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Abstract
Background: One of the most dreaded complications of septic shock is acute kidney injury. It occurs in around
50% of patients, with a mortality rate of about 60% at 3 months. There is no consensus on the optimal time to
initiate renal replacement therapy. Retrospective and observational studies suggest that early implementation of
renal replacement therapy could improve the prognosis for these patients.
Methods/design: This protocol summarizes the rationale and design of a randomized, controlled, multicenter trial
investigating the effect of early versus delayed renal replacement therapy in patients with severe acute kidney injury in
early septic shock. In total, 864 critically ill adults with septic shock and evidence of acute kidney injury, defined as the
failure stage of the RIFLE classification, will be enrolled. The primary outcome is mortality at 90 days. Secondary
outcomes include safety, number of days free of mechanical ventilation, number of days free of renal replacement
therapy, intensive care length of stay, in-hospital length of stay, quality of life as evaluated by the EQ-5D and renal
replacement therapy dependence at hospital discharge. The primary analysis will be intention to treat. Recruitment
started in March 2012 and will be completed by March 2015.
Discussion: This protocol for a randomized controlled study investigating the impact of the timing of renal
replacement therapy initiation should provide an answer to a key question for the management of patients with
acute kidney injury in the context of septic shock, for whom the mortality rate remains close to 60% despite
improved understanding of physiopathology and recent therapeutic advances.
Trial registration: ClinicalTrials.gov identifier NCT01682590, registered on 10 September 2012.
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Background
The incidence of acute kidney injury (AKI) in patients
with septic shock is around 50% [1-3]. In severe septic
shock, the need for renal replacement therapy (RRT)
contributes to increasing the risk of death from less than
40% in septic shock without AKI, to over 60% in the forms
associated with severe AKI requiring RRT [4]. It is now
proven that AKI associated with sepsis is an independent
risk factor for mortality [5,6], not just an epiphenomenon
related to the severity of the patients’ illness. The discrimination of septic and non-septic AKI may have clinical
relevance for clinicians [7]. Some experimental studies
suggested that septic AKI may be characterized by a
distinct pathophysiology [8]. Thus, septic AKI may have
differences in clinical outcomes and responses to interventions compared to non-septic AKI.
Initiation of renal replacement therapy: state of the art

In chronic renal failure patients, there is no benefit to
initiating dialysis until the glomerular filtration rate
drops to less than 7 mL/min (except in case of uremic
syndrome). This is usually the beginning of dependence
on dialysis for these patients [9]. The situation is different for patients with AKI, and the optimal time to start
RRT remains unknown. In current practice, the initiation of RRT is sometimes very early (i.e. within the first
24 hr) [10], but may sometimes be delayed, whereby
diuresis is stimulated with diuretics, and RRT is started
only with the appearance of serious events, rather than
following a proactive decision based on the severity of
renal impairment [11]. Indeed, this attitude is justified by
the possibility that appropriate early treatment of sepsis
may limit the progression to renal failure [12].
In one historical study published in 1960, Teschan et al.
[13] introduced the concept of prophylactic hemodialysis,
advancing the hypothesis that the prevention of uremic
syndrome could prevent its complications, including sepsis. In this study, the threshold for defining RRT was a
urea level above 57 mmol/L, and dialysis was initiated 2 to
3 days after the diagnosis of AKI. Since this initial study,
several authors have compared early versus late therapy,
using different criteria and thresholds.
To the best of our knowledge, there is only one randomized controlled trial to date that has examined the
benefits of early initiation of RRT in critically ill patients
with AKI [14]. In this study, which compared two doses
of dialysis, a secondary analysis compared early (within
12 hr of diagnosis) versus late hemofiltration (when the
patient fulfilled the conventional criteria for RRT, namely
a plasma urea level of >40 mmol/L, potassium of >6.5
mmol/L or severe pulmonary edema). On average, hemofiltration was started 7 hr after inclusion in the early group
and a mean of 42 hr after inclusion in the late group. No
significant differences were found, either in terms of
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mortality at 28 days, or in terms of recovery of renal function. However, the study was undersized to answer the
question of the timing of RRT (analysis of 106 patients)
and was not specifically designed to test this hypothesis.
Several observational and retrospective studies that
have been conducted with patients with AKI, with or
without sepsis, suggest on the contrary that there may be a
benefit to early initiation of RRT [15-17]. A meta-analysis
published in 2008 by Seabra [18], which included studies
published over the last five decades, found a statistically
significant reduction in mortality with early RRT in 18
cohort studies, with a relative risk of 0.72 (95% confidence
interval 0.64 to 0.82, P < 0.001). In one prospective, multicenter, observational study [19], the timing of RRT was
stratified into early and late by median urea (24.2 mmol/
L) and by median creatinine (309 μmol/L) at the time
RRT was started. There was no significant difference in
adjusted hospital mortality when stratified by median
serum urea at the time of RRT initiation. Conversely,
when stratified by creatinine levels, late RRT was associated with lower mortality. Timing was also categorized
temporally from ICU admission into early (<2 days),
delayed (2 to 5 days) and late (>5 days), and late RRT
was associated with increased mortality.
Other authors have tried to initiate very early RRT as
a treatment for the initial phase of septic shock, with
discordant results [20,21]. In these studies, hemofiltration
techniques were introduced before the onset of established
AKI, more with a view to immunomodulation than to
treating the AKI itself. Interestingly, a recent retrospective
multicenter observational study [22] found a U-shaped
association between the timing of RRT initiation and inhospital mortality, with reduced mortality when initiation
of RRT was between 2 and 3 days after ICU admission. The
peak mortality when RRT was initiated very early was
related to the extreme severity of disease in these patients,
whereas age and septic complications were responsible for
the highest mortality in the case of late RRT (after D4).
The overall results of these studies would seem to
indicate that there is a benefit from early initiation of RRT,
but the exact definition of early remains to be determined,
as does the definition of the criteria for AKI necessitating
RRT. The question of the right time to begin RRT remains
unanswered and controversial, and poses a real problem
in the management of patients with septic shock and AKI.
In this context, we propose a randomized, multicenter,
controlled trial on the impact on mortality of the timing
of RRT initiation in patients with acute kidney failure in
septic shock.
Objectives

