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Hypothetical solution: « early » or « preventive » RRT?

AKI severity

RRT ?



Days

P
ro

p
o

rt
io

n
 o

f 
p

at
ie

n
ts

  
fr

e
e

 o
f 

o
rg

an
 f

ai
lu

re

RRT

No RRT

Hypothetical solution: « early » or « preventive » RRT?



And others…..

Hemorrhage

Thrombosis

Bloodstream infections

RRT complications….

Hypotensions during the sessions

Metabolic: hypophosphatemia



An old (and forgotten) concept…formulated in 1971
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Absolute indications to start RRT
Life-threatening complications

• Refractory severe hyperkalemia

• Refractory severe metabolic acidosis (pH<7.15)

• Pulmonary edema resistant to diuretics

2012
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ns ns p 0.03

ELAIN trial Surgery (cardiac surgery++)JAMA 2016

Early vs delayed RRT



N. LAMEIRE
Professor of Medicine
University Hospital of 

Ghent 

“ELAIN investigated the effect of delaying dialysis in patients

who really needed it: severe pulmonary edema is universally

recognized as an absolute indication for emergent RRT.

The fact that over 90% of patients in the delayed group eventually received

dialysis underscores this. It is thus not surprising that ELAIN concluded that

early start improved patient outcome”

About ELAIN

Am J Respir Crit Care Med. 2018



What is the question ?

In critically ill patients with severe AKI who have 
no life-threatening complication, should we 
delay RRT ?



Early RRT initiation
• Pros:

– Fluid balance control
– Improve acid-base status
– Corrects electrolytes abnormalities
– Removal of toxins or cytokines in sepsis ??

• Cons:
– Potential harm (catheter, hypotension, metabolic)
– Costs





Facteurs qui font débuter l’EER chez les réanimateurs européens

Urée/Créatinine

Diurèse

ICM 2013



C
o

h
o

rt
 s

tu
d

ie
s

R
C

Ts

1961

1963

1963

1966

1965

1970

1971

1972

N=270

N=2118

Early RRT Delayed RRT



Patients with AKI

No 
RRT

Patients managed with RRT

Early RRT 
initiation

Late RRT 
initiation

Paul M. Palevsky
Crit Care Med 2008
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Observational studies



Patients with AKI

Early RRT strategy Delayed RRT strategy

Receive RRT Receive RRT No RRT

study design to adequately answer
clinical question of timing of RRT in AKI

Paul M. Palevsky
Crit Care Med 2008



AKIKI

• Multicenter RCT
• n=620
• Mixed ICU patients

• Multicenter RCT
• n=2927
• Mixed ICU patients

• Multicenter RCT
• n=488
• Septic ICU patients

2016
NEJM

2018
NEJM

IDEAL-ICU

2020
NEJM

STARRT-AKI

2020
Lancet

IPDMA

• 10 RCTs
• n=1879



5528 Had AKI and received vasoactive 

agent and/or invasive MV

3430 Had AKI stage 3 

of KDIGO classification 

620 Underwent randomization 

Early RRT Strategy

n=312

Delayed RRT Strategy

n=308

619 Were included in the analysis

1 patient refused the use of data

Life threatening conditions



Inclusion Criteria

• Adults

• Invasive MV and/or catecholamine infusion 

• AKI Stage 3 of KDIGO classification
– Serum creatinine 3.0 times baseline or > 354 µmol/l  (4.0 mg/dl)
– or Urine output <0.3 ml/kg/h for 24 hours
– or Anuric for >12 hours 



Study Interventions

Early Strategy Group Delayed Strategy Group

RRT as soon as possible RRT only if pre-specified 
criteria present  

AKIK
I

AKIKI

AKIKIAKIKI

Within 6 hours after 
inclusion criteria



Delayed Strategy Group

Pre-specified criteria

AKIK
I

AKIKI

AKIKIAKIKI

• Severe hyperkalemia 
potassium > 6 mmol/l, or > 5.5 mmol/l Despite medical treatment

• Severe acidosis (pH <7.15) 

• Acute pulmonary edema due to fluid overload
Responsible for severe hypoxemia

• Oliguria/Anuria >72 hours

• Serum urea concentration > 40mmol/l
Gaudry et al NEJM 2016
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AKIKI
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Gaudry et al NEJM 2016



Early RRT ?
During recovery from AKI, the
kidneys are more susceptible to
further injury
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Early RRT

Delayed RRT

Urine output 
D1-D2

Urine output 
D1-D2

URINE OUTPUT    First 2 (D1-D2)

1881 ml

994 ml

p<0.0001



Early RRT

Delayed RRT
UF

 D1-D2

UF
D1-D2

ULTRAFILTRATION First 2 days (D1-D2)

