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La filtration glomérulaire
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La réabsorption tubulaire
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Vascularisation rénale
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Débit de filtration glomérulaire (DFG) et maladie
rénale

* DFG = débit d’urine primitive formée
* 100 ml/min/1.73m2 <-> 140 litres / jour

* La baisse du DFG depuis au moins 3 mois défini la maladie rénale
chronique

* Ce DFG peut étre estimé en situation chronique par des équations
(MDRD, CKD-Epi)

* En situation aiglie les équations ne fonctionnent pas



Insuffisance rénale aigué

Baisse brutale du débit de filtration glomérulaire



Définition de I'IRA



Insuffisance rénale aigué (IRA) :

définition

Créatinine plasmatique

Diurese

x1,5-1,9 en 7 jours
Stade 1 ou
>26,5 pumol/L en 48 heures

Stade 2 x2-2,9 en 7 jours
x3 en 7 jours
ou
Stade 3 >354 umol/L
ou

Epuration extra-rénale

<0,5mL/kg/h sur 6 a 12 heures

<0,5mL/kg/h pendant > 12
heures

<0,3mL/kg/h pendant > 24
heures
ou
Anurie pendant > 12 heures

D’apres Khwaja et al. KDIGO Kidney Int. 2012



IRA : définition et histoire naturelle

Recovery Functional criteria Structural criteria
NKD > AKD (0-90 days) oKD NKD GFR 260 ml/min/1.73 m?, stable SCr No kidney damage
AKI (0-7 days) AKl  50% increase in SCr within 7 days or 0.3 mg/dl Not defined
CKD — Kidney failure increase in SCr within 2 days or oliguria
l AKD AKl or GFR <60 ml/min/1.73 m? for <8 months or >35% decrease in  Signs of kidney damage
_ Death GFR or >50% increase in SCr for <3 months for <3 months
Non-kidney complications CKD GFR <60 ml/min/1.73 m2 for >3 months Signs of kidney damage

for >3 months

Cerda et al. Nat Rev Nephrol 2026



La créatinine est un marqueur peu spécifique et peu
sensible

100 2.5

— High muscle mass
-=== Low muscle mass
——— Volume contraction
= === Fluid overload
- Actual GFR

2.0

"""""""""""""" C=OTKDIGO definition 718
threshold L

-

(Uwy/jw) YOS

-

0

| | | | 1
ADay1 Day2 Day3 Day4 Day5 Day6 Day7

Injury

Liu et al Clin J Am Soc Nephrol 2020



Synthese et élimination de la créatinine

Creatinine generation and elimination
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Kidney
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¢ L-arginine
» Glycine

Guanidinoacetate ———> Creatine ———> Creatine —> Creatinine

L Phosphocreatine —J

Factors that contribute to a decrease in serum creatinine concentration

* Loss of muscle mass
¢ Muscle disorders

* Immobility

= Prolonged bed rest

e Liver dysfunction
» Sepsis
« Genetic disorders

e Liver dysfunction
» Sepsis

» Prolonged fasting
» Malnutrition

Factors that contribute to an increase in serum creatinine concentration

1
i Increased muscle mass
. * Red meat consumption
i = Creatine intake

:

'

Systemic
circulation

Elimination by glomerular
_filtration and tubular secretion;

» Fuid overload
¢ Haemodilution
* Pregnancy

= Volume depletion
* Maternal
creatinine
in newborns

~ serum creatinine only increases
once 50% of GFR is lost

« Recovery of kidney function

* KRT or EBP

« Discontinuation of drugs
that raise creatinine

« Kidney disease

« Drugs that compete with
tubular creatinine secretion

¢ RAAS inhibitors

Akcan Arikan et al. Nat Rev Nephrol 2025



Les criteres du sepsis et la fonction rénale : des biais
multiples
ore SOFA

Exemple SOFA Rénal

Sc

SO pSOFA Phoenix-8 renal
dysfunction
Renal Creatinine Age-based serum Age-based serum
domain  (mg/dl®) or creatinine (mg/dl*) creatinine (mg/dl®)
points uo criteria criteria
1 1.2-1.9 0.8-0.9 for <1 month >0.8 for <1 month
0.3-0.4 for 1-11 months >0.3 for 1-11 months
0.4-0.5 for 12-23 months >0A for1-2 years
>0.6 for 2-5 years
06-08for24-59months . 7¢0r5 12 vears
0.7-1.0 for 60-143 months >0 for 12-17 years
1.0-1.6 for 144-216 months
1.2-1.9 for >216 months
2 2.0-3.4 1.0-1.1 for <1 month NA
0.5-0.7 for 1-11 months
0.6-1.0 for 12-23 months
0.9-1.5 for 24-59 months
11-1.7 for 60-143 months
1.7-2.8 for 144-216 months
2.0-3.4 for >216 months
3 35-49 1.2-1.5 for <1 month NA
or 0.8-1.1 for 1-11 months
uo 11-1.4 for 12-23 months
<500ml/day  1.6-2.2 for 24-59 months
1.8-2.5 for 60-143 months
2.9-41for144-216 months
3.5-4.9 for >216 months
4 >5.0 1.6 for <1 month NA
or 21.2 for 1-11 months
uo 215 for 12-23 months
<200ml/day  »2 3 for 24-59 months

22.6 for 60-143 months
24.2 for 144-216 months
21.2 for 1-11 months

NA, not applicable; pSOFA, paediatric Sequential Organ Failure Assessment; UO, urine output.

“Multiply by 88.4 to obtain value

in umol/L.

Patient: age (years), Serum creatinine GFR(ml/min/ Renal SOFA
sex (mg/dl)? 173 m?"
20, male 1.85 70 1
38 30 3
6.6 15 4
80, male 1.05 70 0]
21 30 2
37 15 3
20, female 0.92 70 0]
1.85 30 1
3.4 15 2
70, female 0.86 70 0
175 30 1
3:2 15 2
6, female 0.68 70 0]
1.6 30 2
3.1 15 4

Akcan Arikan et al. Nat Rev Nephrol 2025



Place des biomarqueurs dans I'IRA

Agression Altération Insuffisance Récupération

Normal i i ,
rénale du DFG rénale rénale

Biomarqueurs
d’agression
(KIM-1, NGAL,
albuminurie)
Iemps

Biomarqueurs de
stress tubulaire
(TIMP-2, IGFBP7)

3iomarqueurs
fonctionnels
(créatinine, cystatine)

Orieux A. et al,. Néphrol Ther. 2022



Des biomarqueurs multiples pour diagnostiquer tot et
stratifier le risque de sévérité et la récupération

BIOMARKER (TYPE) SAMPLE WHAT IS MEASURED?

WHERE DO THEY COME FROM?
Anatomic origin in the kidney

Cell cycle arrest
in stressed tubular cells
(very early injury)

 Urine

TUBULAR STRESS (early)
TIMP-2*IGFBP7 () Urine
TUBULAR DAMAGE

NGAL . s
KIM-1 () Jrine
MCP-1 & Biood
TNFR1

REPAIR / PROTECTION

EGF
FGF

Urine

ENDOTHELIAL INJURY

® Blocd

Angiopoietin-1/
Angiopoietin-2 ratio

FUNCTIONAL BIOMARKERS

PENK & Biood

Albumin / Creatinine ratio \'. Urine

@ Biood

Tubular cell injury
and inflammation

Endogenous repair
and regenerative
response

Endothelial activation
and glycocalyx injury

Global kidney function
and filtration reserve

pathophysiology.

GLOMERULUS

Sources of functional

biomarkers:

* PENK (blood)

+ Albumin / Creatinine ratio (urine)

TUBULAR EPITHELIUM

Sources of tubular stress

and damage biomarkers:

« TIMP-2*IGFBP7 (urine)

* NGAL, KIM-1, MCP-1, TNFR1
(urine and blood)

TUBULAR EPITHELIUM
(RECOVERY)

Sources of repair biomarkers:
* EGF, FGF (urine)

RENAL ENDOTHELIUM

(PERITUBULAR CAPILLARIES)

Source of endothelial injury

biomarker:

* Angiopoietin-1 / Angiopoietin-2
ratio (blood)

Most biomarkers are elevated early after injury and provide
complementary information about distinct aspects of kidney

WHAT DO THEY PREDICT?
Clinical application / Outcome

EARLY RISK STRATIFICATION

Identifies patients at risk of AKI
and non-recovery
(e.g., TIMP-2*IGFBP7)

KIDNEY INJURY SEVERITY
Reflects tubular damage

and risk of progression

to persistent severe AKI,
AKD and CKD

(e.g., NGAL, KIM-1, MCP-1,
TNFR1)

RECOVERY POTENTIAL

Indicates regenerative capacity
and likelihood of renal recovery
(e.g., EGF, FGF)

VASCULAR RISK
Associated with endothelial
injury and cardiorenal
complications

(Ang-1/ Ang-2 ratio)

LONG-TERM OUTCOMES
Linked to CKD progression,
need for RRT, CKD and
mortality (PENK, ACR)




Les mécanismes de transition de I'IRA vers la MRC

Severity Injury phase Recovery phase Long-term outcome
[ 11 1T ] 1
a e Full recovery of nephron function and
(I H lth structure
n:ahroyn ¢ Single-nephron GFR normal
Mild AKI B ® Increased risk of CVD
— Collecting
— duct
) . b ‘ ﬁ— ? % S} * GFR partially recovered
% A i il * Some nephrons lost
Re pa rat on ’-",.‘", il — ﬁ/ | * Some nephrons regenerated by
H 74 Moderat (RVAlll,— Injure progenitor clones
INa d eq u ate A;g| erate '.}!\ l\l‘,i‘/ nephron * Remnant single-nephron GFR increased
1l

“ | " Regenerated e Increased risk of CKD, CVD and

nephron possibly kidney cancer

e Large reduction in of total GFR

progenitor clones
* Remnant nephron hypertrophy via TEC
polyploidization

* Many nephrons lost
ﬁn * No or few nephrons regenerated by
* Remnant single-nephron GFR greatly

Severe
increased

MRC préalable e v £
Second hit e e e

Differentiated Tubular =7 Damaged 'f;;r, Granular cast < Fibroblast @ Activated C) Non-activated

e 5 Y a 5 i
tubular cell progenitor cell " progenitorcell =+ of necrotic TECs immune cell immune cell

Kellum et al. Nat Rev Dis Prim. 2021



Un mécanisme central pour le devenir : I'altération
fonctionnelle et structurale des cellules tubulaires

Agression Cellules tubulaires proximales

rénale

! CPT-1 Cytokines

1TGF-B

MMW( Ay .
G1
Cellule \ — | PGC-1a » | NAD

tubulaire Arrét cycle M]

