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ure was reported by Dr. Conger in 1975
(23). In this study, conducted on the U.S.
Naval Hospital Ship USS Sanctuary be-
tween April and October 1970, 18 pa-
tients with post-traumatic AKI were as-
signed alternately to an intensive
hemodialysis regimen that maintained
predialysis BUN !70 mg/dL and serum
creatinine !5 mg/dL, or to a noninten-
sive regimen in which dialysis was not
carried out until BUN and serum creati-
nine approached 150 mg/dL and 10 mg/
dL, respectively, or clinical indications
for therapy (e.g., hyperkalemia, volume

overload, or uremic encephalopathy) su-
pervened. Survival was 64% (five of eight
patients) in the intensive treatment
group as compared with 20% (two of ten
patients) with the nonintensive dialysis
strategy (p " .14). In addition, major
complications, including hemorrhage
and Gram-negative sepsis, were less fre-
quent in the intensive hemodialysis arm.

Approximately a decade later, Dr. Con-
ger and associates (24) re-examined the
intensity of hemodialysis in 34 patients
treated at the University of Colorado
Health Sciences Center Hospitals. Pairs
of patients were assigned randomly when
serum creatinine reached 8 mg/dL to ei-
ther an intensive regimen, designed to
maintain the predialysis BUN !60 mg/dL
and serum creatinine !5 mg/dL or to a
less intensive regimen in which BUN and
serum creatinine were permitted to reach
100 mg/dL and 9 mg/dL, respectively.
While the treatment strategies in this
study were not designed to strictly eval-
uate timing of imitation of therapy, the
average time from onset of AKI to initia-
tion of dialysis was 5 # 2 days in the intensive
therapy arm as compared with 7 # 3 days in
the nonintensive regimen. Mortality was
higher in the more intensively dialyzed
group; however, given the small sample

size, this difference was not statistically
significant (p " .73).

On the basis of these data, the conven-
tional teaching became that in the ab-
sence of specific symptoms, hemodialysis
should be initiated when BUN reaches a
level of approximately 100 mg/dL, but
that no additional benefit was associated
with earlier initiation or more intensive
therapy. It should be recognized, how-
ever, that the studies on which this argu-
ment is based had inadequate statistical
power to draw definitive conclusions.

The Past Decade

No additional studies examining the
timing of initiation of hemodialysis or
other modalities of renal replacement
therapy were published until the end of
the 1990s. During the past decade, how-
ever, multiple studies have re-examined
this issue, focusing almost exclusively on
the timing of initiation of continuous re-
nal replacement therapy (CRRT). In 1999,
Dr. Gettings and colleagues (25) pub-
lished a retrospective analysis of the tim-
ing of initiation of CRRT on outcomes in
100 consecutive patients with post-
traumatic AKI. Patients were classified as
early or late initiation of therapy based on

Table 1. Conventional indications for renal re-
placement therapy in acute kidney injury

Intravascular volume overload unresponsive to
diuretic therapy

Hyperkalemia refractory to medical
management

Metabolic acidosis refractory to medical
management

Concomitant intoxication with dialyzable drug
or toxin

Overt uremic symptoms
Encephalopathy
Pericarditis
Uremic bleeding diathesis

Progressive azotemia in the absence of specific
symptoms

Table 2. Summary of studies evaluating the timing of initiation of renal replacement therapy (RRT)

Study Yr
Mode

of RRT Study Design No.

Criteria for Initiation of RRT Survival (%)

Early Late Early Late

Parsons et al (20) 1961 IHD Retrospective 33 BUN 120–150 mg/dL BUN $200 mg/dL 75 12
Fischer et al (21) 1966 IHD Retrospective 162 BUN %150 mg/dL BUN $200 mg/dL 43 26
Kleinknecht et al (22) 1972 IHD Retrospective 500 BUN !93 mg/dL BUN $163 mg/dL 73 58
Conger (23) 1975 IHD RCT 18 BUN !70 mg/dL or

SCr !5 mg/dL
BUN %150 mg/dL,

SCr %10 mg/dL, or
clinical indications

64 20

Gillum et al (24) 1986 IHD RCT 34 SCr 8 mg/dL
Treatment goal:
BUN !60 mg/dL,
SCr !5 mg/dL

