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Intensive Care Med (2020) 46:2252-2264
https://doi.org/10.1007/500134-020-06310-0
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Fluid administration and monitoring Sk
in ARDS: which management?

Philippe Vignon'#*19'®, Bruno Evrard'**®, Pierre Asfar®, Mattia Busana®, Carolyn S. Calfee®,
Silvia Coppola’®°®, Julien Demiselle*®, Guillaume Geri'®'"'?@, Mathieu Jozwiak'*'*®, Greg S. Martin'®,
Luciano Gattinoni® and Davide Chiumello”®?
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/ { t Fluids: YES Lt ,a,..g;@gi_
Potential benefits Potential harm

Restore RV preload for positive-pressure Increased alveolar flooding across disr-
ventilation upted barrier

Augment cardiac output in setting of Increase venous congestion in fluid
diffuse 39 spacing ) | non-responders

Venous return

Support blood pressure (low SVR and Increased stretch on pulmonary
diffuse 39 spacing) o endothelium: exacerbates permeability

Restore adequate renal perfusion % Renal cortical edema

Intensive Care Med (2018) 44:1138-1140
DOI 10.1007/500134-017-4989-4

Fluid loading: benefits & risks

WHAT'S NEW IN INTENSIVE CARE

The dark sides of fluid administration

in the critically ill patient

Daniel A. Reuter'", Daniel Chappell’ and Azriel Perel?

Table 1 Prevalent iatrogenic ‘dark sides’ of fluid administration

@

Edema formation Hydrostatic intravascular pressures 1

Destruction of endothelial glykokalix

Hydrostatic intravascular pressures 4
Intra-organ/capsular/compartmental pressures 1

Dilutional coagulopathy  Relative decrease of thrombocytes and coagulation factors
Hypothermia Application of cold infusions
Dilutional anemia Relative decrease of Hb: O2 transport capacity

Organ congestion

Electrolyte imbalance Chloride-rich infusions induce hyperchloremic acidosis

Oxygen delivery to end organs
End organ dysfunction (e.g. lungs, brain, kidney, gut)
Risk for infections 4

Risk for Gl anastomotic breakdown 4

End organ dysfunction (e.g. kidney, liver, heart)

Risk of bleeding 1
Coagulopathy

Need for compensatory increase in CO = endogenous cat-
echolamines 1/exogenous application of catecholamines;
need for transfusions

End organ (kidney) dysfunction/damage




Contexte

Response to fluid challenge

“* Ability of the cardiovascular system to «» “Static”: measured at end-expiration, reflect preload

significantly increase cardiac output in <» “Dynamic”: use heart-lung interactions; measured at

response to increased venous return (usually both end-expiration & insufflation (ventilated patients;

without significant increase in filling pressures) by extension end-inspiration in SB patients)

7

“* Usual definition of « responders »: *» Continuous rather than yes/no physiological response:

» T cardiac output > 15% after a fluid no “magic” cut-off value that fits for all clinical scenarios!

hall L . . : .
challenge (500 mL) *» Aim : to improve a clearly defined clinical problem +++

= T aortic blood flow > 10% during PLR (1')

when compared to baseline.



Venous return
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Monnet et al Ann. Intensive Care (2016)6:111

DOI 10.1186/513613-016-0216-7 ® Annals of Intensive Care

REVIEW Open Access
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Prediction of fluid responsiveness: an
update

Xavier Monnet'", Paul E. Marik? and Jean-Louis Teboul'
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Intensive Care Med (2015) 41:1529-1537
DOI 10.1007/s00134-015-3850-x
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Fluid challenges in intensive care: the FENICE
study
A global inception cohort study

2015

on behalf of the FENICE Investigators

and the ESICM Trial Group

Fluid administration post fluid chalienge

Percentage receiving
further fluid administration %

Intensive Care Med (2015) 41:248-256
DOI 10.1007/s00134-014-3576-1

ORIGINAL
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Stéphane Gaudry
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Yoan Falquet
Francois Réminiac
Philippe Vignon
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Volume expansion in the first 4 days of shock:
a prospective multicentre study in 19 French
intensive care units

Table 3 Indications and variables used to predict fluid responsiveness (N = 2213)

Indication

n (%)

1211 (58.7 [56.7-60.8]))

| Hypotension
VEanIng VasOpressor

Cardiac output

46 (7.1 [6.0-=82]
62 (3.0) [2.3-3.7]

Further fluid administration — n (%)

1050 (474 £ 2.5)

with an initial positive response n (%) OR

739 (479 25)

