
AER 2019

25ème AER : 19 & 20 novembre 2020



ACTUALITES EN EPURATION 
EXTRA-RENALE

AER 2019

Session Réanimation Métabolique

Jeudi 21 Novembre 2019

Dr G. Claisse

Service de Néphrologie, Réanimation et Transplantation Rénale

CHU Saint-Etienne



EER

Quand 
débuter?

Quand 
arrêter?

Quelle 
technique 
utiliser?

Quelle 
durée?

Quelle 
anticoagulation?

Quelle 
« dose » 

administrer?



EER

Quand 
débuter?

Quand 
arrêter?

Quelle 
technique 
utiliser?

Quelle 
durée?

Quelle 
anticoagulation?

Quelle 
« dose » 

administrer?



EER – Quand débuter?



EER – Quand débuter?

• Indications « consensuelles » = complications de l’IRA

• OAP anurique
• Hyperkaliémie menaçante (>7 mmol + signes ECG)
• Acidose métabolique profonde (< 7,1 pH)
• Urémie mal tolérée (> 30-40 mmol/l, troubles neuro)

+ Indications spécifiques = Epuration médicaments



EER – Quand débuter?

Uniquement sur des indications cliniques ?
(étude AKIKI)

Ou 

Dès l’existence d’une Insuffisance Rénale Aigüe sévère ?
(étude ELAIN)



Section 2: AKI Definition
Kidney International Supplements (2012) 2, 19–36; doi:10.1038/kisup.2011.32

Chapter 2.1: Definition and classification of AKI

INTRODUCTION
AKI is one of a number of conditions that affect kidney
structure and function. AKI is defined by an abrupt decrease
in kidney function that includes, but is not limited to, ARF. It
is a broad clinical syndrome encompassing various etiologies,
including specific kidney diseases (e.g., acute interstitial
nephritis, acute glomerular and vasculitic renal diseases);
non-specific conditions (e.g, ischemia, toxic injury); as well
as extrarenal pathology (e.g., prerenal azotemia, and acute
postrenal obstructive nephropathy)—see Chapters 2.2 and
2.3 for further discussion. More than one of these conditions
may coexist in the same patient and, more importantly,
epidemiological evidence supports the notion that even mild,
reversible AKI has important clinical consequences, including
increased risk of death.2,5 Thus, AKI can be thought of more
like acute lung injury or acute coronary syndrome.
Furthermore, because the manifestations and clinical con-
sequences of AKI can be quite similar (even indistinguish-
able) regardless of whether the etiology is predominantly
within the kidney or predominantly from outside stresses on
the kidney, the syndrome of AKI encompasses both direct
injury to the kidney as well as acute impairment of function.
Since treatments of AKI are dependent to a large degree on
the underlying etiology, this guideline will focus on specific
diagnostic approaches. However, since general therapeutic
and monitoring recommendations can be made regarding all
forms of AKI, our approach will be to begin with general
measures.

Definition and staging of AKI
AKI is common, harmful, and potentially treatable. Even
a minor acute reduction in kidney function has an adverse
prognosis. Early detection and treatment of AKI may
improve outcomes. Two similar definitions based on SCr
and urine output (RIFLE and AKIN) have been proposed and
validated. There is a need for a single definition for practice,
research, and public health.

2.1.1: AKI is defined as any of the following (Not Graded):
K Increase in SCr by X0.3 mg/dl (X26.5 lmol/l)

within 48 hours; or
K Increase in SCr to X1.5 times baseline, which

is known or presumed to have occurred within
the prior 7 days; or

K Urine volume o0.5 ml/kg/h for 6 hours.

2.1.2: AKI is staged for severity according to the following
criteria (Table 2). (Not Graded)

2.1.3: The cause of AKI should be determined whenever
possible. (Not Graded)

RATIONALE
Conditions affecting kidney structure and function can be
considered acute or chronic, depending on their duration.
AKI is one of a number of acute kidney diseases and
disorders (AKD), and can occur with or without other acute
or chronic kidney diseases and disorders (Figure 2). Whereas
CKD has a well-established conceptual model and definition
that has been useful in clinical medicine, research, and public
health,42–44 the definition for AKI is evolving, and the
concept of AKD is relatively new. An operational definition
of AKD for use in the diagnostic approach to alterations
in kidney function and structure is included in Chapter 2.5,
with further description in Appendix B.