BUN %100 mg/dL or
SCr %9 mg/dL

41 53

Gettings et al (25) 1999 CRRT Retrospective 100 BUN !60 mg/dL BUN $60 mg/dL 39 20
Bouman et al (12) 2002 CRRT RCT 106 !12 hrs after

meeting AKI
definition

BUN $112 mg/dL,
SK $6.5 mmol/L, or
pulmonary
edema

LV: 69
HV: 74

LV: 75

Demirkiliç et al (26) 2004 CRRT Retrospective 61 UOP !100 mL/8 hr SCr $5.0 mg/dL or
SK $5.5 mmol/L

77 45

Elahi et al (27) 2004 CRRT Retrospective 64 UOP !100 mL/8 hr BUN !4 mg/dL,
SCr $2.8 mg/dL,
or SK $6 mmol/L

78 57

Piccinni et al (28) 2006 CRRT Retrospective 80 !12 hrs after ICU
admission

“Conventional”
indications

55 28

Liu et al (29) 2006 IHD & CRRT Observational 243 BUN "76 mg/dL BUN $76 mg/dL 65 59

IHD, intermittent hemodialysis; CRRT, continuous renal replacement therapy; RCT, randomized controlled trial; BUN, blood urea nitrogen; SCr, serum
creatinine; AKI, acute kidney injury; UOP, urine output; ICU, intensive care unit; SK, serum potassium; LV, low-volume hemofiltration; HV, high-volume
hemofiltration.
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• « PRECOCE» initiation de l’EER au stade KDIGO 2 ou dans les 24 heures 
suivant l’apparition d’une IRA dont la réversibilité semble peu probable 
(Avis d’expert) Accord faible

• « TARDIVE » initiation de l’EER à plus de 48 heures de la survenue d’une 
IRA au stade KDIGO 3 (Avis d’expert) Accord faible

Vinsonneau C et al Réanimation 2014;23:714-33

KDIGO AKI Work Group Kidney Int 2012;2:1-138
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Objective: To identify all interventions that increase or
reduce mortality in patients with acute kidney injury (AKI)
and to establish the agreement between stated beliefs and
actual practice in this setting.
Design and Setting: Systematic literature review and

international web-based survey.
Participants: More than 300 physicians from 62 countries.
Interventions: Several databases, including MEDLINE/

PubMed, were searched with no time limits (updated
February 14, 2012) to identify all the drugs/techniques/
strategies that fulfilled all the following criteria: (a) published
in a peer-reviewed journal, (b) dealing with critically ill adult
patients with or at risk for acute kidney injury, and (c)
reporting a statistically significant reduction or increase in
mortality.
Measurements and Main Results: Of the 18 identified

interventions, 15 reduced mortality and 3 increased mortal-
ity. Perioperative hemodynamic optimization, albumin in
cirrhotic patients, terlipressin for hepatorenal syndrome
type 1, human immunoglobulin, peri-angiography hemofil-
tration, fenoldopam, plasma exchange in multiple-myeloma-
associated AKI, increased intensity of renal replacement
therapy (RRT), CVVH in severely burned patients, vaso-
pressin in septic shock, furosemide by continuous infusion,
citrate in continuous RRT, N-acetylcysteine, continuous and
early RRT might reduce mortality in critically ill patients with
or at risk for AKI; positive fluid balance, hydroxyethyl starch
and loop diuretics might increase mortality in critically ill
patients with or at risk for AKI. Web-based opinion differed
from consensus opinion for 30% of interventions and self-
reported practice for 3 interventions.
Conclusion: The authors identified all interventions with

at least 1 study suggesting a significant effect on mortality
in patients with or at risk of AKI and found that there is
discordance between participant stated beliefs and actual
practice regarding these topics.
& 2013 Elsevier Inc. All rights reserved.

KEY WORDS: acute kidney failure, mortality, critical care,
anesthesia, consensus, renal failure, acute renal injury,
survival, web vote, consensus conference
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and mortality.42 Furthermore, the population of patients at risk
for its development is increasing.43 As a consequence, early
identification of the patients at risk and an effective treatment
are the main targets in the management of this population.44

Many strategies or drugs have been proposed as treatments of
AKI. Moreover, other drugs are known or supposed to cause
AKI. Nevertheless, so far no systematic review reported the
impact on mortality of these strategies or drugs. For the first
time, the authors identified and discussed 18 strategies or
interventions, medical and nonmedical, in which at least 1
paper reported an effect on mortality in patients with or at risk
for AKI.