W

Snail/Twist =—=  TEMT

rénale cellulaire
h Accumulation lipides
% W . lonG Dédifférenciation

w Diminution ATP
TIMP-2 Membrane basale

Cellule sénescente
dédifférenciée
Interstitium IGFBP7 \ K—
Matrice extra-cellulaire (MEC) . » \
— F‘bfb'a‘te Orieux et al. Nephrol Ther. 2022

Activation
Prolifération
Production MEC  collagene




Affiner la classification de I'IRA : utilisation des

biomarqueurs tubulaires

Biomarqueur tubulaire

Négatif Positif

Functional criteria Stage

Damage criteria

Souvent transitoire
élevée Peu de risque d’IRA sévere

Increase of sCr level by >300% 3A
(4.0 mg/dL with an acute increase

Biomarker negative /

of 0.5 mg/dL) and/or UO <0.3 mL/kg/h

AL TEC G Il RO for >24 h or anuria for >12 h 3B

>
0
Aatini — No change or sCr level increase <0.3 mg/dL ; -
Creéatin ||ne 2 and no UO criteria 1S Biomarker positive
normale = Increase of sCr level by 20.3 mg/dL 1A Biomarker negative /
o for <48 h or 2150% for <7 days - —
S and/or U0 <0.5 mL/kg/h for >6 h 1B Biomarker positive /
g‘ Increase of sCr level by >200% 2A Biomarker negative
L IRA fonctionnelle © CllETSeBIT IEE2)op Biomarker positive /
Creatinine 3
>
(@)
"
(mp
(@]

and/or acute KRT

Biomarker positive /

Aggravation du pronostic

Ostermann et al. JAMA 2020



L'incidence de I'IRA est similaire a travers le monde

Methods
4 population-based cohorts:

A

Characteristics

UK (Gramplan, Tays:de)

Canada

AKI/AKD rates

100 millions par
an dans le monde

2011-2014

Homogenous analytical
approach: KDIGO definition

Sawhneyn et al. Kidney Int. 2022



L'IRA concerne environ 20% des patients hospitalisés

dans le monde

- = C‘ﬁ} =
@@jgyyp = Northern & Pt
Europe
> 19.3%
| Eastern Europe 23.8%

: Western E& ’C:n\tra? -
Europe 20.8% -
4 Asia 9.0%

g

Southern East

Europe 25.2% | /0~ o=~ ﬁgﬁ ;é,{ Asia 19.4%
Africa 0.7%

% West

z Asia

America 22.3%

Central
America

23.5% Africa 13.4%

4
ﬁnb

America

31.0%

Q

Central i \ @
Affica East .
-y,

#

Southeast
2 u% | Asia31.0%

South Africa Australia and

New Zealand 16.9% v /

Hoste et al. Nat Rev Nephrol. 2018



Une augmentation de l'incidence de I'IRA au cours du

temps

IRA chez les patients hospitalisés

~l
wvi

== Men with diabetes

604 == == Women with diabetes
=== Men without diabetes

= = Women without diabetes

154
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0
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Siew et al.Kidney Int. 2015



Un impact financier majeur

 Cout annuel de I'IRA : 1 milliard de livres sterling (1% NHS)

* Impact au Canada I * I

Bedford et al. Nephrol Dial Transplant. 2014

Results

)
1

)

' 3
et i

v 38

No AKI 206,650 (86%)
Stage 1 25,495 (11%)
Stage 2 4,598 (2%)
Stage 3 2,493 (1%)

Stage 3 + Dialysis 670 (0.3%)

hospital
mortality

3%

12%

27%

34%

50%

one year
mortality

12%

25%

41%

47%

56%

+
length
of stay E
8.9 days
11.4 days
12.8 days

13.7 days

16.5 days

cost

hospital

$9,444 cap
$12,356 cAD
$14,370 caD
$14,822 caD

$24,260 cAD

Collister et al. Clin J Am Soc Nephrol 2017



Insuffisance rénale aigué en contexte critique



AKI : une cause d’augmentation de mortalité

AKI stage 3, model 2 , -

1800 patients
Fréquence AKI 57 %

AKI stage 3, model 1

AKI stage 2, model 2 t o

AKI stage 2, model 1

Facteurs de risques
HTAOR=1.8
Diabete OR=1.8

AKI stage 1, model 2 b—e—

AKlstage 1, model 1  H—&—

No AKI [ ]

0 1 2 3 4 5 6 7 8 9 10 11 12
Odds ratio (95% Confidence Interval)

Hoste et al. Intensive Care Med 2015



Une maladie complexe : diversité de typologie de
patients

Population Age Incidence (range) RRT requirement (%) Mortality (%)
Non-ICU hospitalized patients Adult <1in 5 patients <10 10-20
Critically ill patients Adult lin3to2in3 patients | 5-11 NR

Paediatric 1in 4 patients (10-82%) | 1-2 11
Patients undergoing cardiac Adult 1in 5 patients (2-50%) | <5 10
ki Paediatric lin3tolin2patients | NR 6
Patients with sepsis Adult 1in20to1in 2 patients | 15 30-60

Hoste et al. Nature Review Nephrol 2018



Différents contextes cliniques

* AKI associée au Sepsis
* AKl associée a la Chirurgie
* AKI associée a I’hypoperfusion rénale

* Physiopathologie proche
* Hypoperfusion / Choc
* Ischémie - reperfusion

* AKI toxique



AKI associée au Sepsis

e Cause la plus fréquente AKI
* 50% des AKI en réanimation

e Concerne 22% des patients atteints de sepsis (réa ou non)

e Mortalité : 40% en réanimation

Uchino et al. JAMA, 2005
Angus et al. Crit Care Med 2001
Vincent et al. Crit Care 2006



AKI septique : physiopathologie

[T oIt ' Sepsis-induced changes
Afferent ———+ | E
arteriole ' Glomerular dysfunction
]j ! e Altered glomerular haemodynamics
Vasodilation ' e Glomerular shunting
' + Complement activation
i » Endothelial dysfunction
, « Reduced renal perfusion pressure
Efferent :
arteriole .

Vascular dysfunction

» Vasodilation

» Endothelial activation

» Increased capillary permeability

» Complement activation

» Formation of micro-fimmunothrombi

. TNF, IL1B, « Endothelial-leukocyte adhesion
(Csa/C3a) L, ROS, « Release of inflammatory mediators
- bradykinin, * RAAS dysregulation
v adenosine + NO release
¢ D ) — ( 3¢ » Redistribution of intrarenal blood flow

Activated endothelial cells \/\"

’T'ﬁ Tubular cell injury
DAMPs O _C d « Ultrafiltration of DAMPs, PAMPs and
O e s—\ inflammatory mediators

o © 70 J » Mitochondrial dysfunction

« Impaired energy metabolism

Inflammatory —=> . ) O i
' » Cell cycle arrest

mediators

» Disruption of tubular cell junctions

» Release of inflammatory mediators

» Recruitment of peritubular
inflammatory cells

,,,,,,,,,,,,,,,, 9,,,,!, Akcan Arikan et al. Nat Rev Nephrol 2025



Atteinte endothéliale et AKI septique

| Vascular endothelium

1
H
' Reabsorption of Na', Secretion of H*, K*, NH, L
H Ca*, CI, Mg?*, water, organic acids, organic |
H glucose, amino acids, bases, creatinine, Angiocrine

H bicarbonate urea, toxins factors regulate '
neighbouring i
cell homeostasis !

Y 3 @ &

! 1o

| ET1, ANGII NO, VEGF and hu- !
Nt

o ——

1 Glycocalyx repels ICAM-1, VCAM-1, and prostaglandins !
+ immune cells, and selectins sympathetic vasodilate . !
| inhibits coagulation, regulate stimulation 0, nutrient '
'\ and maintains leukocyte vasoconstrict delivery and H
barrier properties trafficking CO,, waste i

i i removal !

T 1

Vascular tone controls RBF and GFR !

1

1

Fenestrations allow passage
_ of water and small solutes

Ve
The glycocalyx prevents passage

of large proteins and cells into the
filtrate

The glycocalyx also prevents leukocyte '
infiltration into the glomerulus H

@ © Lipid and extracellular

E Immune trafficking . ® o fluid transport

D EOEEE S

'3;?./
? |

@ Healthy b ax

g

1 Adhesion

ool Sevtic AKI

\ Barrier
function

TLRs

o ('{
E-selectin”~

Masked
adhesion
molecules

P-selectin
Regulation of
immune

extravasation

Intact glycocalyx

re

Cytokines
Shed glycocalyx: (ILs, MCPs,
exposed adhesion ete) © o o2
molecules, cytokines o 0 nl
clotting factors,
anti-angiogenic Septic and
factor release chaemic AKI

Cytokines and
clotting factors

Barrier
maintained

VWF in -3{;.\
WPBs ! 3
AL Vasoconstriction

Bl !schaemic AKI

Moore et al. Nat Rev Nephrol 2026

Regulated
clotting



Sepsis et altération endothéliale (ex. du glycocalyx )

Proteoglycans

Neutrophil Syndecans
RBC Hyaluronan e ?
Hyaluronan
i HS VA Thrombus formation
Leukocyte adhesion
- Platelet v
-
Quter
Inner

T
-

- ——

.. Glycocalyx
Basement membrane Q
VE cadherin
Endothelial cell

) @ Albumin
Extravasation | . apithrombin

| Adhesion molecule

Healthy condition

RBC column

Estimated glycocalyx thickness
Sepsis model

WS

> o drt
L=

Accumulated platelets

o RBC column
! £+ Adherent leukocyte
. T~ T~ Endothelial cell

Hiba and Levy J Thromb Haemost 2019



Role de l'inflammation

Glomerular shunt capillaries

Bowman’s
capsule

Filtered
DAMPs/PAMPs

Pathogen and
Damage-associated
molecular patterns
(PAMPs — DAMPs)

Peritubular
capillaries

@ PAMPs/DAMPs

) Activated leucocyte # ROS

O Platelet

@ RBC
=€ TLR

{} APC

@ Healthy mitochondria
@ Injured mitochondria

Interstitium

Tubular lumen

N

RS

Actlvatlon

mmm T

:::‘;\, IR

: .
F'°"'"9 Adhesion o ==k

'& @ 2 mlgration

To, diffusion distance

G2
ﬁﬁﬂﬁﬂﬁ -

atana et al. Kidney Int 2019



Impact de I'inflammation et AKI septique

%PRRS Pro-inflammatory

a .
cytokines

@ ©

3
[}
/ & — 09
- @ e
ol O >

La cascade hyperinflammatoire Pathiogen 9
\ ) ' . 2 6]
Opsonization ) by @ 00 ®, DAMPs

and killin Activation of _
9 immune cells = /5 @ :}
Activated %ﬁ Loty

complement ( ! :}
b 4 « & * — Immature e® @
\ Fe Je) ¢ forms with 0o® ©
Mt Cell 4+ Cell 1 Cell * 4 : reduced @ @ Q
~ number number 7 number  ©r @ fynctionality ee® o
N . : 2 T, cells B,., cells Neutrophils Anti-inflammatory
L iImmunosuppression simultanée b =9 cytokines
aEm. | Cell < - ‘;P wHADR
- . number @ ‘ : Lo expression
| 1 Co-inhibitory ¥ Cell P ¥ Cell 4 Co-inhibitory
~ molecules number &7 N\ number Ve molecules (PDL1)
(PD1, CTLA4) v cytokine production
Tcells Bcells Dendritic Monocytes
Kox et al. Nat Rev Nephrol 2026

cells



L'atteinte inflammatoire catégorise plusieurs temps
pathologiques au cours de I'IRA

