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Abstract 

The optimal timing of renal replacement therapy (RRT) in critically ill patients with acute kidney injury (AKI) has been 
much debated. Over the past five years several studies have provided new guidance for evidence-based decision-
making. High-quality evidence now supports an approach of expectant management in critically ill patients with AKI, 
where RRT may be deferred up to 72 h unless a life-threatening indication develops. Nevertheless, physicians’ judg-
ment still plays a central role in identifying appropriate patients for expectant management.
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Introduction
Initiation of organ support therapy is a complex decision 
integral to practice in the intensive care unit (ICU). Such 
decisions extend beyond whether these therapies simply 
normalise relevant physiological parameters and include 
triage, prognostication and resource allocation [1, 2], as 
well as an assessment of the potential for the intervention 
to cause more harm than benefit in individual patients. 
When considering renal replacement therapy (RRT) for 
acute kidney injury (AKI), critical care physicians are 
required to balance the hazards of starting too early, 
risking patient exposure to an unnecessary therapy with 
its attendant complications and costs [3, 4], against the 
potential life-threatening harm of initiating too late [4, 5].

In certain circumstances, decision making is rela-
tively clear. There is little doubt RRT should be started 
promptly in the presence of life-threatening indications 
(hyperkalaemia, severe metabolic acidosis, pulmonary 
oedema, certain drug toxicities), and it is equally clear 
that RRT is not necessary when these indications are 
absent and there is evidence of recovery from AKI. RRT 
is also inappropriate when it is incompatible with patient 

preferences and treatment goals. However, many criti-
cally ill patients continue to meet AKI criteria without 
developing either an indication for urgent dialysis or evi-
dence of imminent recovery. For these patients, clinicians 
face a difficult question. Should RRT be initiated early, 
risking over-treatment, or should it be delayed as long as 
possible, potentially prolonging exposure to fluid over-
load and solute imbalance? Five important studies over 
the past 5 years have attempted to address this question 
[6–10].

The first two of these studies were published in 2016; 
the ‘early versus delayed initiation of renal replacement 
therapy on mortality in critically ill patients with AKI’ 
(ELAIN) trial [6] and the ‘initiation strategies for renal-
replacement therapy in the intensive care unit’ study 
from the ‘artificial kidney initiation in kidney injury’ 
(AKIKI) group [7]. The ELAIN trial was a single cen-
tre study recruiting 231 ICU patients with stage 2 AKI, 
based on the Kidney Disease: Improving Global Out-
comes (KDIGO) guidelines (Table 1) [11]. To be eligible, 
patients needed at least one modifier of illness severity 
(severe sepsis, vasopressor use, fluid overload or progres-
sion of other organ dysfunction) and an elevated plasma 
neutrophil gelatinase-associated lipocalin (NGAL) 
(Table 2). Patients were randomised to receive early RRT 
within 8 h, or late therapy starting more than 12 h after 
the patient had reached KDIGO stage 3 AKI criteria. 
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Mortality at 90 days was lower in the early group (39.3% 
vs 54.7%, p = 0.03), and all-cause mortality remained sig-
nificantly lower at 1 year (50.2% early vs 69.8% delayed; 
p = 0.01) [12].

The AKIKI study group appeared to report conflicting 
findings. These investigators conducted a multicentre 
trial in 31 intensive care units (ICUs) and recruited 620 
patients with KDIGO AKI stage 3 who required either 
mechanical ventilation, use of vasopressors, or both [7] 
(Table  2). Patients were randomised to an early group 
receiving RRT immediately, or a delayed group, where 
therapy was only started if a life-threatening indication 
developed, blood urea nitrogen increased to 112 mg/dL 
(urea 40 mmol/L), or oliguria persisted for 72 h. The pri-
mary outcome, 60 day mortality, was comparable in both 
groups (48.5% early vs 49.7% late, p = 0.79).

Since the publication of ELAIN and AKIKI, three 
subsequent studies have been completed, with designs 
and outcomes similar to the AKIKI trial (Table  2). In 
2018, the ‘initiation of dialysis early versus delayed in 
the intensive care unit’ (IDEAL-ICU) study randomised 
448 patients with septic shock and severe kidney injury 
to receive RRT within 12 h of documented renal failure 
(using Risk, Injury, Failure, Loss of kidney function, and 
End-stage kidney disease or RIFLE classification [13] 
Table 1), or delayed support after 48 h if renal recovery 
had not occurred [8]. The RIFLE criteria for renal failure 
used in this study were comparable to the criteria used 
for KDIGO AKI stage 3 (Table 1). This multicentre trial 
was conducted in 29 ICUs and found no significant dif-
ference in 90 day mortality between early or delayed RRT 
(58% early vs 54% delayed RRT, p = 0.38).