The primary objective is to assess whether the timing of
RRT initiation (early versus delayed) has an impact on
mortality at 90 days in patients with AKI at the failure
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stage according to the RIFLE criteria [23] (see details
below in Study definitions), during the initial phase of
septic shock. The secondary objectives are: (1) to evaluate the impact of early versus delayed initiation of RRT
on key secondary endpoints including: 28-day, 180-day
and 1-year mortality; number of days free of mechanical
ventilation; number of days free of RRT; ICU length of
stay; hospital length of stay; and 90-day and 1-year quality
of life as evaluated by the EQ-5D questionnaire; (2) to
compare the efficacy and safety of the two strategies in
terms of episodes of metabolic disorders, arrhythmia,
pulmonary edema, hypotension, hemorrhage and RRT
dependence at hospital discharge.
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 Confirmed or suspected pregnancy (verified by

serum [b-HCG] pregnancy test if necessary).
 Patient is moribund with expected death within 24 hr.
 Patients for whom survival to 28 days is unlikely due

to an uncontrollable comorbidity (cardiac, pulmonary
or hepatic end-stage disease; hepatorenal syndrome;
poorly controlled cancer; severe post-anoxic
encephalopathy; etc.).
 Patients with advance directives issued expressing
the desire not to be resuscitated.
 Patient under tutorship, curatorship or judicial
protection.
 Enrollment in any concomitant randomized trial
with mortality as a primary outcome.

Methods/design
Study design, setting and patient population

This is a randomized, controlled, open-label, multicenter
study comparing two strategies for the management of
AKI occurring in patients in the initial phase of septic
shock: namely initiation of RRT within 12 hr of the
onset of AKI versus initiation of RRT after 48 to 60 hr in
the failure stage of the RIFLE classification [23] (see
details below in Study definitions), or at the onset of
criteria requiring emergency RRT. The study will be
conducted in 24 ICUs (15 university teaching hospitals
and 9 general (non-academic) hospitals) in France. All
patients admitted to the ICUs of participating centers
will be screened for eligibility. The study sponsor is the
University Hospital of Dijon, France, where data will be
managed by the Centre for Clinical Investigation and
Clinical Epidemiology (CIC-EC).
Inclusion criteria
 Age >18 years.
 Patients in the first 48 hr of septic shock developing

AKI with at least one criterion characteristic of the
failure stage of the RIFLE classification (defined
below under Study definitions).
 Informed consent provided by the patient (or person
with decisional responsibility).
 Patients must have social security cover.
Exclusion criteria

The following conditions will lead to ineligibility for study
entry:
 Chronic RRT.
 Obstructive etiology for AKI.
 Need for emergency RRT before randomization

(hyperkalemia >6.5 mmol/L, metabolic acidosis with
pH < 7.15 or extravascular fluid overload refractory
to diuretics with pulmonary edema).
 AKI that has already been treated by RRT in the ICU.

Study definitions
Septic shock

Septic shock is defined according to current guidelines
[24,25] as sepsis-induced hypotension persisting despite
adequate fluid replacement, requiring the initiation of
vasopressor therapy. The initial phase of septic shock is
defined as the first 48 hr after the start of vasopressor
therapy.
Sepsis

The operational definition of the clinical syndrome of
sepsis will be confirmed or suspected infection, and at
least two systemic inflammatory response syndrome
criteria, i.e. any two of the following: temperature >38°C
or <36°C; heart rate >90 beats/min; respiratory rate >20
breaths/min, PaCO2 < 32 mmHg or mechanically ventilated; white cell count >12,000 cells/mm3, <4,000 cells/
mm3 or with >10% immature (band) forms.
Acute renal failure

AKI will be defined and classified according to the RIFLE
criteria (risk of renal dysfunction, injury to the kidney,
failure of kidney function, loss of kidney function and
end-stage kidney disease) as outlined by the Acute Dialysis
Quality Initiative (ADQI) Working Group [23]. In brief,
the RIFLE criteria classify AKI into three categories of
severity (risk, injury and failure) and two categories of
clinical outcome (loss and end-stage kidney disease)
based on relative changes to serum creatinine and urine
output. The presence of AKI will be defined by the failure
stage of the RIFLE classification, namely an abrupt (within
7 days) reduction in kidney function, characterized by a
threefold increase in serum creatinine relative to baseline;
an absolute value ≥354 μmol/L (accompanied by an acute
increase ≥44.2 μmol/L); a reduction in urine output
of ≤0.3 mL/kg/hr for ≥24 hr; or anuria for ≥12 hr. If prehospital baseline serum creatinine is unavailable, baseline
serum creatinine is estimated based on back-calculation
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of the abbreviated Modification of Diet in Renal Disease
(MDRD) as recommended by the ADQI [23].
Treatment
Renal replacement therapy

