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* Pas de conflit d’intérét en lien avec la présentation



Techniques d’épuration extra-rénale

* Mécanismes d’échanges

* Monitorage des pressions

* Modalités intermittentes

* Modalités continues

* Quand débuter I'EER en réanimation ?

e Choix de la modalité intermittente ou continue

* Choix de la modalité parmi les techniques continues
* Choix de la dose

* UF nette

* Prescription
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Mécanismes d’échanges a travers la membrane

e Diffusion (loi de Fick) — gradient de concentration
e Base de I’hémodialyse (HD)

e Convection — gradient de pression hydrostatique transmembranaire
e Base de I’'hémofiltration (HF)

e Adsorption — affinité physico-chimique avec la membrane
* Interactions hydrophobes, ioniques, forces de Van der Waals
e Soustraction directe, sans transfert de soluté



Hémodialyse



Hémodialyse

Dialysat

Loi de Fick : J =-D S dc/dx

J transfert de masse,

S surface disponible pour les
échanges

D coefficient de diffusion du soluté
dc/dx gradient de concentration



* Principe physico-chimique : DIFFUSION

* Passage d’ions au travers de la membrane semi-
permeéable selon un gradient de concentration :

les ions vont du compartiment le plus concentré vers le
compartiment le moins concentré

* Intermittente ou continue



Nature des échanges
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Circuit d’hémodialyse
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Hémofiltration
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* Principe physico-chimique : CONVECTION

* Epuration du sang en eau plasmatique et en diverses
molécules selon un gradient de pression hydrostatique

* Nécessité d’'un liquide de substitution



Circuit d’hémofiltration
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Pré et post-dilution

* Pré-dilution :
- Avantage : diminue risque de coagulation du filtre
- Inconvénient : diminue aussi l'efficacité de I'épuration

* Post-dilution :
- Avantage : augmente l'efficacité de I'épuration
- Inconvénient : augmente le risque de coagulation du filtre



mmHg

100
Hémofiltre
80 |
Pe >
60 i Pression
i \ hydrostatique !
40 L Entrée -
5 ns T
20 - Pression Ps
A4 oncotique
0 | ne
Ak

Figure 2. Evolution des pressions au sein de I'hémofiltre en hémo-
filtration. La pression hydrostatique (P) diminue progressivement dans
I’'hémofiltre par perte de charge tandis que la pression oncotique () aug-
mente du fait de ’'hémoconcentration. A la sortie de I'hémofiltre, les deux
pressions tendent a s’annuler.

Epuration extrarénale en réanimation, EMC 2025



Fraction de filtration

QUF ‘ prédilution + postdilution + UF nette
Qsang + prédilution Qsang + prédilution

Cible FF sang (HNF) < 20-25 %

En citrate ?

La fraction de filtration (FF) est un élément fondamental a prendre en compte lors de la prescription d’EERC,
en particulier s’il s’agit d’'une hémofiltration continue.

Il est préférable de calculer soi-méme la FF « sanguine » en utilisant les formules précisées dans les
recommandations nationales et internationales.



Effet d’'une diminution du débit sang

25% 32%




Monitorage des pressions



Pressions

* Mesurées
* « Artérielle » (P°in):-50a-200 mmHg.
* « Veineuse » (P° out) : + 50 a + 200 mmHg.
* Pré-filtre (P° pré) : + 200 mmHg. Reflet fonctionnement hémofiltre = perméabilité fibres
creuses
* Effluent (P° eff): négative. De + en + négative (cf. clogging/clotting)

Pressure (mmHg)
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Pressions calculées

Perte de charge (pressure drop) :
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Pression préfiltre —

¢ Reflet thrombose filtre ; )
Pression sortie

* Attention si hausse > 30 mmHg en 4h

I

m"w

Pression trans membranaire (PTM) :
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* Gradient de pression entre les 2 cotés de la membrane

* Hausse PTM : clotting et clogging P préfiltre — P sortie
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Clogging / clotting

* Clogging = colmatage

Hausse lente avec baisse lente P° eff

Reflet saturation des pores

Touche d’abord les moyennes molécules

Risque faible de thrombose de filtre au contact via protein cake

* Clotting = coagulation du circuit

Hausse brutale

2 lieux fréquents : filtre et pieges a bulles veineux

Pieges a bulles : hausse pression pré filtre et pression de sortie PTM
Si filtre : hausse pression pré (et perte de charge) puis PTM

Hausse isolée PTM
(au début au moins)

Hausse Pression pré filtre et PTM



P pre + P out

PTM = P eff

2

Diminution de la pression UF

Difficulté a extraire I'Ué travers la membrane |

m
de la PTM



COAGULATION DANS LE FILTRE

AP = P pre — P out

Augmentation de la pression pré-filtre =
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wa

250

200

/

Augmentation

7 delaPTM =
Effort plus
important pour
Extraire |I'UF de
la membrane

. Diminution de

la pression UF

i) L L L Al ] L L] L L

12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19

TEMPS (heure)

L)

T

Ll




Modalités intermittentes



Hémodialyse intermittente

* La clairance dépend d’une part du débit sanguin et d’autre part du
débit de dialysat.

* Lorsque I'HD est réalisée de maniere intermittente, la clairance
dépend principalement du débit sanguin (elle est proportionnelle au
débit sanguin jusqu’a des valeurs de débit sanguin de I'ordre de 200-
300 ml/min).

* “augmentation du débit de dialysat jusqu’a 500 ml/min permet une
augmentation de la clairance, valeur a laquelle elle atteint un plateau.



Clairance selon débit sang

= Urée, 60 Da == Créatinine, 113 Da = Vit. B12, 1355 Da === B2-microglobuline, 11,8 kDa
Hémodialyse — Qp = 500 mL/min Hémodiafiltration — Qp = 500 mL/min, Qs pst = 100 mL/min
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Clairance Kp (mL/min)

100 A

Clairance selon débit dialysat

= Urée, 60 Da

Hémodialyse — Qg = 150 mL/min

= Créatinine, 113 Da

= Vit. B12, 1355 Da
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Prescription de I’HDI en réanimation

Débit sang et dialysat

Perte de poids = UF nette
Durée

Bain de dialyse : K* (et Ca **)
Na*, HCO3 -

Anticoagulation : HBPM, aucune envisageable si risque hémorragique élevé



Tolérance hémodynamique et HDI

TABLE 1 TABLE 4
INTERMITTENT HEMODIALYSIS PRACTICE GUIDELINES PRACTICE GUIDELINES IMPLEMENTATION
Recommendations for systematic use 1995 1997
Use only modified cellulosic membranes in place of cuprophane Dialysis Sessions Procedures (n= 248) (n=289) pValue
Connect simultaneously both lines of the circuit filled with 0.9% saline ;
Duration, h 42 +1.0" 50x15 <0.001
¥ (i et Blood f Vmi 16352 15637  0.11
Set dialysate sodium concentration = 145 mmol/L DO g e - . ’
L. . L . . . Isovolemic connection, n (%) 45 (18) 289 (100) < 0.001
Limit the maximal blood flow at 150 ml/min with a minimal session duration , _ = t
afid B Dialysate sodium = 145 mmol/L, n (%) 1 195 (67)
i o 0,
Set dialysate temperature = 37°C Dmlysatg tempelratur‘e s OC' b o
Advice for the most hemodynamically unstable patients Saquenilal witeebltration. 1 (%] o 43015
Cool dialysate, n (%) 0 38 (13)

Start session by dialysis and continue with ultrafiltration (UF) alone
Cool dialysate at 35°C
Additional recommendations

Stop vasodilator therapy

Start session without ultrafiltration, then adapt UF/h rate according to
hemodynamic response

Strictly adapt ultrafiltration order to patient's volemia and
weight loss requirement

* Values are expressed as mean * SD.
! Parameter not ordered in 1995.

Schortgen et al. AJRCCM 2000
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Schortgen et al. AJRCCM 2000



Prescription en pratique de I’HDI en réanimation

* Débit sang : 250 mL/min

* Débit dialysat : 500 mL/min

* Perte de poids = UF nette : cf session spécifique
* Durée: 4 a6 heures

* Bain de dialyse : K* (et Ca **)

* Na* HCO3-: Na+ adapté a la natrémie patient, 10 mmol/L maximum au dessus de la natrémie
patient

* Anticoagulation : HBPM, aucune envisageable si risque hémorragique élevé



Modalités continues



Difféerentes modalités continues
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CVVHD : principes

* Lorsque I’HD est réalisée de maniere continue, la clairance est
dépendante en premier lieu du débit de dialysat

* Clairance = Qd x concentration dialysat sortant/concentration
plasmatique

* Pour les petites molécules qui diffusent completement : Clairance =
Qd



[ ] [ ]
[ ]
CVVH : principes
Lorsque I’hémofiltration est réalisée de maniere continue la clairance est dépendante du débit d’ultrafiltration

Qs X (pré + post + perte de poids)
Qs + pré

Clairance =

Clairance — Q x SC Ou SC est le rapport de la concentration du soluté dans 'ultrafiltrat a sa
UF concentration dans le plasma.



CVVHDF : principes

* Permet de réaliser un transfert de solutés selon les deux mécanismes
cités precédemment. En HDF, la dialyse est réalisée en faisant circuler
un dialysat a contre-courant par rapport au plasma hémofiltré.

* Quelle utilité ?

'association d’un transfert convectif a ’'HD peut cependant permettre
une meilleure clairance des molécules de taille moyenne ou élevée par
rapport a une HD seule, ou de diminuer la FF par rapport a une
hémofiltration seule, ce qui pourrait s'avérer utile en cas de débit
sanguin limité.



Quand débuter ’EER en réanimation ?