C

Pro-inflammatory

Immune homeostasis

Anti-inflammatory

Overwhelming
inflammation
_ — — — _ e Cytokine storm
-~ e Coagulation and/or
thrombosis
¢ Organ failure

- o .
= L
-
- -
-
- -
=
-

Time

Pronounced and/or

. persistent

. immunosuppression

. e Poor recovery

e e Secondary infections
.. ~ # Viral reactivation
--------- (CMV, HSV, EBV)

e Altered repair

Kox et al. Nat Rev Nephrol 2026



Impact thérapeutique potentiel

Hyperinflammation Immunosuppression
Immunosuppressive Dual effects Immunostimulatory
JAK-STAT inhibitors Low-dose aspirin [ IL-7
Blocks signalling Acute: enhances \/ Improves lymphocyte
downstream of cytokine innate immunity survival and stimulates
receptors Chronic: decreases inflammation proliferation

@
Metformin o f/O e Anti-PD1 or anti-PDL1
Improves metabolic < ( Enhances T cell
functions of immune cells, function
inhibits NF-kB signalling ° >0 ®
Complement inhibition B-glucan
Reduces hyperinflammation Potentiates immune o @
and thrombosis responses through o O\ ° ©
trained immunity ® o o

Microbiota-derived ~ _° 7 %
metabolites s~ @ <
Inhibit cytokine **‘ o %

9

%o

*‘\

production ﬂ

Kox et al. Nat Rev Nephrol 2026



Reprogrammation métabolique : Cellule épithéliale
t u b u I a i re (1) Reprioritization of energy consumption

Decreased ATP consumption for nonvital functions

] < SEIn.@)
* Survie de la cellule : i
L : : i
 Diminution des fonctions non 2 oo
vitales (transport ions, ‘ > ],
synthése protéiques) *Endocytoss and docrased concontaton
expressnon'o lon transporiers - . .
* Arrét du cycle cellulaire e e e g
° TIMP'Z et IGFBP7 Induction of cell cyclearrest T2
A , . ) /iarer7
* Arrét de glycolyse aérobie " One
« Activation phosphorylation . -
OXyd ative % IZF;& Tgp-z
G, Mitosis
* Mitophagie cotopie OO [4)
* Synthése mitochondriale X ﬁQG Biomkers
G ? predictive
of AKI

Peerapornratana et al. Kidney Int 2019



La ferroptosis : implication dans I'AKI et impact du
sexe

What is ferroptosis? )

Ferroptosis is an iron-dependent form of cell death caused by the accumulation of lipid peroxides ‘

in cell membranes. It leads to loss of membrane integrity and cell death. p,

MALE FEMALE KEY TAKEAWAY
High sensltwnty to AKI Natural protection
o R e against AKI Qestradiol confers strong
5 1 protection to female kidneys
by preventing ferroptosis
: and its propagation.
Severe tubular damage Minimal tubular damage
Ferroptosis propagation in renal tubules Block of ferroptosis propagation
Initial injury initial injury THERAPEUTIC IMPLICATIONS ‘
(R I - - No propagation L . .
AN Y 4 B slE B ANRNQAUNY ARARNRA ARRRARARNN T AR Mimetic strategies
. ® ¢ | | ‘ | ‘ “ \ Hydroxyoestradiol derivatives ‘
| ‘ ‘ ‘ | or analogues could protect
1 £ | £ | 7 from AKI in men.
\ f ‘ g ( \ | . y ‘. y
v Ve Y P R e S i
Cell death propagatlon Target gene regulation
(ferroptosis) Oestradiol: multi-level anti-ferroptotic protection Modulating ESR1 pathways
Non-genomic actions Genomic actions (via ESR1) and the ether lipid axis
Pro-ferroptotlc environment + Hydroxyoestradiol derivatives » Activation of anti-ferroptotic represents a therapeutic
e (e.g. 2-OHE,) act as potent o systems (e.g. hydropersulfide) opportunit
| t Ether lipid pathway (ACSL4, LPCAT3) radical-trapping antioxidants 9 PP ¥
» Repression of pro-ferroptotic
4 Lipid peroxidation Recycled by SR . . genes (ether lipid pathway) Goal
(accumulation of lipid ROS) N e Reduce A.KI i?cidence
‘ Desions ( High ions of these derivati i Keeps pro-ferroptotic programs and seven?y, |mprov?
& are present in kidney tubules. /‘ . low in female kidneys until menopause. outcomes in ICU patients.

o - e e — o 4 \ B ) _/'

m Sex matters in AKI. Understanding and targeting oestradiol-driven mechanisms

may open new avenues for kidney-protective therapies. .
S D’apres Conrad et al. Nature 2025




IRA « chirurgicale » : spécificités

o 7/ \

* AKI est associée a la mortalité post opératoire

* Fréquence
* Chirurgie cardiaque : 20 %
* Chirurgie abdominale lourde: 15 %
* Chirurgie aortique non programmeée > 50%
* Transplantation hépatique > 50 %

* Uinsuffisance rénale chronique est le facteur
de risque le plus important

e AKI sévere : HR de mortalité x 2 a 10 ans

Box 2 | Risk factors for CSA-AKI

Risk factors for cardiac surgery-associated acute kidney injury (CSA-AKI) are classified
as patient-related or procedure-related factors, as well as by the relevance of the risk
factors at different times with respect to the cardiac surgery procedure.

Patient-related factors

Female sex; advanced age; chronic obstructive pulmonary disease (COPD); diabetes
mellitus; peripheral vascular disease; pre-existing chronic kidney disease; congestive
heart failure; left ventricular ejection fraction <35%; need for emergency surgery;
cardiogenic shock (requiring intra-aortic balloon pump (IABP)); left main coronary
artery disease; previous cardiac surgery.

Procedure-related factors

Cardiopulmonary bypass (CPB) time; cross-clamp time; on-pump versus off-pump;
haemolysis; haemodilution; pulsatile versus non-pulsatile perfusion.

Preoperative factors

Advanced age; female sex; renal dysfunction; heart failure; left main coronary artery
disease; diabetes mellitus; COPD; peripheral vascular disease; liver disease; low cardiac
output states or hypotension (cardiogenic shock from acute myocardial infarction,
mechanical complications of myocardial infarction); nephrotoxins.

Intraoperative factors

Type of surgery (valvular, valvular and coronary, emergency and redo surgery); CPB
non-pulsatile, low-flow, low-pressure perfusion; hypothermic CPB; deep hypothermic
circulatory arrest; CPB duration >100-120 min; haemodilution; haemolysis and
haemoglobinuria from prolonged duration of CPB; embolism.

Postoperative factors

Low cardiac output states (decreased contractility, hypovolaemia and absent
atrioventricular synchrony in hypertrophied hearts); hypotension; intense
vasoconstriction; atheroembolism (requiring IABP); sepsis; nephrotoxins.

Wang and Bellomo Nat Rev Nephrol 2017
Peerapornratana et al. Kidney Int 2019



IRA toxique / médicamenteuse

* Le rein recoit 25% du débit sanguin cardiaque
* Exposition importante aux toxines sanguines
1. Hémodynamique rénale

2. Toxicité tubulaire
* Directe
* Osmotique

3. Obstruction lumiere tubulaire
4. Inflammation interstitielle directe ou indirecte (immune)

5. Atteinte vasculaire



AKI toxiques : diversité physiopathologique

injury

------------------ Nephrotoxins * Ciclosporin
ﬁ : o = NSAIDs I
1 ! 1 & N
y 1
t {,> + ACE inhibitors 1 : Chronic renal
7 * ARBs s ischaemia
. \ elL-2 f: ! E7
P Vo o i . e
7 Y N | - Gentamicin HE
/ Ak I‘ Y i ﬁisglatin thyl starch 'y * Allopurinol
@ erlol =20  Radiocontrast agents . i g isteloshicabids T 7 Allergic
1 * Myoglobin i 1L 1+ | linterstitial ||
b - * Haem and/or iron 1§ [ nephritis
- Systemic ! 1 Renal perfusion ) =
v ) el e latated! e ey bt R 1 : i pressure S
1 ! 1
1 1 \ T
' |+ Mitomycin ¥ "~ ==>| 4 ACE inhibitors |
- * Ciclosporin » Ciclosporin . ﬁ.RZ?S !
' = NSAIDs ol 1
: ¢ Radiocontrast \ ' e Aciclovir
1 agents b5 ! | * Foscarnet
' * Myoglobin i : 1 * Methotrexate
- * Haem and/oriron | i ! * Myoglobin
: . ¥ 1
1
| D »| Sympathetic nervous | ! Efferent :
system activation ' arteriole /’—‘\
; ‘:' dllauoﬁ ‘[:E\
Peritubular Proximal Afferent ---) I vl )
‘Jmerstitium capillary tubule Lumen arteriole - - - »| jntraglomerular
[ | = ~ constriction hypotension
i e}
erod 1 CIES |
- Tubuloglomerular
feedback

Filtered

Loss of toxins = - e
endothelial T Impaired urinary T |

cell—cell o |[Rouleaux concentrating injury

junctions TM capacity T~

Tubular cell injury
» De-differentiation
* Loss of cell-cell junctions

v

Oxidative
stress

R

Leukocyte— ol * Cell shedding
endothelial * Vacuolation ;
adhesion and * Loss of polarity * Baseline O, supply
interaction * Loss of transmembrane channels dependence
- =1 Transendothelial Larger O, » Mitochondrial dysfunction © Oxidative stress
migration diffusion * G1 cell-cycle arrest
Impaired distances * Apoptosis
flow
| Renal microcirculation | N I(Jllum and Prowle, Nature Reviews Nephrology, 2018




Attitude pratique :
quels examens prescrire ?

