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The question of when to begin RRT in patients with
AKI has been debated for nearly six decades. At its
inception, hemodialysis was reserved for patients
facing imminent uremic death (1). Soon thereafter,
the concept of prophylactic dialysis was advanced
(2), and over the past half century, initiation of RRT
before the onset of overt uremic symptoms has become well established. However, the optimal timing
remains uncertain. Objective criteria, such as refractory hyperkalemia, intractable metabolic acidosis,
and diuretic–resistant volume overload with cardiopulmonary compromise, are often absent, and the decision to begin renal support becomes one of clinical
judgment (3).
The literature informing this clinical decision making
has been limited. The majority of published studies
have been retrospective or nonrandomized observational cohorts. Meta-analyses of these studies have
suggested that earlier initiation of renal support is
associated with lower mortality (4–6) and a trend toward greater recovery of kidney function (4). Interpretation of these data must be tempered, however, by the
failure to include patients with early AKI who never
initiated RRT, because they either recovered kidney
function or died. Furthermore, attention must be
paid as to how the deﬁnitions of early and late are
applied when subjects with acute on CKD are included, because patients with AKI and underlying
CKD who initiate RRT are at lower risk of death than
patients with AKI who require RRT but have normal
baseline renal function (7,8). Over the past two
decades, a limited number of small randomized trials
have attempted to address this question. In a trial that
included 106 critically ill patients at two centers who
were randomized to early high–volume hemoﬁltration
(HVHF), early low–volume hemoﬁltration, or late low–
volume hemoﬁltration, early initiation of RRT was not
associated with improvement in 28-day survival or
recovery of kidney function (9). In a study from India
evaluating 208 patients hospitalized with communityacquired AKI who did not have an urgent indication
for dialysis, a strategy of earlier initiation of dialysis
was not associated with improved survival (10). Similarly, among 100 critically ill patients with Kidney Disease Improving Global Outcomes (KDIGO) stage 2 or 3
AKI included in the pilot phase of the Standard Versus
Accelerated Initiation of RRT in AKI (STARRT-AKI)
Trial, a planned large–scale, multicenter, randomized
trial comparing strategies of accelerated and delayed
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initiation of RRT, there was no signiﬁcant difference in
90-day survival (11).
It is in this context that the results of two randomized,
controlled trials comparing accelerated with delayed
initiation of RRT in critically ill patients with AKI
were recently published (Table 1) (12,13). The Early
Versus Late Initiation of RRT in Critically Ill Patients with
AKI (ELAIN) Trial was an unblinded, single–
center, randomized trial that enrolled 231 critically ill
patients with KDIGO stage 2 AKI, a plasma neutrophil
gelatinase–associated lipocalin .150 ng/ml, and severe
sepsis, vasopressor or catecholamine dependence, refractory volume overload, or development or progression of
nonrenal organ dysfunction (12). To provide rapid diagnosis and staging of AKI, serum creatinine was measured twice daily, and urine output was measured
hourly. The patients were randomized to initiation of
RRT either within 8 hours of diagnosis of stage 2 AKI
(early), or within 12 hours of reaching stage 3 AKI or
when speciﬁc metabolic and clinical indications were
present (delayed) (Table 1). All 112 patients randomized
to the early initiation arm and 108 of 119 patients randomized to the delayed initiation arm received RRT. The
median time from diagnosis of stage 2 AKI to RRT initiation was 6.0 (interquartile range [IQR], 4.0–7.0) hours in
the early arm and 25.5 (IQR, 18.8–40.3) hours in the delayed arm. Mortality at day 90 was signiﬁcantly lower
among patients randomized to the early initiation arm
compared with those in the delayed initiation arm (39.3%
versus 54.7%; hazard ratio, 0.66; 95% conﬁdence interval
[95% CI], 0.45 to 0.97; P50.03). Similar beneﬁts were observed with regard to duration of RRT and mechanical
ventilation as well as hospital length of stay but not RRT
dependence at day 90 among survivors or intensive care
unit length of stay.
The second study, the Artiﬁcial Kidney Initiation in
Kidney Injury (AKIKI) Trial, was an unblinded French
multicenter, randomized trial that enrolled 620 critically ill patients who had KDIGO stage 3 AKI and were
receiving invasive mechanical ventilation and/or catecholamine infusion but did not have an emergent
indication for RRT (13). Patients were randomized to
either initiate RRT within 6 hours of stage 3 AKI (early)
or not begin RRT unless speciﬁc metabolic or clinical
indications for RRT were present (delayed) (Table 1).
All but six of the 311 patients randomized to the early
arm received RRT, with a mean interval of 4.3 (IQR, 2.7–
5.9) hours after reaching stage 3 AKI, whereas only 157 of
the 308 patients (51%) randomized to the delayed arm
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ELAIN, Early Versus Late Initiation of RRT in Critically Ill Patients with AKI; AKIKI, Artiﬁcial Kidney Initiation in Kidney Injury; KDIGO, Kidney Disease Improving Global Outcomes; KDIGO
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Received RRT (%)
Median time from KDIGO stage
2 AKI to RRT (IQR), h
Median time from KDIGO stage
3 AKI to RRT (IQR), h
Serum creatinine at initiation
of RRT, mg/dl
BUN at initiation of RRT, mg/dl
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Initial modality of RRT, %
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IHD
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60 d
90 d
Dependence on RRT among survivors (%)
Day 28
Day 60
Day 90

