monnet'" and Jean-Louis Tebou!'” / contour-derived CO

Oeso Doppler ]

Changes in aortic |
blood flow ¢
L |

[LidCO rapid ]

) [Arterial pressure ]

PPV

TChanges in }
perfusion index [Capnography ]

Changes
in VTI _______ |changes
. in EtCO,

LI JO\ JRUR 2023

[Starling SV ]

Changes in
' |CO




Which tests and indices could be used ?

cherietal. CritCare  (2021) 25:110 Gl
@.@w.nwmwmmzslw Cr|t|ca| Caa

Passive leg raising test i AL

RESEARCH Open Access
Do changes in pulse pressure variation 2 r30 patients without SB nor arrhythmias

and inferior vena cava distensibility
during passive leg raising and tidal volume

Assessing PLR and Vt challenge through PPV and IVC changes

challenge detect preload responsiveness in case
of low tidal volume ventilation?
Wocle Taccheri'®, Francesco Gavelli, Jean-Louis Teboul, Rui Shi and Xavier Monnet
N PPV during PLR
> -2 pts
= +
AUROC =0.98 + 0.02 100
80
2 60
S 1
B 1
[
‘% .
40
20
0
0 20 40 60 80 100

\ 100-Specificity )



Which tests and indices could be used ?

Passive leg raising test
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Well

demonstrated (Se, Sp)

\§

.J Passive leg raising test

Easy to
. perform |

Applicable in
. many patients |

. Possible withno |
. CO monitoring




Which tests and indices could be used ?
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Well

demonstrated (Se, Sp)

Easy to
. perform |

'l Applicable in
. many patients |

; \
. Possible with no
. CO monitoring
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Which tests and indices could be used ?
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- o , _, NI
| Well | . Reliable | . Easyto | . Applicablein | | Possible withno |
. demonstrated | . (Se, Sp) | . perform | . many patients | | CO monitoring |
T O 0 . . o
I"7
R ’
i Not in case of:
{ o Arrhythmias (false +)
i o Spontaneous breathing (false +)
! o Low Vt (false -)
i o Low lung compliance (false -)
-




Which tests and indices could be used ?

Tidal volume challenge

JRUR 2023

MM\(\N\MMAMN\N\ Tidal volume challenge

Well

demonstrated

Easy to
. perform |

Applicable in
. many patients |

; \
. Possible with no
. CO monitoring
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ﬁ\e Changes in Pulse Pressure Variation or Stroke\
Volume Variation After a “Tidal Volume Challenge”
Reliably Predict Fluid Responsiveness During Low
Tidal Volume Ventilation® Crit Care Med 2017

Which tests and indices could be used ? J Tidal volume challenge

M\

JRUR 2023

-
30 measurements in 20 pts

Increase in Vt from 6 to 8 mL/kg

Sheila Nainan Myatra, MD, FCCM'; Natesh R Prabu, MD, DM'; Jigeeshu Vasishtha Divatia, MD, FCCM;

Xavier Monnet, MD, PhD? Atul Prabhakar Kulkarni, MD, FICCM!; Jean-Louis Teboul, MD, PhD? j
After Tidal 8
Valume
Challenge

\_

APPV = (PPV, -PPV,)




Which tests and indices could be used ?

Tidal volume challenge
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Well
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i studies
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N,

Easy to
. perform |

'l Applicable in
. many patients |

; \
. Possible with no
. CO monitoring
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Which tests and indices could be used ? J Tidal volume challenge

ﬁ\e Changes in Pulse Pressure Variation or Stroke\

Volume Variation After a “Tidal Volume Challenge”
Reliably Predict Fluid Responsiveness During Low . . )
Tidal Volume Ventilation* : mieeRHTEmEn I AP
Crit Care Med 2017 Increase in Vt from 6 to 8 mL/kg N\
Sheila Nainan Myatra, MD, FCCM'; Natesh R Prabu, MD, DM'; Jigeeshu Vasishtha Divatia, MD, FCCM'; \ /
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(Wang etal Crtical Care  (2023) 2745 s
hittps://doi.org/10.1186/513054-023-04336-6 Critical Care

771 T ]
Does tidal volume challenge improve o2

the feasibility of pulse pressure variation _[ 10 studies ]

in patients mechanically ventilated at low tidal
volumes? A systematic review and meta-analysis

Xiaoying Wang'", Shuai Liu?, Ju Gao', Yang Zhang' and Tianfeng Huang'

457 measurements
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2 PPV,

) > 2% (ranging from 1 to 3.5%)
/ PPV(%) > 25% (ranging from 25 to 48%)
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o
(8]
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Summary Operating Point
@ SENS=092(0383-096)
SPEC = 0.88 [0.76 - 0.94]
SROC Curve
AUC =096 [0.94 - 0.97]

— 95% Confidence Contour

+++ 95% Prediction Contour
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Which tests and indices coud be used ? j§ Vena cava collapsibility
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Michel Slama®, Gwenaél Prat®, and Antoine Vieillard-Baron**™® 5 Respir Crit Care Med Vol 2017

'Medical-Surgical Intensive Care Unit and 2INSERM CIC 1435, Limoges University Hospital, Limoges, France; *Faculty of Medicine,
University of Limoges, Limoges, France; “Intensive Care Unit, Assistance Publique-Hopitaux de Paris, University Hospital Ambroise

Paré, Boulogne-Billancourt, France; “INSERM CIC 1415, Tours University Hospital, Tours, France; ®Medical Intensive Care Unit, Brest
University Hospital, Brest, France; “Medical-Surgical Intensive Care Unit, Foch Hospital, Paris, France; ®Medical Intensive Care Unit, Amiens
University Hospital, Amiens, France; “Faculty of Medicine Paris lle-de-France Ouest, University of Versailles Saint-Quentin en Yvelines, Saint-
Quentin en Yvelines, France; and "INSERM U-1018, CESP, Team 5, University of Versailles Saint-Quentin en Yvelines, Villgiuif, France /

[ ————

e

/



Which tests and indices could be used ?