On the basis of the encouraging results of 2 previous
international web-based consensus conferences,6,7 the authors
used a similar innovative methodology to identify the topics
that might reduce/increase mortality in patients affected by or at
risk for AKI; they adopted a new combined approach that
associated critical review of the evidence from literature,
consensus, and worldwide web voting. Moreover, they intro-
duced the GRADE methodology to evaluate selected papers.
This is a helpful tool to avoid subjective judgments, since it is
based on a systematic, explicit, and reliable approach to
interpret evidence.45 The aim of this approach was twofold.
On one hand, the authors aimed to review the literature with a
critical evaluation by a panel. On the other hand, they aimed to

give to the web-based worldwide community of physicians the
opportunity to evaluate the relevance and reliability of the
recommendations and suggestions proposed by the panel
during the consensus meeting, independently from the level
of evidence. Furthermore, physicians participating in the web-
based vote offered an insight into the relationship among
evidence, consensus, and daily self-reported practice. This
process agrees with the view that the quality and validity of
consensus statements must be assessed by the readers, as is the
case for other literature.46

This strategy led to interesting results. First of all, the
authors identified 18 relevant interventions. Second, none of
the 18 interventions, either reducing11–31 or increasing13,32–35

mortality, was supported by high-quality evidence. Therefore,
only a few recommendations could be made. The consensus
recommended the use of albumin in patients with cirrhosis and
spontaneous bacterial peritonitis and the avoidance of HES-
containing fluids on the basis of strong evidence.12,13,34 More-
over, it recommended using terlipressin in patients with
hepatorenal syndrome type 1 and perioperative hemodynamic
optimization based on lower-quality evidence.11,14 Of rele-
vance, since the generation of the consensus recommendation
that starch-based fluids should be avoided, 2 multicenter,
double-blind, randomized controlled trials have provided
level-1 evidence to support this position.47–49 Interestingly,

Fig 3. Self-reported use or avoidance of selected therapies. For each topic, both participants and web voters were asked if they would have used
(A) or avoided (B) the selected treatments to increase survival in patients with AKI. They were given 5 possible answers: definitely, probably yes,
don’t know, probably not, definitely not. For the sake of clarity, they were summarized into 3 categories: yes, not sure, and no. The star (*) indicates
those topics where the difference between meeting participants’ and web vote was significant. (Color version of figure is available online.)
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Hoste EAJ et al. ICM 2015
AKI-EPI (n=1800)

Nisula S et al. ICM 2013
FINNAKI (n=2900)

57.3 % avec IRA
13 % EER

39 % avec IRA
10 % EER

AKI N-AKI
H. Death (%) 27 7

AKI N-AKI
H. Death (%) 26 10

Section 2: AKI Definition
Kidney International Supplements (2012) 2, 19–36; doi:10.1038/kisup.2011.32

Chapter 2.1: Definition and classification of AKI

INTRODUCTION
AKI is one of a number of conditions that affect kidney
structure and function. AKI is defined by an abrupt decrease
in kidney function that includes, but is not limited to, ARF. It
is a broad clinical syndrome encompassing various etiologies,
including specific kidney diseases (e.g., acute interstitial
nephritis, acute glomerular and vasculitic renal diseases);
non-specific conditions (e.g, ischemia, toxic injury); as well
as extrarenal pathology (e.g., prerenal azotemia, and acute
postrenal obstructive nephropathy)—see Chapters 2.2 and
2.3 for further discussion. More than one of these conditions
may coexist in the same patient and, more importantly,
epidemiological evidence supports the notion that even mild,
reversible AKI has important clinical consequences, including
increased risk of death.2,5 Thus, AKI can be thought of more
like acute lung injury or acute coronary syndrome.
Furthermore, because the manifestations and clinical con-
sequences of AKI can be quite similar (even indistinguish-
able) regardless of whether the etiology is predominantly
within the kidney or predominantly from outside stresses on
the kidney, the syndrome of AKI encompasses both direct
injury to the kidney as well as acute impairment of function.
Since treatments of AKI are dependent to a large degree on
the underlying etiology, this guideline will focus on specific
diagnostic approaches. However, since general therapeutic
and monitoring recommendations can be made regarding all
forms of AKI, our approach will be to begin with general
measures.