208 ml

795 ml

p<0.0001



Early RRT

Delayed RRT

Urine output 
D1-D2

UF
 D1-D2

Urine output 
D1-D2

UF
D1-D2

ns

First 2 days (D1-D2) CUMULATIVE FLUID OUTPUT

fluid balance did not differ according to RRT initiation strategy 



2018
NEJM

488 patients

In the delayed-strategy 
group, 38% (93 patients) 

did not receive RRT

IDEAL-ICU



42% never received RRT in the 
delayed group

2020

Lancet



All-cause mortality Day 90

STARRT-AKI confirmed 
that the “wait and see” 
approach should be the 

standard of care

2020
NEJM

STARRT-AKI



RRT dependence after 90 days 

Early strategy: 10.4%  vs Delayed strategy: 6.0%

RR:1.74  (95% CI: 1.24 to 2.43)

Confirmation of this concept

Artificial Kidney-Induced Kidney Injury

STARRT-AKI



STARRT-AKI

In the context of severe AKI, and in the absence of life-threatening complications (refractory severe 
hyperkalemia, refractory severe metabolic acidosis or pulmonary edema resistant to diuretics), delaying 

RRT initiation is recommended 

High level of evidence



Under review



ICU admision

Severe AKI

RRT initiation
Optimal window ?

??

Duration for which RRT can be postponed ?



ICU admision

Severe AKI

RRT initiation
Optimal window ?

Duration for which RRT can be postponed ?

??

The Artificial Kidney Initiation in Kidney Injury 2 (AKIKI 2)
A Multi-Centre, Randomized, Controlled Trial                           

Lancet 2021



Delayed Strategy Group

Pre-specified criteria

• Severe hyperkalemia 
potassium > 6 mmol/l, or > 5.5 mmol/l Despite medical treatment

• Severe acidosis (pH <7.15) 

• Acute pulmonary edema due to fluid overload
Responsible for severe hypoxemia

• Oliguria/Anuria >72 hours

• Serum urea concentration > 40mmol/l

AKIKI1



AKI stage 3 of KDIGO

MV and/or catecholamine

serum urea concentration >40 mmol/l 

and/or oliguria/anuria for more than 72 hours

RANDOMIZATION

“Standard delayed” RRT strategy “more-delayed” RRT strategy

RRT as quickly as possible after 

randomization 

RRT only if a severity criteria or a 

serum urea concentration >50 mmol/l 

observed

Follow-up until D60 at least (after randomization)
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• Severe hyperK
• Severe acidosis
• Severe pulmonary edema

• Renal recovery

AKIKI2
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Primary endpoint

The median number of RRT-free days was 12 days (IQR 0-25) in the delayed 
strategy and 10 days (IQR 0-24) in the more-delayed strategy (p=0.93) 



Odds ratio for death at 60 days
2.16 (95% CI, 1·17 – 4·01, p=0·014) 

with more-delayed versus delayed strategy 

Prespecified multivariate analysis



NEURAKI study



Post-hoc analysis of the AKIKI2 trial

• Adults

• Invasive MV and/or catecholamine infusion

• AKI Stage 3 of KDIGO classification

o + oliguria or anuria for more than 72 h

o or BUN > 112 mg/dL (serum urea 
concentration of 40 mmol/L)

• Comatose at randomization (RASS<-3) 168 COMATOSE PATIENTS

NEURAKI study



PRIMARY OUTCOME

transition intensity from coma 
to awakening during the first 
28 days after randomization

Coma  

Awakening

Incomplete
Awakening

Agitation

Death

NEURAKI study



The transition intensity from coma 
to awakening was lower in the 
more-delayed strategy group 

(HR= 0.36 (0.17–0.78); p = 0.010)

The 2 sensitivity analyses yielding 
comparable results



Acute kidney injury (AKI) in ICU 
(context of multiple organ failure)

Severity of AKI 
> KDIGO 2 stage

Potential severe complication

Hyperkalemia Severe metabolic 
acidosis (pH<7.20)

Sodium Bicarbonate 
No RRT indication if 

efficient

Urgent indication for RRT initiation

Refractory severe 
metabolic acidosis

Severe pulmonary 
edema 

(fluid overload)

Diuretic therapy
No RRT indication if 

efficient

Refractory severe 
pulmonary edema

Hyper-uremia
>40 mmol/L ?

Neurological symptoms 
suggesting uremic 
encephalopathy

AKIKI IDEAL-ICU

ELAIN

BICAR-ICU

YES
NO

No RRT
 indication

Medical treatment
No RRT indication if 

efficient

STARRT-AKI

Life-threatening 
Hyperkalemia

AKIKI 2

Persistant AKI 
for more than 72 h

AKIKI 2

STARRT-AKI

NEURAKI

Early RRT
Risk of Artificial Kidney-Induced Kidney Injury

AKIKI

STARRT-AKI



Acute kidney injury (AKI) in ICU 
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Thank you 
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