ﬁomparison of Echocardiographic Indices Used to Predict Fluid \
Responsiveness in Ventilated Patients

Philippe Vignon'?2, Xavier Repessé**, Emmanuelle Bégot'?*, Julie Léger®, Christophe Jacob®, Koceila Bouferrache’,
Michel Slama®, Gwenaél Prat®, and Antoine Vieillard-Baron®®'® - J Respir Crit Care Med Vol 2017

"Medical-Surgical Intensive Care Unit and 2INSERM CIC 1435, Limoges University Hospital, Limoges, France; Faculty of Medicine,
University of Limoges, Limoges, France; “Intensive Care Unit, Assistance Publique-Hopitaux de Paris, University Hospital Ambroise
Paré, Boulogne-Billancourt, France; “INSERM CIC 1415, Tours University Hospital, Tours, France; ®Medical Intensive Care Unit, Brest
University Hospital, Brest, France; "Medical-Surgical Intensive Care Unit, Foch Hospital, Paris, France; °Medical Intensive Care Unit, Amiens
University Hospital, Amiens, France; “Faculty of Medicine Paris lle-de-France Ouest, University of Versailles Saint-Quentin en Yvelines, Saint-
Quentin en Yvelines, France; and "INSERM U-1018, CESP, Team 5, University of Versailles Saint-Quentin en Yvelines, Villejuif, France

109 ~ ssvc vs. app: p=0.01
and ASVC vs. AIVC: p=0.02
0.8
—
* - )

0.6 AI

=
=
B
| =
o
) {
Iy, r
0.4 4 pl|
s — AIVG, AUC=0.653
‘/
/ r :
/
0.2 + [
|
0.0- —— AIVG, AUC=0.853
0.0 0.2 0.4 0.6 0.8 1.0
\ 1-Specificity

Vena cava collapsibility

JRUR 2023

JEUDI 6 AVRIL

540 pts
Ability to detect preload responsiveness (positibve PLR test)
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______________________________
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Which tests and indices could be used ? | End-exp. occlusion test

(Cavelll et al. Critical Care

(2019) 23:274

https://dol.org/10.1186/513054-019-2554-y

EDITORIAL

The end-expiratory occlusion test: please,

let me hold your breath!

\Flan(es(o Gavelli'** @, Jean-Louis Teboul'? and Xavier Monnet'?

Critical Care

Open Access

‘Check for
lntipitiee
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o
x4 O

O
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ANA

[ A 15-sec EEO... ]

[ 7 cardiac output ]

in case of fluid responsiveness

[

7 cardiac preload ]

o
|
o

JRUR 2023




Which tests and indices could be used ?

JRUR 2023

JEUDI 6 AVRIL

Well

‘“““““““. I““““““l End-exp. occlusion test .

demonstrated

Easy to

~ perform |

| Applicable in |
. many patients |

Possible with no
. CO monitoring |




Which tests and indices could be used ? | End-exp. occlusion test
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: i ®
The end-expiratory occlusion test 4

for detecting preload responsiveness:
a systematic review and meta-analysis

anesco Gavelli'**"®, Rui Shi'?, Jean-Louis Teboul'?, Danila Azzolina* and Xavier Monnet' /
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@dli et al. Critical Care (2019) 23274 \
https://doi.org/10.1186/513054-019-2554-y Cntlcal Care
EDITORIAL Open Access

The end-expiratory occlusion test: please,
let me hold your breath!

Changes in pulse
@ncesco Gavelli"**'@, Jean-Louis Teboul'? and Xavier Monnet'? / Jcontour'derived coO

Check for
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@elli et al. Critical Care (2019) 23:274 \
https://doi.org/10.1186/513054-019-2554-y Critica I Ca re
EDITORIAL Open Access

The end-expiratory occlusion test: please,

: iz .
let me hﬁ)ld your breath. Changes in pulse
@ncesce Gavelli'“~ @, Jean-Louis Teboul  and Xavier Monnet / contou r-derived CO

, (LidCO rapid | \ |Oeso Doppler |
-V' il )
|gI:: [changes in aortic }
= ‘E blood flow

[Plethysmography]

Changes in
perfusion index

Changes
in VTI
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In press Critical Care

/| The increase in cardiac output induced by a decrease in positive end-expiratory
pressure reliably detects volume responsiveness: the PEEP-test study
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64 patients
Decrease in PEEP from 12 to 5 cmH,0

]

kchristopher Lai, Rui Shi, Alexandra Beurton, Francesca Moretto, Soufia Ayed, Nicolas Fage, Francesco Gavelli, Arthur Pavot, Martin Dres, Jean-Louis Teboul, Xavier Monnet, /
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/| The increase in cardiac output induced by a decrease in positive end-expiratory 64 patients J N\
pressure reliably detects volume responsiveness: the PEEP-test study Decrease in PEEP from 12 to 5 cmH,0
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