* Objectif : ne pas rater une étiologie
spécifique (néphrologique ou
urologique)

 Eliminer les causes « post-rénales »

* Echographie rénale / Scanner

* lonogramme urinaire, protéinurie,
ECBU

Normal or few red blood cells or white blood cells
Prerenal azotemia
Arterial thrombosis or embolism
Preglomerular vasculitis
HUS, TTP
Scleroderma crisis
Postrenal AKI
Renal tubular epithelial cells and granular casts
Acute tubular necrosis
Dysmorphic red blood cells and red blood cell casts
Glomerulonephritis or vasculitis
Malignant hypertension
Rarely interstitial nephritis
White blood cell and white blood cell casts
Acute interstitial nephritis or exudative glomerulonephritis
Severe pyelonephritis
Marked leukemic or lymphomatous infiltration
Eosinophiluria £5%)
Allergic interstitial nephritis (antibiotics >> NSAIDs)
Atheroembolism
Crystalluria
Acute urate nephropathy
Calcium oxalate (ethylene glycol intoxication)
Acyclovir
Indinavir
Sulfonamides
Methotrexate

AKI, Acute kidney injury; HUS, hemolytic-uremic syndrome; NSAIDs,
nonsteroidal antiinflammatory drugs; TTP, thrombotic thrombocytopenic
purpura.

Intérét de I'analyse urinaire

The kidney, Brenner and Rector’s, 11th



Objectif : éliminer une cause spécifique d’IRA

2. Renal artery 3. Small-vessel disease
Renal artery occlusion or dissection Thrombotic microangiopathy
Large- or medium-vessel vasculitis Renal atheroembolism

i )
4. Glomerular disease (ANCA+ or -)
Small-vessel vasculitis

Anti-GBM disease

Lupus nephritis

Postinfectious glomerulonephritis

Infective endocarditis

Membranoproliferative glomerulonephritis

Cryoglobulinemia Les études sur I'IRA

IgA nephropathy/collapsing glomerulopathy
)

1. Renal hypoperfusion

Prerenal azotemia

* Hypovolemia, hemorrhage

» Acute decompensated
heart failure

Vasomotor renal dysfunction

» Hepatorenal syndrome

* Drug-induced (eg, NSAIDs,

RASIi, CNI, amphetamines) \ .
« Hypercalcemia INC | ue nt
5. Acute tubular inju . . L
(5. Renai vein ischemic - toute cette diversité de
Abdominal compartment Toxic .
syndrome + Endogenous toxins
| Renal congestion Light chains (eg, myeloma) p at Ien tS
Uric acid (eg, tumor lysis)
Myoglobin (eg, rhabdomyolysis)
8. Postrenal obstruction Hemoglobin (eg, massive hemolysis)
Bladder outlet obstruction - ~ Bile salts (eg, obstructive cholestasis)
Tumors 6. Acute interstitial nephritis *Exogenous toxins ,
Renal calculi Non-granulomatous Antimicrobials (eg, aminoglycosides)
Papillary necrosis « Allergic due to drugs Chemoagents (eg, cisplatin)
Retroperitoneal fibrosis « Infection (eg, viral) Radiocontrast media
Neurogenic bladder (eg, drugs) Granulomatous Phosphate (eg, Na-Phos bowel prep)
* Drugs Oxalate (eg, ethylene glycol)
« Infection Acetaminophen (intoxication level)
» Systemic disease Synthetic cannabinoids
Pyelonephritis =
\_ J

Johnson et al. Comprhensive Clinical Nephrology 17th edition



Complications aigués L [

N STROKE (Long term)

BRAIN- -
CONGESTIVE HEART FAILURE
— :\S%’T-IYETH:NC':'QEART DISEASE
Hyperkaliémie e
Acidose métabolique g‘i —— e
, . , 1T PULMONARY EDEMA
Rétention hydrosodée e s
Anémie, altération b
hémostase — PV e
’ ey e = Acid/base imbalance A
Dénutrition - lectrolyte mbaiance =
Saignements digestifs ol —
ol spes 7 . . - UREMIC TOXIN ACCUMULATION
Susceptibilités aux infections .
INTESTINE :

_' ‘} ISYSTEMIC INFLAMMATION

IMMUNE SYSTEM

Lee SA et al. Am J Kidney Dis. 2018



Que faire ? les différents temps de I'action

2. Improved detection, 3. Treatment of
better diagnosis established AKI

1. AKI prevention

Progression and failed recovery

renjeu est didentifierles patie"ts—
' < . Recovery
a risque

4. Improving recovery
after AKI

Eckardt et al. Kidney Int. 2013



Différentes trajectoires apres une [RA

* Pre-renal * Tubular epithelial Recovery
\ - Heart failure cell regeneration from AKI
- Volume depletion * Interstitial repair
* Tubulointerstitial and regeneration
- Sepsis * Absence of fibrosis
- Nephrotoxins |

- Perioperative
* Glomerular
- Post-infectious ® Secondary * Endothelial-
glomerulosclerosis  mesenchymal
® Glomerular transformation
hypertension * Endothelial damage
and hyperfiltration  and peritubular
¢ Tubulointerstitial capillary dropout

Kidney function

fibrosis ® Arteriosclerosis

CKD
progression
Time Long-term
outcomes
Aetiology of AKI . Pathophysiological responses following injury
James et al. Nat Rev Nephrol. 2020




Récupération rénale : différentes définitions

FACTEUR DETERMINANT

DUREE DE L'AKI

DEGRE DE RECUPERATION

DEGRE DE RECUPERATION

DEGRE DE RECUPERATION

DEGRE DE RECUPERATION

NON DIALYSE

CHANGEMENT DE SCr
PAR RAPPORT A LA BASE

DFGe

PATTERN DE RECUPERATION

AKD

TERMINOLOGIE

Transitoire ou réversion rapide de I'AKI

AKI persistant

Non-récupération de la fonction rénale

Récupération incompléte
Récupération partielle
Récupération compléte

Récupération

Récupération compléte

Récupération

Sevrage de la TRT

Récupération compléte
Récupération incompléte
Absence de récupération

Récupération compléte
Récupération incompléte
Absence de récupération

Réversion précoce soutenue
Réversion tardive soutenue
Récupération avec rechute
Rechute sans récupération
Absence de récupération

AKD

DEFINITION

+ Retour a la fonction rénale de base dans les 48-72 h

+ Persistance de I'AK| au-dela de 72 h aprés le début

« Besoin persistant de TRT
« Stade de MRC 1-3

+ Créatinine sérique (SCr) entre la valeur de base et 1,5x la valeur de base,
ou autres signes de lésion rénale persistante (protéinurie ou perte de réserve rénale)

* SCr < 1,5 x la valeur de base

Diminution de la SCr d'au moins 33 % par rapport a la valeur de référence
dans les 7 jours suivants

Amélioration du DFGe a 2 90 % de la valeur de base

SCr post-AKI dans les 25 % de la valeur de base (pré-hospitalisation)
et aucune dépendance a la TRT

Sevrage de la TRT a 60 jours du début de la TRT

.

SCr £ 0,5 mg/dL (44 umol/L) au-dessus de la valeur de base
SCr > 0,5 mg/dL au-dessus de la valeur de base, sans dépendance a la TRT
Dépendance a la TRT

.

DFGe 2 60 ml/min/1,73 m?
DFGe < 60 ml/min/1,73 m?
Dépendance a la TRT

Réversion dans les 7 jours et maintien jusqu'a la sortie d'hospitalisation

Réversion apres 7 jours et maintien jusqu'a la sortie d'hospitalisation

Réversion aprés un AKI| stade 2-3 avec récupération compléte a la sortie

Réversion aprés un AKI stade 2-3 avec AKI| ultérieur et absence de récupération a la sortie
Jamais de réversion de I'AKI

.

Dysfonction rénale aigué et/ou preuve de lésion structurelle
jusqu'‘a 90 jours



. . . 31 252 patients
Devenir des IRA post chirurgicales Suivi 3 :ns

JErnf /

o= Risk of chronic kidney disease in patients with acute kidney injury
Kidney
Journal

following a major surgery: a US claims database analysis

Acute kidney injury (AKI) is a common complication after major surgery. This study assessed the risk of developing or
worsening of chronic kidney disease (CKD) and other clinical outcomes in patients experiencing AKI after major surgery.

Methods Results
Retrospective cohort anolysis Event rates for the primary Impact of the number of intercurrent AKI events
Clinformatics® Data Mart and secondary outcomes on progression to CKD stage 3 or higher
60 4
database Number of  Hazard ratio (95% Cl) for progression
= 50 49.8 intercurrent to CKD stage 3 or higher
1 Jcnucry 2009 - _‘.% AKl events
‘ 1 31 July 2020 £ 40- 0oe Ref
L a :
8 a0 ys s 30.1 E
Patients = 18 years g 2.7 : ] ot 2.3 (21-2.4)
AKI following major surgery A ;
f; 10 - 9 4 —— 2.6(21-3.2)
<] I
CKD 2 3, ESKD " | mm :
5 s 3 0- v T r v !
Myocardial infarction, stroke, ESKD/ ~ CKD  CKD  MIi/stoke All-cause ™ | 1 25(1.6-41)
7 heart [°i|ure' all-cause dialysis  stage3 stage23  /HHF hospitalization ‘gher '
m hOSpi"GliZOﬁOﬂ | Primary and secondary outcomes 1 5

Ohlmeier C et al. Clin Kidney J. 2023



Devenir a long terme des IRA séveres de réanimation

Suivi a long terme étude AKIKI

6 1 6 p atl en tS Baseline Kidney Function Long Term Kidney Function
3 ans de suivi

A WRF = MRC 3-5 ou —
1001 MRC 4-5 si MRC préexistante (41.1%)
8 — WRF
5 ++ Death
B
=
Qo
2
z
=
° I
_._,_.-r"‘-‘_ 35/175
(20%)
2 3 4
Delay (Years) 18/175

Chaibi et al. Annals of Intensive Care 2023



Suivi des IRA non séveres (KDIGO 1-2) de réanimation

Methods Results

French ICU
I I e AKI 5-year cumulative incidence of CKD:
30% [24-36]

. CKD patients:
* 70% followed a linear trajectory (AKI, AKD, CKD)

AKI| with mechanical ventilation
and/or catecholamine infusion

N L X . K‘ Cl' * 30% had relapse or progressive GFR decline
, 2013-2015
' 5-year follow-up
- 6 months after AKI, AKD is
. - Time-dependent effect of AKD no longer a risk factor of CKD
Cowandlyss HR 2.2 [0.6-79]

Orieux et al. Nephrol Dial Transplant 2022



Les facteurs de risque de maladie rénale chronique
post IRA

Chez les patients vivants a J7 de réanimation

n=172
Suivi 5 ans
Facteurs associés au risque d’IRC HR 1IC95% p-value
Age (par année) 1.01 1.0-1.03 0.14
Sexe (féminin) 1.9 1.1-3.2 0.02
Hypertension 1.2 0.6-2.2 0.62
Diabéte 0.8 0.4-1.4 0.38
Antécédent cardiovasculaire 1.4 0.8-2.6 0.27
Score IGS2 (par point) 1.01 1.0-1.02 0.13
IRAKDIGO 2 0.95 0.4-2.2 0.91
IRAKDIGO 3 0.6 0.3-1.4 0.21
Maladie rénale aigué (AKD)
IRC, dans les 6°= mois aprés I'admission en réanimation 29.2 8.5-100.7 <0.0001
IRC, plus de 6 mois aprées 'admission en réanimation 2.2 0.6-7.9 0.21

