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DEFINITION: problématique de I'|RA

= Jusqu’a 39 définitions difféerentes dans la littérature:

7 Baisse rapide de la fonction rénale
Durée mal définie: de 24h a 1 semaine
Quel outil pour évaluer la fonction?

1t Créatinine:
- augmentation de 25%-100%"?
- en valeur absolue (26.4 umol/l -88 pmol/l)
—> valeur seuil supérieure? (180umol/l)
—> par rapport a quoi?
7t eGFR: ne peut étre utilisé en dehors de steady state
7 ¢ Diurése: oligurie? Anurie?
7t Nécessité de dialyse?




« Acute Kidney Injury » J@D

2y

lrapide de la fonction rénale en 48h par rapport a créatinine de base

Classification stage

Criteria according to baseline
creatinine

Criteria according to
diuresis

RIFLE
Risk
Injury

Failure

Laoss

End stage renal failure

| creat 1 5x or | GFR. = 25%
| creat 2x or | GFR = 30%
| creat 3x or | GFR = 73%

Or T creat 44pmol/l if creat 2354 pmeol/l

Complete loss of renal function = 4 weeks

Dhalysis dependent for at least 3 months

Dhuresis < 0. 5ml’kg/h x 6H
Diuresis < 0.0ml'’kg/h x 12H
Diuresis < 0.3ml/’kg/h x 24H
Cr anuna x12H

AKIN

| creat = 26 4pmol/l or T creat = 1.3-2x
| creat = 2-3x

| creat =3x

Or T creat = 44pmol/1 1f creat =354 pmolil

(- dialysis necessary

CfRIFLE critenia

Mehta. Crit Care 2007
Bellomo. Crit care 2004.



RIFLE utile ou futile?

R I F

d Mortality risk vs non-AKl b Mortality injury vs non-AKI c Mortality failure vs non-AKI

Study RR (random) ER (random) RR (random)
or subcategory 95% Cl 95% Cl 95% Cl

01 General ICW (Cr and VO criteria)
Abosaif - = =
Ahlstrom — —— ——
Cruz @ " B
Hoste m | ]

02 Genaral ICU (without UO criteria)®
Lopas (HIV)

Lopes (sepsis)

Ostermann

03 Cardiosurgery

Kuitunen —— B e
Lin —— — ——

04 Other ICU
Coca ‘ = &
Lopeas (bmt)

Lopas (burns) B L "

05 Mot confined to 1CU

Uching . . .
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Ricci Z. K Int 2007



Limitations créatinine

Nutrition

Age - sexe

Muscle mass

Y

Protein metabolism

k 4

Serum Creatinine

Infection

Edema

|

Volume of

k4

Renal excretion

distribution

Drugs Nonlinear « Réserve rénale »

Tubular excretion

Filtration (GFR)

# Steady state

Star. Kl 1998



outils diagnostiques

m Sédiment urinaire
Score (0-4)

basé sur nombre cellules tubulaires et cylindres granulaires:
1-5 = 1 point; 2 6= 2 points

Score >2 prédit NTA
Score prédit sevérité et aggravation

Perazella MA. CJASN 2008
Perazella MA. CJASN 2010



= Electrolytes urinaires
Na u < 20, Chlore u < 20, FE Na<1%
¥% Cirrhose, IC, PC, diurétiques, sepsis...
Index insuffisance rénale

Nau /(creat u/creat pl)

s Chimie urinaire (FE urée <35%, osmolarité)

Pepin MN. AJKD 2007
Miller TR. Ann Intern Med 19

® Utilité dans AKI- SepSiS discutée Bagshaw SM. AJKD 2006

= Ultrason voies urinaires? Doppler a. renales?
= PBR: indications precises



‘ DEFINITION: biomarqueurs precoces

Therapeutic Window -

a Kidney injury continuum

Biomarkers

(prevention -
protection) ns  Biomarkers|(therapy)

Y 4. Wadl

J -

Biomarkers -
(predictors)




[ 830 citations identified ]
| >
\
[ 115 articles ]
' >
j eyt

31 articles of biomarkers
for AKI included

Differential diagnosis

in established AK] Early detection Prognosis
(n=14) (n=14) (n=9)