RRT will include any form of extracorporeal RRT for
patients with documented AKI. Given the lack of demonstrated superiority of continuous over intermittent techniques, and of convective over diffusive techniques [26,27],
investigators at each center will be free to choose the
extra-renal purification technique based on their usual
practice (intermittent hemodialysis, intermittent sustained
low-efficiency dialysis (SLED), continuous hemodialysis,
continuous hemofiltration or continuous hemodiafiltration) and can move from one technique to another
depending on the needs of the patient (typically the
continuous technique in the acute phase, followed by
intermittent techniques after stabilization).
Vascular access is obtained through a double lumen
catheter with a minimum diameter of 12 French, preferably implanted in the superior vena cava via the jugular
approach, and whose end is positioned 1 cm from the
junction between the superior vena cava and the right
atrium, or alternatively at the inferior vena cava by the
femoral route. Catheter placement under ultrasound
guidance is strongly recommended but not mandatory.
Investigators must follow international guidelines on the
management of AKI [28,29] to standardize practices and
optimize metabolic control and hemodynamic stability
during treatment.
For continuous techniques, investigators must provide
treatment continuously for 24 hr with a change of membranes at least every 72 hr. To be certain of administering the recommended dialysis dose despite interruptions
for changing filters or for additional procedures away
from the ICU, investigators must regulate a minimum
ultrafiltration (or dialysate) rate of 25 mL/kg/hr.
For intermittent techniques, the recommendations are
to set a blood flow rate of 150 to 250 mL/min, a dialysate flow rate of 300 to 500 mL/min, a high concentration
of sodium in the dialysate (150 mmol/L) and a low
temperature of the dialysate (35°C). Treatment should
be initiated with an isovolemic connection (simultaneous
connection of two lines filled with saline). The length
of sessions must be at least 4 hr and preferably 6 hr or
more. The frequency of sessions should be at least
once every 48 hr, or more often if investigators deem
it necessary to achieve optimal metabolic control, a
urea concentration <30 mmol/L or a stable salt and
water balance. Investigators will be required to use
biocompatible membranes.
Investigators can use systemic anticoagulation with
unfractionated heparin or low molecular weight heparin,
or alternatively, regional citrate anticoagulation.
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Early renal replacement therapy

The operational definition of early RRT is the initiation
of RRT immediately after the diagnosis of AKI. A maximum of 12 hr is allowed between the diagnosis of AKI
and the actual initiation of RRT, given the time required
for dialysis catheter placement and installation of equipment for RRT, and allowing for technical difficulties that
may be encountered in clinical practice.
Delayed renal replacement therapy

The operational definition of delayed RRT is the initiation
of RRT at least 48 hr after the diagnosis of AKI. A maximum margin of 12 hr (i.e. up to 60 hr) is allowed before
actual initiation of RRT, justified by the same technical
reasons mentioned above for the early RRT group.
Emergency renal replacement therapy

By protocol and to minimize the potential bias of clinician
discretion on when to initiate emergency RRT, at least one
of the following criteria must be fulfilled prior to initiation
of emergency RRT:
1) hyperkalemia ([K+] ≥6.5 mmol/L) with characteristic
electrocardiographic changes
2) metabolic acidosis (pH <7.15) defined as a base
deficit > 5 mEq/L or HCO–3 < 18 mEq/L
3) pulmonary edema
Renal recovery

Renal recovery is defined as the return of spontaneous
urine output ≥1,000 mL/24 hr (or ≥2,000 mL/24 hr with
diuretics) for a minimum of 24 hr without RRT.
Trial protocol
Description of study flow

Patients will be identified in the ICU through daily surveillance by the research coordinator or treating ICU
physician. Each patient’s eligibility will be verified by use
of a checklist that summarizes the inclusion and exclusion
criteria (Figure 1). Septic shock is considered as confirmed
once vasopressor therapy is initiated. For patients diagnosed with septic shock, AKI must appear within 48 hr for
the patient to be eligible (in addition to the failure criteria).
Sample size calculation

It has been shown that the mortality of septic shock
patients who develop AKI is around 50%. Assuming an
absolute reduction in mortality of 10% (55% mortality
at 90 days in the delayed RRT group versus 45% in the
early RRT group), 864 patients (432 per group) are required
to ensure 80% power at a bilateral alpha risk of 0.05,
assuming a rate of 5% non-evaluable cases.
The expected reduction of 10% in mortality was chosen
as a clinically relevant difference by the study team. There

Barbar et al. Trials 2014, 15:270
http://www.trialsjournal.com/content/15/1/270

Page 5 of 10

Figure 1 Flow chart of the study groups. The timing of diagnosis, randomization and initiation of renal replacement therapy in the early and
delayed groups, according to the method used to diagnosis acute kidney injury, are shown.

are currently no data in the literature that could serve as a
precedent for this, due to wide variations between existing
studies in the types of patients included, the definitions of
AKI used, and the definition of what constitutes early or
late treatment. In light of the heterogeneous data available,
a conservative estimate of a 10% reduction was retained as
being clinically relevant.

and no legal representative or close relative is available to
provide consent. In this case, the investigator notes and
justifies in the patient’s medical record that the patient
was temporarily unable to receive the study information
and provide informed consent, and that no legal representative or close relative could be reached. Written consent
must subsequently be obtained from the patient, as soon
as their clinical status allows.