Essais cliniques et timing de I’'EER

Table 2. Comparison Between Recent Large Randomized Controlled Trials on Optimal Timing of KST in AKI

ELAIN AKIKI IDEAL-ICU FST STARRT-AKI AKIKI2
No. of patients 231 620 477 118 2,927 278
Design and countries Single-center, Multicenter (31), Multicenter (29), Multicenter, Thailand Multicenter (168), 15 Multicenter (39),
Germany France France countries France
Recruitment period 2013-2015 2013-2016 2012-2016 2016-2017 2015-2019 2018-2019
Mean age, y 67 66 69 67 65 65
Male sex 63% 66% 61% 49% 68% 74%
Setting 95% surgical (mostly 80% sepsis Septic shock Mixed, 68% medical 67% medical Received mechanical
cardiac and ventilation and/or
abdominal) vasopressors; 58%
septic shock
Exclusion CKD stage 4-5, prior Urgent criteria for Urgent criteria for Baseline Scr = 2 Urgent criteria for Urgent criteria for
KST, KTx, or KST KST (M), =2 1.5 (F) mg/dL, KST, prior KST, KST, patients with
uncommon causes of KTx, pregnancy, advanced CKD inclusion criteria
AKI allergy to loop (GFR < 20 mL/min/ already present for
diuretics, expected 1.73 m?), KTx, >24 h, CKD stage
death in 24 h or low uncommon causes of 4-5, prior KST, KTx,
chance of survival to AKI uncommon causes of
28 d, DNR, KST in AKI, Child C liver
prior 30 d, sAlb < 2 cirrhosis, pregnancy
g/dL, ECMO
CKD 41% 10% 16% NA 44% 12%

Bouchard et al. AJKD 2021



Essais cliniques et timing de I’'EER

Table 2. Comparison Between Recent Large Randomized Controlled Trials on Optimal Timing of KST in AKI

ELAIN

AKIKI

IDEAL-ICU

FST

STARRT-AKI

AKIKI2

KST modality

Ciriteria for early KST

Criteria for late KST

Blinded analysis
Clinical equipoise

CVVHDF 30 mU/kg/h
with citrate with
transition to SLEDD
or IHD

Within 8 h of stage 2
and NGAL 2 150
ng/mL

Within 12 h of stage 3
and NGAL 2 150
ng/mL

No
No

Physician discretion
(IHD and CRRT by
center [randomized by
center])

Within 6 h of stage 3

Urgent criteria: severe
hyperkalemia (>6
mmol/L), severe
pulmonary edema
refractory to diuretics,
severe acidosis (pH <
7.15), serum urea >
40 mmol/L,
oligoanuria > 72 h

No
No

Physician discretion
(IHD and CRRT by
center [randomized by
center])

Within 12 h of stage 3

48 h of stage 3

No
No

CVVH

Any AKI with absence
of response to FST

No response to FST
and serum urea > 100
mg/dL; severe
hyperkalemia (>6
mmol/L), severe
metabolic acidosis
(pH < 7.15); severe
pulmonary edema

No
No

Physician discretion
(IHD and CRRT by
center [randomized by
center])

Within 12 h of stage 2

AKIl for 72 h or
conventional criteria:
serum K* 2 6.0 mmol/
L, pH = 7.20, or serum
HCO3; < 12 mmol/L,
severe respiratory
failure (Pao./Fio, <
200), and clinical
perception of volume
overload

No
Yes®

Physician discretion
(IHD and CRRT,
center as a random
effect)

Stage 3 and oliguria
for 72 h or SUN >
112 mg/dL
Mandatory indication
(noticeable
hyperkalemia or
metabolic acidosis or
pulmonary edema) or
until SUN 2 140
mg/dL

No
No

Bouchard et al. AJKD 2021



Choix de la modalité d’EER



* Practice Point 5.2.1: The initial selection of RRT modality including CRRT,
intermittent RRT (IRRT), or acute peritoneal dialysis (PD), should integrate
patient characteristics, clinical context, local expertise, and resource

availability.
KDIGO 036 CINICAL PRACTICE GUDELINE TOR ACUTE Ko * Recommendation 5.2.1: For critically ill adults with AKI and hemodynamic
e instability, we suggest using CRRT or acute PD over conventional IRRT.

Meersch-Dini etol. Critical Care  (2026) 30:46. Critical Care
htps:/doi.org/10.1186/513054-025-05817-6

Open Access

e - ®
Multidisciplinary guidelines on renal =

replacement therapy in intensive care
medicine

IGUIDELINE

ain et al. Annals of intensive Care (2025} 15:100
id

Jourd Annals of Intensive Care
hitps://doi.org/10.1186/513613-025-01517-0

: ; . ®
Renal replacement therapy in an intensive =
care unit: guidelines from the SRLF-GFRUP
consensus conference

3.1- Continuous or intermittent RRT modality can be used equally to
ensure patient survival in severe AKI

3.2- We recommend that when selecting the RRT modality the individual
clinical situation of the patient be considered, which may justify a
preference for either continuous or intermittent therapy

3.3- We suggest that in hemodynamically unstable patients with AKI
requiring dialysis, continuous or prolonged RRT modalities be preferred
to ensure hemodynamic stability and reduce hypotension

The different types of RRT (including continuous, intermittent, or hybrid
modalities) should probably be considered equivalent in terms of
prognostic criteria. (Grade 2 + /Moderate quality of evidence/ Strong
agreement).



EER continue vs HDI : une controverse vieille de 25 ans

EER continue : HDI :
e Meilleure stabilité hémodynamique e Evite les risques liés a I'anticoagulation continue
e Contrble continu de |la volémie e (Mise en ceuvre facile au lit du patient)
e Contrble stable des troubles électrolytiques et e Permet une meilleure mobilité du patient

acido-basiques . . .
° Moins couteuse « en soi »

e Contrble thermique

e Evite les variations rapides d'osmolarité et
I'o,edéme cérébral

e  Meilleur controle de lI'urémie
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Choix de la modalité : mortalité et récupération rénale

TABLE 1.
Primary Analysis Results for Mortality

Direct Estimate Indirect Estimate = Network Estimate
(95% CI); Certainty  (95% CI); Certainty (95% CI); Certainty
Comparison of Evidence of Evidence of Evidence® Plain Text Summary
CRRT vs IHD 1.04 (0.93-1.18); NA 1.04 (0.93-1.18); There may be no important
moderate?®; 9 studies low=¢ difference
TABLE 2.
Primary Analysis for Renal Recovery Rate
Direct Estimate Indirect Estimate Network Estimate
(95% CI); Certainty (95% CI); Certainty  (95% CI); Certainty Plain
Comparison of Evidence of Evidence of Evidence® Text Summary
CRRT vs IHD 1.15 (0.91-1.44); NA 1.15(0.91-1.45); CRRT may increase RRR
moderate®; 7 studies low?®e compared with IHD

Ye et al. Crit Care Explorations 2021



Modalite et recupeération réenale

Renal replacement therapy in the ICU: intermittent
PINION, . & 2 . .
. . . . . . Dialysis dependence by 90 days Dialysis dependence at the end of the
hemodialysis, sustained low-efficiency dialysis or YR ceR ks
. 25
continuous renal replacement therapy? "
2 40
Amanda Ying Wang®® and Rinaldo Bellomo® 15 30
10 20
s -
0 ]
Bell, 2007 Wald, 2014 Bell, 2007 Wald, 2014
W% of dialysis dependence in IHD group W% of dialysis dependence in IHD group
% of dialysis dependence in CRRT group % of dialysis dependence in CRRT group

FIGURE 1. Renal recovery at 20 days and the end of follow-up period in Wald et al.’s [27"] and Bell et al.’s [23] studies.

TABLE 3. Multivariate Analyses of the Influence of Intermittent Hemodialysis Versus

Renal Replacement Therapy Modality in the ICU Continuous Renal Replacement Therapy on Renal Recovery at Hospital Discharge
and Renal Recovery at Hospital Discharge

Variables OR (95% CI) P
Martin Bonnassieux, MD"% Antoine Duclos, MD, PhD? Antoine G. Schneider, MD, PhD*
Aurélie Schmidt, MS?; Stéve Bénard, PharmD?; Charlotte Cancalon, MS? Olivier Joannes-Boyau, MD® . : -y s
Carole Ichai, MlD, P11D7'§; Jean-Michel Constantin, I\H:,‘PhD"; Jean-Yves Lefrant, MD, PhD'% Main analysts (n - 25’750) 0910 (0834 0999) 00327
John A. Kellum, MD, FACP, MCCM"; Thomas Rimmelé, MD, PhD'% for the AzuRéa Group Propensity — (n =/f 6!81 6) 0.883 (0798—0975) 00144
. .. i = 0.893 (0.814-0.986 0.0244
Critical Care Medicine 2017 SRS { )
Variables Hazard Ratio (95% CI) p
Mortality as a competitive risk (n = 32,826) 0.958 (0.919-0.997) 0.0375

OR = odds ratio.