A 2 2NN ZEE 2
o =

Cystatin C NGAL Cystatin C NGAL RRT
Carb Hb IL-18 Pro-ANP IL-18 CystatinC NGAL
MNGAL GST MNGAL KIM-1 NGAL Cystatin C
NAG Neutrophil- GST o-1 microglobulin
a-1 micro- CD11b +GT E— e
globulin n-GST Death B-2 microglobulin
KIM-1 a-GST IL-6 NAG
NHE3 AP IL-8 el
MMP-9 NAG IL-10 GaT
il S LDH
KIM-1
RRT= renal replacement therapy MMP-9
Mumbers of studies of biomarkers do not add up to 31 ,
because some studies tested multiple biomarkers Death
NGAL
IL-18
,::':ﬁ Coca SG. KI 2008




Neutrophil Gelatinase Activated Lipocalin

= Lipocaline-2, siderocaline ...

= Polypeptide 25kDa membre de famille
protéines lipocalinesisolée en 1993

= Liée a gélatinase neutrophiles

= Présente dans nombreux tissus (colon,
estomac, poumons, reins)

= Expression induite lors de lésions
epitheliales
m  Source principale = neutrophiles activés

Au niveau rénal: 2 actions opposees
m Favorise croissance cellules rénales
n Effet pro-aptotique

- En relation avec transport du fer

Bolignano D. AJKD 2008
Kjeldsen L. J Biol Chem 1993



m Définition
= Epidémiologie:
- causes, fréquence, outcome
m Mecanismes physiopathologiques
m [raitements non dialytiques
m Prévention
m Conclusions




' EPIDEMIOLOGIE: causes

2. Renal artery

Renal artery occlusion

Thrombolic microangiopathy
Renal atheroembolism
Small vessel vasculitis

.
4, Glomerular disease

Anti-GBM disease
Lupus nephiritis

Infactive andocarditis

o Largalrmedium ‘l"Elﬁﬁ'E'l Vﬂﬁﬂuliﬁﬁ 3. Small vessel dizease
18%
n
1. Prerenal azotemia r
Hypovolamia
Cardiac failura [
Hepatorenal syndrome \ /
E |
] b
9, Renal vein
{ Renal vein thrombosis |

i s,
8. Postrenal obstruction

Bladder outlet obstruction
Tumars 7. Intratubular obstruction
Renal calouli Cast nephropathy
Papillary necrosis Drugs
Retroperitonsal fibrosis | Crystalluria
L

Cryoglobulinemia
5

Post-infectious glomerulonephritis
Membranoproliferative glomarulonephritis

{lgA nephropathy/Hanoch-Schanlein purpura)
v,

P
5. Acute tubular necrosis
Ischemia

Mephrotoxing
Rhabdomyalysis

Radiocontrast agenis

ﬁ

6. Acute interstitial nephritis

Crugs
Infection
Systemic disease

76%




frequence

© Acute Renal Failure in Critically lll Patients: A
Multinational, Multicenter Study

Shigehiko Uchino; John A. Kellum; Rinaldo Bellomo:; et al.

= Incidence IRA sévere (oligurie, urée >30mmol/l): 5.5 - 6%

= > 70% nécessitent dialyse dont 80% en dialyse continue
= Mortalité intra-hospitaliere > 60%

= Facteur causal principal: choc septique 47.5%

Stade o
(% tous patients) Mortalité

Risk 15.1%
(9.1%)

Injury 29.2%
(5.2%)

Failure o
(3.7%) 41.1% Bellomo. Crit Care 2005




Community-based incidence of acute renal failure
C-y Hsu', CE McCulloch?, D Fan®, JD Ordoriez®, GM Chertow'* and AS Go'*”
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Figure 1| Community-based incidence rates (per 100 000 Figure 2 | Community-based incidence rates (per 100 000
person-years) of non-dialysis requiring ARF by calendar year. person-years) of dialysis-requiring ARF by calendar year.

K'Int 2007




7a

Maortality, %

mortalité

Augmentation mortalité 5x chez patients IRA vs non IRA matchés pour
sexe, age, score séverités
Levy et al. JAMA 1996

= N=226 dialysés aux SlI

| &
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Mortalité inchangée autour de 50% Mortalité importante persiste sur le
malgré progres médecine long terme: 50% a 5 ans

Ympa. AM J Med 2005 Shiffl. NDT 2008



‘ outcome renal

INSULT

100 1 - FULL RECOVERY
- 2 - AKI TO CKD
o
!_
)
=
-
L
|
=T
=
Ll
o 3 - ACUTE-ON-CHRONIC
KIDNEY DISEASE
4 - AKI TO ESRD
O

TIME



Kaiser permanente. N= 556090 adultes.
703 IRA+dialyse (343 non dépendant dialyse a 30j)
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ACUTE KIDNEY INJURY

Pré- rénal Rénal Post- rénal
| | |
NTA NTI GNA
88%
Ischémique Mixte  Toxique Sepsis ?