Ref

with an initial negative response n (%) OR

212 (494 6.6)

OR 0.94 (0.76-1.16)

with an initial uncertain response n (%) OR

99(524x7.1)

OR 0.83 (0.62-1.13)

Oliguria 372 (18.0 [16.4-19.6])
Skin mottling 36 (1.7 [1.2-2.2))
Lactate 128 (6.2 [5.2-7.2))
Sv0./SevO, 10 (0.5 [0.2-0.8])
SVV/PPV 37 (1.8 [1.3-24))
CVP/PAOP 60 (2.9 [2.2-3.6])
Hemodynamic variable used to predict fluid responsiveness n % Of category % All

(No variable used 945 42.7 [40.6-44 8]

Any variable used 1268 57.3 [552-594]
Static 785 35 5 [33 5-37 5]
[ cvp 572 89.9 [87.8-92.0] 25.8 [24.0-27.6] |

PAOP 31 19 [34-64) 1.4 [0.9-1.9]
GEDVI 33 5.2 [3.6-6.8] 1.5 [1.0-2.0]
Other 149 234 [204-26.4] 6.7 [5.7-7.81
Dynamic 483 21.9 [20.2-23.6] ]
Y 88 82 [138-21.6] 30 32338]
SVV 88 182 [14.8-21.6] 40 [3.2-4.8]
PPV 4+ SVV 24 5.0 [3.1-6.9] 1.1 [0.7-1.5]
PLR 238 493 [44.8-53.8] 10.7 [9.4-12.0]
Echo variables 45 9.3 [6.7-11.9] 2.0 [1.4-2.6]




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

Circulatory Shock

Jean-Louis Vincent, M.D., Ph.D., and Daniel De Backer, M.D., Ph.D.

Salvage l Optimization Stabilization De-escalation
Obtain a Provide Provide organ Wean from

3 minimal adequate support vasoactive

E acceptable oxygen agents

9 blood pressure availability

£

o Perform Optimize Minimize Achieve a
lifesaving cardiac output, complications negative
‘measures Svo,, lactate l fluid balance

\ Z

Is there acute circulatory failure?

* Low blood pressure or cardiac output?
« Signs of tissue hypoperfusion?

oo imd s ® Annals of Intensive Care

001 10.1186/513613-016-0216-7

REVIEW

Prediction of fluid responsiveness: an

Is hypovolemia obvious ? update

* Obvious fluid loss?

Xavier Monnet"", Paul E: Marik? and Jean-Lous Tebou!'

* Initial phase of septic shock?

Perform volume expansion
(no need to test preload responsiveness)

* Spontaneous breathing?
* Cardiac arrhythmias?
* ARDS with low tidal volume / lung compliance?

Is there preload responsiveness?

Are the following conditions present?

Pulse pressure or stroke volume variation

Respiratory variation of IVC/SVC*

Passive leg raising test

Passive leg raising test

End-expiratory occlusion test

End-expiratory occlusion test

K"Mini" fluid challenge

"Mini" fluid challenge /

~ Consider volume expansion
(depending on the risk of fluid overload)

Do not
consider volume expansion

Open Access

W



Intensive Care Med (2008) 34:659-663
DOI 10.1007/500134-008-0994-y

CLINICAL COMMENTARY

Xavier Monnet
Jean-Louis Teboul

Aortic
blood flow

10 Liming

Passive leg raising

/.

Volume expansion
(500 mL saline)

—.II-.

30 sec

Intensive Care Med
DOI 10.1007/500134-015-4134-1

ORIGINAL

Xavier Monnet
Paul Marik
Jean-Louis Teboul

@ CrossMark

Passive leg raising for predicting fluid
responsiveness: a systematic review
and meta-analysis
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Contexte | |

\dynamiques

Respiratory Changes in Aortic Blood Velocity as an

Indices

Indicator of Fluid Responsiveness in Ventilated Patients

With Septic Shock*
Mare Feissel, MD; Frédérvie Michard, MD; Isabelle Mangin, MD;
Olivier Buyer, MD: Jean-Pierre Faller. MD: and Jean-Louis Teboul, MD. PhD

CHEST 2001: 119:867-873

n=19; AVmax > 12%; Se: 100%, Sp: 89%

Intensive Care Med (2004) 30:1734-1739

DOI 10.1007/500134-004-2361-y ORIGINAL

i;:'r‘;j;:*'(,};if:i];;""‘“f"" Superior vena caval collapsibility as a gauge
Anne Rabiller of volume status in ventilated septic patients