In 2020, the larger ‘standard versus accelerated initia-
tion of RRT in AKI’ (STARRT-AKI) trial was published 
and drew similar conclusions [9]. STARRT-AKI was a 
large multicentre study involving 168 ICUs across 15 
countries and randomised 2927 patients with KDIGO 
stage 2 or 3 AKI (Table 1) into an accelerated RRT group 
(dialysis initiated within 12  h) and a standard group, 

where RRT was discouraged until AKI had persisted for 
more than 72 h or an urgent indication developed. Again, 
there was no significant difference in mortality (90  day 
mortality 43.9% accelerated vs 43.7% standard p = 0.92) 
[9].

Finally, ‘the comparison of two delayed strategies for 
renal replacement therapy initiation for severe acute kid-
ney injury (AKIKI 2) study’ was published in 2021. It was 
a multicentre, prospective, open label, randomised con-
trolled trial performed in 39 ICUs in France. Two-hun-
dred and seventy-eight patients with oliguria for more 
than 72 h or a blood urea nitrogen concentration higher 
than 112  mg/dL (urea > 40  mmol/L) were randomised 
to receive RRT started just after randomisation or to a 
more-delayed strategy. With the more-delayed strategy, 
RRT initiation was postponed until a mandatory indica-
tion arose (hyperkalaemia, metabolic acidosis or pulmo-
nary oedema) or when blood urea nitrogen concentration 
reached 140 mg/dL (urea 50 mmol/L). The primary out-
come, the number of days alive and free of RRT between 
randomisation and day 28, was 12  days (IQR 0–25) 
vs 10  days (IQR 0–24) in the more-delayed strategy 
(p = 0.93). In a multivariable analysis, the hazard ratio for 
death at 60 days was 1.65 (95% CI 1.09–2.50, p = 0·018) 
with the more-delayed strategy.

Therefore, two trials examining the extremes of the 
time continuum, the ELAIN study examining the early 
end and the AKIKI-2 study examining the very late end, 
found harm associated with delay of RRT. By contrast, 
AKIKI, IDEAL-ICU and STARRT-AKI examined the 
middle of the spectrum (excluding patients who had early 
emergent indications but only delaying RRT for a limited 
period). Importantly, ELAIN compared early versus later 
administration of RRT rather than early versus expect-
ant therapy, and the patient population was different to 
the other four studies. Many of the patients recruited 
into STARRT-AKI and the two AKIKI group studies had 
sepsis, and septic shock was part of the inclusion crite-
ria for IDEAL-ICU, whereas most patients in ELAIN had 

Table 1  Definitions of AKI

Kidney disease: improving global outcomes (KDIGO) guideline [7] Acute dialysis quality initiative (ADQI) group [8]

Staging Serum creatinine criteria Urine output criteria Staging Serum creatinine criteria Urine output criteria

1 1.5–1.9 times baseline
OR
Increase ≥ 0.3 mg/dL

 < 0.5 ml/kg/h for 6–12 h Risk Increased × 1.5  < 0.5 ml/kg/h for 6 h

2 2.0–2.9 times reference value  < 0.5 ml/kg/h for ≧12 h Injury Increased × 2  < 0.5 ml/kg/h for ≧12 h

3  > 3.0 times baseline
OR
Increase to ≧4 mg/dL
OR
Initiation of renal replacement therapy

 < 0.3 ml/kg/h for ≧24 h Failure Increased × 3
OR
Increase to ≧4 mg/dL (Acute 

rise ≧0.5 mg/dL)

 < 0.3 ml/kg/h for 24 h
OR
Anuria for 12 h



Page 3 of 6Cove et al. Crit Care          (2021) 25:184 	

Ta
bl

e 
2 

Co
m

pa
ris

on
 o

f k
ey

 re
na

l R
RT

 s
tu

di
es

 in
 c

rit
ic

al
ly

 Il
l p

at
ie

nt
s 

w
ith

 A
KI

*  R
RT

 s
ta

rt
ed

 e
ar

lie
r i

f u
rg

en
t i

nd
ic

at
io

n 
de

ve
lo

pe
d 

su
ch

 a
s, 

m
et

ab
ol

ic
 a

ci
do

si
s, 

hy
pe

rk
al

em
ia

 o
r h

yp
ox

em
ia

 a
tt

rib
ut

ab
le

 to
 fl

ui
d 

ov
er

lo
ad

. # H
R 
=

 H
az

ar
d 

ra
tio

 1
.6

5 
(9

5%
 C

I 1
.0

9–
2.