Récupération rénale : analyse ancillaire de STARRT AKI

Initiation of continuous renal replacement £ Wald et al. ICM 2023
therapy versus intermittent hemodialysis

in critically ill patients with severe acute kidney

injury: a secondary analysis of STARRT-AKI trial

Table 2 The association between initial RRT modality and primary and secondary outcomes

Number OR or MD Overlap
of patients avail- weighting (95% Cl)
able for analysis
CRRT IHD
Primary outcome
»  Death or RRT dependence at 90-days, n (%) 1590 606 823(51.8) 329 (54.3) 0.81 (0.66 t0 0.99) 0.044
Secondary outcomes
All-cause mortality at 90 days, n (%) 1590 606 752 (47.3) 279 (46) 090(0.74t0 1.11) -
»  RRT dependence at 90 days (survivors only), (n (%)) 838 327 71(84) 50(15.2) 0.61 (03910 0.94) -
ICU length of stay, days 1590 606 12 (5 to 36) 17 (7 to 165) —168(—3431007) -
Hospital length of stay, days 1590 606 27 (10to 81) 40 (15to 166) —148(—32t0 25) -
ICU-free days at 28 days, median (IQR) 1590 606 0(0to17) 0(0to17) 2(1to03) -
Hospital-free days at 90 days, median (IQR) 1590 606 0(0to 56) 0(0to41) 6.6 (3.1t0 10) -
Ventilator-free days at 28 days, median (IQR) 1590 606 15 (0 to 23) 17 (0to 25) 04(—08t01.6) -
Vasoactive-free days at Day 28, median (IQR) 1590 606 20 (0to 25) 24(0to 27) —07(=191t005) -

Pas d’interaction entre le groupe de randomisation et modalité d’EER sur le critere composite mortalité + dépendance a I'EER a J90



Physiopathologie de I’'hypotension intra-dialytique

Patient-related factors

* Hypovolemia

+ Cardiac

* LV systolic and/or
diastolic dysfunction

= RV dysfunction

s Arrhythmia

+ Vasodilatory

« Autonomic dysfunction
* Sepsis

= Adrenal insufficiency
Mixed

Decreased cardiac output

Cardiac

Kyweiiomin dysfunction

S

RRT-related factors

Modality

UF rate, amount
Osmolality changes
Dialysate temperature
Dialysate sodium
Dialysate calcium
Dialysate buffer
Membrane

+

Inadequate physiologic
compensation

Decreased peripheral
resistance

Death

Increased risk
of death with
non-recovery

Non-recovery
of kidney
A function

Impaired autoregulation of
kidney blood flow in AKI

Douvris et al. ICM 2019



Adaptation de la prescription au patient

* Intérét possible des techniques continues a la phase initiale en cas
d’instabilité hémodynamique

Inversement, moins bonne récupération rénale en cas d’exposition
prolongée aux techniques continues ?

465 patients were

w alive at day 90 Propensity
score | ‘
o) matching | )

* 13 were dialysis-

Predictors of doubling serum
creatinine or dialysis at 90 days

dependent resulted in Prolonged exposure to CRRT after
100 well- propensity score matching: OR 3.1
* 53 had a doubling of matched pairs (95% CI; 1.3-8.3 p=0.017)

baseline creatinine

Prolonged exposure to CRRT is independently associated with increased risk of doubling serum creatinine or dialysis at 90
days

Shawwa et al. ] Nephrol 2022



Intensive Care Unit-Acquired Weakness in Patients With Acute
Kidney Injury: A Contemporary Review
J. Pedro Teixeira, MD"'2, Kirby P. Mayer, DPT, PhD"3, Benjamin R. Griffin, MD*, Naomi

George, MD, MPH25, Nathaniel Jenkins, PhD®, C. Anil Pal, MD', Felipe Gonzélez-Seguel,
PT, MSc’, Javier A. Neyra, MD, MSCS®

Diminution de la récupération de la neuromyopathie de réanimation ?
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Choix de la modalité : CRRT et HDI complémentaires

Docteur ? Machine ?
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« Le patient a 45 de PAM apres branchement
de I’HDI »
« Je te prescris de la Noradrénaline »




CRRT et hypertension intracranienne
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Choix de la modalité parmi les techniques
continues



Clairance: convection vs diffusion

Research

Solute removal during continuous renal replacement therapy in Crit Care 2006
critically ill patients: convection versus diffusion

Zaccaria Ricei', Claudio Ronco?, Alessandra Bachetoni?, Giuseppe D'amico?, Stefano Rossi?,

Elisa Alessandri!, Monica Rocco! and Paolo Pietropaoli®
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Clairance des cytokines: convection vs diffusion
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Membranes: l'autre déterminant de la clairance

1.07 ——

MWRO Y N P
""""""""""""""""""""""" +’.::\"'""""""ﬁ'""“!“"“"""“"'l’""""!‘""""""
o “~.____ [HCO.IMCO|
<1 ; HF| | i
E I_l_\\E :
| N\
0.6 ; A
} O
@] i ‘ \i
. T
0.4' E i\\\ : H
; P\ b |Albumin
LN\ i\ [(e8kDa)
0.2 B,m \‘\ ; 1
MWCO : (12kDa) \\i :
T T T N T A
0.0 : : 1! Ny !
100 1000 10000 100000

Log molecular weight (Da)



Optimisation de la clairance en hémodialyse

32-Microglobuline clearance (ml/min)
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Hémofiltration vs hémodialyse

Hemofiliration  Hemodialysis

Risk Ratio

Study or Subgroup Events Total Events  Total Weight IV, Random, 95% C1

Risk Ratio
W, Random, 95% CI

1.1.1 Similar Dese Firation vs Dialysis

Daud 2006 [25] 7 g 10 M 147%
worgera 2004 [24] B 12 B 12 BA%
OMAKI 2012 [30) 22 9 b 35 14.3%
Subitatal (95% CIj &0 61 35.1%
Total avents 34 3B

Heterogeneity, Tau®= 0.00; Chi*= 0.61,df=2 (P=0.74}; F= 0%
Test for overall effect 2=0.30 (P=0.78)

1.1.2 Similar Dese Filtr ation vs Dialysis-Filtration

Chahg 2009 [27] 26 a7 26 49 157%
Subtotal {95% CI) v 49 15.7%

Total events 26 76

Heterogeneity, Mot applicable
Tesl for overall effect Z= 022 {P=082)

1.1.3 Similar Dose (Intermitient) Dialysis.Filtvation vs Dialysis

Petlila 2001 [23] 12 VA F) 17 48%
Ratanaral 2012 [25] 10 27 18 33 0E%
Subtotal (95% CI) 18 50 14.4%
Total events 22 22

Hataroganeity: Tau®= 0,65, Chi#=5.15,df=1 {(P=0.02), F=81%
Test for owverzll effect 2= 031 (P=0.78)

1.1.4 Filtration vs Higher-Dose Dailysis-Filtration

Davenport 1993 [21] T 8 g 11 18.3%
Saudan 2006 [26] 67 102 43 104 19.6%
Subtotal (95% CI) 10 115 34.8%
Total events 74 82

Heterogeneity, Tau®= 0,05, Chi*= 2.76, df=1 (P=0.10);, F= 64%
Test for overall effiect Z=1.47 (P=0.14)

Total (95% CI) 265

Total events 157 136
Heterggeneity; Taw* = 0.05; Chi*= 13.96, df= 7 (P=0.05); F=50%
Tesl for overall effect Z= 087 (P=0.38)

Test for subgroup differences: Chi*= 197, df= 3P =050), F=0%

275 100.0%

Figure 2 Effect of hemofiltration vs. hemodialysis RRT on mortality. The pooled risk ratio was calculated using a random-effects model.
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19 RCTs (before 2012)
» Small sample size
» High heterogeneity

Friedrich et al. Critical Care 2012



CVVH vs CVVHD: RCT

OMAKI pilot study: CVVHD vs CVVH with pre and post dilution
39 vs 38 patients
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CVVH vs CVVHDF: RCT

102 patients: CVVH 25 ml/Kg/h vs
104 patients CVVHDF 25 + 18 mL/Kg/h in pre dilution mode

R Table 3| Results of Cox's proportional hazards model (90-day
survival)
A Variable Unadjusted HR P-value Adjusted HR  P-value
- CVVHDF
% Age 1.07 {099-1.03) 0.07 1.02 (1.00-1.04) 0.
2 60 1 Gender 0.80(054-1.18) 026 070 (044-1.09) 012
E CVVH Weight 1.00 (0.99-101) 091 1.0 (0991.01) 077
g Diagnosis
Surgical 1 032 1 0.12
50 . . . . . Trauma 1.48 (0.68-3.19) 043 1.88 (0.84-4.19) 0.9
0 20 40 60 80 100 Medical 1.21 {0.76-1.92) 1.40 (0.85-2.29)
Survival time {days) Sepsis 153 (1.02-2.30) 0.04 1.30 (0.501.20) 024

Baseline BUN 0.98 (0.97-099) 0.02 0.98 (0.97-0.99) 0.008
CVWHDF vs CVVWH 040 (031-0.73) 0001 059 (040-0.87) 0.008
APACHE Il score  1.07 (1.04-1.09) 0.001 1.06 (1.03-1.08) 0.007

Figure 2| Kaplan-Meier analysis of survival rates in the two
groups.

Small sample size
Low prescribed dose in CVVH group

Saudan et al. Kidney International 2006



En chronique: CONVINCE TRIAL

Table 2. Primary and Secondary Outcomes.*

Variable

Primary outcome
Death from any cause
Secondary outcomes
Death
Cardiovascular
Noncardiovascular
Infection-related
Including Covid-19
Excluding Covid-19

High-Dose Hemodiafiltration

no. (%4)

118 (17.3)

31 (4.5)

87 (12.7)

38 (5.6)
23 (3.4)

(N=683)

ne. of evenis/
100 patient-yr
(95% Cl)

7.13 (5.90-8.54)

1.87 (1.27-2.66)

5.26 (4.21-6.48)

2.30 (1.62-3.15)
1.39 (0.88-2.09)

High-Flux Hemodialysis

no. (%a)

148 (21.9)

37 (5.5)

111 (16.4)

54 (8.0)
33 (4.9)

(N=677)

no. of events/
100 patient-yr
(95% CI)

9.19 (7.77-10.79)

2.30 (1.62-3.17)

6.89 (5.67-8.30)

3,35 (2.52-4.37)
2.05 (1.41-2.88)

Hazard Ratio
(95% CIy

0.77 {0.65-0.93)

0.81 (0.49-1.33)

0.76 (0.59-0.98)

0.69 (0.49-0.96)
0.68 (0.42-1.10)

Blankestijn et al. NEJM 2023




Choix de la dose



Définition de la dose d’EER

La notion de dose de dialyse est d’abord un concept utilisé chez le patient
insuffisant rénal chronique pour juger de l'efficacité d’une séance de dialyse
chronique.