5I1% 38% 11% 15-I20%

Burdmann. Crit Care 2006



Causes ischémie

Table 2. Causes of Low-Perfusion States.

Table 1. Factors Increasing Susceptibility to Renal
Hypoperfusion.

Failure to decrease arteriolar resistance
Structural changes in renal arterioles and small arteries
Old age
Atherosclerosis
Chronic hypertension
Chronic kidney disease
Malignant or accelerated hypertension
Reduction in vasodilatory prostaglandins
Monsteroidal antiinflammatory drugs
Cyclooxygenase-2 inhibitors
Afferent glomerular artericlar vasoconstriction
Sepsis
Hypercalcemia
Hepatorenal syndrome
Cyclosporine or tacrolimus
Radiocontrast agents

Failure to increase efferent arteriolar resistance

Angiotensin-converting—enzyme inhibitors
Angiotensin-receptor blockers

Renal-artery stenosis

Abuelo. NEJM 2007

Hypovolemic causes

Fluid loss to the third space
Tissue damage (e.g., pancreatitis)
Hypoalbuminemia (e.g., the nephrotic syndrome)
Bowel obstruction

Blood loss

Fluid loss to the outside
Gastrointestinal causes

Renal causes (e.g., diuretics, adrenal insufficiency,
hypercalcemia)

Dermal causes {e.g., burns, sweating)

Cardiovascular causes (congestive heart failure)
Myocardial causes {e.g., infarction, cardiomyopathy)
Pericardial causes (e.g., tamponade)

Pulmonary vascular causes {e.g., embolism)
Arrhythmia

Valular disease

Distributive causes (reduced vascular resistance)
Sepsis

Hepatorenal syndrome

Overdose of drugs (e.g., barbiturates)

Vasodilators (e.g., nitrates, antihypertensive agents)

Local renal hypoperfusion

Renal-artery stenosis (atherosclerosis or fibromuscular
hyperplasia)
Malignant hypertension




Hemodynamique et rein

Le rein recoit 20% débit cardiaque.
Demande métabolique élevée: assure filtration + réabsorption sodée.
Important gradient cortico-meédullaire:

Blood flow
4.2 ml/min/g ———
T Macula densa

Quter

Bloodfiow | mmedula
1.9 ml/min/g +

Cortical
labyrinths

Medulary : I : | .
rays Pis i : f Inner f’?&bo
& /. | medula mm Hg
i f
7 Medullary thick \/

ascending limb

Cortex

Renal vein Renal artery



Répartition inhomogene oxygene-métabolisme

80% consommation O2 utilisé pour réabsorption Na tube prox
—>—> -2 rein sensible a hypoxie

A Control 24 hours post iIschemia

Distal tubule

Outer
medulla

Inner
medulla

Tissue Oxygen Content % of baseline

Molitoris Cit care 2002



‘ Perte auto-régulation filtration glomérulaire

I
120
Mean Arterial Pressure (mm Hg)

1
100




Cwygen depletion
ATP depletia
Metabolic changes
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Altérations morphologiques

.,{“VSH"_“E L.
KTz p DS, |
Chez 'homme: : sl o, e

= Perte bordure en brosse
= Dilatation tubules prox

. . <
= Cylindres tubulaires K e
. 4D
= Pas de nécrose franche BELE
yi-
= Zones de régénération e
] . 2
= Glomérules intacts

