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No “optimal timing” of renal-replacement therapy in critically ill

patients with acute kidney injury
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Acute kidney injury (AKI) represents a sudden decrease
in renal function from a number of disparate causes (1).
Using KDIGO (Kidney disease: Improving Global
Outcomes) definition, a meta-analysis indicated that the
world incidence rates of AKI were approximately 21%
in adults and 33% in children (2). Acute tubular necrosis
(ATN) accounts for the majority cases of AKI especially in
critical care setting with mortality rate exceeding 50% (3).
The current medical management of AKI/ATN, however,
is limited to supportive care and renal-replacement therapy
(RRT) if indicated, while various therapeutic modalities
have been attempted without success.

Although there is little controversy for initiation of
RRT in critical ill patients with AKI complicated by life-
threatening or medically refractory conditions such as
severe hyperkalemia, metabolic acidosis or diuretic-resistant
fluid overload with pulmonary edema, the appropriate
timing of RRT in other situations remains a subject of
debate. The theoretical benefits of RRT (7able 1) must be
weighed against its potential drawbacks (7zble 2) in the
absence of life-threatening complications and early sign
of kidney recovery since the renal dysfunction in AKI/
ATN could have high likelihood to recover spontaneously.
However, evidence-based studies to guide clinical practice
are essentially absent in this area, resulting in wide
variations in decision-making process and inconsistent and
potentially suboptimal quality of care.
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For the past 20 years, several randomized trials focused
on various timings of RRT initiation on clinical outcomes
in critical ill patients with AKI were completed, including
high-profile ELAIN (The Early Versus Late Initiation of
Renal Replacement Therapy in Critically III Patients with
Acute Kidney Injury) and AKIKI (The Artificial Kidney
Initiation in Kidney Injury) trials (4). The ELAIN trial is a
single-center randomized trial conducted in Germany, which
evaluates the effects of early (initiating RRT at KDIGO
stage 2 AKI) vs. delayed (initiating RRT at KDIGO stage
3 AKI or upon an severe medically refractory complication
requiring RRT was present) initiation of RRT in the course
of critically ill patients with AKI (5). Among 231 patients
enrolled in the study, all patients assigned to early-initiation
(n=112) and majority of patients in the delayed-initiation
group (n=108/119) received RRT. The primary outcome
of 90-day mortality was significantly better in the early-
initiation group (39.3% wvs. 54.7% in the delayed-initiation
group, P=0.03). Secondary outcomes including less dialysis
independence and short duration of RRT; and shortening of
hospital stay were also in favor of early initiation of RRT.

The AKIKI trial is a multicenter randomized trial
conducted from 31 intensive care units (ICU) in France,
which examines the effect of early (initiating RRT
immediately after randomization) vs. delayed (initiating
RRT only upon development of severe medically refractory
complications requiring RRT) initiation of RRT in
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Table 1 Theoretical benefits of RRT

Maintenance of homeostasis
Fluid, electrolytes, acid-base
Solute clearance

Uremic control, immunomodulation and clearance of
inflammatory mediators

Facilitation of additional supportive measures
Nutrition, blood products, medications
Limitation of worsening non-renal organ dysfunction

Potential kidney-organ (heart, lung, brain) interactions

RRT, renal-replacement therapy.

Table 2 Theoretical drawbacks of RRT

Dialysis catheter insertion
Bleeding, infection, pneumothorax
Exposure to extracorporeal circuit
Dialyzer reaction or inflammation
Excess loss or clearance nutrients or medications
Micronutrients, trace elements, antibiotics
“latrogenic” hemodynamic insults
May exacerbate AKI and impede kidney repair/recovery
Maladaptive neuro-hormonal response to RRT
May delay kidney recovery
Unnecessary exposure to RRT
Spontaneous kidney recovery
Healthcare costs

Bedside workload, resource utilization

RRT, renal-replacement therapy; AKI, acute kidney injury.

620 patients with KDIGO stage 3 AKI who were critically
ill but not requiring urgent RRT (6). There was no significant
difference in the primary outcome of 60-day mortality
between the early (48.5%) and delayed (49.7%) RRT
groups (P=0.79). However, diuresis occurred earlier in the
delayed-RRT group and almost half of the patients (49%) in
this group never received RRT. The incidence of catheter-
related infections was also lower in the delayed-RRT group.