En dialyse chronique, |la dose de dialyse est donc définie par le produit de |la
clairance (K) multiplié par le temps (t), c’est-a-dire au transfert de masse dans un
intervalle de temps donné (la durée de la séance d’EER). Il est rapporté au
volume (V) de distribution théorique du patient, afin de s’adapter au poids de
chaque patient et donc au volume dans lequel se dilue I'urée plasmatique : Kt/V

Non applicable en AKI : volume de distribution de I'urée modifié

Dose en EERC exprimée en ml/kg/h (poids ajusté)
* CVVH : dose = débit d’ultrafiltration
* CVVHD : dose = débit de dialysat
e CVVHDF : dose = débit de dialysat + débit d’ultrafiltration
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'GUIDELINE

Multidisciplinary guidelines on renal
replacement therapy in intensive care
medicine

Recommendation 5.3.1: We recommend delivering an effluent volume of 20-25 mi/kg/h over
higher volumes for solute clearance in adults receiving CRRT, or a Kt/V of 3.9 per week over higher
urea clearance in adults receiving IRRT or PIRRT for AKI (1B).

Practice Point 5.3.1: An initial CRRT dose-intensity for adults with high body mass index (BMI; e.g.,
>30 kg/m:2) based on ideal or adjusted body weight, rather than actual body weight, can be used
to avoid delivery of excess CRRT dose-intensity.

Recommendation 5.3.2: We recommend not prescribing high-volume hemofiltration (HVHF)

compared with standard CRRT dose-intensity for critically ill adults with AKI in the setting of sepsis
or septic shock (1B).

Critical Care

Open Access 5.1- We recommend that for continuous RRT a dose of 20—25 ml/kg/h be administered



Dose et mortalité

1-0
0-9—+
2 0-8—
=
0-7—
c
B 06— Group 3 35et 45
o
205 mL/Kg/h
50'4_ Group 2
g vl e S
E
€02 20 mL/Kg/h
o
0-1-
e T | T I |
0 10 20 30 40 50

Survival time (days)

Figure 2: Kaplan Meier estimation of survival rates in the three

groups

Variable Unadjusted hazard Adjusted hazard
ratio (95% ClI) ratio (95% Cl)

Sex (female) 0-90 (0-69-1-19) 0-89 (0-66-1-20)
Weight 1-01 (0-99-1-03) 1-00 (0-99-1-02)
Age 1-00 (0-98-1-01) 1-00 (0-98-1-01)
Causes of acute renal failure

Surgical 1-0 1-0

Medical 0-483 (0-28-0-82) 0-82 (0-46-1-46)

Trauma 1-384 (0-93-2-06) 1-09 (0-72-1-64)

Presence of sepsis

BUN at start of continuous haemofiltration

APACHE |1 score

Trial groups
Group 1
Group 2
Group 3

1.71 (1-20-2-44)
1-06 (1-05-1-07)
1-13 (1-09-1-18)

1-0
0-55 (0:40-0:77)
0-57 (0-41-0-78)

0-55 (0-34-0-89)
1-05 (1-04-1-07)
1-11 (1-04-1-19)

1-0
0:51 (0-36-0-72)
0-49 (0-35-0-69)

BUN=blood urea nitrogen.

Table 2: Results of Cox’s proportional hazards regression

Ronco et al. Lancet 2000



Dose et mortalité

ATN Study, NEJM 2008

Table 3. Primary and Secondary Outcomes.*

RENAL Study, NEJM 2009

Intensive Strategy

OQOutcome (N=563)

Death from any cause by day 60 — 302 (53.6)
no. (%)

In-hospital death — no. (%) 288 (51.2)

Discharged to home, off dialysis, by
day 60 — no./no. with data (%)

88/560 (15.7)

Recovery of kidney function by day 28
— no./no. with data (%)

Complete 85/553 (15.4)
Partial 49/553 (8.9)
None 419/553 (75.8)

e |HD:3vs6/week

Less-Intensive
Strategy
(N=561)

289 (51.5)

269 (48.0)
92/561 (16.4)

102/555 (18.4)
50/555 (9.0)
403555 (72.6)

¢ CVVHDF : 20 vs 35 mL/kg/h

Odds Ratio or Mean
Difference
(95% CI)f

1.09 (0.86 to 1.40)

1.15 (0.90 to 1.47)
0.95 (0.68 to 1.32)

0.03 (0.02 to 0.07)

P Value
0.47

0.27
0.75

0.24

Table 3. Primary and Secondary Outcomes.*

Outcome
Death — no./total no. (%)
By day 90
By day 28
Place of death — no./total no. (%)
ICU
Hospital ward
Outside hospital, after discharge
RRT dependence among survivors
At day 28
At day 90

Higher-Intensity CRRT

322/721 (44.7)
278/722 (38.5)

251/722 (34.8)
68/722 (9.4)
3/722 (0.4)

64/443 (14.4)
27/399 (6.8)

* CVVHDF : 25 vs 40 mL/kg/h

Lower-Intensity CRRT

332/743 (44.7)
274/743 (36.9)

254/743 (34.2)
76/743 (10.2)
2/743 (0.3)

57469 (12.2)
18/411 (4.4)

Odds Ratio

1.00 (0.81-1.23)
1.07 (0.87-1.32)

1.026 (0.827-1.273)
0.913 (0.647-1.288)
1.546 (0.258-9.279)

1.22 (0.83-1.79)
1.59 (0.86-2.92)

P Valuej

0.99
0.52

0.81
0.60
0.63

0.31
0.14




Vers une adaptation personnalisée de la dose ?

| Critically ill patients with severe AKI requiring CRRT |

Exclusion criteria

1. Chronic dialysis dependency, 2. Chronic kidney disease with a glomerular filtration rate
(GFR) <30mI/min/1.73m2, 3. Severe cirrhosis (Child-Pugh C), 4. Severe acidemia (pH<7.20
at study inclusion), 5. Severe hyperkalemia (serum potassium >6 at study inclusion), 6.
Pregnancy, breastfeeding, 6. Persons with any kind of dependency on the investigator or
employed by the sponsor or investigator. 7. Persons held in an institution by legal or official

order.
¥

Written informed consent and inclusion |

In-/exclusion
criteria

Protocol

Open access — |

BM) Open Randomised controlled study 2 v
investigating standard dose continuous 3 [ Randomization |
renal replacement therapy (CRRT) 3
versus low-dose CRRT in critically ill g 4/ \L
patients with acute kidney injury (AKI): g Lﬁ‘;_‘:‘;ﬁﬁ;ﬁ; S‘a?zdg_fs"’nﬁgfh?m

study protocol for a prospective,
randomised, controlled, international,
multicentre trial (the ‘Ketzerei” trial)

| Collection of blood and urine samples at days 0-7 or up to end of CRRT

v

Assessment of the following data:
+ Demographics and patient characteristics
* Hospital and ICU admission, hospital and ICU discharge
« Parameters of hemodynamics, mechanical ventilation and infection
* Medication
+ Laboratory data and biomarker analyses
+ Parameters of renal function, dialysis dependency

¥

| |

Primary endpoint:
+ renal recovery defined as days alive and free of RRT between
randomization and day 28

ollow-up




Concept d’azotémie permissive
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Fig. 1 Effect of nephrectomy on kidney recovery after acute kidney injury

Chawla Critical Care 2022



Concept d’azotémie permissive

Acute Kidney Injury

Inflammation, Reactive Oxygen Species, Cell-cycle Arrest, M,
Macrophage/Monocyte Infiltration, and Fibrotic Response

Presence of Uremic Milieu <—|—> Absence of a Uremic Milieu

ey
. |
£ f' Y P Epithelial cells sense UM which Unabated activation of
| & 4 . leads to growth factor secretion, inflammasome, leukocyte
=35 mitosis, and conversion of M, to inflitration, and pro-inflammatory -
|: {n #'f '\ M.macrophages mediators [P
‘ Mi of ROS, leukocy s Cell cycle arrest, fibrosis mediators predominate,
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Repair, cell dedifferentiation, Decreased renal blood flow,
increased RBF, and renal ‘ atropy, fibrosis, and non-recovery
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M: Macrophage 0 . 0 M; Macrophage
Mitosis . ‘_-\5’; Inflammasome
P | =

Fig. 2 Proposed mechanism of action: regenerative effects of uremic milieu on renal recovery after acute kidney injury

Chawla Critical Care 2022



UF nette ou « perte de poids »



UFnette optimale ?

100 — . .
Table 2| Studies evaluating the association of UF,, rate with outcomes in patients with AKl or kidney failure E i
i i
Study e N:.l:fm f:t;:nm UF ey Comparator UF,, rate Key findings Ref. Desthfrom' | i, Deathfrom
POl P organ . - organ
AKI oegeama ] 1 ischaemia
] [}
AKl+>5%FO + 1075 >25mlkg/day <20 and 20-25mlkg/day | 1-yearmortality = E i
IHD + CVVHDF 2 : i
AKI+CVVHDF 1434  >1.75mlkg/h <1.01and 1.01-1.75mlkg/h 1 90-day mortality g z ; i
AKI+CVWH 1398  >35ml/kg/day <35 ml/kg/day 1 30-day mortality % s ; i
1
AKI+CVVHDF 347 >1.75mlkg/h <1.01 and 1.01-1.75mlkg/h 1 28-day hospital mortality 4 2 ! :
AKI+CVVHDF 347 >1.75mlkg/h <01 and 1.01-1.75ml/kg/h  Direct causal effect of UF, ” i ‘,:
rate >1.75 ml/kg/h on mortality ' :
not mediated by fluid balance ! SO CE S L i
or haemodynamics ' :
AKl survivors 100 Higher UFR LowerUFR { Dialysis dependence at S E i
90days among survivors 0 ; ; I
AKI+CKRT 157 Higher UFR LowerUFR 1 Dialysis dependence among - 0 1.01 175 5.2
L ) UF . rate (ml/kg/h)

Murugan et al. Nature reviews nephrology 2020



Analyse ancillaire de STARRT-AKI: différences selon
zone géographique d’inclusion