Informed consent

When patients meet the inclusion criteria, and do not
present any non-inclusion criteria, they are informed
(orally, with supporting documentation in written format) about the study by the investigators, and invited to
participate. If the patient is temporarily incapable of
receiving the appropriate information or making an
informed decision regarding consent to participate, they
can still be included if informed consent is given by the
patient’s surrogate or legal representative. If the patient
subsequently regains the capacity to understand the
study procedures and provide informed consent, their
consent must be obtained. Patients can be included in
emergency situations if their condition precludes consent

Randomization

Randomization is performed during the first 48 hr of septic
shock after the development of at least one criterion
defining the failure grade of the RIFLE classification.
Randomization takes place after verification of the eligibility criteria, following an online request by the investigator using Tenalea® software (Formsvision BV, Abcoude,
Netherlands). This allocation is based on a minimization
technique taking into account the center, age, sequential
organ failure assessment (SOFA) score, site and type of
infection. Patients are randomly assigned to one of the
two groups in a 1:1 ratio. Due to the nature of the study
intervention, blinding is not possible. However, the CIC-
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EC (Dijon) will manage all the data and generate blinded
reports for the Data Safety and Monitoring Board. The investigators at the participating sites will remain unaware
of study group outcomes until the database is locked.
Study intervention
Initiation of RRT

Patients randomized to the early RRT arm will immediately
undergo dialysis catheter placement. A maximum of 12 hr
is allowed between the diagnosis of AKI and the actual
initiation of RRT; this allows for the time required for
catheter placement and installation of the RRT equipment,
as well as any technical difficulties that may be encountered
in clinical practice.
Patients randomized to the delayed RRT group will
be closely monitored for 48 hr after randomization to
identify as soon as possible the appearance of criteria
requiring emergency RRT as defined above. If any of
these criteria occur, dialysis catheters are placed and
the RRT will be initiated as soon as possible.
In the absence of the appearance of criteria requiring
emergency RRT, patients randomized to the delayed RRT
group will undergo insertion of the dialysis catheter and
initiation of RRT at least 48 hr after the diagnosis of
AKI, with a maximum margin of 12 hr allowed (i.e. up to
60 hr maximum), justified by the same technical reasons
mentioned above for the early RRT group.
If a patient in the delayed RRT group recovers normal
renal function (defined according to the criteria for
recovery of renal function listed above) within the 48 hr
after randomization, the investigator is free to choose
the most suitable treatment and is therefore not obliged to
dialyze the patient, but must, in this case, document the
absence of RRT and the normalization of renal function.
Data collection

Detailed clinical procedure-related RRT parameters, and
physiologic and laboratory data will be collected. Blood
and urine will be collected at baseline, 12, 24, 36 and 48 hr
and once daily thereafter until the study participants
are discharged from ICU. Data will be collected on
standardized case report forms (CRFs). All adverse events
will be recorded on the CRF on specific pages reserved
for this purpose. A simplified procedure will be used
for foreseeable adverse events (hemodynamic instability,
rhythm disturbances, electrolyte or acid-base imbalance,
and bleeding events related to hemodialysis catheters
or anticoagulants). Adverse events will be considered as
serious if they cause death, are life-threatening, cause
hospitalization (or prolongation of initial hospitalization),
cause disability or cause permanent damage, a congenital
anomaly or birth defect. Investigators must report any
serious adverse event to the sponsor (the University
Hospital of Dijon, France) promptly by email or telephone,
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followed by a written report within 48 hr. Completed
CRFs will be returned to the CIC-EC and entered into a
secured central database for independent quality control
and centralized analysis.
Clinical data obtained will include demographic characteristics, comorbidities and prescribed and current drug
therapy. Details of admission diagnoses, surgical status,
and dates of hospital and ICU admission will be recorded.
Detailed data on AKI and on septic shock will be recorded
on the date of enrollment: interventions (i.e. mechanical
ventilation, vasoactive drugs and fluid therapy), hemodynamics (i.e. blood pressure, heart rate and central
venous pressure), nephrotoxic drugs (e.g. aminoglycosides,
radiocontrast agents and hydroxy-ethyl starch), details of
sepsis (i.e. site of infection and effectiveness of antimicrobial therapy) and acute physiology (i.e. components
of severity of illness and SOFA score, simplified acute
physiology score (SAPS II), urine output, fluid balance
and secondary non-kidney organ dysfunction). During the
trial, data will be collected on daily urine output, fluid
balance, electrolytes, acid-base status, serum creatinine
and urea, and components of the SOFA score. Data will
be collected each day on whether the primary endpoint
(mortality) has occurred, for evidence of any secondary
endpoints and for criteria for trial discontinuation. Finally,
any study protocol violations will be recorded.
All enrolled patients will be followed to determine
mortality, continued need for RRT or renal recovery
until death or discharge from hospital (whichever occurs
first) and at 28, 90, 180 days and 1 year after randomization.
Health-related quality of life will be assessed using the
EQ-5D form by telephone contact at 90 days and 1 year.
The EQ-5D is a generic health-related quality of life
measurement instrument comprising five multiple choice
questions, and a 100-point overall health state visual
analogue scale (VAS) [30]. The questions concern mobility, self-care, daily activities, pain, anxiety and depression.
The respondent is required to select one of three ordinal
answers best describing their health state in relation to
these five domains. Scores are then converted to an overall
utility score, with 0 representing death, and 1 representing
perfect health.