Olivier Peyrouset
Bernard Page
Alain Beauchet
Francois Jardin

n=66; ASVC > 36%; Se: 90%, Sp: 100%

Intensive Care Med (2004) 30:1740-1746 x
DOL 10,1007/500134-004-2259.8 ORIGINAL

Chrstophe Barbler Respiratory changes in inferior vena

Christophe Schmit cava diameter are helpful in predicting fluid
Jan Hayon 2 . » - -
Jean-Louis Ricome responsiveness in ventilated septic patients

Frangols Jardin
Antoine Vicillard-Baron

n=20; AIVC > 18%; Se: 90%, Sp: 90%

Patients
ventilés




Comparison of Echocardiographic Indices Used to Predict Fluid
Responsiveness in Ventilated Patients

Philippe Vignon'2, Xavier Repessé**, Emmanuelle Bégot™?*, Julie Léger®, Christophe Jacob®, Koceila Bouferrache’, n=540
Michel Slama®, Gwenaél Prat®, and Antoine Vieillard-Baron*®1° 295 (55%)
Am J Respir Crit Care Med Vol 185, 1ss 8, pp 1022-1032, Apr 15, 2017 100 (18%)
81 (15%)
10 (2%)
4 (1%)
45° 50 (9%)
)45°
* 540 patients Feasibility:
e Lactate: 3.89+3.72 mmol/l )
« Shock of any origin Responders : AVmaxAo: 78%
* Ventilated patients without AAoVTI 2 10% 1 min PLR ASVC: 99%
respiratory activity (sinus)
AIVC: 78%

LJP 1 min

VmaxAo

]
229 Répondeurs
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Diagnostic accuracy of dynamic indices
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n=319

—— APP, AUC=0.657
—— AVmaxAo, AUC=0.720
—— ASVC, AUC=0.742
— AIVC, AUC=0.653

I ! I I 1
0.2 0.4 0.6 0.8 1.0
1-Specificity

Dynamic

parameters

AVmaxAo (n=421)
ASVC (n=538)
AIVC (n=422)

Threshold
value for

optimized

sensitivit
7%
4%
3%
-

(mini) Fluid
challenge

Optimized | Threshold | Optimized

sensitivity | value for

specificity

(associated | optimized

(associated

90% (39%)  18%  90% (29%)

89% (25%) (31% )| 90% (43%)

74% (36%) | 18% | 90% (28%)
L

Close to initial
cut-offs



Concordant dynamic indices for fluid responsiveness
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Concordant dynamic indices against fluid responsiveness
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Borderline” dynamic indices: perform
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Il Indices ([ Patients Patients en

Q Contexte

dynamiques ventilés

PLR-induced changes in AoVTI

Intensive Care Med (2007) 33:1125-1132 e Intensive Care Med (2007) 33:1133-1138 —
DOI 10.1007/500134-007-0646-7 ORIGINAL DOI 10.1007/500134-0070642-y ORIGINAL

A

Besches Lande Echocardiographic prediction of volume Tk Ahopktta Diagnosis of central hypovolemia by using
Ries Aot responsiveness in critically ill patients Ewemucng] [powe passive leg raising
Christian Richard with spontaneously breathing activity Zind Massy ’
Jean-Louis Teboul Michel Slama
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Patients

Contexte

ventilés

N’

Patients en

Inspiratory collapse of IVC

Muller et al. Critical Care 2012, 16:R188
http//ccforum.com/content/16/5/R188

@ CRITICAL CARE

RESEARCH Open Access

Respiratory variations of inferior vena cava
diameter to predict fluid responsiveness in
spontaneously breathing patients with acute
circulatory failure: need for a cautious use

Laurent Muller'", Xavier Bobbia', Mehdi Toumi', Guillaume Louart, Nicolas Molinari?, Benoit Ragonnet?,
Hervé Quintard®, Marc Leone®, Lana Zoric', Jean Yves Lefrant' and the AzuRea group
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Diagnostic Accuracy of the Inferior Vena Cava
Collapsibility to Predict Fluid Responsiveness in
Spontaneously Breathing Patients With Sepsis
and Acute Circulatory Failure

Sebastien Preau, MD, PhD'; Perrine Bortolotti, MD*? Delphine Colling, MD**; Florent Dewavrin, MD?;

Vincent Colas, MD*; Benoit Voisin, MD? Thierry Onimus, MD% Elodie Drumez, BST%
Alain Durocher, MD?; Alban Redheuil, MD, PhD*; Fabienne Saulnier, MD?