Orieux et al. Nephrol Dial Transplant 2022



Importance de la récupération précoce sur la fonction

renale 17 630 patients hospitalisés suivis de 2003 & 2013

GLOMMS-II (Royaume-Uni)

100%

80%

46 (3.5%)
148 (11.1%)

74 (10.4%) Status at 90 days

= 90 day death

90 day non-recovery
209 (30.9%) Not retested in 90 days

289 (40.5%) =90 day partial recovery

m 90 day complete recovery
Change in status
Improved 204%
Nochange 491%
Worse 9.9%
Death 20.5%

60%

40%
114 (16.8%)

20%

0%
7 day complete recovery 7 day partial recovery 7 day non-recovery

(n=1330) (n=714) (n=677)
Sawhney et al. Am J Kidney Dis. 2017



Facteurs de risque de mauvaise pronostic rénal :
importance de I’évaluation a 3 mois

Progression de la MRC

[ 1125 Participants recruited ]

I [9”‘{’6”?35{;‘2”.1‘;232’"23’ " 5 ans apres I'IRA
(L2010 Participants for matching J , o Prise en compte du risque compétitif de déces
> 144 Unmat 73
1 ' 1 T
3 Mo: [ 3Mo: | Subdistribution HR
- . ) N [ 433AKI L 433 Controls ) ( " - N Variable (95% Cl) ]
7 Renal end point reached enal end point reached
Sowtotalonss | . V| leteeens | AKI < 2.456 (1.655-3.646) <0.001
Year 1: Year 1: Age 1.019 (0.998-1.041) 0.07
——— (%Al ) ((422Controls ")  Female gender 0.793 (0.558-1.126) 0.2
S ot to oo ! il e Diabetes 1.048 (0.703-1.562) 0.8
(" vear3: ) [ vYearz: | © g Baseline eGFR - 0.980 (0.970-0.99) <0.001
Ny | 344AKI | | 377 Controls | . Charlson index score 1.078 (0.967-1.201) 0.2
20 Renillgn?ieggia:f?eached 6Rena8I2er?:cpeoai::(:eached Change. n EGFR from - 0.929 (0.91 1—0947) <0001
12 Lost to follow-up ) - - - \ ’ —— \ 17 Lost to follow-up ) baseline to 3 mo
ear o5: H . .
| 2s9Ak | | 328Controls | Albuminuria 1.397 (0.968-2.016) 0.07

Renal Risk in Derby

Horne et al. Kidney Int 2023



L'essentiel se joue tres tot : identifier vite les patients

A 1000

Adusted HR

100 1

101

MRC stade 5 et mortalité

161 185 patients américains
Suivi 3,8 ans

HR en comparaison a I'absence d’IRA et de variation du DFGe

— Without AKI: 56215
— With AKI: 9175

HR: 560 (4.06, 7.71)

[

Density

30
Days

15.7%

-100-80 60 40 -20 0 20 40 60
Percent of eGFR Change

= .03
- .02
- .01

-0

B 1000

Adjusted HR

100

101

— Without AKI: 71614
— With AKI: 10421

HR 6.42 (4.76, 8.65)

60
Days

11.9%

10080 60 40 20 0 20 40 60
Percent of eGFR Change

-.03

-.02

-.01

Density

C 1000

Adusted HR

100 1

10

— Without AKI: 65755
— With AKI: 9167

HR: 7.27 (5.14, 10.27)

=
90 03
D ays 02
11.3% 01
Fo

400-80 60 40 20 O 20 40 60
Percent of eGFR Change

Grams et al. } Am Soc Nephrol. 2016



Synthese du risque rénal post IRA

Long-term risks of adverse kidney outcomes after acute

kidney injury: a systematic review and meta-analysis

A systematic review of the literature Results
to explore differences in long-term
kidney dysfunction risks between Major adverse
acute kidney injury stages and CKD Kidney kid
A : o ney event
durations, patient characteristics, : s .
and glinic al settings. a M mc1dence progression failure (composite outcome)
HR2.36 HR1.83 HR2.64 OR 2.77
Methods AKI (overall) (AKI 25.8%- (AKI 43.1%- (AKI 2.9%— (AKI 59.0%-
vs. no AKI no AKI 8.7%) no AKI 35.6%) no AKI 0.5%) no AKI 32.7%)
Performed subgroup analyses
Systematic search -
PubMed and Embase
70 studies included -
AKI stage AKI duration Patient characteristics Clinical setting
1,20r3 shorter or longer  e.g. age, gender, diabetes mellitus, e.g. surgery, sepsis,
than 3 or 7 days hypertension, acute dialysis coronary heart disease
. Risk estimates varied across different patient subgroups. Yet, even individuals with AKI stage 1 or with kidney function
St“‘.iY populatlo!n 218 years recovery within 3 days remained at higher risk for CKD incid or progressi d to individuals without AKI.
With AKI vs without AKI
CKD is defined as eGFR <60 ml/min/1.73 m? AKI, acute kidney injury; CKD, chronic kidney disease; HR, hazard ratio; OR, odds ratio

Risks for kidney dysfunction were higher for individuals with acute kidney injury.

Veltkamp, D. M. J. et al.
NDT (2025)
@NDTSocial

Risk estimates were heterogeneous between patient subgroups.

This highlights the need to develop tailored follow-up strategies to recognize kidney function
decline in a timely fashion after acute kidney injury and initiate kidney protective measures.




Devenir des IRA : complications systémiques

Absolute risk (%)

Hypertension® Cardiovascular
23.05 per 100 mortality®
person years 2.96 per 100
person years
35
ESKD'
0.53 per 100
person years
CKD!
19.77 per 100
person years
) N Proteinuria®
Y Nyl 14.12 per 100
person years

Fracture risk®

3.2 per 100 —
person years

in participants with
recovered AKI

: Cardiovascular Hospital Kidney 1
. Mortality events . readmission . outcomes All-cause mortality’ S-year hospital
13.91 per 100 ‘ readmissions?
person years 32.4 per 100
person years
CLINICAT JOURNAT-OF-FHEANERTCA?

Noble et al. Clin ] Am Soc Nephrol 2022



Le bundle KDIGO : stratégie globale de diminution du
risque d’IRA

OPTIMISATION HEMODYNAMIQUE EVICTION DES NEPHROTOXIQUES

(obligatoire pendant au moins 12h aprés la randomisation) (pendant au moins 72h apreés la chirurgie)

TROIS ELEMENTS MANDATOIRES SUBSTANCES A EVITER AUTANT QUE POSSIBLE

¢ Hydroxyéthyl amidon (HEA)

a EVALUATION DE LA REPONSE AU REMPLISSAGE
e @Gélatines

° t ! * Manceuvre de passive leg raising (PLR) toutes les 3h

minimum (ou plus fréquemment selon le jugement clinique) ,

=T : s : * Vancomycine

* Si positive (augmentation du débit cardiaque > 10%) —
bolus de cristalloides balancés 500-1000 mL * Aminoglycosides

* Solutions riches en chlore

(sauf pour les perfusions médicamenteuses)

PRESSION ARTERIELLE MOYENNE
¢ Cible : PAM 2= 65 mmHg

e Utilisation de noradrénaline si nécessaire 2

* Produits de contraste iodés

ARRET DES MEDICAMENTS ANTIHYPERTENSEURS

MONITORING HEMODYNAMIQUE AVANCE
AVEC OPTIMISATION DU DEBIT CARDIAQUE
* Cible : index cardiaque 2 2,5 L/min/m? e ARA Il (antagonistes des récepteurs
* Recours a la dobutamine ou adrénaline si nécessaire & de I'angiotensine Il) —
* Méthode laissée au choix du clinicien : —l. idem, 48h minimum

thermodilution transpulmonaire, analyse du contourdupouls, || ||  —~—— "

cathéter artériel pulmonaire, échocardiographie Condition : tous les patients sous ces traitements avaient
transthoracique ou transoesophagienne une fonction cardiaque stable le jour de la chirurgie

» |EC (inhibiteurs de I'enzyme de conversion) —
arrét pendant au moins 48h en postopératoire




BigpAK-2 study : le bundle KDIGO diminue le risque
d’IRA post opératoire

34 centres & 1 180 patients = Chirurgie majeure
8 pays européens h randomisés (> 2h, réa/USl prévue)
Nov 2020 — Juin 2024 (7873 screenés) a haut risque d'IRA

POPULATION

Inclusion clés Exclusions clés

@ Age=18ans

e = 1 facteur de risque clinique d'IRA
(age = 75 ans, vasopresseurs ou VM
postop, IRC stade 3,
produit de contraste perop)

@ Biomarqueur TIMP-2xIGFBP7
= 0,3 (ng/mL)*/1000 entre 4-18h
aprés chirurgie

€) IRC stade 4-5
(DFG < 30 mL/min/1,73m?)

€) Transplantation rénale
<12 mois
€) Anurie ou IRA préexistante
€ Indication a I'EER
a l'inclusion

@ Cathéter urinaire et voie veineuse © Autre essai interventionnel

centrale

® ® & Enrichisement biomarqueur : 45% positifs — population
a haut risque (IRA modérée/sévére : 38,7% si biomarqueur+
vs ~6,7% dans cohorte générale post-chirurgicale)

STRATEGIE PREVENTIVE KDIGO

(Groupe intervention)
Optimisation hémodynamigue
avancée pendant 12h

Eviction des néphrotoxiques @
pendant 72h
@ Contréle glycémique strict

SOINS HABITUELS

(Groupe contrile)

INTERVENTION

CRITERE DE JUGEMENT PRINCIPAL

IRA modérée ou sévere (KDlGO 2.,.3) Critares Stratégie KDIGO Soins habi:.uels COR
dans les 72h suivant la chirurgie (n=58) gt L
(dEﬁnIe pay la Cr'eatlnlne _ET la dll.lrese] @ IRA tous stades 36,5% 40,8% 0,78 (0,60-1,01)
Intention de traiter
STRATEGIE KDIGO SOINS HABITUELS IRA persistante > 48h 39,0% 44.5% 0,71(0,38-1,34)
(n=589) (n=591)
@ EER a J30 51% 5,8% =
14,4% 22,3%
’ 0 ’ (v} @ Mortalité 430 5,1% 4,6% -
Mortalité 3 J90 7,0% 7,0% =
OR 0,57 9
(1C95% 0,40-0,79) ® MAKES0* 11,0% 10,6% =
p = 0,0002
Durée de séjour SN £ i
@ réa et hopital Similaire
® NNT =12 (IC 7-33) A
&aa - Récupération rénale .,
® 390 35,1% 33,1%
@ Réduction significative de I'IRA modérée/sévére
selon les critéres créatinine ET diurése * MAKE90 : décés + EER + dysfonction rénale persistante a J90