Statistical analysis

All enrolled patients will be included in the main population analysis. The primary analysis will be by intention
to treat (ITT). The characteristics of the two groups will
be compared using the usual univariate tests (chi-squared
or Fisher’s exact test for categorical variables, and analysis of variance or Mann–Whitney test for quantitative
variables, as appropriate). The main comparison of the
proportion of deaths at 90 days in both treatment groups
will be performed using Fisher’s exact test, with secondary
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analysis by the Kaplan–Meier method, comparison using
the log rank test, and Cox regression.
For the per-protocol analysis, patients will be grouped
according to the time of initiation of the RRT. If RRT is
initiated within 12 hr after the onset of the failure stage
according to the RIFLE classification, then the patient
will be included in the early RRT group. Conversely, if
RRT is initiated >12 hr beyond this period, the patient will
be included in the delayed RRT group. The per-protocol
analysis will use the same techniques as the ITT analysis.
If the ITT and/or per-protocol analyses show a benefit
of early (<12 hr) initiation of RRT, a secondary analysis
will be performed using an extension of the proportional
hazards model proposed by Abrahamowicz and MacKenzie
[31] to estimate the non-proportional and non-log-linear
effects, taking into account the exact time since initiation of
RRT. This model will make it possible to trace the effect
of initiation of RRT over time, thus visualizing whether
early initiation results in lower risk of death after adjusting
for major confounders, taking into account any nonproportional and/or non-log-linear effects. The main
conclusion of the test will only cover the ITT analysis.
Two interim analyses will be performed after the inclusion
of, respectively, 200 and 400 patients.
Safety will be analyzed by assessing the frequency of
arterial hypotension requiring the introduction or increase
of noradrenaline, pulmonary edema due to overload,
cardiac arrhythmias (ventricular tachycardia, ventricular
fibrillation, torsade de pointes and atrio-ventricular block
grade III), severe metabolic disorders and blood transfusions (≥3 units of packed red blood cells) in both groups
and comparing rates using the appropriate tests, with an
alpha risk set at 0.05.
The frequency of death within 90 days after randomization will be recorded in both groups and compared
using a chi-squared test with alpha risk set at 0.0001 for
both interim analyses, according to the method proposed
by Peto [32] so as not to change the level of significance
of the final primary analysis.
All analyses will be performed under the guidance of
the Data Safety Monitoring Board, who will decide on
the necessity to recommend premature interruption of
the study to the Steering Committee, according to the
results of the interim analyses.
Secondary analyses

1. An analysis identical to the primary analysis, studying
mortality at 28 days taking an alpha risk of 0.05.
2. Average length of ICU stay and in-hospital stay will
be described and compared for survivors.
3. The number of days without mechanical ventilation
and the number of days without RRT in the two
groups will be compared. Deceased patients are
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considered as having a number of days without
mechanical ventilation and without RRT equal to
zero. The numbers of days will be compared in both
groups using a Mann–Whitney test.
4. Dependence on dialysis at hospital discharge will be
compared between groups using the chi-squared or
Fisher’s exact test. If the groups appear imbalanced
in terms of the pre-existence of non-dialyzed chronic
renal failure or administration of nephrotoxic drugs,
then logistic regression will be performed to adjust for
these factors.
5. The frequency of occurrence of at least one episode
of hypotension requiring the introduction or
increase of noradrenaline, pulmonary edema due to
overload, cardiac arrhythmias (ventricular
tachycardia, ventricular fibrillation, torsade de
pointes and atrio-ventricular block grade III), severe
metabolic disorders and blood transfusions (≥3 units
of packed red blood cells) will be compared between
groups using the chi-squared or Fisher’s exact test.
6. The number and characteristics of patients in the
delayed RRT group for whom the occurrence of a
criterion for emergency RRT was observed will be
described.
These comparisons will be performed by ITT and
per protocol. All analyses will be performed using SAS
Version 9.2 (SAS Institute Inc, Cary, NC, USA) by the
team of statisticians at the CIC-EC of the University
Hospital of Dijon, France. The significance level is set
at 0.05 for all final analyses.
Data safety and monitoring

The trial has an independent data safety and monitoring
committee with four members: two medical doctors
(one intensive care specialist and one nephrologist), one
statistician and one pharmacologist. These people are independent of the principal investigator and have no financial, scientific or other conflict of interest with the
trial. Current or past collaborators of the principal investigator are not eligible to serve on the committee. Members of the committee have expertise in intensive care
(acute kidney injury, septic shock and RRT), clinical trial
methodology and biostatistics.
Ethical considerations

This study was evaluated and received authorization
from the Ethics Committee (Comité de Protection des
Personnes (CPP) Est I) under the reference number
2012-A00519-34 and from the French National Health
Products Safety Agency (Agence National de Sécurité
des Médicaments et des Produits de Santé, ANSM).
Data processing methods are reported to the national
authority for the protection of privacy and personal data
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(Commission Nationale Informatique et Liberté, CNIL).
Specific insurance for the study has been arranged with the
Hospital Mutual Insurance Company, policy no 129234.

