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Définition de I'insuffisance rénale

Stage ! Serum Creatinine ! Urine Output

, A Creatinine > 26.4umol/L
i 1 i | <0.5mlkg".h™ for 6-12h
! or creatinine x 1.5-1.99 !

Creatinine x 2-2.99
2 ' <0.5mlkg".h for 12h+

A Creatinine > 355 pmol/L
. <0.3mlkg".h™ for 24h
3 or creatinine x 3+
; or anuria for 12h+

or initiation of RRT

http://www.kdigo.org/clinical_practice_guidelines/pdf/KDIGO%20AKI%20Guideline.pdf



Insuffisance rénale aigue et devenir
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Un processus evolutif

Durée de I'IRA:

0-2 Jours : IRA Rapidement réversible
2-7 jours: IRA persistante
7-90 jours: « Maladie rénale aigué »

Injury
& Up to 7 days 7-90 days >90 days
_ —> AKD stage (congruent to AKl stage) —> CKD
Ongoing RRT Ongoing RRT Stage 0 subtypes
3 (SCr 3x)/RRT 3 (SCr 3x)/RRT C: SCrnot back to
baseline
2 (SCr 2x) 2 (SCr 2x) B: Biomarker or loss of
1(SCr 1.5x) 1(SCr 1.5x) femel EsEme
indicates injury
Subacute AKI 0 Subacute AKD A: No evidence of injury

Chawla et al. Kidney Int 2017



Un processus evolutif

Group Based Trajectory Patterns
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Creatinine plasmatique et sa cinétique

En dehors de toute maladie rénale chronique une baisse de 30 a 40% du DFG ne se
traduit pas par une élévation de la créatinine
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Figure 6. Time to reach a 0.5-mg/dl increase in SCr after a given
percentage reduction in CrCl, according to the absence or pres-

ence of stages 2 through 4 CKD.

Figure 5. Time to reach a 50% increase in SCr after a given
percentage reduction in CrCl, according to the absence or pres-
ence of stages 2 through 4 CKD 4.

Waikar et al. ] Am Soc Nephrol 2009



Creatinine plasmatique et sa cinétique

Une élévation de la créatinine dans les taux attendus par la définition de I'IRA nécessite 5
a 24h de baisse profonde du DFG
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Consequences pratiques

RCT — 129 Patients — Fenoldopam or Placebo following cardiac surgery
Randomization of patients if AKI stage RIFLE R after surgery [Median 32h (IQR 26-52)]

[T All patients r
O Placebo

4 Intervention | e fenotdopam |
3.5
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3.0

(o] J

Serum Creatinine, mg/dL
o
O
L
O
@
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@

Preoperative ICU Dayl Day2 Day3 Day4 ICU  Hospital

Postoperative Discharge
No. of patients

Placebo 329 278 311 293 256 214 181 256
Fenoldopam 338 282 314 297 267 221 199 262

Bove et al. JAMA 2014
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Oligurie: un marqueur peu spéecifiqgue

14,526 critically-ill patients with urine output measurement
Relationship between urine output, duration of an oliguria and outcome

(C) Adjusted mortality (%) (¢ Adjusted rate of RRT(%)
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Mandelbaum et al. Intensive Care Med 2013



Oligurie: un marqueur peu specifiqgue

239 ICU patients
i Oliguria vs. AKl according to Screat.
2 Incidence of AKI-Screat: 13.4%
nc: = |
" 6 hours of oliguria :
ol _ Sensitivity : 21%
) —— Fitted ROC
" e coc Specificity : 93%
S . Positive predictive value : 9%
00 . o oo os o Negative predictive value : 97%
False Positive Fraction
Figure 1 Receiver-operator characteristic analysis of the ability
of varying durations of oliguria to predict RIFLE Injury () or
more the next day. Receiver-operator characteristic (ROC) area
under the curve F 0.75, 95% confidence interval (Cl) 0.64-0.85.

Prowle et al. Crit Care 2011
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Quelle place pour les biomarqueurs?

Figure 1. Refined Staging System for the Diagnosis of Acute Kidney Injury (AKI)

E Current diagnostic AKI criteria

Increase in sCr level

AKl stage 1 OR

Decrease in UO

Expanded diagnostic AKI criteria
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AKI stage 1S BM positive AND AND

No decrease in UO

Increase in sCr level

AKl stage 1A BM negative AND OR

Decrease in UO

Increase in sCr level

AKl stage 1B BM positive AND OR

Decrease in UO

Ostermann et al. JAMA 2020
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4 problemes pratiques