Changements histologiques
minimes en présence de
diminution importante TFG

Proliteration,

of polarity

Spreading and
dedifferentiation of

viable cells

™. differentiation, and ||
reestablishment

Sloughing of viable

and-dle ad cells, with Iumjnal

S obstruction e ——
e,

W,

e
L N

i ‘.| ’ -

>
o

Mecresis

' Integrin

=Y MNat/Kt— aTPase

Tadhani. NEJM1996




structure cellulaire

(LYW VT VT VNV LVEV VIV, Ischemia-

Reperfusion

Recovery

=y

5

Normal epithelium Loss of brush border Necrosis and apoptosis

and cell polarity )
Differentiation and ' §§ Adhesion molecules

re-establishment of polari
e J|  Na/K-ATPase

%

Sloughing of viable and dead cells
with luminal obstruction

Proliferation

= 22 ' 27 o
Dedifferentiation of viable cells

Devarajan. JASN 2006



meétabolisme cellulaire

F— ATP DepletionJ \ @ INOS InductionJ

Caspase Increased Hypoxanthine Nitric omde
i . —y Xanthlne
_actlvatlon _intracellular Ca _accumulation generatlon

F’hosphol.lpase Prgtea'se Xanthlne Hydrogen Superoxide
_activation activation oxrdase _ peroxide

\ I

Xanthine Hydroxyl Peroxynitrite
dehydrogenase radical y \
Membrane

Cytoskeletal Oxidant Protein
alterations

Apoptosis
Necrosis

degradation injury nitrosylation




Plusieurs phases... plusieurs mécanismes

« BBM loss
« exfoliation

* tubular obstruction
1.0

CMJ Hypoxia
Microvascular injury

« obstruction

* inflammation Maintenance

* coagulopathy

« redifferentiation
« dedifferentiation « repolariztion

* migration

« proliferation

4 5 6
Days




Early Events in Ischemic ARF

Initiation Extension
I I | I
0 hours 24 hours
Event Ischemia Vascular Inflammation
congestion
with hypoxia

Site Entire kidney

Cortical medullary

Cortical medullary

junction junction
Cells Epithelial ﬁells Epithelial cells Epithelial cells
Affected |® €Specially e PTC-S5 * PTC-S5
PTC S1-S3 e TAL * TAL
Vascular smooth
muscle cells
Endothelial Endothelial cells Endothelial cells
* large and small |e small vessel e small vessels
vessels

Molitoris. K Int 2002



‘ Altérations de la microcirculation

Laukocytes — endothalium

Micracirculatory
dysfunction

interactions

0 /‘
2 1 O, supply to cells
RDS ﬂeneratlﬂn \ J'E':F_Dspacilwty
Local inflammation T

iINOS activity

ROS

Acute kidney injury

Réle important de 'endothélium:

- |ésions similaires a cellules tubulaires
-expression molécules d’adhésion a endothélium
(ICAM-1, selectin...)

Microvascular

Glomerular Medullary

Increased vasoconstriction
in response to:
endothelin, adenosing,
angictensin |,
thromboxane A,,
leukaotrienes,

sympathetic nerve
activity

Decreased vasodilation in
response to:

nitric cecice,
prostaglandin E,,
acetylcholing, bradykinin

Increased structural damage
to endothelial and vascular
smooth-muscle cells

Increased leucocyte-
endathelial adhesion,
vascular obstruction,
lewcocyte activation, and
inflammation

Tubular
Decreased
oxygen
‘//'\. Cytoskeletal breakdown
Loss of cell polarity
Inflammatony . .
andvasoactive | APoptosis and necrosis
madiators
< Desquamation of viable

and necrotic cells

Tubular cbstruction

Backleak

Le Dorze. Cur Op Crit Care 2009
Bonventre. JASN 2003



Altération de la réponse inflammatoire

Capillary Interstitium

Cascade inflammatoire engendrée par dysfonction endothéliale.
Génération médiateurs par tubules proximaux



Plusieurs phases = plusieurs cibles therapeutiques?

Endothelial cell activation,
dysfunction, injury, and/or
detachment

Vasodilatateurs (dopamine, fenoldopam, ANP)
Volume (colloides, cristalloides)
Diurétiques (diurétiques anse, mannitol)

Anti-apoptotiques

(IGF-1, EPO...)
Antagonistes réc endothéline

Impaired vasodilation,

coagulopathy,
@kocyte adhesion...

Inhibition cascade coagulation

(prot c reactive, thrombomoduline)

Anti-oxydants
(NAC, Statines)

Immunomodulateurs
(aMSH, ghrelin..)