U

Biomarqueur urinaire
TIMP-2 x IGFBP7
20,3 (ng/mL)?/1000

RESULTATS SECONDAIRES CLES

Randomisation 1:1
Ouvert (open-label)
Evaluateurs en aveugle

%

ADHERENCE AU BUNDLE

m En excluant le contréle
A gvcémique stic

N

Adhérence compléte
a toutes les composantes

@)

46,9% vs 5,0% 62,7% vs 6,8%

* Monitoring hémodynamigue avancé :
78,6% vs 8,8%

* PLR régulier : 80,6% vs 10,5%

* Hypotension : 7,6% vs 15,3%

* Moins d'AINS : 6,4% vs 9,6%

» Glycémies plus basses

SECURITE

Aucune différence
d'effets indésirables entre les groupes
Evénements les plus fréquents (Intervention vs Contréle)
» Fibrillation auriculaire : 8,8% vs 9,7%
= Ary ies he y ig t significatives : 7,2% vs 8,6%
* Saignement significatif : 6,0% vs 5,3%

= Retour non planifié au bloc ; 5,1% \Dmrés Zarbock et

al. Lancet 2025



Should We Protect Kidney Function with %ﬁ
Intravenous Amino Acids? PROTECTION Trial @ #Neph) C
D Bouble-blind RCT

Primary Outcome Secondary Outcomes
22 centres: Italy, Croatia and

4y IV AMINO ACIDS 474 (26.9%) 24 (1.4%) 34 (1.9%)
J n=1,752

P 2 g/kg IBW/day
n = 3,511 Intraoperative

elective cardiac surgery . .
A requiring cardiopulmonary In hospital AKI @ Use of KRT | Mortality

bypass HR 0.85 (0.77-0.94) HR 0.73 HR 0.89
’ p=0.002 (0.43-1.22) (0.56-1.41)

4 "\ PLACEBO

Inclusion criteria: n=1,759

1.>18y Ringer’s solution

2. Expected to stay in ICU >1 955 (31 -7%) 33 (1 -9%) 38 (2-20/0)

night after surgery
-
Reference: Landoni G, Monaco F, Ti LK, et. ) ¥ - :
Al. A Randomized Trial of Intravenous . undergoing cardiac surgery and cardiopulmonary bypass, without an
Amino Acids for Kidney Protection. N Engl J impact in use of kidney replacement therapy or mortality.
Med. 2024.

VA by Samantha Verdugo @ @beldelunesv




La réserve fonctionnelle rénale

@ RE-SERVE FONCTIONNELLE RENALE Capacité des reins a augmenter le Débit de Filtration Glomérulaire (DFG)

en réponse a un stimulus physiologique ou pathologique

£ NE

A:; Id.es_ atn'!mes mécanisme direct Vasodilatation
aa?\:g:z = > de l'artériole
1 afférente

intraveineuse

*

l x Inhibition du rétrocontréle \|

tubulo-glomérulaire _

Libération d'oxyde nitrique ’. =
et de prostaglandines Py j

f MECANISME DE LA RESERVE FONCTIONNELLE RENALE

-------------

Augmentation de la
réabsorption proximale
de NaCl

protéines

CONDITIONS NORMALES | STRESS — AUGMENTATION DU DFG
75% Les reins fonctionnent & environ | . +4(9% ) e DFC peut augmenter jusqua '40%

75% de leur capacité maximale | | 4 en réponse a des stimuli tels qu'une

de filtration é é charge en acides aminés (AA) ou en

3 Détection par
ﬁ o la macula densa
1 o

o

) Diminution de la
quantité de NaCl

arrivant au segment
distal

S Rubin



Organiser des filieres ?

Nephrologist follow-up versus usual care after an acute ’
kidney injury hospitalization (FUSION) QJA;,SN

2-year vanguard phase of a randomized controlled trial

Nl 4 centers “ ARIKDIGO %or 25, ...

New/worse Dialysis  Death
CKD

stage 2-3

Saw a Nephrologist

(Primary outcome at 1 year)

[ B ] L B ] ; "'
Pieee L
269 eligible randomized

Reasons for declining enroliment AR
s 95% C10.60-1.73
¢ @ ®

Reluctance to Early

itolioo g nephrolo
Hospitalization __" " Long P gy

K ; i ¥ follow-u
related fatigue s travel time p

Conclusions: Major adverse kidney events are common in AKI Samuel A, Silver, Neill K. Adhikari, Chaim M. Bell, et al. Nephrologist Follow-Up
survivors, but the in-person model of follow-up posed a variety of versus Usual Care after an Acute Kidney Injury Hospitalization (FUSION).
barriers and was not a'cc_ept_able to many patie'nts CJASN doi: 10.2215/CJIN.17331120. Visual Abstract by Divya Bajpai, MD, PhD

Silver et al. Clin J Am Soc Nephrol. 2020



Conclusion

* Fréquence élevée d’IRA dans le monde

* Epidémie mondiale mais des patients tres variés

* Maladie systémique : pronostic rénal et extra rénal sévere
* Mortalité augmentée

* Importance de la sévérité de I'IRA et de |la récupération précoce dans
I’évaluation du pronostic

* Médecine personnalisée
* Importance des filieres de soins intégrant le néphrologue a évaluer



Dysfonction microcirculatoire

Glomerular shunt capillaries

" Afferent constriction Efferent dilatation § &

* VVasoconstriction artériole Wy Ll
afférente T N

Peritubular
® | capillaries

Bowman's
capsule

e Dilatation artériole efférente
* Shunt glomérulaire

. . . . Filtered
* Redistribution perfusion vers le DAMPS/PAMPS
cortex @ -
e

il

Interstitiur

Tubular lu

Peerapornratana et al. Kidney Int 2019



Raréfaction vasculaire et IRA

Sham control I/R day 14 I/R day 21 I/R day 56
2D 3D volume rendering 2D 3D volume rendering 2D 3D volume rendering 2D 3D veolume rendering

High-resolution ex vivo uCT

200 um
I

Vessel branching

D

'5150- Aa. segmentales Aa. interlobares Aa. arcuatae Aa. interlobulares Afferent arterioles

o

=

5 100+

=

2

O

P |l| ’l‘ ﬁ ’l‘ |l‘ |_T_‘ ﬂ |l‘

®

g o Il miml ,

= & 14 21 56 S 14 21 56 S 14 21 56 & 14 21 56 & 14 21 56
<@ < — i — Y — N
@ R @ IR @ IR @ I/R @ IR

Ehling J, et al. ) Am Soc Nephrol. 2016



Reprogrammation métabolique : Cellule

lale tubulaire

épithé

e Glycolyse aérobie
e Activation phosphorylation
oxydative
* Mitophagie
e Synthése mitochondriale

N

&

[

Oxidative phosphorylation Aerabic glycolysis?
FA and Gluc oxidation

Fermentation to lactate

T

Pyruvate ----» Lactate

(cptt ) [PD:HK] PKM2

\\\\..w:r,,._,_::" ~ i
= | Mitophagy

% & —
AR

@anesis | ACC HIFI-1 oc
/'y

Glycolysis

= [/

W

Glucose

Sepsis/inflammation

Peerapornratana et al. Kidney Int 2019



IRA « chirurgicale » : physiopathologie

 Altérations hémodynamiques
* Anesthésie

* Pertes sanguines
* CEC

* Ischémie — reperfusion

* Inflammation

* Stress oxydatif

 Activation neuro hormonale

Kellum and Prowle, Nature Reviews Nephrology, 2018



associée au SEPS

L ——

Systemic
| hypotension

Blood and
fluid losses

‘==

A

bypass

Cardiopulmonary

Tissue injury

isetala chlrurgle

{Anaesthesla I‘ = |Majorsurgery| | Infection |' '

- = = = 4 Antimicrobial drugs

/‘\

Redistribution of
perfusion away

from renal medula
B

Obstruction
to venous
outflow

Elevated
intrarenal
pressure

—_—

‘Interslitium capillary |

Endothelial
activation and

Peritubular

Interstitial oedema
and fluid overflow

"
"
"
"
(R}
i
i
\

Ll
Vomcoawsas - = = » | Sympathetic nervous -
system activation

Extrinsic
renal
compression

1

[}

_, | {Renal '
perfusion :
pressure '

'

I
)

'
| “ [ Efferent !
L arteriole :

dilation |« -~

Proximal

injury

Loss of
endothelial
cell-cell
junctions

T Capillary
permeability

Leukocyte-
endothelial
adhesion and
interaction

Rouleaux
formation

L]
'
L}
L}
L}
L}
| Afferent arteriole constriction| !
L]
L}
L]
L}

| migration

Transendothelial

Larger O,
diffusion
distances

—

f
.

Intraglomerular
hypotension

G‘.N
§‘-"

[ A T Tubular =
pressure

Impaired urinary
concentrating
capacity

Tubular cell injury
 De-differentiation

* Loss of cell-cell junctions

* Cell shedding

* Vacuolation

* Loss of polarity

* Loss of transmembrane channels
* Mitochondrial dysfunction

® G1 cell-cycle arrest

* Apoptosis

* Baseline O, supply
dependence
= Oxidative stress

Kellum and Prowle, Nat Revi Nephrol, 2018



Une maladie complexe : diversité de typologie

de patients

=

= URGENCES #

Population Age Incidence (range) RRT requirement (%) Mortality (%)
Non-ICU hospitalized patients Adult <1in 5 patients <10 10-20
Critically ill patients Adult lin3to2in3 patients | 5-11 NR

Paediatric 1in 4 patients (10-82%) | 1-2 11
Patients undergoing cardiac Adult 1in 5 patients (2-50%) | <5 10
ki Paediatric lin3tolin2patients | NR 6
Patients with sepsis Adult 1in20to1in 2 patients | 15 30-60

Hoste et al. Nature Review Nephrol 2018



Que faire ? les différents temps de |'action

2. Improved detection, 3. Treatment of
better diagnosis established AKI

1. AKI prevention

Progression and failed recovery

renjeu est didentifierles patie"ts—
' < . Recovery
a risque

4. Improving recovery
after AKI

Eckardt et al. Kidney Int. 2013



Les mécanismes de transition de I'|RA vers |a

MRC

Severity Injury phase Recovery phase Long-term outcome
[ ] 1T I ]
a * Full recovery of nephron function and
"~ Health structure
H eahroyn ¢ Single-nephron GFR normal
Mild AKI ep * Increased risk of CVD
~—— Collecting
duct