(Crit Care Med 2017 45:e290-e297)
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[l Patients
ventilés

Monnet et al Ann. Intensive Care (2016} 6:111

DO 10.1186/513613-016-0216-7 ® Annals of Intensive Care

REVIEW Open Access

Prediction of fluid responsiveness: an @
update

Xavier Monnet'", Paul E. Marik? and Jean-Louis Teboul'

Table 2 Conditions where pulse pressure and stroke vol-
ume variations are less reliable

Spontaneous breathing (‘False+ |
Cardiac arrhythmias False+
Low Vt/low lung compliance False—
Open chest False—
Increased intra-abdominal pressure False+
Very high respiratory rate (HR/RR < 3.6) False—
Right heart failure* False+

( Patients en

Parameters

Dynamic parameters
AV e

ASVC
AIVC

PLR-induced increase of
LVOT VTI

Oxford Textbook of
Advanced
Echocardiography
in Critical Care

Limitations

Non-sinus rhythm

Inspiratory efforts and high respiratory rates
Low tidal volume (<7-8 ml/kg)

Right ventricular failure, acute cor pulmonale

Requires transoesophageal echocardiography

Increased |AP
Spontaneous breathing with orthopnoea (deep
breaths)

PLR contraindicated (e.g. intracranial hyper-
tension) or not feasible (e.g. pelvic or limb
fractures, surgery)

Severe atrophy or limb amputation

Increased IAP (=16 mmHg)



Indices | |l Patients | " [l patients en
dynamiques ventilés VS

Limites

Contexte

RV injury: false-positive of PPV / SVV /| AVmaxAo

Vieillard-Baron et ai. Crit Care (2020} 24630

https//dol.ora/10,1186/513054-020:03345-2 Crltlcal Ca re

RESEARCH Open Access

Right ventricular failure in septic shock: 2

characterization, incidence and impact on fluid
responsiveness

Antoine Vieillard-Baron'**", Amélie Prigent'?, Xavier P! pessé!, Marine Goudelin', Gwenaél Prat’, Bruno Evrard®,
Cyril Charron’, Philippe Vignon®* and Guillaume Geri'*

% of patients PLR respongive 010203045

oo o . e !g! venHa!eH

60% 60%
[o3-1)

SVA Omm

\ l‘»
ns. N 1ns. patients in septic !

PR BB B DDA B I Esjjgjmgggm.t i . . B . / il |

W'HN |hm|t mmm,nm PG 2mmkg "”‘H"’H

\ ?EE / /.'
@ 304 __\ ///‘ \ I]
2 o )
Responders 3 i 7
;’ 204 o/ - /
i o ’

NIV UY TN TRV O SN TR E ST A I o T SR R G I SRR B
| PATT370C b 3 | 0 s Ryasom 101 " > o —
TEE T 36 5C ——'bv—’de'-ﬁ % ‘qb\ )al El/ ———
Non Responders :

PPV: 14% L

0.28 0.60 0.75 1.00
RVILV EDA ratio




///

/

Patients
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— k Contexte

ventilés

Respirophasic variations of IVC diameter & IAH

Intensive Care Med (2018) 44:197-203
hatps//dolorg/10.1002/5001 .
Intensive Care Med (2007) 33:163-171
DOI 10.1007/500134-006-0412-2

EXPERIMENTAL

ORIGINAL
Limited value of end-expiratory 0= Serge Duperret Increased intra-abdominal pressure affects
inferior vena cava diameter to predict fluid Vincent Piriow !'espiratory'valia_tionsd i;: arte:';l pressure
responsiveness impact of intra-abdominal Qivex Meiton. i hormovoiacmic and hypovolacsic
] ranche I h
pressure Gy .':"::.:mm mechanically ventilated healthy pigs
Jean Paul Viale

Antoine Vieillard-Baron'**", Bruno Evrard*®®, Xavier Repessé', Julien Maizel?, Christophe Jacob’,
Marine Goudelin*®, Cyril Charron', Gwenaél Prat’, Michel Slama®, Guillaume Geri'?* and Philippe Vignon*5*
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The passive leg-raising maneuver cannot accurately predict fluid

Patients
ventilés

N/

PLR & high intra-abdominal pressure

responsiveness in patients with intra-abdominal hypertension*

Yazine Mahjoub, MD; Jérémie Touzeau, MD; Norair Airapetian, MD; Emmanuel Lorne, MD;
Mustapha Hijazi, MD; Elie Zogheib, MD; Francois Tinturier, MD; Michel Slama, MD, PhD;