Inflammation

Capillary obstruction
and continued ischemia

Extension of ARF



Reparation

Proliféeration, differentiation et migration
cellules tubulaires survivantes

Implication cellules souches d’origine rénale

Effet paracrine cellules souches
mesenchymateuse: amélioration lesions I/R

Importance des facteurs de croissance dans
proliferation cellulaire: EGF, IGF-1,a-MSH,
EPO, HGF, BMP-7, TGF-/3

Liu KD. Crit Care Med 2008
Lange. K Int 2005



Méecanismes physiopathologiques AKI: Sepsis

Gram-negative bacteremia
Lipopolysaccharide
Ouymen- Bacteremia and endotoxemia
radical
scavenger \f C}ntokines l
l Induction of nitric oxide synthase
Inducible nitric oxide synthase l

Increase in
Peroxynitrite <= reactive oxygen +

speqes nitric o:ilde \
: Increased RAAS

Nitric oxide-mediated N

7 ?L arterial vasodilatation / Increased arginine

vasopressin
ubular Systemic vasodilatation,  Glomerular

Increase in

l Increased sym pathetic tone

; decreased renal icretbiraeibi
il endothelial nitric -
oxide synthase

Arterial underfilling and Cardioregulatory center
baroreceptor activation of the central nervous system

Schrier. NEJM 2004



E.coli , . < gy .
Pas de necrose tubulaire a I'histologie

bolus )
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200+
-500 -250 q{ 250 500 750
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Phases AKI: the kidney injury continuum

100 -
Traitement préventif

GFR
(%)

0 1 2 3 4 5 6 7
Days

Molitoris. JASN 2003



. Hémodynamique

Remplissage volémique precoce:
cristalloides vs colloides
Augmenter pression de perfusion renale:
PAM = 65 mmHg
vasoconstricteurs
vasodilatateurs
maintient debit cardiaque adequat



volume

1.0q

—— Albumin
=== Saline
A Comparison of Albumin and Saline for Fluid .
Resuscitation in the Intensive Care Unit 3 s
£
The SAFE Study Investigators™ 2 o
MENGL ) MED 350,22 wWwW.MEJM.ORG  Ma¥ 27, 2004 =
0.6+
. . . 0.0 | | | | | T 1
Pas de différence mortalité a 28 ot R e
Albumin Saline
Patients Group Group Relative Risk (95% ClI)
no. of deaths/total no.
Overall 726/3473 729/3460 - 0.99 (0.91-1.09)

Trauma

‘ Yes 81/596 59/590 . 1.36 (0.99-1.86)

No 641/2831 666/2830 . = 0.96 (0.88-1.06)
Severe sepsis

Yes 185/603 217/615 —m 0.87 (0.74-1.02)

No 5182734 4922720 - 1.05 (0.94-1.17)
ARDS

Yes 24/61 28/66 _ 0.93 (0.61-1.41)

No £07/3365 £07/3354 -!— 1.00 (0.91-1.09)

05 10 20
Albumin Saline

Better Better



Cerebral edema

i:: Impaired cognition
Delerium

Myocardial edema Pulmonary edema

Conduction disturkis Impaired gas exchangs
Impaired contractility Reduced compliance
Diastolic dysfunction Increased work of breathing

Surcharge volémique
peut creer nombreuses
complications et méme “E"“"“""EH"“

Increased renal venous pressure
Renal interstitial edema

L Reduced RBF

Impaired synthetic function
aggraver AKI ' Cholestasis Increased interstitial pressur
Reduced GFR
LEremia
HES peut engendrer AKI Salt & water retention

Gut edema Tissue edema
] Impaired lymphatic drainage
Malabsorption

Microcirculatory derangements

lleus
Foor wound healing
Wound infection
Fressure ulceration

Prowle JR. Nat rev 2010



|
o

8

Percentage of mortality
5 8 8 &

L]

Volume Responsive
High risk e
Evuvolamia
Hypowolemia
Therapeutic Window

Kidney function

S

a Not dialyzed = Dialyzed

11

>10loss 1-10loss 0-10gain 11-20 gain >20 gain
(n=53) (n=107) (n=139) (n=88) (nP=155)

Percentage of fluid accumulation relative to baseline

N= 618 patients S| (PICARD study).