Table. Description and Characteristics of Common Biomarkers of AKI

Potential role in clinical practice

Stress. Damage Functional  Risk Prediction Diagnosis  Severity  Kidney
AKI biomarker Biological role Source marker* marker® markert assessment  of AKI of AKI of AKI recovery
Alanine aminopeptidase, Enzymes located on the brush border villiof the  Coca et al,” 2008 Urine X X
phosphatase; y-glutamyl proximal tubular cells; released into urine after
transpeptidase tubular damage
Calprotectin Cytosolic calcium-binding complex; derived Chariton et al,” 2014; Urine X
from neutrophils and monocytes; detectable in  Heller et al,* 2011
urine in intr ic AKI
C-C motif chemokine ligand 14 Pro-inflammatory chemokine; released into Hoste et al,® 2020 Urine X
urine following stress or damage of tubular cells
Chitinase 3-like protein 1 39 kDa intracellutar protein of glycoside De Loor et al,* 2016 Urine and X
hydrolase family; expressed by endothelia plasma
macrophages, and neutrophils
Cystatin € 13 kDa cysteine protease inhibitor produced by Coca et al,” 2008; Plasma X X
nucleated human cell: Ho etal,” 2015;
Rawnet al.® 2019
Dickkopf-3 38 kDa stress-induced, ki lar epithelia-  Schunk et al,® 2019 Urine X X
derived glycoprotein; secreted into urine under
tubular stress conditicas
a glutathione S-transferase Cytoplasmic enzyme in proximal tubule Koyner atal,'® 2010 Urine X
n glutathione S-transferase Cytoplasmic enzyme in distal tubules Coca et al,” 2008; Urine X
Chariton et al,* 2014
Hepatocyte growth factor Antifibrotic cytokine produced by mesenchymal  Heller et al,* 2011; Plasma X X
cells and involved in tubular cell regeneration  Vaidya etal,'’ 2008
ter AKI
Hepcidin 2.78 kDa peptide hormone pred Hoetal,” 2015 Urine and X X
produced in hepatocytes; freely plasma
Tissue metalloproteinase-2; Metalloproteinases released during cell cycle Kashani et al,'? 2013; Urine X X X
insulin-like growth factoe binding  arrest Ostermann et al,"* 2018;
protein-7 Joannidis et al,** 2019
Interteukin-18 18 kDa pro-inflammatory cytokine; released Coca et al,” 2008; Urine X X
into wrine following tubular damage Hoetal” 2015
Kidney injury molecule-1 Transmembrane glycoprotein produced by Coca et al,” 2008; Urine X X X
proxiemal tubular cell; released into urine after  Hoetal,” 2015;
tubular damage Koyner et al,'® 2010
Liver-type fatty xid-binding 14 kDa intracellutar lipid chaperone; freely Hoetal,” 2015 Urine and X
protein filtered and reabsorbed in proximal tubule; plasma
urinary excretion after tubular cell damage
MicroRNA Endogenous single-stranded non-coding Fanetal,' 2019 Urine and b
nucleotides; >S50 individual microRNAS are plasma
expressed in AXI, espedially in association with
inflammation, apoptosis and fibrosis
nocyte chemoattractant Peptide expressed in tubular epithelial cells, Moledina et al,'* 2017 Urine X
peptide-1 kidney mesangial cells and podocytes; released
into urine
N-acetyl-B-D-glucosaminidase >130 kDa lysosomal enzyme; released into urine  Charfton et al,* 2014 Urine X
¢ tubular damage
Neutrophil gelatinase-associated At least 3 different types: (1) monomeric 25kDa Coca et al,” 2008; Urine and X X
lipocatin glycoprotein produced by neutr Hoetal,” 2015; plasma
epitheli Charlton et al,* 2014
homodimeric 45 kDa protein produced by
neutrophils; (3) heterodimeric 135 kDa protein
produced by tubular cells
etrin-1 50-75 kDa laminin-related molecule minimally ~ Ramesh et al,'” 2010 Urine X
expressed in proximal tubular cells of normal
kidneys; released into urine after tubular cell
damage
Osteopontin Glycoprotein expressed in tubular cells and netal,'* 2011 Plasma X X
interstitial infiltrating cells in areas of
erstitial damage
Proenkephalin A olypeptide hormone in adrenal Legrand et al,'* 2019 Plasma X X X
0Us system, immune system and
; freely filtered
Retinol binding protein 21 kDa glycoprotein; synthesized by liver; Chariton et al,” 2014 Plasma
filtered by g i and reabsorbed by
proximal tubules; released into urine following
tubelar damage
Tumor necrosis factor Pro-inflammatory cytokine; released after Hoetal,” 2015 Plasma X

Abbr

tion: AK, acute kidney injury.

tubedar damage

© Functional markers reflect changes in glomerular f

* Stress markers indicate ced stress; cell stress can resoive o progress to damage of alter kidney function

¥ Damage markers indicate structural damage that may or may not be associated with reduced kidney

These molecules include constitutive proteins released by the damaged kidney, molecules upregulated in

response to injury, or nonkidney tissue products that are filtered, reabsorbed, or secreted by the

idney.