Regional Practice Variation and Outcomes in Vaara et al. Critical care explorations 2024
the Standard Versus Accelerated Initiation

of Renal Replacement Therapy in Acute

Kidney Injury (STARRT-AKI) Trial: A Post

Hoc Secondary Analysis

23,728 patients met 11,876 pallents axckatied: Pa ra m ét res ét u d iés

inclusion criteria * SerumK>5.5 mmoliL (2193)
= Serum HCO, < 15 mmollL (2126)
»| - Overdosertoxin (495)

"] - Lackof commitment to RRT I 'd b I

v 2358,

_ N S— 1/ Fluid balance
11,852 patients +  Transplant within 1 year (556)

8,833 patients excluded: rovisionally eligible * ©GFR <20 mL/min/1.73¥ (2124)
+ RRT mandated (2196) P Y elg e cliology (1046)

Aol 2/ Timing d’initiation dans le

« Ce-enrcliment (110) v

+ Other(149)
3,019 fully eligible and

randomized patients g ro u p e Sta n d a rd

92 patients excluded:
» - non-eligible (50)
+ Consent withdrawal (27)

2,927 :alients el 3/ M Od a | ité d’ E E R

included in the primary
outcomes analysis

234 patients excluded:
« Enrolled in Brazil or China
(234) v
2,693 patients
included in the
secondary analysis
A4 v v
1,143 patients enrolled 994 patients enrolled 556 patients enrolled

in Europe in North America in ANZ




North America Australia and New

Characteristic (n=994) Europe (n = 1143) Zealand (n = 556)
Age, yr 65.4 (56.7-73.5) 68.4 (58.9-76.0)
Male gender 672 (67.6) 795 (69.6)
Weight, kg 89.0 (73.6-108.0) 82.0 (70.5-95.0)
Simplified Acute Physiology Score 62.0 (50.0-74.0) 55.0 (44.0-69.0)
Hours between randomization and 7.5 (4.2-26.0) 12.1 (8.7-32.3)
renal replacement therapy
Accelerated arm 5.1 (3.2-7.0) 9.3 (79-11.8)
Standard arm 28.9 (21.0-58.9) 52.5 (29.8-84.0)
Type of admission
Medical 686 (69.0) 854 (74.7)
Scheduled surgery 114 (11.5) 108 (9.4)
Unscheduled surgery 194 (19.5) 181 (15.8)
Pre-randomization clinical frailty 3.0 (2.0-4.0) 2.0 (0.0-4.0)
score
Pre-randomization support
Mechanical ventilation or contin- 807 (88.9) 864 (75.6)
uous positive airway pressure
Norepinephrine use 645 (64.9) 726 (63.5)
Norepinephrine dose, ug/kg/min 0.2 (0.1-0.3) 0.3 (0.1-0.7)
Diuretic use 340 (34.2) 289 (25.3)

Europe : patients plus agés, motif admission médical

ANZ : post opératoire de chirurgie cardiaque, support vasopresseur, moins de sepsis

Amérique : ventilation mécanique

66.7 (56.6-75.0)
367 (66.0)

87.0 (73.6-102.4)
61.0 (47.0-74.2)

22.6 (19.3-36.8)

6.3 (4.2-9.0)
40.9 (31.1-63.3)

267 (48.0)
116 (20.9)
173 (31.1)
3.0 (1.0-4.0)

440 (79.1)

410 (73.7)
0.2 (0.1-0.3)
233 (41.9)

<0.001

0.293
< 0.001
< 0.001

< 0.001

< 0.001
<0.001
<0.001

< 0.001

< 0.001

< 0.001
< 0.001
<0.001



Controle du fluid balance selon région
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Figure 2. Daily and cumulative fluid balance according to geographical regions. ANZ = Australia and New Zealand.

Surcharge plus importante en Amérique et Europe vs ANZ
Différence a la randomisation et qui s'accentue des J1 entre ANZ vs Europe/Amérique



eTable 3 - Fluid Balance in the First 14 Days Across Geographic Regions in the Medical and Surgical Patient Subgroups.

Medical Patients

Surgical Patients

North America Europe ANZ North America Europe ANZ p
(n = 686) (n=854) (n=267) - (n = 308) (n = 289) (n = 289) value
Fluid balance, mL
Mean daily 337.0(-298.8-1205.1)  497.7 (-189.4 - 1468.2) -89.5 (-558.3 - 527.4) <0.001 1224 (419.7 - 969.2) 208.3 (-374.2 - 927.8) 349 (-520.2 - 569.9) 0.002
Median daily 333.0 (3158-1147.0) 5100 (-179.0 - 1444.5) 52.0 (-438.5 - 525.5) <0.001 108.5 (-515.2 - 784.6) 217.0 (-381.8 - 862.0) 1005 (461.0-5795)  0.129
Total 23545 (-2588.5- 95822) 32810 (-1383.8-99425)  -676.0 (4586.5-33425) <0001  781.0(37838-73882)  1986.0(-3109.0-68700)  -310.0 (-4162 - 3603) 0.002
Fluid balance*, mL
Mean daily 820.1 (1305 - 1842.1) 695.9 (324 - 1711.4) 203.2 (-254.5- 785.7) <0.001 724.1 (36.8 - 1692.0) 612.6 (26.3 - 1223.2) 3050 (-132.9-798.1)  <0.001
Median daily 466.5 (-173.5 - 1307.2) 630.0 (49.8 - 1513.2) 119.0 (-261.8 - 646.5) <0001 2915 (-247.1-1062.2) 348.0 (-196.2 - 10102) 1635(-241.0-6610)  0.094
Total 7608.5 (11350 - 16500.0)  5879.5(164.5-14630.8)  2138.0(-2332.0-6179.0) <0001 66030 (3402-15724.8)  52220(109.0-11566.0)  2274.0(-1103-6934)  <0.001

Data are median (quartile 257 - quartile 75") or N (%).
* Including pre-randomization fluid balance

Fluid Balance plus élevé aux USA et en UE : concerne patients médicaux et chirurgicaux



Modalité initiale selon région

TABLE 1.
Baseline Characteristics

North America Australia and New
Characteristic (n =994) Europe (n = 1143) Zealand (n = 556)
Initial modality < 0.001
Continuous renal replacement 481 (60.8) 492 (56.8) 422 (95.7) &
therapy
Intermittent hemodialysis 238 (30.1) 361 (41.7) 3 (0.7)
Sustained low-efficiency daily 72 (9.1) 13 (1.5) 16 (3.8)
dialysis

»Presque 100% CRRT en ANZ

» Expliqgue un meilleur controle de la balance hydrosodée chez les patients en
ANZ ?



Analyse multivariée comparant différentes régions

—>

Ajustement sur age, sexe, score SAPS Il, type d’admission, sepsis

TABLE 4.

Multivariable Models for Key Outcomes

North America vs. Europe ANZ vs. Europe ANZ vs. North America
Outcome Effect Estimate (95% CI) p Effect Estimate (95% CI) Effect Estimate (95% CI)
90-d mortality (RD) -0.37 (-6.32 to 5.60) 0.904 -11.31 (-17.74 to —4.85) 0.001 -10.27 (-17.47 to —3.07) 0.007
ICU mortality (RD) -0.18 (-5.61 to 5.26) 0.949 -11.63 (-17.69 to -5.57) < 0.001 -11.66 (-18.02 to -5.29) 0.001
Hospital mortality (RD) 0.39 (-5.25 to 6.05) 0.892 -10.96 (-16.95 to —4.97) 0.001 -10.98 (-17.92 to —4.06) 0.003
RRT dependence at day 2.81 (-1.76 to 7.39) 0.234 -4.61 (-9.72 to 0.52) 0.083 -7.85 (-11.38 to —4.31) < 0.001
90 (RD)
Death or RRT dependence at -0.34 (-6.36 to 5.69) 0.911 -11.56 (-18.10 to —4.99) 0.001 -10.50 (-17.74 to —3.24) 0.006
day 90 (RD)
ICU-free days at day 28 (MD) 0.51 (-1.40 to 2.43) 0.599 5.86 (3.40-8.33) < 0.001 4,72 (1.82-7.63) 0.001
Hospital-free days at day 90 —-0.59 (-6.54 to 5.36) 0.846 18.38 (9.74-27.03) < 0.001 17.27 (7.12-27.43) 0.001
(MD)
Ventilator-free days at day 28 0.31 (-2.28 to 2.91) 0.812 6.27 (3.41-9.14) < 0.001 5.72 (2.53-8.91) < 0.001
(MD)
RRT-free days at day 90 (MD) -5.03 (-15.41 to 5.35) 0.342 18.74 (5.94-31.53) 0.004 25.67 (8.94-42.41) 0.003

Meilleurs outcome dans chez les patients traités en ANZ

Résultats confirmés si exclusion des patients en post opératoire de chirurgie cardiaque



France vs Europe

eTable 14 - Summary of baseline characteristics between France and the rest of Europe

France Rest of Europe
p value
(n=1747) (n = 396)

Hours between eligibility and RRT 8.4 (4.0-322) 9.6(54-27.1) 0.301
Accelerated arm 5.1(3.1-8.3) 6.4 (3.9-8.6) 0.030
Standard arm 63.7 (27.5-87.9) 33.3(21.4-62.0) < 0.001

Premorbid creatinine, pmol/L 99.0 (73.0- 141.0) 90.0 (70.7 - 123.8) 0.004
eGFR, mL/min/1.73 m? 62.4 (40.6 - 88.6) 70.2 (47.9-92.1) 0.001
eGFR < 60, mL/min/1.73 m? 390 (52.2) 244 (61.6) 0.003
» [nitial modality - no. (%) < 0.001
CRRT 222 (40.2) 270 (86.0)
IHD 325 (58.9) 36 (11.5)
SLED 5(0.9) 8 (2.5)
» Fluid balance, mL
Mean daily 645.0 (-64.2, 1601.4) 139.7 (-388.2, 743.5) <0.001
Median daily 680.0 (-75.0, 1570.5) 83.0 (-435.0, 634.1) <0.001
Total 4100.0 (-429.5, 12313.0) 1101.5 (-3306.2, 5666.8) <0.001