50
, p

 =
 0

.0
18

)

St
ud

y
D

es
ig

n 
(y

ea
r)

Sa
m

pl
e 

Si
ze

En
tr

y 
cr

ite
ri

a
G

ro
up

s
O

ut
co

m
e

Ea
rly

 v
er

su
s 

de
la

ye
d 

in
iti

at
io

n 
of

 R
RT

 
on

 m
or

ta
lit

y 
in

 c
rit

ic
al

ly
 il

l p
at

ie
nt

s 
w

ith
 A

KI
 (E

LA
IN

) [
6]

Si
ng

le
 c

en
tr

e
RC

T 
(2

01
6)

23
1

KD
IG

O
 s

ta
ge

 2
 A

KI
, N

G
A

L 
>

 1
50

 n
g/

m
L,

 ≥
 1

 o
f: 

se
ve

re
 s

ep
si

s, 
va

so
pr

es
-

so
r u

se
, fl

ui
d 

ov
er

lo
ad

 o
r p

ro
gr

es
-

si
on

 o
f o

th
er

 o
rg

an
 d

ys
fu

nc
tio

n

Ea
rly

, R
RT

 s
ta

rt
ed

 w
ith

in
 8

 h
O

R
La

te
, R

RT
 s

ta
rt

ed
 1

2 
h 

af
te

r d
ev

el
op

-
in

g 
St

ag
e 

3 
A

KI
*

90
 D

ay
 M

or
ta

lit
y.

 E
ar

ly
 =

 3
9.

3%
, 

La
te

 =
 5

7.
4%

 (p
 =

 0
.0

3)

A
rt

ifi
ci

al
 k

id
ne

y 
in

iti
at

io
n 

in
 k

id
ne

y 
in

ju
ry

 (A
KI

KI
) s

tu
dy

 g
ro

up
 [7

]
M

ul
tic

en
tr

e 
RC

T 
(2

01
6)

62
0

KD
IG

O
 S

ta
ge

 3
 A

KI
 a

nd
 m

ec
ha

ni
ca

l 
ve

nt
ila

tio
n 

or
 c

at
ec

ho
la

m
in

e 
in

fu
-

si
on

 o
r b

ot
h

Ea
rly

, R
RT

 s
ta

rt
ed

 w
ith

in
 6

 h
O

R
La

te
, R

RT
 s

ta
rt

ed
 if

 o
lig

ur
ia

 p
er

-
si

st
ed

 >
 7

2 
h*

60
 D

ay
 M

or
ta

lit
y.

 E
ar

ly
 =

 4
8.

5%
, 

La
te

 =
 4

9.
7%

 (p
 =

 0
.7

9)

In
iti

at
io

n 
of

 d
ia

ly
si

s 
ea

rly
 v

er
su

s 
de

la
ye

d 
in

 th
e 

in
te

ns
iv

e 
ca

re
 u

ni
t 

(ID
EA

L-
IC

U
) s

tu
dy

 [8
]

M
ul

tic
en

tr
e 

RC
T 

(2
01

8)
48

8
Se

pt
ic

 s
ho

ck
 a

nd
 m

ee
tin

g 
RI

FL
E 

‘F
’ 

cr
ite

ria
Ea

rly
, R

RT
 s

ta
rt

ed
 w

ith
in

 1
2 

h
O

R
La

te
, R

RT
 s

ta
rt

ed
 a

ft
er

 4
8 

h

90
 D

ay
 M

or
ta

lit
y.

 E
ar

ly
 =

 5
8%

, 
La

te
 =

 5
4%

 (p
 =

 0
.3

8)

St
an

da
rd

 v
er

su
s 

ac
ce

le
ra

te
d 

in
iti

at
io

n 
of

 R
RT

 in
 A

KI
 (S

TA
RR

T-
A

KI
) t

ria
l [

9]
In

te
rn

at
io

na
l M

ul
tic

en
-

tr
e 

RC
T 

(2
02

0)
29

27
KD

IG
O

 S
ta

ge
 2

 o
r 3

 A
KI

A
cc

el
er

at
ed

 R
RT

, w
ith

in
 1

2 
h

O
R

St
an

da
rd

, R
RT

 s
ta

rt
ed

 a
ft

er
 7

2 
h*

90
 D

ay
 M

or
ta

lit
y,

 A
cc

el
er

at
ed

 =
 4

3.
9%

, 
St

an
da

rd
 =

 4
3.