Hervé Dupont, MD, PhD

Intraadbominal Pressure (mmHg)

w
o
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n
o
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-
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1

e —

Crit Care Med 2010 Vol. 38, No. 9

e, e, e ——————

PLR+

PLR-

Intra-Abdominal Hypertension Is Responsible for
False Negatives to the Passive Leg Raising Test

Alexandra Beurton, MD'? Jean-Louis Teboul, MD, PhD'? Valentina Girotto, MD';
Laura Galarza, MD'; Nadia Anguel, MD"; Christian Richard, MD'; Xavier Monnet, MD, PhD'?

Crit Care Med 2019; 47:¢639-e647,

Sensitivity
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_ M contexte Indices Patients ('Patientsen ) [ Limites Fluld
\ — | : \ S \ \
\dynamiques ventilés | VS | challenge

Fluid challenge

New Concepts in the Diagnosis and

Fluid Treatment of Circulatory Continuing Medical Education Article
Shock
Thirteenth Annual Becton, Dickinson and . . s
Company Oscar Schwidetsky Memorial Fluid Cha“enge revisited
Lect
ecrre 1979 Jean-Louis Vincent, MD, PhD, FCCM; Max Harry Weil, MD, PhD, ScD (Hon), FCOM  ieo00uy

Max H. Weil, MD, PhD., and Robert J. Henning, MD

¢ Remains valuable in case of undetermined / discrepant dynamic indices
***  Prompt correction of volume deficit while minimizing the risk of volume overload

** Quantify the cardiovascular response to fluid infusion

*» Speed of administration > volume infused (“mini” fluid challenge)

< Close monitoring of both efficacy (responder vs not) and tolerance (T filling pressures).



Contexte Indices - : Patients . [/ Patients en Limites Fluid
dynamiques ventilés VS challenge
S——— Stroke volume changes
st o 2310 Critical Care
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T6218 T ETO: 38.8C /0
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ccic - output that transthoracic echocardiography
Crit Care Mead VLI')I 166, I1ss 8, pp 1022-1032, Apr 1?_%QL7J: 68 m |_ output that

ar Benmalek’, Julia Gimenez'?,

Dynamic parameters Inter-observer Intra-observer
rythm

fibrillation

Left ventricular outflow tract

Doppler velocity-time integral 0.932 (0.886-0.960) 0.978 (0.972-0.987)
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End-diastolic pressure

([l Indices
Contexte - | .
dynamiques

. ~

Fluid

Patients | . | Patientsen | . .|| Limites
challenge

ventilés VS

Hemodynamic tolerance

End-diastolic volume

-

Stroke volume

Responder Non-responder
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“Mini” fluid challenge

An Increase in Aortic Blood Flow after an Infusion of 100 ml
Colloid over 1 Minute Can Predict Fluid Responsiveness

The Mini-fluid Challenge Study

Mini-fluid Challenge of 100 ml of Crystalloid Predicts
Fluid Responsiveness in the Operating Room

Matthieu Biais, M.D., Ph.D., Hugues de Courson, M.D., Romain Lanchon, M.D., Bruno Pereira, Ph.D.,
Guillaume Bardonneau, M.D., Marion Griton, M.D., Musa Sesay, M.D.,
Karine Nouette-Gaulain, M.D., Ph.D.
Laurent Muser, M.D., M.Sc.,” Meadhi Toumi, M.D.,* Phiippe-Jean Bousquet, M.D.,t
Béatrice Riu-Poulenc. M.D..1 Guillaume Louart, M.D.,* Damian Candela, M.D..* Lana Zoric, M.D.,*

(AnesTHESIOLOGY 2017; 127:450-6)
Carey Suehs, Ph.D.,1 Jean-Emmanuel de La Coussaye, M.D., Ph.D..§ Nicolas Molinari, Ph.D..1
Jean-Yves Lefrant, M.D., Ph.D_§ in the AzuRéa Group

Anesthesiology 2011 ; 115 : 541-7
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Optimization phase of acute circulatory failure

Use of dynamic indices to predict fluid responsiveness

Choice of adapted indices according to clinical settings

Require concordant indices / PLR if discordant or “borderline” indices
Each index has its own limitations

Fluid challenge: prefer speed vs. volume of infusion (“mini” fluid challenge)

Monitor efficacy (predefine clinical target) & tolerance (semi-quantitative filling pressures).
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