The conceptual model of AKI (Figure 3) is analogous to
the conceptual model of CKD, and is also applicable to
AKD.42,45 Circles on the horizontal axis depict stages in the
development (left to right) and recovery (right to left) of
AKI. AKI (in red) is defined as reduction in kidney function,
including decreased GFR and kidney failure. The criteria for
the diagnosis of AKI and the stage of severity of AKI are
based on changes in SCr and urine output as depicted in the
triangle above the circles. Kidney failure is a stage of AKI
highlighted here because of its clinical importance. Kidney
failure is defined as a GFR o15 ml/min per 1.73 m2 body

http://www.kidney-international.org c h a p t e r 2 . 1

& 2012 KDIGO

Table 2 | Staging of AKI

Stage Serum creatinine Urine output

1 1.5–1.9 times baseline
OR

X0.3 mg/dl (X26.5mmol/l) increase

o0.5 ml/kg/h for
6–12 hours

2 2.0–2.9 times baseline o0.5 ml/kg/h for
X12 hours

3 3.0 times baseline
OR

Increase in serum creatinine to
X4.0 mg/dl (X353.6mmol/l)

OR
Initiation of renal replacement therapy
OR, In patients o18 years, decrease in
eGFR to o35 ml/min per 1.73 m2

o0.3 ml/kg/h for
X24 hours

OR
Anuria for X12 hours

Kidney International Supplements (2012) 2, 19–36 19

Classification KDIGO
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BACKGROUND
The timing of renal-replacement therapy in critically ill patients who have acute 
kidney injury but no potentially life-threatening complication directly related to 
renal failure is a subject of debate.
METHODS
In this multicenter randomized trial, we assigned patients with severe acute kidney 
injury (Kidney Disease: Improving Global Outcomes [KDIGO] classification, stage 3 
[stages range from 1 to 3, with higher stages indicating more severe kidney injury]) 
who required mechanical ventilation, catecholamine infusion, or both and did not 
have a potentially life-threatening complication directly related to renal failure to either 
an early or a delayed strategy of renal-replacement therapy. With the early strategy, 
renal-replacement therapy was started immediately after randomization. With the 
delayed strategy, renal-replacement therapy was initiated if at least one of the fol-
lowing criteria was met: severe hyperkalemia, metabolic acidosis, pulmonary edema, 
blood urea nitrogen level higher than 112 mg per deciliter, or oliguria for more than 
72 hours after randomization. The primary outcome was overall survival at day 60.
RESULTS
A total of 620 patients underwent randomization. The Kaplan–Meier estimates of 
mortality at day 60 did not differ significantly between the early and delayed strategies; 
150 deaths occurred among 311 patients in the early-strategy group (48.5%; 95% con-
fidence interval [CI], 42.6 to 53.8), and 153 deaths occurred among 308 patients in the 
delayed-strategy group (49.7%, 95% CI, 43.8 to 55.0; P = 0.79). A total of 151 patients 
(49%) in the delayed-strategy group did not receive renal-replacement therapy. The rate 
of catheter-related bloodstream infections was higher in the early-strategy group than 
in the delayed-strategy group (10% vs. 5%, P = 0.03). Diuresis, a marker of improved 
kidney function, occurred earlier in the delayed-strategy group (P<0.001).
CONCLUSIONS
In a trial involving critically ill patients with severe acute kidney injury, we found no 
significant difference with regard to mortality between an early and a delayed strat-
egy for the initiation of renal-replacement therapy. A delayed strategy averted the 
need for renal-replacement therapy in an appreciable number of patients. (Funded by 
the French Ministry of Health; ClinicalTrials.gov number, NCT01932190.)
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uremic symptoms developed. No differences in kidney
recovery or mortality were observed. In line with these
results, a recently published multicenter trial investigating
accelerated vs standard initiation of RRT in !"! critically ill
patients with AKI also demonstrated no mortality difference
between both groups.!" However, this was a feasibility trial,
and the trial was not powered to investigate mortality.
Finally, ! small randomized clinical trial demonstrated that
early initiation of RRT was associated with a reduced mor-
tality compared with late initiation of RRT.!# In this study,
the authors evaluated the role of early RRT in $# patients
with AKI following cardiac surgery. Fourteen patients were
started on continuous hemodialysis when their urine vol-
ume decreased to less than %" mL/h for % hours. In patients
in the “late” group (n = !&), RRT was delayed until urine
output had fallen to less than $" mL/h for $ hours. Survival
was significantly better in the group of patients who started
RRT earlier. There were no differences between the $ groups
with respect to age, sex, Acute Physiology and Chronic
Health Evaluation (APACHE) II score, and serum creatinine
level at the time of initiation of RRT.

The results of a recently published meta-analysis suggest
that earlier initiation of RRT in critically ill patients with AKI
may have beneficial association with survival (OR, ".&' [('%
CI, ".$#-".)$]).) However, this conclusion is based on hetero-
geneous studies of variable quality. Therefore, more random-
ized trials are required to answer this question. This research
priority has been articulated by the KDIGO clinical practice
guidelines,' and the Acute Kidney Injury Network$* has pri-
oritized this research topic.

Potential benefits of earlier initiation are attributable to
more rapid metabolic or uremic control and more effective pre-
vention and management of fluid overload.$) Some data also
suggest that RRT before the onset of severe AKI may attenu-
ate kidney-specific and non–kidney organ injury from acide-
mia, uremia, fluid overload, and systemic inflammation and

could potentially translate into improved survival and earlier
recovery of kidney function.$#,$( The counterargument is that
a strategy of early initiation of RRT might subject patients who
would recover renal function with conservative treatment
alone to the potential risks associated with RRT. However, AKI
confers a substantial increased risk of death even in patients
never treated with RRT.%" As such, although there may be a
risk of “unnecessary” RRT, there could be an even greater risk
associated with not providing it. To avoid treating patients with
RRT who may have otherwise spontaneously recovered kidney
function, biomarkers in addition to the KDIGO classification

Figure 2. Mortality Probability Within 90 Days After Study Enrollment
for Patients Receiving Early and Delayed Initiation of Renal
Replacement Therapy (RRT)
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KDIGO indicates Kidney Disease: Improving Global Outcomes. In the delayed
group, 18 patients had an absolute indication for RRT. The median (quartile 1
[Q1], quartile 3 [Q3]) duration of follow-up was 90 days (Q1, Q3: 90, 90) in the
early group and 90 days (Q1, Q3: 90, 90) in the delayed group. The vertical ticks
indicate censored cases.