7%
 (p

 =
 0

.9
2)

Co
m

pa
ris

on
 o

f t
w

o 
de

la
ye

d 
st

ra
te

gi
es

 
fo

r R
RT

 in
iti

at
io

n 
fo

r s
ev

er
e 

A
KI

 
(A

KI
KI

 2
): 

a 
m

ul
tic

en
tr

e,
 o

pe
n-

la
be

l, 
ra

nd
om

is
ed

, c
on

tr
ol

le
d 

tr
ia

l [
10

]

M
ul

tic
en

tr
e 

RC
T 

(2
02

1)
27

8
KD

IG
O

 S
ta

ge
 3

 A
KI

 a
nd

 m
ec

ha
ni

-
ca

l v
en

til
at

io
n 

or
 c

at
ec

ho
la

m
in

e 
in

fu
si

on
 o

r b
ot

h.
 O

lig
ur

ia
 o

r a
nu

ria
 

fo
r >

 7
2 

h 
or

 B
U

N
 1

12
 –

 1
40

 m
g/

dL

D
el

ay
ed

 g
ro

up
, R

RT
 s

ta
rt

 in
 <

 1
2 

h.
 

M
or

e 
de

la
ye

d 
gr

ou
p,

 R
RT

 p
os

t-
po

ne
d 

un
til

 B
U

N
 ≥

 1
40

 m
g/

dL
 o

r 
ur

ge
nt

 in
di

ca
tio

n

RR
T-

fre
e 

da
ys

D
el

ay
ed

 =
 1

2 
da

ys
M

or
ed

el
ay

ed
 =

 1
0 

da
ys

H
R#  fo

r d
ea

th
 6

0 
da

ys
 1

.6
5 

(9
5%

 C
I 

1.
09

–2
.5

0)
 fo

r m
or

e 
de

la
ye

d 
gr

ou
p



Page 4 of 6Cove et al. Crit Care          (2021) 25:184 

a surgical diagnosis (93%) and close to half (47%) had 
undergone cardiac surgery. Furthermore, being a single 
centre study, the ELAIN trial may have inflated the treat-
ment effects [14]. A comparable multicentre study inves-
tigating the timing of dialysis in cardiac surgery patients, 
the ‘High Volume Venovenous Hemofiltration Versus 
Standard Care for Post-Cardiac Surgery Shock’ (HERO-
ICS) study, found no difference in mortality [15] and 
there was no significant difference in mortality among 
965 surgical patients included in the STARRT-AKI study 
from early dialysis either (OR 0.96, 95% confidence inter-
val 0.77–1.21) [9, 16].

Focusing on the evidence from the multicentre AKIKI, 
IDEAL-ICU and STARRT-AKI trials [7–9], we conclude 
that starting RRT early for a non-urgent indication does 
not reduce overall mortality. But does this mean timing of 
RRT is unimportant, or could there be a benefit in delay-
ing RRT? The answer to this is clearer when the impact of 
timing on the proportion of patients who avoided dialy-
sis is considered. In all three of these studies, 38–49% of 
patients avoided RRT in the expectant arm, compared to 
fewer than 10% in groups receiving early dialysis [7–9]. 
While this observation is undoubtedly a consequence 
of trial design, since patients receiving early dialysis did 
not have as much time to experience renal recovery, it is 
nonetheless an important one. Any patient who avoids 
RRT is spared the unnecessary costs and hazards associ-
ated with dialysis, such as thrombocytopenia, hypother-
mia, loss of micronutrients, hemodynamic instability and 
complications related to central venous access [3, 17]. 
Beyond individual patient care, avoiding unnecessary 
dialysis also represents responsible stewardship of finite 
healthcare resources.

However, clinicians should not simply interpret the 
findings of these studies as supportive of a delayed 
approach for everyone, but rather adopt a personalised 
approach where patients unlikely to require RRT are 
deferred, at least for a time, and patients likely to receive 
RRT are treated without delay. This personalisation was 
actually built in to the methodology of the STARRT-
AKI trial; patients were excluded if the treating physi-
cians had decided emergent RRT was necessary, or AKI 
recovery was imminent. Thus, only patients without an 
urgent indication for RRT that did not fit either category 
were randomised, resulting in the exclusion of over 7000 
patients [9].