Differentiated

" tubular cell

Tubular

progenitor cell

7> Damaged
“ progenitor cell

&L Granular cast
=%+ of necrotic TECs

® Activated ® Non-activated

<= Fibroblast . .
immune cell immune cell

Kellum et al. Nat Rev Dis Prim. 2021



Les mécanismes de transition de I'|RA vers la
MRC

Severity Injury phase Recovery phase Long-term outcome
[ 1T 1T I 1
a » e Full recovery of nephron function and
M Health structure
h Y ¢ Single-nephron GFR normal
Mild AKI nepnron * Increased risk of CVD
— Collecting
duct
b ‘ 2 * GFR partially recovered
A 2 | * Some nephrons lost
‘a; 0 | * Some nephrons regenerated by
Moderate ."’n;,T‘ il L Injured progenitor clones
AKI "l“.‘u“‘t ’.“'\'{g nephron * Remnant single-nephron GFR increased
Ul Regenerated o Increased risk of CKD, CVD and
i\ A nephron possibly kidney cancer
Necrotic TECs
Differentiated Tubular 7 Damaged &l Granular cast O E Activated Non-activated
tubular cell progenitorcell -~ progenitor cell E‘%»’ of necrotic TECs Fibroblast ~ @ immune cell C immune cell

Kellum et al. Nat Rev Dis Prim. 2021



Les mécanismes de transition de I'IRA vers la
MRC

Severity Injury phase Recovery phase Long-term outcome
[ 11 [ 11 !

a e Full recovery of nephron function and
structure
¢ Single-nephron GFR normal

¢ Increased risk of CVD

— Healthy

h
Mild AKI R

— Collecting
— duct

* GFR partially recovered

* Some nephrons lost

* Some nephrons regenerated by
progenitor clones

* Remnant single-nephron GFR increased

Regenerated o Increased risk of CKD, CVD and

nephron possibly kidney cancer

Réparation X A

) ;f;‘ .
Moderate 3'"-‘}5 i-\j‘.ﬂ-‘/hjured
i

nephron

inadéguate AKI

ul

e Large reduction in of total GFR

progenitor clones
Severe * Remnant nephron hypertrophy via TEC
polyploidization
* Remnant single-nephron GFR greatly
increased

MRC préalable e | Ser
Second hit e e e

~

-, Granular cast < Fibroblast @ Activated C) Non-activated

Differentiated Tubular =7 Damaged o
tubular cell progenitor cell */ progenitor cell =+ of necrotic TECs immune cell immune cell

* Many nephrons lost
ﬁn * No or few nephrons regenerated by

Kellum et al. Nat Rev Dis Prim. 2021



Devenir des IRA : complications systémiques

Absolute risk (%)

Hypertension® Cardiovascular
23.05 per 100 mortality®
person years 2.96 per 100
person years
ESKD’
0.53 per 100
person years
CKD!
19.77 per 100
person years
o N Proteinuria®
Y Nyl 14.12 per 100
person years

Fracture risk®

3.2 per 100 —
person years

in participants with
recovered AKI

: Cardiovascular Hospital Kidney 1
. Mortality events . readmission . outcomes All-cause mortality’ S-year hospital
13.91 per 100 ‘ readmissions?
person years 32.4 per 100
person years
CLINICAT JOURNAT-OF-FHEANERTCA?

Noble et al. Clin ] Am Soc Nephrol 2022



echniques de dialyse




Vignette clinique

* Patiente 68 ans, poids initial 120 kg, actuellement
135 kg

* Antécédents : Obésité; Hypertension artérielle; Coronaropathie
traitée par angioplastie avec stent, Reflux gastro-cesophagien

* Insuffisance respiratoire aigué progressive,
intubation et ventilation mécanique.

* Aggravation de I’'hypoxémie : Transfert vers un
centre tertiaire pour ECMO veino-veineuse.

Etat actuel (24h post-ECMO)

* Intubée, ventilee, sous ECMO veino-veineuse et
héparine systémique

* Traitements en cours : Noradrénaline 1V,
Piperacilline-Tazobactam, Vancomycine

e Anurie persistante depuis 12 heures

Sodium (Na*)
Potassium (K*)

Chlore (CI7)
Bicarbonates (HCOs™)
Urée

Créatinine sérique
Calcémie totale
Albumine sérique
Gazométrie artérielle
(pH/pCO2/p0O2/HCOs")
Lactates plasmatiques
Leucocytes
Hémoglobine
Hématocrite
Plaquettes

ASAT (GOT)

ALAT (GPT)

Bilirubine totale

LDH

Haptoglobine plasmatique

TP /INR
Ratio TCA

119 mmol/L

5,4 mmol/L

96 mmol/L

18 mmol/L

22,8 mmol/L (64 mg/dL)
265 umol/L (3,0 mg/dL)
2,47 mmol/L (9,9 mg/dL)
31g/L(3,19/dL)

7,36 / 38 mmHg / 50
mmHg / 20 mmol/L

2,5 mmol/L

15 G/L (15 000/mm?3)
10,1 g/dL

30%

61 G/L (61 000/mm?)
78 UI/L

53 UI/L

42,8 umol/L (2,5 mg/dL)
987 UI/L

110 mg/dL (1,1 g/L)
33 %/ INR 3,14

1,6



Quand initier la dialyse en situation aigltie ?

ELAIN AKIKI IDEAL-ICU STARRT-AKI AKIKI-2
Location Germany France France Multinational France
Single center n Multicenter n Multicenter n= 488 Multicenter n=2927 Multicenter n=27
=231 =620
Inclusion criteria KDIGO Stage 2 Stage 3 AKI + RIFLE Stage F Septic Stage 2 and 3 Stage 3 AKI Oligur
+ NGAL >150 ventilator (85%) shock + Pressors >72 h or BUN
ng/mL Pressors (85%) (100%) 40-50 mmol/L
Sepsis (56%)
Timing of KRT Early Early Early Early Delayed
<8 h post-AKI <6 h post-AKI <12 h post-AKI <12 h post-AKI <12 h post-AKI
Late Late Late Late More delayed
<12horno BUN >40 mmol/L 48 h AKI =72 h KRT postponed 1
initiation Oliguria>72 h postrandomization Life threatening day, or BUN >50
life-threatening if no kidney mmol/L or life-
recovery threatening
% of KRT early 100% vs. 91% 98% vs. 51% 97% vs. 62% 97% vs. 62% Delayed (98%)
vs. late More delayed (79¢
Type of KRT 100% CVVHDF IHD (55%) CKRT IHD {43%) IHD, PIKRT, or Delayed:
(45%) PIKRT/CKRT (57%) CKRT (68%) IHD (60%)
CKRT (39%)
Both (1%)
More delayed
IHD (58%)
CKRT 40%
Both (3%)
Mortality early 60 days: 38.4% 60 days: 48.5% 90 days: 58% vs. 90 days: 44% vs. 28 days: 38% vs.
vs. late vs. 50.4% vs. 49.7% 54% 44% 45%
90 days: 39.3% 60 days: 44% vs.
vs. 54.75%x 55%
Duration of stay Not significant: Not significant: Not significant: 12vs.  Lower in Early No difference: 181

inICU
Mechanical
ventilation days

19 vs. 22 days
125vs. 181 hours

13 vs. 13 days
No difference: 7
vs. B days

12 days
No difference: 2 vs.
3 days

group
No difference

16 days
No difference

La stratégie tardive est aujourd’hui a
privilégier

Un doute subsiste chez le patient
chirurgical
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Quelle modalité de traitement ?

Continuous veno-venous hemofiltration (CVVH)

Continuous veno-venous hemodialysis (CVVHD)

Continuous veno-venous hemodifiltration (CVVHDF)

Prolonged intermittent renal replacement therapy (PIRRT, ex SLEDD)
Intermittent hemodialysis (IHD)

Isolated ultrafiltration (ex SCUF)



Quelle modalité utilisent les réanimateurs
dans le monde ?

Africa Asia Europe North-America Oceania South-America All
N =23 N = 277 N =724 N =45 N =30 N=175 N =1174
Number of countries 8 21 32 2 1 9 73
Who prescribes RRT"
The intensivist 6 (32) 150 60) 460 (71) 5(13) 23(77) 7 (10) 651 (62)
The nephrologist/other consultant coming from outside the ICU 8 (42) 49 (20) 76 (12) 31 (76) 0(0) 43 (64) 207 (20)
Both (intensivist or other, depending on the modality) 4(21) 48 (19) 128 (20) 5(13) 10 (33) 16 (24) 211 (20)
Both (intensivist or other, depending on the time) 3(16) 13 (5) 34 (5) 0(0) 0 (0) 9 (13) 59 (6)
Number of IHD sessions prescribed monthly
Oto1l 1(5) 76 (32) 145 (27) 3(8) 16 (64) 5(8) 246 (27)
2to5 8 (42) 60 (25) 141 (27) 14 (39) 4 (16) 20 (30) 247 (27)
6to 15 3(16) 40 (17) 73(14) 5(14) 0(0) 16 (24) 137 (15)
> 15 4(21) 51 (21) 61(12) 14 (39) 0(0) 21 (32) 151 (16)
Not available 3(16) 14 (6) 109 (21) 0(0) 5(20) 4(6) 135 (15)
Number of CRRT days prescribed monthly
Oto1l 2(11) 30 (12) 47 (7) 2(5) 2(7) 4(6) 87 (8)
2to5 6(32) 79 (32) 225 (35) 8 (20) 10 (33) 26 (39) 354 (34)
6to 15 3(16) 49 (20) 194 (31) 11 (28) 11 (37) 13 (20) 281 (27)
> 15 3(16) 82 (33) 157 (25) 19 (48) 7 (23) 14 (21) 282 (27)
Not available 5(26) 9(4) 11 (2) 0(0) 0(0) 9(14) 34 (3)
Most used CRRT modality
CRRT is not available 6 (32) 9(4) 15(2) 0(0) 0(0) 6(9) 36 (3)
CVVH 0(0) 51 (21) 82 (13) 15 (38) 2(7) 9(13) 159 (15)
CVVHD 6 (32) 35(14) 201 (31) 5(13) 2(7) 12 (18) 261 (25)
CVVHDF 7 (37) 154 (62) 350 (54) 20 (50) 26 (87) 40 (60) 597 (57)

Monard et al. Journal of Critical Care 2025



Choix de la technique en fonction de Ia

situation clinique

Septic shock

Hemodynamic stability

Acute brain injury

Cardio-renal syndrom

Fluid removal control
Hepato-renal syndrom

Body temperature control

Fluid overload

High bleeding risk

Acidosis control

Renal recovery
Metformin-associated lactic acidosis
Acute pulmonary oedema

Drug intoxication

Removal of small-sized molecules
Nursing workload

Cost of one session

Patient rehabilitation 5

10%

40%

70%

mCRRT

1 IHD
FISLED

w All similar

Do not know

Monard et al. Journal of Critical Care 2025



Les différentes modalités de dialyse continue : |a
convection = CVVH

Convection

Convection

CVVH Blood_
Qg = 50 —200 mUmin [P reurning to g
Vv
High perm. Vv

the patient
Débit Effluent | Gur=10-25mL/min

02 High pressure @ 0% O\\ Blood
&) Q@o @ %0 Qg ° Ooo_oo-, _h—fromthe
Q
@]

Low pressure 9 \Z/JJ patient
. >

Ultrafiltrate

@ Middle molecular weight
O Low molecular weight
o Water molecule

Clairance = Débit Effluent x S x [Urée]