Patients avec surcharge volémique:
-1 insuffisance respiratoire
-tventilation mécanique

-1sepsis

-tmortalité a 30j et a sortie hopital

Bouchard J. K Int 2009



vasodilatateurs

Meta-Analysis: Low-Dose Dopamine Increases Urine Output but Does
Not Prevent Renal Dysfunction or Death

Jan ©. Friedrich, MD, DPhil; Nelll Adhlkarl, MD, CM; Margaret 5. Herridge, MD, MPH; and Joseph Beyene, PhD

Outcome

Mortality

Meed for renal replacement therapy
Adverse effects

Urine output (day 1)

Urine output (day 2)

Urine output (day 3)
Creatinine level {day 1)
Creatinine level (day 2)
Creatinine level {day 3)
Creatinine clearance (day 1)
Creatinine clearance (day 2)
Creatinine clearance (day 3)

Trials (Patients) with
Outcomes Data, n (n)*

15 (1387)
12 (1216)
18 (1660)
33 (1654)
17 (723)
8 (326)
32 (1807)
26 (1301)
15 (741)
22 (1077)
12 (580)
8(339)

Treatment Effect (95% CI}t

Relative risk, 0.96 (0.78-1.19)

Relative risk, 0.93 (0.76-1.15)

Relative risk, 1.13 (0.20-1.41)

Ratio of means, 1.24 (1.14-1.35)
Ratio of means, 1.02 (0.99-1.20)
Ratio of means, 1.02 (0.87-1.20)
Ratio of means, 0.9& (0.93-0.99)
Ratio of means, 0.99 (0.92-1.08)
Ratio of means, 0.97 (0.88-1.07)
Ratio of means, 1.0& (1.01-1.11)
Ratio of means, 1.02 (0.90-1.15)
Ratio of means, 1.02 (0.96-1.24)

P Value

>0.2

=0.2
=20.001
0.07
=02
0.01
=0.2
=0.2
0.02
=0.2
0.18

Homogeneity+

I? Statistic, % P Value

0 =0.2

0 =0.2

(3 =0.2
77 < 0.001
75 <0.001
85 < 0.001
73 <0.001
92 =<0.001
94 <0.001

0 =0.2
54 =0.01
36 0.14

Annals int Med 2005



Beneficial Impact of Fenoldopam in Critically Ill Patients With
or at Risk for Acute Renal Failure: A Meta-Analysis of
Randomized Clinical Trials

Giovanni Landoni, MD, Giuseppe G.L. Biondi-Zoccai, MD, James A. Tumlin, MD,
Tiziana Bove, MD, Monica De Luca, MD, Maria Grazia Calabro, MD, Marco Ranucci, MD,
and Alberto Zangrillo, MD

Study Fenoldopsm Cortrol OF (fixed) Wigight OF, (Tixed)
or sub-category M rutl 85% Cl % 5% CI
Halpenny I 0714 0/13 Hot estimable
Caimmi 0/ 20 /80 - &.51 0.14 [0.01, 2.71)
Pittsrello 0/L2 0/12 Hot estaimable
Sheinbaum 3/28 4/30 - 6. 46 0.7 [0.l6, 3.84)
Biancofiore 1/48 2/94 + - y 2_41 1.02 [D_0%, 11.57]
hareli | 10,180 ZL/150 —_— 36_69 0.d44 [0.20, 0.397)
Renzini 0/15 0/1% Hot estimable
Bove 4/40 4/40 - 5. 74 1L.00 [0.23, 4.31]
Mc Cune 1510 3710 e o E_Os O.2& [G_02, 3.08)
Tumlin 13/80 15738 —a—1 30. 75 0.57 [0.26, 1.Z8)
Brienza Z/50 2/60 & $.29 0.6% [0.10, 4.09]
Total (95% Cl) 528 569 el 100. 00 0.54 [0.34, 0.84)
Total everts: 34 (Fenoldopam), 53 (Control)
Test for heterogensily. Chi* =263, df =7 (P =052), P =0%
Test for overall effect: £=2.71 (P = 0.007)

01 02 os 1 2 S 10

Favours Fenoldopam  Favours control

Fenoldopam W nécessité RRT, risque AKI (OR 0.43) et mortalité (OR 0.64)

AJKD 2007



Effects of Perioperative Nesiritide
in Patients With Left Ventricular
Dysfunction Undergoing Cardiac Surgery

The NAPA Trial
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2. Diurétiques:

Rationale: diminution consommation O2
prevention obstruction
contrbéle volémie

- Pas d’amélioration fonction rénale
- Pas de diminution necessite dialyse
- Pas de diminution mortalité

1 étude montrant méme 1 mortalité

Augmentation risque surdité

HO KM. BMJ 2006
Mehta RL. JAMA 2002



Critical illness
(sepsis, trauma, burns, etc.)