Discussion
This protocol for a randomized controlled study investigating the impact of the timing of RRT initiation should
provide an answer to a key question in the management
of patients with AKI in the context of septic shock, for
whom the mortality rate remains close to 60% despite
improved understanding of the pathophysiology and recent
therapeutic advances. For the last ten years, the key
message in the treatment of septic shock has been the
optimization of initial management. Taking a closer
look at this concept, it seems legitimate to hypothesize
that early treatment of AKI during septic shock could
improve prognosis for patients.
It might have been preferable to initiate RRT at an
even earlier stage of AKI; however, at the injury stage of
the RIFLE classification, only 12% of patients have been
shown to need RRT in observational studies [33], and it
is not acceptable in ethical terms to initiate RRT so early.
To the best of our knowledge, no novel biomarker or
other parameter yet makes it possible to detect the need
for RRT at an earlier stage, and with sufficient accuracy.
For the delayed group, we chose a time delay of 48 hr
as we considered this to be sufficiently long to achieve
hemodynamic stability in septic shock, and to observe a
spontaneous improvement in renal function, in the bestcase scenario. In case of progression to AKI, it is not
ethically acceptable to delay RRT by any more than 48
hr. Lastly, we chose to use the term ‘delayed’ rather than
‘late’, because ‘late’ has previously been used to refer to
much longer time spans, such as beyond 5 days in one
study [19].
Clinical research on AKI has traditionally been difficult
due to the lack of standardized definitions. A recent
survey revealed the use of at least 35 definitions in the
literature [34]. To minimize this problem and to generalize
the results easily, we chose the RIFLE classification, which
is widely known and has been validated by large series
from Europe [35], the USA [36] and Australia [37],
each including several thousand patients. The Acute
Kidney Injury Network (AKIN) classification [38] did
not substantially modify the definition of the failure
stage (stage 3 in the AKIN classification) [39,40]. The
recent classification proposed by the Kidney Disease:
Improving Global Outcomes (KDIGO) guidelines had
not been published at the start of our study [29].
The presence of criteria for emergency dialysis could
be a barrier to good compliance in our study. To avoid
this problem, we decided to exclude from the study
patients who fulfilled emergency RRT criteria at ICU
admission before randomization, although this could
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actually be a selection bias by limiting the inclusion of
the most seriously ill patients. On the other hand,
emergency criteria after randomization pose no problem
for the study, because RRT will be initiated immediately
regardless of the randomization group. The data will then
be analyzed by ITT but also per protocol.
Another situation that may arise is that patients in the
delayed RRT group recover adequate kidney function
before RRT is initiated, and are not on RRT at 48 hr, but
subsequently renal function gradually alters and RRT is
started later. These patients will still be included in the
ITT analysis and considered as adverse events, but a
subgroup analysis of these patients is planned, since they
constitute a particularly serious population with a very
high mortality and therefore, merit evaluation.
Potential challenges with the trial

If this study confirms the hypothesis that early RRT
treatment is superior in the specific condition of AKI in
septic shock patients, then this may help to reduce
mortality for this very serious disease. The absence of a
positive result will encourage us to focus our efforts on
other aspects of the early management of these patients
by delaying the initiation of renal supplementation.

Trial status
Recruitment is ongoing (200 patients included as of 16
June 2014).
Abbreviations
ADQI: Acute Dialysis Quality Initiative; AKI: acute kidney injury; AKIN: Acute
Kidney Injury Network; CIC-EC: Centre for Clinical Investigation and Clinical
Epidemiology of the University Hospital of Dijon, France; CRF: case report
form; EQ-5D: European Quality of Life Five Dimensions questionnaire;
ICU: intensive care unit; ITT: intention to treat; KDIGO: Kidney Disease:
Improving Global Outcomes; MDRD: modification of diet in renal disease;
RIFLE: risk, injury, failure, loss, end-stage kidney disease; RRT: renal
replacement therapy; SAPS II: simplified acute physiology score;
SLED: sustained low-efficiency dialysis; SOFA: sequential organ failure
assessment; VAS: visual analogue scale.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
SDB, CB and JPQ designed the trial, and obtained funding for the trial. SDB
drafted the manuscript. SDB, CB, MM, RB and JPQ provided a critical revision
of the manuscript. All authors read and approved the final manuscript.
Acknowledgements
This work was supported by a grant from the National Hospital Research
Program from the French Ministry of Health (PHRC 2011). The authors thank
Fiona Ecarnot (EA3920, University Hospital Besancon, France) for translation
and editorial assistance.
Author details
1
Service de Réanimation Médicale, CHU de Nîmes – Hôpital Carémeau,
Nîmes, France. 2INSERM, CIE1, CHU Dijon, Centre d’Investigation Clinique –
Epidémiologie Clinique (CIC-EC), Dijon, France. 3Service de Réanimation
Polyvalente, CH de Melun, Melun, France. 4Service de Réanimation Médicale,
CHU Le Bocage, & INSERM UMR866, Faculty of Medicine, Dijon, France.