Pas de différence notable sur score de gravité, plus d’admissions
médicales, moins de défaillance cardiovasculaire en France



France vs Europe : analyse multivariée

eTable 17 - Full Multivariable Models for Key Outcomes (France vs. rest of Europe)

90-day mortality (RD)

ICU mortality (RD)

Hospital mortality (RD)

RRT dependence at day 90 (RD)

Death or RRT dependence at day 90 (RD)
ICU-free days at day 28 (MD)
Hospital-free days at day 90 (MD)
Ventilator-free days at day 28 (MD)
RRT-free days at day 90 (MD)

France Rest of Europe Effect Estimate
(n =1747) (n = 396) (95% Cl) P

367 /747 (49.1)  147/396 (37.1) 12.22 (4.46 to 19.96) 0.004
282 /747 (37.8)  107/396 (27.0) 11.17 (3.82 to 18.51) 0.006
330 /746 (44.2)  131/396 (33.1) 11.53 (4.69 to 18.31) 0.003

30/ 376 (8.0) 19/ 246 (7.7) 1.69 (-5.71 to 9.06) 0.665
397 /743 (534)  166/393 (42.2) 12.24 (4.38 to 20.09) 0.004
0.0 (0.0 - 20.0) 8.0 (0.0 - 22.0) -3.49 (-5.77 to -1.21) 0.003
0.0 (0.0 - 60.0) 28.0 (0.0 - 65.2) -8.39 (-16.46 t0 -0.31) 0.042
5.0 (0.0 - 23.8) 13.5 (0.0 - 24.0) -3.95 (-6.63 to -1.28) 0.004
0.0 (0.0 - 89.0) 73.0 (0.0 - 88.0) -15.37 (-28.01 to -2.73) 0.017

Différence de mortalité non expliquée par le timing de I'EER mais peut-
elle étre expliquée par d’autres facteurs de réalisation de I'EER :
modalité + controle du FB ?



Exemples de prescription



Exemples de prescription
| cwW | O | CWHDF

Dose délivrée 20 - 25 mL/Kg/h 20— 25 mL/Kg/h 20— 25 mL/Kg/h
Débit sang 80 a 150 mL/min 100-250 mL/min 100-200 mL/min
Pré-dilution 0 Selon anticoagulation Selon anticoagulation
Post-dilution 0 Selon anticoagulation Préférer post-dilution

pour optimiser

clairance

10 a 15 mL/Kg/h
Dialysat 20-25 mL/Kg/h 0 10 a 15 mL/Kg/h
UFnette Selon tolérance hémodynamique

Si anticoagulation au citrate, asservissement de la quantité de citrate administrée au débit sang



Anticoagulation

* Recommendation 5.5.1: Where available, we recommend using
regional citrate anticoagulation rather than heparin in children and
adults receiving CRRT who do not have contraindications to citrate

 Citrate utile surtout en CRRT.
 HBPM a dose préventive voire pas d’anticoagulation en HDI



Anticoagulation régionale au citrate

Xl — Xlla
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Fig. 1 "ON-OFF" anticoagulation effect of ionized hypocalcemia. The
grey zone corresponds to the area of adequate amicoagu\atior..\

Target values indicated are only indicative and depend on the
protocol used [12]
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Fig. 3 Citrate calcium complex. The distance between calcium'’s two
positive charges corresponds to the distance between two citrate
carboxylate radicals. A carboxylate radical remains unbound,
providing residual anionic charge and a mild acidic effect. This
acidifying effect would be much stronger in vitro, in the absence of
ionized calcium
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Métabolisme du citrate

Ci-Na;+ 3H,C0; <« ~3Na*+3HCO; + Acide citrique
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Elimination du citrate au cours d’une EER

Charge en citrate
arrivant au
patient sous
forme de
complexes Ci-Ca

Dialysate

Ca¥*<0.35 mmol/t

Citrate éliminé
par 'EER : 40 a
60% selon la Effluent
méthode =

€ Citrate - Ca

Citrate
Solution

Ca

Fig. 2 Schematic view of a CRRT circuit with regional citrate administration in CWHD mode, Alternative modes can be used (postdilution CVVH, D . ” I .
combined pre- and postdilution CVWH, CWHDF, etc) according to the protocol used. Citrate solution is administered at the beginning of the V50X|e celiulaire
CRRT circuit, It forms citrate~calcium complexes, which are largely removed from the blood at the level of the filter, Only complexes which are

not removed through the hemofilter return to the patient's blood and need to be metabolized



Complications au cours de I'administration de citrate

Surcharge en citrate (overload) Accumulation de citrate (accumulation)
Métabolisme du citrate dépassé
. . Ci-Naz  3H,CO; —>3Na* + 3HCO, + Acide citrique
Apports trop importants en citrate < l
Ci-Nay + 3H,C0; —>{ 3Na* [+ 3HCO, + Acide citrique a Qfﬁ,;";}iL
Bica‘cglfa;llrate Defa ut de
; métabolisme
Métabolisé /
! Threshold
'apport concomittant d’ions Na+ e
T i Shock or
entraine une augmentation du SID N R Dans que||e
level failure o P
proportion :
V4 . \- J :
Alcalose métabolique —
Threshold

Citrate load
(mmol/h)

Schneider et al. Critical care 2017



mmol/I

Accumulation de citrate: diagnostic

<2,5

Citrate
Ca++

Protéine

>2,5

Physiologie

Hypercalcémie

Incomplete Calcium-Citrate Complexes
Metabolization

Hen relgaf.e_ of g Decreased buffering
agdum capacity

/ Calcium substitution
needs

If severe Metabolic Acidosis
hypocalcemia

/

Decreased myocardial contractility
Vasoplegia

Death

Fig. 5 Consequences of citrate accumulation
A




Citrate et durée de vie des hémofiltres
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Citrate et mortalite

Figure 2. Kaplan-Meier Curves With Hall-Wellner Confidence Bands

[A] Circuit survival truncated at 72 h
100

®r
~ 80-
5 ) . ) )
o Regional citrate anticoagulation
£ 60~
g
s 40-
= ; - : 5
5 Systemic heparin anticoagulation
L0
3 20-
o
a
01 T T 1
0 24 48 72
Hours (t) from start of therapy
No. at risk
Citrate 965 665 473 187
Heparin 1104 591 301 107

' B 90-d overall mortality
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Overall mortality probability, %

Systemic heparin anticoagulation

e —

Regional citrate anticoagulation

01 T T 1
0 28 60 90
Days from randomization
No. at risk
Citrate 300 178 153 139
Heparin 296 161 142 132

A, Time (hours) from start of kidney replacement therapy to filter replacement. All circuits were observed to failure or 72 hours. B, 90-day overall mortality, with
median (interquartile range) observation time 90 days. Ticks perpendicular to curves indicate censored patients (n = 19).

Zarbock et al. JAMA 2020



CVVHD citrate

Composition and order numbers of Ci-Ca® Dialysate K2 / K4 ®Ius

CaCl,-solution Ci-Ca Dialysate K2/K4

Name D/GB/F//E/P/ RUS/EST/ Na* K* Ca* Mg** Cr HCO_ ‘inorganic Glucose
NL/DK/S/N/FIN/ LT/LV/GR/H | mmol/L Jjmmol/L mmol/L mmol/L mmol/L] mmol/L Phos- g/L
CZ/SRB/SK/TR phate

Order No. Order No. mmol/L

Ci-Ca® Dialysate FOD001624 FO0003579 133 2 0 1 115.75 20 125 1

K2 Plus

Ci-Ca® Dialysate FO0001625 F00003580 133 4 0 1 117.75 20 1.25 1

K4 @lus L y \ y

Composition du dialysat calculée pour maintenir équilibre
acidobasique avec un rapport Qs / Qd de 1/20
mam) Qs =100 mL/min et Qd = 2000 mL/h

Patient Haemofilter

Effluent En anticoagulation au citrate, toute modification de ce rapport
tend a modifier I'équilibre acido-basique.



Apport Ci + 3Na
concentré (136mmol/L
de Ci), asservi au débit

de sang
=> Augmentation du SID
= effet alcalinisant

Patient

CaCl,-solution

4% Na_Citrate

Ci-Ca Dialysate K2/K4

Haemofilter

Effluent

Na 133mmol/L, K 2/4 mmol/L,
Mg 1 mmol/L, Cl 115mmol/L,
HCO3- 20mmol/L, Phosphore
1,25mmol/L, Glucose 1g/L
0Ca

=> Diminution du SID = effet
acidifiant




CATIONS ANIONS
Cl-
Na+ 105
140
HCO3- 25
Alb
W I
Cations Anions
indosés indosés

TA

CATIONS ANIONS
Cl-
Nat 105
140
F -~
HCO3- 25
SIDe
Alb SIDa
phosph—-""1
K'.' .................. ,_v -
Anions indosés
Ca++ _ SIG
Mg++ (XA-, lactate) I l

Le SID est la différence
entre cations forts
(Na+ principalement)
et anions forts
plasmatiques (Cl-
principalement). Il
exerce un pouvoir
alcalinisant sur le
plasma.