Both ELAIN and AKIKI trials are important but their
discrepant results create confusion (4). First, the findings
from ELAIN trial are difficult to be generalized since it
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was a single-center trial with primarily surgical patients.
Secondly, the ELAIN trial had a very low fragility index of
3 (4), indicating that only 3 more or fewer events in either
group would alter the statistical significance so the observed
findings from this study should be interpreted carefully.
Thirdly, kidney function at the time of RRT initiation was
different in the ELAIN trial (KDIGO stage 2 for early
group, and KDIGO stage 3 for delayed arm). Although the
primary end point of mortality at day 90 was significantly
different, but not for mortality at earlier time points (day
28 or day 60), implying that a possibility of factors other
than the timing of RRT affecting the late mortality in
critical ill patients could not be excluded. Finally, the
AKIKT trial used a different “timing” threshold (KDIGO
stage 3) for initiation of RRT in early group, which actually
corresponds to the delayed RRT arm in the ELAIN trial,
making comparison between these 2 trials impossible at all.

A meta-analysis of 9 randomized trials completed after
year 2002 including both ELAIN and AKIKI was performed
to evaluate the effect of timing of RRT initiation on clinical
outcomes in critically ill patients with AKI (7). The pooled
data did not observe significant between-group difference in
the odds ratio for death among patients receiving early (327
of 827, 39.5%) or delayed (338 of 899, 37.6%) initiation of
RRT (P=0.80). Thus, additional large multicenter trials are
urgently needed to confirm or refute this important finding.

Barbar er al. now report the primary results of IDEAL-
ICU (Initiation of Dialysis Early Versus Delayed in the
Intensive Care Unit) trial, which took place in 29 ICUs in
France (8). The trial involved 488 patients with early stage
septic shock (within 48 hours after the start of vasopressor
therapy) who had severe AKI classified at the failure stage of
RIFLE (The risk, injury, failure, loss, and end-stage kidney
disease) system, which is present if a serum creatinine
concentration 3 times the baseline level [or >4 mg/dL
(=350 pmol/dL) accompanied by a rapid increase of
>0.5 mg/dL (>44 pmol/dL)], urine output <0.3 mL/kg/h
for 24 hours, or anuria for 12 hours or more. Patients
who required urgent RRT before randomization for life-
threatening or medically refractory complications relate
to AKI (metabolic acidosis with pH <7.15, hyperkalemia
>6.5 mmol/L or diuretic-resistant fluid overload with
pulmonary edema) were not eligible for the trial.

After a diagnosis of AKI at RIFLE failure-stage was
documented, patients were randomly assigned to either
early (receiving RRT within 12 hours, 246 patients) or
delayed-RRT group (receiving RRT after 48 hours, 242
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patients). Patient assigned to the delayed-RRT group
were closely monitored after randomization to detect the
occurrence of life-threatening or medically refractory
complications related to AKI as described earlier, and
RRT was initiated as soon as possible once any of those
conditions developed. Meanwhile, patients in the delayed-
RRT group would not receive RRT if spontaneous renal
recovery occurred as defined as a decrease in serum
creatinine level and a return of spontaneous urine output
to >1,000 mL/day (or >2,000 mL/day in patients receiving
diuretics). The primary outcome was death at 90 days.

Follow-up data were available at 90 days in 477 patients
enrolled in the trial. The primary end point of mortality at
90 days was similar in the early (58%) and the delayed (54%)
RRT groups (P=0.38). Among patients in the delayed RRT
group, 38% of them never required RRT. The delayed
strategy also resulted in significantly larger number of days
free of RRT than the early strategy (P=0.006), but other
secondary outcomes including mortality at 28 days and
180 days, number of days free of mechanical ventilation and
vasopressors, and length of ICU and hospital stay were not
significantly different between the groups. Although the
use of RIFLE classification rather than other commonly-
used and more sensitive classification systems to define AKI
may limit the generalizability, this carefully designed trial
provides further clarification to reconcile the discordant
findings on the effect of timing of RRT initiation in
critically ill patients with AKI.

The clinical presentations for patients in critical care
setting are highly variable, and reliable tools to predict the
need for RRT are extremely limited. Current evidence did
not confirm the theoretical advantage of earlier initiation
of RRT (7able 1) in the absence of life-threatening or
medically refractory complications. In addition, initiation
of RRT too early could unnecessarily expose patients to
the potential risks associated with RRT (7able 2). For an
individual patient, timing of RRT initiation should be not
too early, not too late, but just at the right time. A decision
to initiate RRT on daily clinical practice will likely rely on
a careful assessment and judicious integration of patient
baseline characteristics, comorbid conditions, acuity of
diagnosis, disease progression, urgency of complications,
involvement of extrarenal organs and, and timely availability
of resource and technical expertise. Obviously one size will
never fit all. An attempt to protocolize an “optimal timing”
of RRT in critically ill patients with AKI based on pre-
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defined thresholds may be imprecise and impractical.
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