Barbar et al. Trials 2014, 15:270
http://www.trialsjournal.com/content/15/1/270

Received: 27 January 2014 Accepted: 26 June 2014
Published: 7 July 2014
References
1. Pavon A, Binquet C, Kara F, Martinet O, Ganster F, Navellou JC, Castelain V,
Barraud D, Cousson J, Louis G, Perez P, Kuteifan K, Noirot A, Badie J, Mezher C,
Lessire H, Quantin C, Abrahamowicz M, Quenot JP, EPIdemiology of Septic
Shock (EPISS) Study Group: Profile of the risk of death after septic shock in
the present era: an epidemiologic study. Crit Care Med 2013, 41:2600–2609.
2. Quenot JP, Binquet C, Kara F, Martinet O, Ganster F, Navellou JC, Castelain V,
Barraud D, Cousson J, Louis G, Perez P, Kuteifan K, Noirot A, Badie J, Mezher C,
Lessire H, Pavon A: The epidemiology of septic shock in French intensive
care units: the prospective multicenter cohort EPISS study. Crit Care 2013,
17:R65.
3. Schrier RW, Wang W: Acute renal failure and sepsis. N Engl J Med 2004,
351:159–169.
4. Bagshaw SM, George C, Bellomo R: Early acute kidney injury and sepsis: a
multicentre evaluation. Crit Care 2008, 12:R47.
5. Palevsky PM, Zhang JH, O’Connor TZ, Chertow GM, Crowley ST, Choudhury
D, Finkel K, Kellum JA, Paganini E, Schein RM, Smith MW, Swanson KM,
Thompson BT, Vijayan A, Watnick S, Star RA, Peduzzi P: Intensity of renal
support in critically ill patients with acute kidney injury. N Engl J Med
2008, 359:7–20.
6. Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H, Morgera S, Schetz M,
Tan I, Bouman C, Macedo E, Gibney N, Tolwani A, Ronco C, Beginning and
Ending Supportive Therapy for the Kidney (BEST Kidney) Investigators: Acute
renal failure in critically ill patients: a multinational, multicenter study. JAMA
2005, 294:813–818.
7. Bagshaw SM, Uchino S, Bellomo R, Morimatsu H, Morgera S, Schetz M, Tan I,
Bouman C, Macedo E, Gibney N, Tolwani A, Oudemans-van Straaten HM,
Ronco C, Kellum JA, Beginning and Ending Supportive Therapy for the Kidney
(BEST Kidney) Investigators: Septic acute kidney injury in critically ill patients:
clinical characteristics and outcomes. Clin J Am Soc Nephrol 2007, 2:431–439.
8. Langenberg C, Wan L, Egi M, May CN, Bellomo R: Renal blood flow and
function during recovery from experimental septic acute kidney injury.
Intensive Care Med 2007, 33:1614–1618.
9. Cooper BA, Branley P, Bulfone L, Collins JF, Craig JC, Fraenkel MB, Harris A,
Johnson DW, Kesselhut J, Li JJ, Luxton G, Pilmore A, Tiller DJ, Harris DC,
Pollock CA: A randomized, controlled trial of early versus late initiation of
dialysis. N Engl J Med 2010, 363:609–619.
10. Clark E, Wald R, Levin A, Bouchard J, Adhikari NK, Hladunewich M,
Richardson RM, James MT, Walsh MW, House AA, Moist L, Stollery DE,
Burns KE, Friedrich JO, Barton J, Lafrance JP, Pannu N, Bagshaw SM,
Canadian Acute Kidney Injury (CANAKI) Investigators: Timing the initiation
of renal replacement therapy for acute kidney injury in Canadian
intensive care units: a multicentre observational study. Can J Anaesth
2012, 59:861–870.
11. Thakar CV, Rousseau J, Leonard AC: Timing of dialysis initiation in AKI in
ICU: international survey. Crit Care 2012, 16:R237.
12. Bagshaw SM, Lapinsky S, Dial S, Arabi Y, Dodek P, Wood G, Ellis P, Guzman J,
Marshall J, Parrillo JE, Skrobik Y, Kumar A, Cooperative Antimicrobial Therapy of
Septic Shock (CATSS) Database Research Group: Acute kidney injury in septic
shock: clinical outcomes and impact of duration of hypotension prior to
initiation of antimicrobial therapy. Intensive Care Med 2009, 35:871–881.
13. Teschan PE, Baxter CR, O’Brien TF, Freyhof JN, Hall WH: Prophylactic
hemodialysis in the treatment of acute renal failure. Ann Intern Med 1960,
53:992–1016.
14. Bouman CS, Oudemans-Van Straaten HM, Tijssen JG, Zandstra DF, Kesecioglu J: Effects of early high-volume continuous venovenous hemofiltration
on survival and recovery of renal function in intensive care patients with
acute renal failure: a prospective, randomized trial. Crit Care Med 2002,
30:2205–2211.
15. Elahi MM, Lim MY, Joseph RN, Dhannapuneni RR, Spyt TJ: Early
hemofiltration improves survival in post-cardiotomy patients with acute
renal failure. Eur J CardiothoracSurg 2004, 26:1027–1031.
16. Gettings LG, Reynolds HN, Scalea T: Outcome in post-traumatic acute
renal failure when continuous renal replacement therapy is applied early
vs. late. Intensive Care Med 1999, 25:805–813.
17. Liu KD, Himmelfarb J, Paganini E, Ikizler TA, Soroko SH, Mehta RL, Chertow
GM: Timing of initiation of dialysis in critically ill patients with acute
kidney injury. Clin J Am SocNephrol 2006, 1:915–919.