Le SID apparent (SIDa) = Na* + K* + Mg ** + Ca** — (CI- + lactate + anions forts indosés) est
augmenté par I'apport de sodium






Qs, Qd et modification de I'équilibre acide-base
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“—| Substitution

CVVH

Pre-dilution

® fluid
® | Effluent
Blood pump

Substitution

«—
4—

fluid
Post-dilution

CVVH citrate

COMPOSITION DES SOLUTIONS**

Citrate

REGIOCIT (mmol/I)

PHOXILIUM (mmol/I)
0

BIPHOZYL (mmol/I)
0

Bicarbonate

30

22

Sodium

140

140

Potassium

4

4

Magnésium

0,6

0,75

Phosphate

1,2

10

Calcium

1,25

0

Chlorure

15,9

122

PARAMETRES INITIAUX EN FONCTION DU POIDS PATIENT

DOSE DEBIT COMPENSATION
CITRATE* POST-DILUTION CALCIUM
50-60 kg 120 ml/min 3,0 mmol/I 1200 ml/h 120%
60-70 kg 140 ml/min 3,0 mmol/I 1400 ml/h 120%
70-90 kg 160 ml/min 3,0 mmol/I 1600 ml/h 120%
> 90 kg 170 ml/min 3,0 mmol/I 1900 ml/h 120%




Accumulation de citrate: facteurs de risque

* A major contra-indication for the use of citrate anticoagulation is severely impaired liver function or shock
with muscle hypoperfusion, both representing a risk of citrate accumulation.

Citrate pharmacokinetics and metabolism in cirrhotic and Kramer et al. CCM 2003
noncirrhotic critically ill patients

Infusion de citrate a la dose de 0,5 mmol/Kg/h pendant 2 heures

A B _—
5 050 —> Clairance du citrate diminuée de moitié
3 2
£ — 0,40 1
<

:E,’ E 0,30 »‘l\JF——J\L‘J
g £
D 4 T 0204
g S 410 ’HTTT Les tests usuels explorant la fonction
< T . [/ /T e — hépatique n’étaient pas prédictifs d’un
g . : S 010 ﬂ/ métabolisme altéré

l") 40 éO 120 1(!‘»0 200 240 o (; 40 E;O 12‘0 1(;0 —2(|)0 240

Time (min)
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Slowinski et al. Critical Care (2015) 19:349

DOl 10.1186/513054-015-1066-7
‘c: CRITICAL CARE

RESEARCH Open Access

Safety and efficacy of regional citrate L
anticoagulation in continuous venovenous
hemodialysis in the presence of liver

failure: the Liver Citrate Anticoagulation

Threshold (L-CAT) observational study

Cohorte prospective: 133 patients classés selon atteinte
hépatique définie par le taux de bilirubine

3% de syndrome d’accumulation en citrate

Pas d’augmentation du taux d’accumulation chez les
patients avec atteinte hépatique

Table 4 Acid-base status at start of RCA-CVWHD treatment and end of observation

Normal liver function Mild liver failure Severe liver failure

(bilirubin <2 mg/dl) (bilirubin 2-7 mg/dl) (bilirubin 27 mg/dl)

Start End Start End Start End
Arterial pH 733+0.10 741+ 0.06 733+0.10 744 +0.05 735+0.10 742 + 005
Arterial serum bicarbonate (mmol/L) 209+48 252+24 205+ 52 258+20 208+43 247 +27
Base excess (mmol/L) -41+£58 1.3+£32 ~46+6.3 14+68 -39+50 -09+68
Arterial lactate (mmol/L) 221 £561] bl 222 3.78+453 263+£325 2.81+269 341+£493
Arterial pO, (mmHg) 101+£34 96+ 29 99 £ 31 92+28 93 %27 96 + 21
Arterial pCO5 (mmHg) 40+ 11 4149 41 £11 43+8 39+ 11 3947

pCO; carbon dioxide pressure, pO, oxygen pressure, RCA-CVVHD regional citrate anticoagulation and continuous venovenous hemodialysis

Mean + standard deviation



Incidence and outcome of metabolic disarrangements consistent with
citrate accumulation in critically ill patients undergoing continuous
venovenous hemodialysis with regional citrate anticoagulation

Journal of Critical Care 2014

Dmytro Khadzhynov, MD, Christin Schelter, Ina Lieker, MD, Alice Mika, Oliver Staeck, MD,
Hans.-H. Neumayer, MD, Harm Peters, MD *, Torsten Slowinski, MD

Department of Nephrology, Charité Universitdtsmedizin Berlin, Charité Campus Mitte, Humboldt University Berlin, D-10117 Berlin, Germany

Table 2
Metabolic characteristic of patients with citrate accumulation i — without accum.
Before initiation At time of diagnosis P value = %07
of RCA-CVVHD, of citrate accumulation, 2
mean (95% CI) mean (95% CI) % 60 — with accum.
pH 7.31 (7.27-7.35) 7.20 (7.16-7.24) <.001 § -
S-bicarbonate, mmol/L  20.2 (18.5-22.0) 14.8 (13.7-15.8) <.001 o
iCa, mmol/L 1.14 (1.10-1.18) 1.01 (0.97-1.05) <.001 & .
tCa, mmol/L 2.13 (1.99-2.27) 2.55 (2.29-2.72) <.001
tCa/iCa ratio 1.87 (1.79-1.94) 2.51 (2.20-2.82) <.001 "
Anion gap, mmol/L 11.0 (8.5-13.5) 15.4 (13.6-17.1) .003 o T n o MY
pO,, mm Hg 104 (89-119) 103 (93-113) 938 Days
Lactate, mmol/L 7.74 (5.14-10.32) 15.0 (12.72-17.36) <.001
Bilirubin, mmol/dL 4,65 (2.00-7.29) 8.28 (4.62-11.92) 104 Pp—— _— ani¥ - .
AST, U/L 690 (195-1184) 3042 (1280-4196) 001 e . ~ - -
ALT, U/L 193 (89-296) 1205 (691-1718) <.001 — - — — -
GGT, U/L 142 (66-218) 83 (56-110) 079
Thrombocytes 134 (99-169) 97 (73-121) 075 Fig. 2. Survival of the patients with citrate accumulation (gray line) and total cohort of
INR 2.21 (1.96-2.56) 2,94 (2.63-3.33) 002 patients treated with CVVHD with regional citrate anticoagulation (black line) after ICU

Data are presented as mean and 95% Cl.

admission. Data are gathered over the years 2008 to 2010; total: 1070 patients, 298
patients died over the period of 28 days after ICU admission; 103 patients were lost to
follow up during 28 days and were counted as dead. Log rank, P < .001.



Prédiction de I'accumulation de citrate

Sensitivity

ROC Curve A % p=0.003 ——
p=0.043 — P-0.004 P
L 20 p<0.001 p<0.001 p<0.001 p<0.001
d 16 .
E’ : : pts with
0,8 £ 12 * . & citrate accumulation
:..z . : : : pts wio
§ 8 p=0.002 . : H i citrate accumulation
| La LW 4 i- 4
0 Oh 6h 12h 18h 24h
0,4
g B I_ p<0.001 ———— p<0.001 ——— p=0.025 —— —— p=0.084 ——
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1 - Specificity § § ! Dzllra';:accumumlon
8
AUC 95% CI p - Value é é
Lac 0.789 0.714 - 0.864 <0.001 0 — - T e T
Lac 6h 0,898 0,842 - 0,953 <0.001 !
Lac 12h 0,930 0,886 - 0,974 <0.001 Figure 3. Time course of lactate concentration among the patients with notcritical (A, < 4 mmol/L) and critical
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Accumulation de citrate : cinétique
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Durée de vie des filtres et modalité continue

The modality of kidney replacement therapy was significantly associated with

filter life span, with :

 CVVHD having the longest filter life span vs CVVH mean difference, 14.68 hours

[95%CI, 5.71 to 23.65 hours]; P =.001;

 CVVHD vs CVVHDF: mean difference, 5.14 hours [95%ClI, 0.23 to 10.05 hours]; P
=.04),

 CVVHDF vs CVVH :mean difference 9.54hours [95% Cl, 0.23 to 18.85 hours]; P =
.045).

There was no effect on 90-day mortality.

Zarbock et al. JAMA 2020



* Vous debutez une EER en CVVHD chez un patient en post-opératoire d’une
chirurgie d’endocardite infectieuse. Le patient présente un etat de choc
avec des besoins en noradrénaline jusque 2 pg/K/g/min.

* Les parametres d’EER sont les suivants:

Débit sang 90mL/min, débit dialysat 1800 ml/h, Citrate de Na 4% : 3,9
mmol/L de sang, CaCl2 2,4 mmol/L de dialysat; UF nette 0 ml/h

Votre bilan biologique a H12 retrouve :
* pH7,12 pCO239.0mmHg HCO3-18 mmol/L lactate 15 mmol/L
* Calcium ionisé 0.9 mmol/L, calcémie totale 2,3 mmol/L

e Na+ 135 mmol/L K+ 4.6 mmol/L Cl-109 mmol/L  HCO3-17 mmol/L
Magnésium 0,97 mmol/L Phosphore 1.42mmol/L

* ASAT 3N, ALAT 3N UI/L, Bilirubine tot 100 umol/L, TP 40%



Que suspectez-vous ? Quelle est votre prise en charge ?