+ Gluconsogeneasis from
amino acids, lactate and
alycerol

# Glycogenolysis and
alycolysis

+ Insulin dependent glucose

uptake

Glycerol synthesis from
tryglicerides hydrolysis

+ Gluconeogenesis

+ Glutamine utilization

AKI

'

Systemic and renal inflammation, cytokines,

oxidative stress, acidosis, insulin resistance

Skeletal muscle

+ Acute phase proteins
v Amino acids oxidation
+ Albumin synthesis

4 Urea production

+ Fatty acid re-esterification
+ VLDL synthesis

Insulin dependent glucose
uptake

4 Glycolysis

f Lactate and alanine
synthesis

Adipose tissue

+ Protein synthesis
t Protein breakdown
+ BCAA oxidation

+ Intracellular glutamine
levels

+ Insulin dependent glucose
uptake

4 Glycolysis

4 Glycerol synthesis from
tryglicerides hydrolysis

f Lactate synthesis

Hypercatabolism
hyperglycemia

* Glycerol and fatty acid
release

Fatty acid re-esterification




3. Soutient nutritionnel:

Table 1 Tools for evaluation and monitoring of protein-energy wasting in patients with acute kidney injury

Problems and limitations

Available bedside tools

Albumin, prealbumin, cholesterol May be low as negative markers of inflammation
Lymphocyte count Lack of specificity
BW changes Stable or increased BW due to fluid gain can mask lean body mass wasting
Muscle wasting by anthropometry Less reliable if edema is present
PCR or protein equivalent of nitrogen appearance (PNA) In patients on RRT must be calculated by urea kinetic methods
or directly measured after dialysis fluid collection
Energy expenditure (EE) Formulas for EE prediction not always reliable in critically ill patients
Nutritional scoring systems (SGA and its modifications) Most available data in chronic renal failure patients

Potential tools or in development
Laboratory markers
Growth-hormone and IGF-1 levels Few data available in AKI
Inflammatory markers (PCR, serum interleukine levels, etc.) Lack of specificity
Body mass and composition

Table 1  Nutritional requirements in patients with ARF (nonprotein calories).

Energy 20-30 kcal/kgBW/d*
Carbohydrates 3-5 (max. /) ¢/kgBW/d

Fat 0.8-1.2 (max. 1.5) g/kgBW/d
Protein {essential and non-essential amino acids)

Conservative therapy 0.6-0.8 (max. 1.0) g/kgBW/d
Extracorporeal therapy 1.0-1.5g/kgBW/d

CCRT, in hypercatabolism Up to maximum 1.7g/kgBW/d

“Adapted to individual needs in case of underweight or obesity.

Fiaccadori Curr op Crit care 2009. Cano. ESPEN guidelines. Clin Nutrition 2006



4. Limiter nephrotoxicité surajoutee

= Eviter medicaments nephrotoxiques

= Hydratation si médicaments a risque de
precipiter ou de former des cristaux

= Adapter antibiotiques (monitoring)
= Eviter examens avec produit de contraste
= Prévenir et traiter infections

5. Traiter les complications de I'AKI

6. Ne pas trop attendre pour dialyse...




‘ /. S’armer de patience...

Table 2. Emerging pharmacological agents for treatment of AKI?

Action /Mechanism Drugs

Antiapoptosis/ necrosis Caspase inhibitors
Monselective caspase inhibitors
Selective caspases 3 and 7 inhibitors
Selective caspase 1 inhibitors
Minocycline
Guanosine
Pifithrin-a
PARF inhibitor
Anti-inflammatory Sphingosine 1 phosphate analog
Adenosine 2A agonist
oa-MSH
IL-10
Fibrate
FPPAE-vy agonist
Minocycline
Activated protein C
iNOS inhibitor
Antisepsis Insulin
Activated protein C
Ethyl pyruvate
Growth factor Recombinant ervthropoietin
Hepatocvte growth factor
Vasodilator Carbon monoxide release compound and bilirubin
Endothelin antagonist
Fenoldopam
ANP

TANE, atrial natriuretic peptide; iINOS, inducible nitric oxide synthase; e-WMSH, alpha-melanocyte—stimulating hormone;
PARP, poly ADP-ribose polvmerase; PPAR, peroxisome proliferator—activated receptor.