Criteria for initiation of RRT

RRT

No. of sites
Enrollment criteria

Study Characteristics

Table 1. Summary of the designs and key findings of the Early Versus Late Initiation of RRT in critically ill patients with AKI Trial and the Artificial Kidney Initiation in Kidney Injury Trial
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received RRT, with a mean interval of 57 (IQR, 28–83) hours
after reaching stage 3 AKI. Sixty-day all-cause mortality was
similar in both treatment arms (48.5% in the early arm versus
49.7% in the delayed arm; adjusted hazard ratio, 1.02; 95% CI,
0.81 to 1.29; P50.84); however, within the delayed RRT arm,
60-day mortality was 35.8% among patients who never initiated RRT compared with 61.8% among patients who received
RRT. The number of RRT-free days was signiﬁcantly higher in
the delayed RRT arm, reﬂecting the large proportion of patients who never initiated RRT; however, there was no difference in the rates of RRT dependence in the two strategies
by day 60.
How can these seemingly contradictory results be reconciled? The two studies differ in a number of key attributes.
Although similar with regard to age, sex, and baseline serum
creatinine, the patients in the ELAIN Trial were predominantly postsurgical (47% cardiac surgery, 34% abdominal
surgery, and 12% trauma), whereas those in the AKIKI Trial
were predominantly medical intensive care unit patients
(80% medical and 20% surgical). Patients enrolled in the
ELAIN Trial had greater severity of illness as assessed by the
Sequential Organ Failure Assessment (SOFA) score (15.862.3
versus 10.863.2; P,0.001) but had lower rates of severe sepsis or septic shock (32% versus 72%; P,0.001). In addition,
the management of RRT in the two studies differed. In the
ELAIN Trial, RRT management was protocolized. The initial
modality of RRT was continuous venovenous hemodiaﬁltration (CVVHDF) using a 1:1 ratio of dialysate to preﬁlter replacement ﬂuid and a total efﬂuent ﬂow of 30 ml/kg per
hour. If patients remained RRT dependent beyond 7 days,
the modality could be changed to conventional intermittent
hemodialysis (IHD) or prolonged intermittent RRT. In the
AKIKI Trial, RRT management was not protocolized; selection of modality, dosing, and other aspects of treatment were
left to the discretion of each study site and monitored in
accordance with French national guidelines (14). This has
led to criticism of the study and questions regarding its generalizability on the basis of use of IHD as the initial modality
of RRT in 55% of patients (15); however, this was not inconsistent with the French guidelines, and the initial and subsequent modalities of RRT used were not different in the two
study arms. Although limited information about the IHD
prescription was presented, in prior French studies, IHD
treatments have been provided with lower blood ﬂow rates
and longer treatment times than conventional IHD therapy
used in the United States (16).
The most important difference between these two trials
was their criteria for early and delayed RRT. Patients in the
ELAIN Trial were enrolled on the basis of attainment of stage 2
AKI, and this served as the trigger for early RRT. Stage 3 AKI
was the primary trigger for delayed initiation of RRT in the
ELAIN Trial and for both enrollment and early initiation of
RRT in the AKIKI Trial. Indeed, using severity of azotemia
as a surrogate for duration of AKI, patients in the early arm
of the AKIKI Trial initiated RRT later in the clinical course
of AKI than patients randomized to the delayed arm of
the ELAIN Trial, with higher levels of serum creatinine
(3.361.4 versus 2.461.0 mg/dl; P,0.001) at RRT initiation.
Thus, interpretation of the results of these two trials needs to
be on the basis of the study-speciﬁc deﬁnitions of early and
delayed RRT. The differences in the criteria for early and
delayed RRT also affect how these studies relate to clinical
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practice. Although there is tremendous variation in criteria for initiation of RRT in patients with AKI, observational
data have suggested that, in practice, very few patients
with stage 2 AKI and only a minority of patients with stage
3 AKI receive RRT (17,18), suggesting that the AKIKI Trial
was more closely aligned with clinical practice than the
ELAIN Trial. Another striking difference between the two
trials was in the number of patients randomized to delayed
therapy who never initiated RRT. In the ELAIN Trial, only
11 of the 119 patients (9%) randomized to delayed RRT did
not receive RRT: six patients because they did not progress
from stage 2 to stage 3 AKI, four patients who recovered
kidney function after reaching stage 3 AKI, and one patient
for whom no RRT device was available. In the AKIKI Trial,
156 of the 308 patients (51%) randomized to the delayed
arm did not progress to the protocolized criteria for initiation of RRT, although ﬁve of these patients did receive RRT.
The high rate of progression from stage 2 to stage 3 AKI in