A/ Il s’agit d’'un surdosage en citrate
B/ Vous arrétez I'EER en urgence

C/ Vous arrétez I'anticoagulation régionale au citrate mais vous
poursuivez I'EER

D/ Une augmentation du débit sang pourrait permettre de corriger la
situation

E/ Le patient ne présente pas de complication métabolique en lien avec
I"anticoagulation au citrate



Table 1 Citrate accumulation and alternative diagnoses: summary table

Citrate accumulation

Citrate net overload

Insufficient trisodium citrate delivery

Mechanism

Diagnosis
Acid-base
Ca/Ca; ratio
Other

Appreciation
Incidence

Management

Incomplete citrate metabolism: persistence
of circulating citrate-calcium complexes in
the blood

Metabolic acidosis
Increased (>2.5)

Increased need for calcium substitution
Trend for a decreased ionized calcium
level

Potentially lethal (via severe hypocalcemia)
Rare

Decrease blood flow or increase dialysate
flow rate (if mild) Consider alternative
anticoagulation strategy

Excess citrate administration
relative to buffer requirements

Metabolic alkalosis
Normal (< 2.5)

None

Benign and easy to fix
Common

Decrease blood flow or increase
dialysate flow rate

Insufficient alkalotic load administered to
the patient to adequately buffer acute
kidney injury-associated acidosis

Metabolic acidosis
Normal (< 2.5)

None

Benign and easy to fix
Rare

Increase blood flow or decrease dialysate
flow rate

Schneider et al. Critical Care (2017) 21:281



Elimination du citrate au cours d’une EER

Charge en citrate
arrivant au
patient sous
forme de
complexes Ci-Ca

Dialysate

e 35 mmolt

Citrate éliminé
par 'EER: 403 < |
60% selon la Effluent
méthode . Citra.te
Solution
Fig. 2 Schematic view of a CRRT circuit with regional ditrate administration in CWHD mode. Alternative modes can be used (postdilution CWH, DySOXie Ce”U Ia | re

combined pre- and postdilution CVWH, OWHDF, etc)) according to the protocol used. Citrate solution is administered at the beginning of the
CRRT dircuit, It forms citrate-calcium complexes, which are largely removed from the blood at the level of the filter, Only complexes which are

not removed through the hemofilter return to the patient's blood and need to be metabolized



* || faut donc poursuivre 'EER en arrétant seulement I'anticoagulation
régionale au citrate afin d’éliminer les complexes Ci-Ca via I'EER

* Ne surtout pas arréter completement I'EER car les capacités de
métabolisation du citrate de 'organisme sont dépassées



L'infirmiere vous rappelle 4 heures plus tard car décidemment rien ne va plus chez
cette patiente. La pression artérielle est a 50/20 mmHg malgré des doses de
Noradrénaline a 3 pg/Kg/min.

Que faites-vous en urgence ?



Mesure calcémie ionisée patient + administration de chlorure de calcium IV
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Le bain de dialyse d’'une anticoagulation au citrate ne contient pas de calcium, en
cas d’oubli de changement des bains : hypocalcémie sévere



Votre collegue vous demande si l'utilisation d’'une modalité différente,
a savoir la CVVH avec anticoagulation au citrate aurait permis d’éviter
en premier lieu la survenue d’un syndrome d’accumulation de citrate ?



Charge en citrate
<€——— déterminée parle
débit sang
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Fig. 2 Schematic view of a CRRT circuit with regional citrate administration in CWHD mode, Alternative modes can be used (postdilution CVWH,

combined pre- and postdilution CWH, CWHDF, etc.) according to the protocel used. Citrate solution is administered at the beginning of the
CRRT circuit, It forms citrate~calcium complexes, which are largely removed from the blood at the level of the filter, Only complexes which are

not removed through the hemaofilter return to the patient's blood and need to be metabolized
Schneider et al. Critical care 2017

Utilisation fréquente de débit sang légerement plus élevés en CVVH citrate pour une méme dose d’effluent : pas
d’augmentation de la clairance du citrate par I'EER



I com]prend vos explications mais vous dit que « la meilleure solution, de
toute facon c’est de monter une CVVH en héparine et d'augmenter la pré-
dilution pour diminuer le risque de thrombose sur le filtre plutot que
d’utiliser I'anticoagulation au citrate».

Il vous amene dans la chambre d’un de ses patients sous CVVH avec
anticoagulation a I’héparine.

Les parameétres sont les suivants :
Débit pré-pompe sang : 1000 mL/h
Débit sang : 250 mL/min

Perte de poids 0 mL/h

Debit réinjection : 2000 mL/h

Quelle est la valeur de la fraction de filtration ?



Pré + Post + Perte de poids
Qs + Pré

* Fraction de filtration =

» Fraction de filtration = (1000 + 2000) / (200 x 60 + 1000) = 23%

Les unités doivent étre uniformisées pour le calcul



* [ vous explique devant la machine d’EER : « Tu vois c’est simple, si
besoin je monte encore la prédilution par exemple a 2000 mL/h, on
aura encore moins de problemes »

 'affirmation de votre collegue est-elle vraie ?



* Non : Si jJaugmente ma pré-dilution a 2000 mL/h jJaugmente la
fraction de filtration

Pré + Post + Perte de poids
Qs + Pré

* Fraction de filtration =

* Fraction de filtration = (2000 + 2000) / (200 x 60 + 2000) = 30%



Vous regardez de plus pres le dossier de la patiente de votre collegue.
L'EER en est CVVH héparine, la patiente a 60 ans et a été admise en
réanimation pour tableau d’angiocholite. Elle a pour antécédents une
HTA et un diabete de type 2. La patiente est sous CVVH depuis 48
heures maintenant. Elle est par ailleurs sous oxygénothérapie a 4Lmin
et sous NORADRENALINE a 0,2 pg/Kg/min. Aucune alimentation n’a pu
étre reprise.

Le bilan sanguin retrouve les parametres suivants :

pH 7,28 pCO2 32 mmHg pa0280 mmHg HCO3-17 mmol/L
lactate 1.5 mmol/L Na+ 138 mmol/L K+ 4 mmol/L CI- 98 mmol/L
glycémie 6 mmol/L

Comment expliquez-vous cette acidose ?
Quel(s) examen(s) demandez-vous ?



PHOXILIUM : APRES RECONSTITUTION
1000 ml de solution reconstituée contiennent :

Principes actifs mmol/I mEq/I
Calcium Ca?t 1,25 2,50
Magnésium Mg?* 0,600 1,20
Sodium Na* 140,0 140,0
Chlorure CI- 115,9 115,9
Phosphate 1,20 2,40
d’hydrogene HPO,*

Bicarbonate HCO;- 30,0 30,0
Potassium K* 4,00 4,00




La cétonémie est a 2 mmol/L

Comment expliquez-vous le trouble acido-basique ?



@ CrossMark

Euglycemic ketoacidosis, a common
and underecognized complication
of continuous renal replacement therapy using
glucose-free solutions

Maxime Coutrot, Guillaume Hékimian @, Thibaut Moulin, Nicolas Bréchot, Matthieu Schmidt, Sébastien Besset,
Ania Nieszkowska, Guillaume Franchineau, Simon Bourcier, Olivier Bourron, Charles-Edouard Luyt
and Alain Combes

Table 1 Biological analysis, glucose intake and insulin infusion in the 18 patients who developed euglycemic ketoacido-
sis on CRRT using glucose-free replacement solution

pH 737 (7.31-7.43) 7.36(7.32-7.39) 744 (7.32-7.49)
Bicarbonates level, mmol/I 204 (18.1-22.2) 17.3(14-189) 21(19.1-21.9)
Creatinine, umol/I 186 (112-232) 135 (98-159) 119 (90-161)
pCO,, mmHg 344 (29.7-38) 31.9(26.9-35) 30 (28.1-38)
Lactate, mmol/I 1.7(1.3-2) 1.7 (1.3-2) 16(1.3-24)
Insulin infusion, |U/h 0.075 (0-1.9) 0 (0-0) 3 (2-5)
Glucose infusion, g/h 1.05 (0.51-1.50) 1.05(1.05-2.10) 2(1-12)
Enteral nutrition, kcal/h 0 (0-0) 0(0-31) 21 (0-62)
Glycemia, mmol/I 6.1 (4.8-7.3) 6.2 (5-7) 6.5 (5-8)
Ketonemia, mmol/I Unknown 2(1.7-3.1) 0(0-0.025)
Ketones in the effluent liquid, g/I Unknown 0.15 (0.025-0.8) 0 (0-0)

CRRT glucose removal, g/24 h 51 (45-63) 54 (44-60) 70 (58-73)

CRRT glucose removal was calculated assuming that glucose clearance is equal to ultrafiltration rate, and corrected according to predilution infusion rate [5]



Prescription en pratique

Dose prescrite : 30 mL/Kg/h = effluent total pour objectif de 25 mL/Kg/h recus
» CVVHD : débit dialysat
» CVVH : débit pré-dilution + post-dilution

Débit sang : abaque correspondant entre débit sang et effluent pour
» Optimiser dose de citrate si ARC
» Limiter la fraction de filtration en hémofiltration

Citrate : asservi au débit sang

ATTENTION NE PAS MODIFIER LE DEBIT SANG DE MANIERE ARBITRAIRE
NOTAMMENT EN EER AU CITRATE

» Pas d’augmentation de l'efficacité
» Risque d’apports en citrate trop importants

UF nette : selon profil hémodynamique du patient



Quelle modalité

Continue / Intermittente ?

UF nette ?

y 4

Mortalité ?
Récupération rénale ?

Optimisation de
I’'administration de I’EER

Anticoagulation ?

?

Mécanisme d’épuration ?
Membrane ?

Dose ?



EDITORIAL

The artificial kidney induces AKI? Not if we i)
apply “kidney-protective” renal replacement

therapy

Fluid balance

consequences of severe AKI, in particular in the context of multi-organ
dysfunction. To provide safe and effective RRT we need to apply “kidney-
protective” therapy as much as possible to limit any perceived harm.

Neutrol fluid bolonce

@ RRT remains the key treatment of both the metabolic and fluid overload

0 6 12 18 24 30 36 42 48
Hours
Fig. 1 Representation of fluid balance control using intermittent
hemodialysis (IHD) or continuous renal replacement therapy (CRRT)
in fluid overloaded patients in the intensive care unit ( adapted from

Alex Yartsev, www.derangedphysiology.com)

Legrand et al. ICM 2019



Conclusion

* La prescription de 'EER doit étre adaptée au patient

* De nombreux parametres au-dela du « simple » choix de lu mécanisme
d’épuration doivent étre pris en considération

* Pas de supériorité démontrée sur mortalité d’un type de mécanisme
d’épuration en réanimation

* Choix de la modalité selon profil hémodynamique
* Nécessité de bien connaitre les solutés utilisés dans sa réanimation

* Personnalisation de la prescription pour chaque patient et au cours du
temps pour un méme patient

* Dépend des ressources locales : machines disponibles, formation des
éequipes