Page 9 of 10

18. Seabra VF, Balk EM, Liangos O, Sosa MA, Cendoroglo M, Jaber BL: Timing of
renal replacement therapy initiation in acute renal failure: a meta-analysis.
Am J Kidney Dis 2008, 52:272–284.
19. Bagshaw SM, Uchino S, Bellomo R, Morimatsu H, Morgera S, Schetz M, Tan I,
Bouman C, Macedo E, Gibney N, Tolwani A, Oudemans-van Straaten HM,
Ronco C, Kellum JA, Beginning and Ending Supportive Therapy for the Kidney
(BEST Kidney) Investigators: Timing of renal replacement therapy and clinical
outcomes in critically ill patients with severe acute kidney injury. J Crit Care
2009, 24:129–140.
20. Payen D, Mateo J, Cavaillon JM, Fraisse F, Floriot C, Vicaut E: Impact of
continuous venovenous hemofiltration on organ failure during the early
phase of severe sepsis: a randomized controlled trial. Crit Care Med 2009,
37:803–810.
21. Piccinni P, Dan M, Barbacini S, Carraro R, Lieta E, Marafon S, Zamperetti N,
Brendolan A, D’Intini V, Tetta C, Bellomo R, Ronco C: Early isovolaemic
haemofiltration in oliguric patients with septic shock. Intensive Care Med
2006, 32:80–86.
22. Shiao CC, Ko WJ, Wu VC, Huang TM, Lai CF, Lin YF, Chao CT, Chu TS, Tsai HB,
Wu PC, Young GH, Kao TW, Huang JW, Chen YM, Lin SL, Wu MS, Tsai PR, Wu
KD, Wang MJ, National Taiwan University Hospital Study Group on Acute Renal
Failure (NSARF): U-curve association between timing of renal replacement
therapy initiation and in-hospital mortality in postoperative acute kidney
injury. PLoS One 2012, 7:e42952.
23. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P: Acute renal
failure – definition, outcome measures, animal models, fluid therapy
and information technology needs: the Second International Consensus
Conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit Care
2004, 8:R204–R212.
24. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, Sevransky
JE, Sprung CL, Douglas IS, Jaeschke R, Osborn TM, Nunnally ME, Townsend
SR, Reinhart K, Kleinpell RM, Angus DC, Deutschman CS, Machado FR,
Rubenfeld GD, Webb S, Beale RJ, Vincent JL, Moreno R, Surviving Sepsis
Campaign Guidelines Committee including The Pediatric Subgroup:
Surviving sepsis campaign: international guidelines for management of
severe sepsis and septic shock, 2012. Intensive Care Med 2013, 39:165–228.
25. Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, Cohen J, Opal
SM, Vincent JL, Ramsay G: SCCM/ESICM/ACCP/ATS/SIS international sepsis
definitions conference. Crit Care Med 2001, 2003(31):1250–1256.
26. Mehta RL, McDonald B, Gabbai FB, Pahl M, Pascual MT, Farkas A, Kaplan RM:
A randomized clinical trial of continuous versus intermittent dialysis for
acute renal failure. Kidney Int 2001, 60:1154–1163.
27. Vinsonneau C, Camus C, Combes A, de Costa Beauregard MA, Klouche K,
Boulain T, Pallot JL, Chiche JD, Taupin P, Landais P, Dhainaut JF: Continuous
venovenoushaemodiafiltration versus intermittent haemodialysis for
acute renal failure in patients with multiple-organ dysfunction syndrome: a multicentrerandomised trial. Lancet 2006, 368:379–385.
28. Brochard L, Abroug F, Brenner M, Broccard AF, Danner RL, Ferrer M, Laghi F,
Magder S, Papazian L, Pelosi P, Polderman KH: An official ATS/ERS/ESICM/
SCCM/SRLF statement: prevention and management of acute renal
failure in the ICU patient: an international consensus conference in
intensive care medicine. Am J RespirCrit Care Med 2010, 181:1128–1155.
29. Disease K, Improving Global Outcomes (KDIGO) Acute Kidney Injury Work
Group: KDIGO clinical practice guideline for acute kidney injury. Kidney
Int 2012, 2(Suppl):1–138.
30. Rabin R, de Charro F: EQ-5D: a measure of health status from the EuroQol
Group. Ann Med 2001, 33:337–343.
31. Abrahamowicz M, MacKenzie TA: Joint estimation of time-dependent and
non-linear effects of continuous covariates on survival. Stat Med 2007,
26:392–408.
32. Peto R, Pike MC, Armitage P, Breslow NE, Cox DR, Howard SV, Mantel N,
McPherson K, Peto J, Smith PG: Design and analysis of randomized clinical
trials requiring prolonged observation of each patient. I. Introduction and
design. Br J Cancer 1976, 34:585–612.
33. Lopes JA, Fernandes P, Jorge S, Goncalves S, Alvarez A, CostaeSilva Z, Franca
C, Prata MM: Acute kidney injury in intensive care unit patients: a
comparison between the RIFLE and the acute kidney injury network
classifications. Crit Care 2008, 12:R110.
34. Kellum JA, Levin N, Bouman C, Lameire N: Developing a consensus
classification system for acute renal failure. Curr Opin Crit Care 2002, 8:509–514.
35. Ostermann M, Chang RW: Acute kidney injury in the intensive care unit
according to RIFLE. Crit Care Med 2007, 35:1837–1843.

Barbar et al. Trials 2014, 15:270
http://www.trialsjournal.com/content/15/1/270

Page 10 of 10

36. Thakar CV, Christianson A, Freyberg R, Almenoff P, Render ML: Incidence
and outcomes of acute kidney injury in intensive care units: a veterans
administration study. Crit Care Med 2009, 37:2552–2558.
37. Bagshaw SM, George C, Dinu I, Bellomo R: A multi-centre evaluation
of the RIFLE criteria for early acute kidney injury in critically ill patients.
Nephrol Dial Transplant 2008, 23:1203–1210.
38. Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, Levin A:
Acute kidney injury network: report of an initiative to improve outcomes
in acute kidney injury. Crit Care 2007, 11:R31.
39. Bagshaw SM, George C, Bellomo R: A comparison of the RIFLE and AKIN
criteria for acute kidney injury in critically ill patients. Nephrol Dial
Transplant 2008, 23:1569–1574.
40. Joannidis M, Metnitz B, Bauer P, Schusterschitz N, Moreno R, Druml W,
Metnitz PG: Acute kidney injury in critically ill patients classified by AKIN
versus RIFLE using the SAPS 3 database. Intensive Care Med 2009,
35:1692–1702.
doi:10.1186/1745-6215-15-270
Cite this article as: Barbar et al.: Impact on mortality of the timing of renal
replacement therapy in patients with severe acute kidney injury in septic
shock: the IDEAL-ICU study (initiation of dialysis early versus delayed in
the intensive care unit): study protocol for a randomized controlled trial.
Trials 2014 15:270.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