the ELAIN Trial contrasts with observational data that less
than one half of critically ill patients with the equivalent of
stage 2 AKI progress to stage 3 AKI (17). Thus, the patients
included in the ELAIN Trial may not be representative of the
broader population of critically ill patients with AKI.
The difference in outcomes among the patients in the
delayed arm of the AKIKI Trial who did and did not
ultimately receive RRT is not unexpected. Although baseline
severity of illness was similar between the early and delayed
groups, within the delayed RRT arm the patients who did not
progress to the prespeciﬁed criteria for RRT initiation had a
lower severity of illness at baseline (median SOFA 510; IQR,
8–12) than those who reached the prespeciﬁed starting criteria
and initiated RRT (median SOFA 512; IQR, 9–13). Thus, it is
not surprising that mortality among patients in the late arm
who ultimately required RRT was higher than in the early
group and among the patients in the delayed arm who never
initiated RRT. These ﬁndings are also consistent with observational studies that compared early and delayed RRT but
excluded patients with AKI who never received RRT (6).
Caution must be used in evaluating relatively small,
unblinded, single–center trials, such as the ELAIN Trial, in
which there is an increased risk of unrecognized bias inﬂuencing observed outcomes. For example, several single–
center trials of RRT dosing in critically ill patients with
AKI showed similar improvements in survival with higher
doses of RRT as seen with early RRT in the ELAIN Trial
(19,20); however, these results were not borne out in subsequent large multicenter trials (21,22). It is also difﬁcult to
reconcile how such a relatively small difference in the timing
of initiation of RRT—a difference of ,1 day—resulted in not
only a 34% reduction in the hazard for death but also reductions in median duration of RRT of .2 weeks and median
duration of hospital stay of .4 weeks.
Finally, the results of these trials must be considered in the
context of other recent clinical trials with similar study
designs that explored the timing of RRT initiation in AKI. For
example, the timing of RRT initiation in the ELAIN Trial is
most similar to that in the High Volume Venovenous Hemoﬁltration Versus Standard Care for Post-Cardiac Surgery
Shock (HEROICS) Trial, but the results are discordant. The
HEROICS Trial was a multicenter, randomized trial of 224
patients with severe shock requiring high–dose catecholamine
infusion after cardiac surgery that compared a strategy of 48
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hours of HVHF initiated within 3–24 hours of surgery followed by conventional CVVHDF with standard care, in
which CVVHDF was provided only for stage 3 AKI, a
BUN.100 mg/dl, or life-threatening hyperkalemia (23). 111
of 112 patients in the early HVHF arm initiated RRT within 24
hours of surgery, whereas 64 of 112 patients in the conventional CVVHDF arm initiated RRT after a mean of 1.563.4
days. Mortality was 36% in both treatment arms at day 30
(odds ratio, 1.00; 95% CI, 0.58 to 1.73) and 46% in the early
HVHF arm compared with 38% in the conventional CVVHDF
arm (odds ratio, 1.34; 95% CI, 0.79 to 2.28) at day 90. As in the
AKIKI Trial, 30-day mortality was lowest in the patients in the
conventional CVVHDF arm who never required RRT (17%),
intermediate in the patients in the early HVHF arm (40%), and
highest in the patients in the conventional CVVHDF arm who
met criteria for RRT (50%). In contradistinction, the results of
the AKIKI Trial are concordant with the results of the pilot
phase of the similarly designed STARRT-AKI Trial (11). Although this 100-patient pilot study was designed to assess
the feasibility of a larger–scale multicenter, randomized trial
and underpowered for deﬁnitive end point ascertainment, 90day mortality was 38% in the accelerated RRT initiation arm
compared with 37% in the delayed RRT initiation arm (P50.92).
Similar to the ﬁndings of the AKIKI Trial and the HEROICS
Trial, 37% of individuals in the delayed initiation arm never
required RRT.
How then should we proceed as clinicians and researchers
in light of these two trials? The optimal timing of RRT in
critically ill patients with AKI remains uncertain. Although
neither trial provides a deﬁnitive answer to the question of
when to start, we believe that the results of the larger,
multicenter AKIKI Trial shift the balance toward a more conservative strategy with later initiation of renal support. However, the AKIKI Trial was not of sufﬁcient size to deﬁnitively
establish the noninferiority of delayed RRT. The results of other
ongoing trials of timing of RRT in AKI, including the Initiation of Dialysis Early Versus Late in the Intensive Care Unit
(IDEAL-ICU) Study (24) and the deﬁnitive phase of the
STARRT-AKI Trial (11,25), are eagerly awaited. Until then,
decisions regarding when to initiate RRT must remain based
on individual patient characteristics and clinician judgment.
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