Sang KJ. CJASN 2007.



Prévention

Maintient volémie adequate
Maintient débit cardiaque adéquat
Détecter patients a risque

Détecter situations a risque: sepsis,
décompensation cardiaque, cirrhose,
chirurgie, produit de contraste...

Eviter nephrotoxique

... Plus facile quand on connait le moment de Ia l€sion



Toxicité produit de contraste: hydratation

3_
" 0.9% Saline
M 0.45% Sodium Chloride |
Nn=685
P=.04 n=698
2-.
a:_ P=.93
o
S
g P=.35
'1 -
2 dialyses
u ] I

GN Mortality Vascular

Mueller. Arch Int Med 2002



Bicarbonate: efficacite comparable?
Théophylline per-procédure

NAC: résultats divergents malgré multiples
études

Dose de PC faible: ne pas dépasser 5ml/kg
PC /creat (mg/dl)

Espacer examens
Osmolalité base
Dialyse avant /apres ?



Chirurgie cardiovasculaire

Optimalisation volémie et débit cardiaque

Bicarbonate (4mmol/kg) en per-opératoire
diminuerait incidence AKI Haase. Crit care Med 2009

Vasodilatateurs:
fenoldopam résultats discordants

neseritide prometteur
dopamine: o effet
EPO: pas d’effet

Park M. AM H Nephrol 2010
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CONCLUSIONS 33

= La fréquence de la lésion rénale aigue augmente.
= La mortalité reste élevée a court et long terme.
= Risque d’IRC important par la suite.

= Le diagnostique est souvent tardif

= Des nouveaux biomarqueurs sanguins et urinaires
sont en cours d’évaluation clinique

= Malgré meilleure compréhension des mécanismes
physiopathologiques décalage entre modeles
animaux et réalité clinique




La prévention est importante car les mesures
thérapeutiques sont encore limitées

La réanimation volémique et hémodynamique est le
point crucial

Limiter les néphrotoxiques

Des traitements sont en phases d’essai
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Modification de la dose de dialyse aux soins intensifs
& Hdécembre 2009 T3 1 eommentaire

Depuis 'stude réalisée dans notre centre, nous dialysons nos patlents aux soins intensils par

épuration extrardnale continue (EERC) avec une dose de 40 mi/kg/h répartiz entre un tiers de

dialyie, un shidemie en rdinjection post-diluticn et la maitid en rdinjection grb-dilution [pré-pamo
el i1 3 sy
LT
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Pour benir comple des deux grandes dtudes sr ce sujet ot mBme o elles sont difidlement
comparables:

CVYHDF

= wimte Y

» The REMAL study: CVVHDF (oitié diatyse st moitié rdinjection post-giution] 40 mivkam
warsws 25 miflegh chez 1508 patients.

In critically il patients with acute kidney injury, trestment with higher-intensity continuous
renal-replacemet thesapy did not reduce mortaity at 90 days.

» Tha ATN study: siratédge iIntensve verFus Statdgie mains intensiva chez 1124 patients. Soit
pour @ stratdcie mtencive, THD et SLED 6x par gemaing et OWHDF 35 mifkg'h @t pour la
siratichs moing intensive, THD e SLED Ix par semeine of OVWHDF 20 miMe/h. Pour 12 dalyse
enntinue 13 dase as mbpart i Mot dialyse ot moitlé rdinjection [essentialioment présdilution).

Intensive nenal suppart in critically @ patients with acute kidney injury did not decrease
imortnlity, improve recovery of kidney funetion, or reduce the rate of nonrensl organ failuns
85 eompared with |ess-intensive tharapy.

Mous avans décidé da légéremant modifier notre protocoia en gardant la dese de 40 mifkg/h
les premitres 4Bh ot d'ensuite baisser 3 30 mil/kg/h [corespondant au 25 mifkoth de Petude
RENAL gvec réinjection post-dilstion). Mous pensots gul est important te prendre rapidement les
patients en EERC [poster WCN 2009 et gu'une dose pius Slevée au début est paut-itre bindfqua,

% ATN study, epuration extra-rénale contnue, dose, Insuffisance rénale aiges, RENAL study
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