S=[E]/IP]




CVVH : effet de la restitution en post-dilution
sur I’hématocrite en sortie de filtre

UREA
Qr =33
| |
Qur =33

QuF = 33 mL/min
[U] = 30 mmol/L
UF =33 mL/min
Kt = 33 mL/min

Débit sanguin 150 ml/min

Hématocrite 33% (50mL)

Débit plasmatique 150 x 0,66 = 100 ml/min
Débit Effluent = 33ml/min

33mL/min eau plasmatique est soustrait
Apres le filtre : hématocrite 43 %



La fraction de filtration : un parametre a

surveiller en CVVH

UREA
Qr=33 Qur = 33 mL/min
Qg = 150 | [U] = 30 mmollL
0 [U] ] UF =33 mUm!n
| Kt = 33 mL/min
Qur = 33

Fraction de Filtration = Débit Effluent/ Débit Plasmatique = 33/100 = 33%
ATTENTION >30% accumulation de protéines le long de la membrane
risque de thrombose

Débit sanguin 150 ml/min; Ht 33% (50mL)
Débit plasmatique =150 x 0,66 = 100 ml/min
Débit Effluent = 33ml/min

Apres le filtre : hématocrite 43 %




La restitution en prédilution diminue la FF et
diminue la clairance des solutés

UREA

Qr=33 Qur = 33 mL/min

Qg = 150 |

O [U] |
QuE = 33

Qg = 33
Qg = 150 | U,
0 [U] | |

Que =33

Ul = 30 mmol/L

UF =33 mL/min
Kt = 33 mL/min

Qur = 33 mL/min
[U] = 30 mmol/dL

Ul = 22.5 mmol/[]

UF = 33 mL/minl

Clairance = Débit Effluent x S x [Urée]

S = [E]/[P]




Facteurs influencant la clairance des molécules

0,8 - hig flux \, MBG

La perméabilité
de la membrane

Coefficient de tamisage

Albumine (69 000)

Inuline (5 200)
-—Béta 2-m (11 800)

/,
s
s’

0

r—

|~ Créatinine (113)
- Vit. B12 (1 355)

1 000 10 000 100 000
Poids moléculaire (Daltons)

8



Les différentes modalités de dialyse continue
la diffusion : CVVHD

' © Middle molecular weight

DifoSiOI'l O Low molecular weight
e Water molecule
Diffusion
CVVHD B
- — i Blood 0@ .~ 00 © 00 Blood

QB 150 —200 mL/min returning to < 1 : 9,1 | Tci from the

V the patient YO0 %R0 YO ¥ 5 S patient
Vv
Do‘ | D

Dialysate Spent dialysate
inflow outflow

. —— _
Débit Effluent | o230 % ="

Clairance < Débit Effluent (dialysat + UF) x [Urée]

Si: 1) dialysat non saturé ET 2) Molécule facilement diffusive ET 3) Concentration dans le dialysat = 0



Clairances des solutés en fonction du poids
moléculaire et de la technique utilisée

100

-

80 -

—

60 -

—

40 -

Percent Clearance

20 -

0 2500 10000 20000 30000 40000 50000 60000
Molecular Weight



Les différentes modalités de dialyse continue
CVVHDF est une modalité mixte

Vv

Débit Effluent

Convection

CVVH

Qg = 50 —200 mL/min ‘R
High perm. Vv

Diffusion

CVVHD
Qg = 150 — 200 mL/min

V

Do’ ‘ D

Convection + Diffusion

CVVHDF
Qg = 150 —200 mL/min

[
X Vv

oD,

Qur = 10 =25 mL/min

Qp = 10 —25 mL/min
QufF =2 -5 mL/min

Qp = 10 =25 mL/min
Qur = 10 =25 mL/min

Pour les petites molécules, le débit effluent
est le déterminant de la dose de dialyse




Intérét de la CCVHDF

* Augmente le débit traitement
e Sans augmenter la Fraction de Filtration (FF)

* La part « HD » est une part neutre vis-a-vis de la FF mais apporte une
clairance presque équivalente vis-a-vis des petites molécules a la part

convective -

500 mL/h 1000 | 500 mL/h

Prefilter Qr= Qd = | Postfilter Qr=
mL/h

Qb = 200 mL/min l

'

Net UF = 100 mL/h

Total effluent (spent
y dialysate + ultrafiltrate) =
2100 mL/n

Teixeira et al. Clin J Am Soc 2023



Les clairances théoriques de |'urée en

fonction de la technique

TECHNIQUE ~ PLASMA FLOW (mL/min)  PREFILTER RF FLOW (mL/min)  EFFLUENT FLOW (mL/min)  DIAYSATE FLOW (mL/min)  CLEARANCE (mL/min)
CVVH 100 33.3 33.3 0 25

CVVH 100 0 33.3 0 33.3
CVVHD 100 0 33.3 33.3 33.3
CVVHDF 100 16.6 33.3 16.6 29.1
CVVHDF 100 0 33.3 16.6 33.3

Brunet et al. Am J Kidney Dis. 1999
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Quelle dose d’effluent ?



Héemofiltration continue a haut débit
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RENAL, N Engl J Med 2009



Et dans le choc septique ?
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Quelle dose d’effluent ?

5.8.4: We recommend delivering an effluent volume of
2025 ml/kg/h for CRRT in AKI (1A). This will
usually require a higher prescription of effluent
volume. (Not Graded)

1) Les temps morts sont estimeés jusqu’a 20% du temps en technique continue

Claure-Del Granado et al. Clin ] Am Soc Nephrol 6: 467-475, 2011

2) La part prédilutionnelle diminue la dose délivrée

Prescrire 25-30 ml/kg/h sans dépasser 5 000 ml/heure

The Veterans Affairs/ National Institutes of Health Acute Renal Failure Trial Network (ATN) study N Engl J Med 2008
The Randomized Evaluation of Normal versus Augmented Level Replacement Therapy (RENAL) study N Engl J Med 2009



Quel débit d’ultrafiltration nette
(= a soustraire) ?
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Murugan et al Nat Rev Nephrol 2021



Choix du liquide de substitution

Gambro (Baxter) NxStage B. Braun

“PrismaSol °PrismaSATE
BGK/B22K/ BGK/B22K/ "RFP ®Duosol

BK BK 400-456  4551-4556
Na™, mEg/L 140 140 130-140 140-136
K™, mEg/L 0-4 0-2-4 0-4 0-4
Cl”, mEg/L 108-113  108-120.5 108.5-120.5 109-117
Lactate, 3 3 0 0
mEg/L
Bicarbonate, 22-32 22-32 25-35 35-25
mEg/L
Ca’’,mEg/L 0-25-35 0-2.5-35 0-3 3-0
Mg*, mEg/L 1.0-1.2-15 1.0-1.2-1.5 1-1.5 1-1.5
Dextrose, 0-1 0-1.1 1 1-0

g/dL

Macedo et al. AJDK 2016



Quel débit sanguin ?

e En CCVH : Un débit sanguin cible de 150 a 200 ml/heure
 En CCVHDF ou CCVHD : Un débit sanguin cible de 200 ml/heure



Quelle anticoagulation ?

* |ci, utilisation de I'anticoagulation de 'ECMO



Chez notre patiente : prescription

 Modalité CCVHDF
* Débit sanguin 200 ml/h
e Débit ultrafiltration nette : 50 ml/heure

* Dose effluent prescrite = 30ml/kg/h (135 kg) = 4000 ml/h
» Débit dialysat : 2000 ml/heure
* Débit ultrafiltration : 2000 ml/h (+ 50 ml/heure)

 Restitution pré dilution : 1000 ml/h
 Restitution post dilution : 1000 ml/h

* Débit effluent total = 4050 mli/h

e Solution de substitution
* Sodium 140 mEq/L,
* potassium 4 mEq/L, chloride 113 mEq/L, calcium (Ca) 2.5 mEq/L,
* bicarbonate 32 mEg/L, glucose 110 mg/d|,
e Osmolarité: 300 mOsm/L



Le circuit extracorporel et les alarmes de
pression : ici CVVH
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Serum Sodium (mEq/L)

Le risque de correction trop rapide de |la
natrémie

140 - _

140 Dialysate Na*
s 129 Dialysate Na*

Perfusion concomitante de G5%
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Ne pas corriger la natrémie de plus de 8 mmol/jour

Neyra et al. Kidney 360, 2022



Adaptation posologique : déterminant de la
pharmacocinétique

™
PATIENT CHARACTERISTICS

RRT-RELATED FACTORS Critical illness
* RRT modality: Continuous versus Intermittent Hypoalbuminemia
* RRT technique: Convective versus Diffusive Residual renal function

* RRT settings: Non renal dearance
v Effluent flow rate
¥ Dilution mode
v Membrane/adsorption [—=
v Hemofilter life span
o . ' N
B \

e

/) TARGET

DRUG PROPERTIES = time-dependent antibiotics (100%£T>1-4 MIC)

Electric charge (Gibbs Donnan effect) (:mjm mmmm do::iuoucs (Cmax/MIC)

Protein binding e— (adjusted dosing interval)

Molecular weight time- and concentration- dependent antibiotics (AUC/MIC)

Hydrosolubility (adjusted maintenance dose and/or dosing interval)
Kanji et al. Pharmacotherapy 2023



Résumé différentes techniques continues
utilisées et conclusion

Parameters SCUF CVVH CVVHD CVVHDF
Solute transport mechanism Convection Convection Diffusion Diffusion and convection
Blood flow rate (Qp), mL/min 100-200 100-250 100-250 100-250
Dialysate flow rate (Qg4), mL/h® 0 0 1,000-2,000 1,000-2,000
Substitution fluid rate (Qg), mL/h 0 1,000-2,000 0 1,000-2,000
Ultrafiltration rate (Qy), mL/min? 2-8 16-33 2-8° 33-66
Net ultrafiltration rate (Qner), mL/h Qut Qe — QS° Qu° Qe — Qs°
Effluent flow rate (Q.), L/d 2-8 24-48 24-48 48-96
Components of Qg Qus Qu = Qs + Qpeat Q4 * Qnet Qu + Qq
Sieving coefficient (S) Cu/Cp Cu/Cp Ce/Cp Ce/Cp

Macedo et al. AJDK 2016