Definition and staging of AKI
AKI is common, harmful, and potentially treatable. Even
a minor acute reduction in kidney function has an adverse
prognosis. Early detection and treatment of AKI may
improve outcomes. Two similar definitions based on SCr
and urine output (RIFLE and AKIN) have been proposed and
validated. There is a need for a single definition for practice,
research, and public health.

2.1.1: AKI is defined as any of the following (Not Graded):
K Increase in SCr by X0.3 mg/dl (X26.5 lmol/l)

within 48 hours; or
K Increase in SCr to X1.5 times baseline, which

is known or presumed to have occurred within
the prior 7 days; or

K Urine volume o0.5 ml/kg/h for 6 hours.

2.1.2: AKI is staged for severity according to the following
criteria (Table 2). (Not Graded)

2.1.3: The cause of AKI should be determined whenever
possible. (Not Graded)

RATIONALE
Conditions affecting kidney structure and function can be
considered acute or chronic, depending on their duration.
AKI is one of a number of acute kidney diseases and
disorders (AKD), and can occur with or without other acute
or chronic kidney diseases and disorders (Figure 2). Whereas
CKD has a well-established conceptual model and definition
that has been useful in clinical medicine, research, and public
health,42–44 the definition for AKI is evolving, and the
concept of AKD is relatively new. An operational definition
of AKD for use in the diagnostic approach to alterations
in kidney function and structure is included in Chapter 2.5,
with further description in Appendix B.

The conceptual model of AKI (Figure 3) is analogous to
the conceptual model of CKD, and is also applicable to
AKD.42,45 Circles on the horizontal axis depict stages in the
development (left to right) and recovery (right to left) of
AKI. AKI (in red) is defined as reduction in kidney function,
including decreased GFR and kidney failure. The criteria for
the diagnosis of AKI and the stage of severity of AKI are
based on changes in SCr and urine output as depicted in the
triangle above the circles. Kidney failure is a stage of AKI
highlighted here because of its clinical importance. Kidney
failure is defined as a GFR o15 ml/min per 1.73 m2 body

http://www.kidney-international.org c h a p t e r 2 . 1
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Table 2 | Staging of AKI

Stage Serum creatinine Urine output

1 1.5–1.9 times baseline
OR

X0.3 mg/dl (X26.5mmol/l) increase

o0.5 ml/kg/h for
6–12 hours

2 2.0–2.9 times baseline o0.5 ml/kg/h for
X12 hours

3 3.0 times baseline
OR

Increase in serum creatinine to
X4.0 mg/dl (X353.6mmol/l)

OR
Initiation of renal replacement therapy
OR, In patients o18 years, decrease in
eGFR to o35 ml/min per 1.73 m2

o0.3 ml/kg/h for
X24 hours

OR
Anuria for X12 hours

Kidney International Supplements (2012) 2, 19–36 19

NUTRIREA 2 
(Reignier J Lancet 

2017)
N=2410

APROCCHSS
(Annane D NEJM 2018)

N=1241

EER 
(%)

35 27

KDIGO
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Hyperkaliémie
OAP

Intoxication médicamenteuse
Ethylène glycol, Méthanol, 
Lithium, Metformine, Aspirine 
Hypercalcémie
Syndrome de lyse tumoral

Acidose métabolique 

N
Patient

Inclusion Outcome (%)

BICAR-ICU
(S. Jaber Lancet

2018)

389 pH≤7.20 et PaCO2 ≤45 
et RA ≤20 mmol/l 

SOFA ≥4 et lactate ≥2 
mmol/l

Mortalité J28
54 (contrôle) vs 45 (Bicar.)
Mortalité J28 (KDIGO 2-3)
63 (contrôle) vs 46 (Bicar.)

EER (contrôle vs Bicar.)
52 vs 35 (p=0.0009)



Payen D. et al
CCM 2009

80 patients Intervention Résultat
HF 25 ml/Kg/h 96 h versus 

traitement conventionnel

SOFA é HF

Cytokines ≈

Combes A. et al
AJRCCM 2015

224 patients Intervention Résultat
HF 80 ml/Kg/h 48 h versus 

traitement conventionnel

Décès à J30

NS

Quenot JP et al
ICM 2015 60 patients Intervention Résultat

HF 120 ml/Kg/h 72 h versus 

traitement conventionnel

Sevrage cathéco. NS 

Cytokines ≈



EER Haut Volume

N 
patients

Stade
IRA

Intervention Mortalité J28 
(%)