If we defer initiation of RRT in KDIGO stage 3 AKI 
patients without an urgent indication for RRT, how 
long can we safely delay therapy? AKIKI, IDEAL-ICU 
and STARRT-AKI compared early dialysis to a strategy 
of waiting up to 72  h [7–9]. What about patients who 
reach 72  h without developing an urgent indication? 
Do these patients benefit from an extended period of 

watchful waiting? The second trial from the AKIKI study 
group, AKIKI 2, would appear to provide the answer 
[10] (Table  2) since there was evidence of harm in the 
more-delayed arm [10]. Interestingly, these results were 
obtained from a study where the majority (nearly 80%) 
in the ‘more-delayed’ arm received RRT, much like the 
ELAIN study where 98% in the delayed arm received 
RRT [6]. Thus, consistent with the results of the ELAIN 
trial and earlier observational studies [5], we speculate 
that when RRT is ultimately administered, early is better.

Incorporating all these studies into clinical practice, 
we conclude that RRT can be safely deferred for up to 
72 h in patients with KDIGO stage 3 AKI, provided the 
clinician is still uncertain as to whether RRT is inevita-
ble, no life-threatening indication develops, and BUN 
remains < 112  mg/dL (Urea < 40  mmol/L). During this 
72-h period of watchful waiting, management decisions 
should focus on enhancing the opportunity of AKI recov-
ery. Cardiac output should be optimised, taking care to 
avoid excessive fluid resuscitation and hyperchloraemia. 
Venous congestion may decrease the pressure gradient 
across the glomerulus [18], while chloride-rich fluids may 
decrease renal perfusion [19, 20] and worsen acidosis 
[21]. Vasopressors should be used if mean arterial pres-
sure (MAP) is consistently less than 65 mmHg [22, 23], 
and thoughtful consideration should be given to higher 
MAP targets (80 – 85  mmHg) in patients with chronic 
hypertension [24, 25], although recent evidence did not 
show improved renal outcomes with higher MAP tar-
gets in this cohort unless they were treated with angio-
tensin II receptor blockers prior to ICU admission [26]. 
More studies to inform, define and personalise ICU 
MAP targets are still required [27]. Drug choices should 
avoid classes frequently associated with nephrotoxic side 
effects [28] unless the therapeutic benefit outweighs the 
potential for harm, and drug dosing should consider the 
impact of impaired renal clearance [29], particularly for 
antibiotics [30, 31].

Despite these studies, critical care physicians are still 
called to exercise good clinical judgement when deter-
mining the best timing of RRT initiation in any given 
patient. Incipient renal failure cannot be seen in isola-
tion and an assessment of organ dysfunction in other 
systems must be factored into decisions surround-
ing the initiation of RRT. For example, fluid overload 
will be less well tolerated in patients developing acute 
respiratory distress syndrome [32], as will metabolic 
acidosis contributing to ventilator dysynchrony [33]. 
When deferring RRT, clinicians should remain vigi-
lant for the development of urgent indications. In the 
expectant arm of STARRT-AKI, over 60% of patients 
were commenced on RRT because of metabolic acido-
sis or hypoxemia due to fluid overload, perhaps partly 
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explaining why the median time to dialysis was only 
31 h, despite the protocol to wait for 72 h [9].

Regardless, it seems likely that some patients may be 
harmed by delaying RRT. In the AKIKI study, patients 
receiving RRT in the delayed group had a higher mor-
tality than those in the early group (61.8% vs 48.5%, 
p < 0.001) [7], and, in the IDEAL-ICU study, 17% of 
the delayed group developed a requirement for urgent 
dialysis and these patients had higher mortality [8]. 
However, outcomes of patients receiving dialysis in 
delayed groups will likely be confounded by illness 
severity. Ultimately, better means to identify patients 
who will need dialysis earlier are urgently needed and 
approaches such as the furosemide stress test [34] or 
novel biomarkers [35] may be helpful for a more per-
sonalised approach to decision making.

Conclusion
These studies give us confidence that when RRT is not 
yet urgently indicated and uncertainty remains whether 
AKI recovery might occur without RRT, expectant 
management may be practiced for a period of up to 
72  h, while simultaneously ensuring conditions are 
optimised to provide the best chance of renal recovery. 
Despite the additional clarity provided by these studies, 
sound clinical judgement is still required to tailor RRT 
decisions for individual patients. As with so many other 
aspects of critical care, one size does not fit all.
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