Non recommandé en pratique a ce jour car

1- Aucun marqueur n’a démontré une performance satisfaisante

2- Aucun marqgueur n’a démontré un bénéfice a son utilisation

3- La confusion entre marqueur fonctionnel et marqueur Iésionnel a
grandement limité 'interprétation des données

4- Le marqueur idéal va induire une modification de prise en charge

Une attention accrue est portée a ce jour sur le TIMP2*IGFBP7

(marqueur d’agression) et CCL14 (marqueur pronostic)

Ostermann et al. JAMA 2020




Ftudes PrevAKI (:

Inclusion si NC >0.3

1447 cardiac surgery patients screened

1167 patients were excluded
814 with NC < 0.3
353 patients met an exclusion criteria
71 previous AKI with/without RRT
65 participation in an other
interventional trial
16 off-pump surgery
—> 13 dialysis dependent CKD
10 CKD with GFR < 20 ml/min
3 previous kidney transplant
5 AKI caused by
glomerulonephritis/interstitial
nephritis, occlusion of renal artery or
postrenal obstruction
170 other reasons

4

280 patients randomized

T i, =

Table 2. Primary Outcome

Primary outcome
Patients treated according to
KDIGO bundle, no./total no. (%)
Discontinuation of nephrotoxic
agents, no. (%)
Optimization of hemodynamic
and perfusion pressure, no. (%)
Close monitoring of serum creatinine
and urine output, no. (%)
Avoidance of hyperglycemia, no. (%)
Consideration of alternatives to
radio contrast agents, no. (%)
Discontinuation of ACEi/ARBs, no. (%)
Avoidance of HES, gelatine, chloride-
rich solutions, no. (%)
Median number of preventive measures,
median (Q1, Q3)
Number of preventive measures, no. (%)

~N~NoOOsWN R

OR (Intervention
versus control)
(95% CI)

Control Intervention
(n=142) (n=136) Pvalue

6/142 (4.2) 89/136 (65.4) <.001 42.92 (17.61-104.60)

120 (84.5) 134(98.5) <.001 12.28 (2.83-53.33)
76 (53.5) 97 (71.3) .002 2.16 (1.31-3.55)

63(44.4) 124(91.2) <.001 12.96 (6.57-25.54)

35(24.6) 106(77.9) <.001 10.80(6.19-18.85)
138 (97.2) 134 (98.5) 440 1.94(0.3510.78)

129 (90.8) 131(96.3)
124 (87.3) 130 (95.6)

.064 2.64(0.92-7.62)
014 3.15(1.21-8.18)

5 (4, 6) 7(6,7) <.001
<.001
0(0) 0(0)
6(4.2) 0(0)
9(6.3) 2(1.5)
36 (25.4) 14 (10.3)
50 (35.2) 15 (11.0)
35 (24.6) 16 (11.8)

6(4.2) 89 (65.4)

RRR® (%)
(95% CI)

63.9 (54.4-71.4)
90.5 (60.4-97.7)
38.3 (15.2-55.1)
84.1 (72.2-90.9)

70.7 (59.3-78.9)

59.8 (-9.6 t0 85.3)

65.2 (14.985.8)

ARR® (%)
(95% CI)

61.2 (52.669.9)
14.0 (7.7-20.3)
17.8 (6.6-29.0)
46.8 (37.4-56.3)

53.3 (43.4-63.2)

47.8(-180.41t090.3) 1.3(-2.0t04.7)

5.5(-0.21t0 11.2)

8.3 (1.814.7)

2(1-2)

142 assigned to control
group

assigned to
intervention group

|

l—) | 2 withdrew consent

142 patients received
control therapy

136 patients received
intervention therapy

Traitement standard Bundle de prévention

Zarbock et al. Anesthesia Analgesia 2021
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Qu’attendre des annéees a venir

Future AKI diagnosis

Subphenotyping AKI Markers of AKI duration
Machine learning Machine learning:
Biomarkers progression and recovery models

Persistent AKI
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Markers of AKI severity (CCL14)

Current AKI Diagnosis
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Mesure continue du DFQG
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Réintroduire un peu de jugement clinique?

P(B|A)P(A)
P(B)

P(A|B) =

Sitbon et al. Annals of Intensive Care 2022



Réintroduire un peu de jugement clinique?

P(A|B) =

P(B|A)P(A)

P(B)

Predicted RRT

0.00 1

A Adjusted models prediction with (blue) and without physi iction at ICU ission(green)
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1.

2.

3.

4.

Evaluer la fonction rénale en pratigue

Se fier aux marqueurs usuels de dysfonction rénale

a- La créatinine témoigne de |’état du rein dans les dernieres heures

b- LUoligurie est le marqueur d’alerte

Pour le moment je n’utilise aucun biomarqueur...

Des avancées vont peut-étre bouleverser notre facon de faire

Prenez en compte le contexte clinique




Exemple des solutés de remplissage
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Figure 2 Simulated changes in plasma creatinine and plasma volume while glomerular filtration rate was maintained. Plasma volume
(dotted lines) and plasma creatinine (solid lines) in a 70-kg male (total body water of 42 L) according to a plasma creatinine generation rate of 1
mg/minute and a baseline plasma creatinine of 1 mg/dL (equivalent to a creatinine clearance of 100 mL/minute) after an infusion of crystalloid
(black lines) or colloid (grey lines) at 1 L/hour for 6 hours,
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Pickering et al. Crit Care 2013



Thank you for your attention