P

Zhang P
NDT 2012

280 ? CVVH 85 vs 50 ml/kg/h 57.4 vs 58.3 NS

IVOIRE
ICM 2013

140 ≥I
RIFLE

CVVH 70 vs 35 ml/kg/h 37.9 vs 40.8 NS

HICORES
AJK 2016

212 >I
RIFLE

CVVH 80 vs 40 ml/kg/h 65.7 vs 64.5 NS



N
patients 

Précoce Patients 
non épurés 

Mortalité (%)
P vs différé

JAMALE
AJKD 2013

208 Urée >25 mmol/l
Ou Créat. > 619 umol/l

17% 20.5 vs 12.2
J90 (NS)

EER Volume « normal »



IDEAL-ICU
France

AKIKI
France

ELAIN
Allemagne

STARRT-
AKI

Canada

EER Volume 
« normal »



EER volume normal

N patients SOFA VM (%) Vaso. (%)

AKIKI 619 11 86 85

IDEAL-ICU 488 12 88 100

ELAIN 231 15 87 88

VM et/ou catécholamines
KDIGO3
EER précoce < 6 h
EER différé (oligurie ou 
anurie >72 h après rando, 
urée > 40mmol/l, K> 6 
mmol/l, pH < 7.15, OAP)

C. Septique < 48 h
F de RIFLE <12 h
EER précoce < 12h
EER différé 48-60 h (si 
indication d’EER)

KDIGO2+NGAL>150ng/ml + 
1 critère (SS, catécho, OAP, 
SOFA ≥2)
EER précoce <8 h KDIGO 2
EER différé < 12 h KDIGO 3 
ou si indication absolue

A
K
I
K
I

I
D
E
A
L

E
L
A
I
N



EER volume normal

N 
patients

Délai mise 
en route 
EER (h)

Mortalité (%)
P vs différé

Patients non 
épurés (%)

AKIKI 619
(311 vs 308)

4.3 vs 57 48.5 vs 49.7
J60-NS

151 (49)

IDEAL-ICU 488
(246 vs 242)

7.6 vs 51.5 58 vs 54
J90-NS

93 (38)

ELAIN 231
(112 vs 119)

6.0 vs 25.5 39.3 vs 54.7
J90-S

11 (5)



EER volume normal

I
D
E
A
L



Hyperkaliémie
Acidose métabolique

OAP

Hyperkaliémie Acidose
métabolique

OAP

AKIKI 27 (17) 33 (21) 9 (6)

IDEAL-ICU 9 (4) 20 (8) 6 (2)

SECURITE

Groupe différé



Hyperkaliémie
Acidose métabolique

OAP

SECURITE

E
L
A
I
N



EER volume normal

N 
patients

Dépendance à l’EER (%) p

AKIKI 619
(311 vs 308)

2 vs 5 (J60) NS

IDEAL-ICU 488
(246 vs 242)

2 vs 3 (sortie H) NS



En COURS D’ANALYSE

N patients Inclusion

AKIKI 2
(D. Dreyfuss)

270 Noradrenaline et/ou VM
KDIGO 3 + urée >40 mmol/l ou oligo-anurie > 72 h
Précoce < 6 h
Différé si urée > 50 mmol/l + critère d’urgence

STARRT-AKI
(R. Wald)

2866 KDIGO ≥2 
Précoce <12 h
Différé (K≥6 mmol/l, pH <7.20, OAP, AKI > 50% base 
/> 3jrs)



§ Similar to sepsis and ARDS, the time has come for AKI to go deeper
into the fiels of personnalized medicine. Uhel F ATM 2018

§ The real « IDEAL » trial, of course, would be one identifying a 
drug or treatment that prevents clinicians from having to make the 
decision to dialyze in the first place by preventing AKI.  lLeaf DE 
ASN 2019

§ Until then, decisions regarding when to initiate RRT must remain
based on individual patient characteristics and clinician judgment. 

Palevsky PM. CJASN 2016

§ Sometimes less (dialysis) is more. As the basic and primary directive 
of medicine guides us PRIMUM NON NOCERE. Bielopolski D. 
JTD 2016



Gaudry S, Quenot JP, Hertig A, Barbar SD, Hajaje D, Ricard JD, Dreyfuss D. AJRCCM 2019
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