Table 2. Patient Characteristics at the Time of Renal Replacement Therapy (RRT) Initiation

Early
(n = 112)

Delayed
(n = 119)

Absolute Difference
Early vs Delayed
(95% CI) P Value

Received RRT, No. 112 108

Time from meeting eligibility criteria to
randomization, median (Q1, Q3), h

2.0
(1.0, 3.0)

2.0 (1.0, 3.0) 0.0 (0.0 to 0.0) .36

Time from KDIGO 2 to RRT, mean (SD), h 5.4 (2.2) 40.0 (54.5) !34.5
(!45.0 to !24.0)

<.001

Time from KDIGO 2 to RRT,
median (Q1, Q3), h

6.0
(4.0, 7.0)

25.5
(18.8, 40.3)

!21.0
(!24.0 to !18.0)

<.001

Urinary output, median (Q1, Q3), mL 445.0
(175.0, 807.5)

270.0
(112.5, 670.0)

115.0
(25.0 to 220.0)

.01

Serum creatinine, mean (SD), mg/dL 1.9 (0.6) 2.4 (1.0) !0.5
(!0.7 to !0.3)

<.001

Blood urea nitrogen, mean (SD), mg/dL 38.5 (15.5) 47.5 (21.6) !9.0
(!14.1 to !3.9)

.001

Potassium, mean (SD), mEq/L 5.1 (0.9) 5.1 (0.9) 0.0
(!0.2 to 0.3)

.69

Bicarbonate, mean (SD), mEq/L 20.9 (3.6) 20.7 (3.7) 0.1
(!0.9 to 1.1)

.79

Hemoglobin, mean (SD), g/dL 8.6 (1.3) 8.6 (1.4) !0.1
(!0.4 to 0.3)

.74

White blood cells, mean (SD), "109/L 16.2 (9.8) 16.5 (9.5) !0.3
(!2.9 to 2.3)

.83

Abbreviations: KDIGO, Kidney
Disease: Improving Global Outcomes,
Q, quartile.
SI conversion factor: To convert
creatinine to !mol/L, multiply by
88.4; urea nitrogen to mmol/L,
multiply by 0.357.
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Effect of Early vs Delayed Initiation of Renal Replacement
Therapy on Mortality in Critically Ill Patients
With Acute Kidney Injury
The ELAIN Randomized Clinical Trial
Alexander Zarbock, MD; John A. Kellum, MD; Christoph Schmidt, MD; Hugo Van Aken, MD; Carola Wempe, PhD;
Hermann Pavenstädt, MD; Andreea Boanta, MD; Joachim Gerß, PhD; Melanie Meersch, MD

IMPORTANCE Optimal timing of initiation of renal replacement therapy (RRT) for severe acute
kidney injury (AKI) but without life-threatening indications is still unknown.

OBJECTIVE To determine whether early initiation of RRT in patients who are critically ill with
AKI reduces 90-day all-cause mortality.

DESIGN, SETTING, AND PARTICIPANTS Single-center randomized clinical trial of 231
critically ill patients with AKI Kidney Disease: Improving Global Outcomes (KDIGO) stage 2
(!2 times baseline or urinary output <0.5 mL/kg/h for !12 hours) and plasma neutrophil
gelatinase–associated lipocalin level higher than 150 ng/mL enrolled between August 2013
and June 2015 from a university hospital in Germany.

INTERVENTIONS Early (within 8 hours of diagnosis of KDIGO stage 2; n = 112) or delayed
(within 12 hours of stage 3 AKI or no initiation; n = 119) initiation of RRT.

MAIN OUTCOMES AND MEASURES The primary end point was mortality at 90 days after
randomization. Secondary end points included 28- and 60-day mortality, clinical evidence of
organ dysfunction, recovery of renal function, requirement of RRT after day 90, duration of
renal support, and intensive care unit (ICU) and hospital length of stay.

RESULTS Among 231 patients (mean age, 67 years; men, 146 [63.2%]), all patients in the early
group (n = 112) and 108 of 119 patients (90.8%) in the delayed group received RRT. All
patients completed follow-up at 90 days. Median time (Q1, Q3) from meeting full eligibility
criteria to RRT initiation was significantly shorter in the early group (6.0 hours [Q1, Q3: 4.0,
7.0]) than in the delayed group (25.5 h [Q1, Q3: 18.8, 40.3]; difference, !21.0 [95% CI, !24.0
to !18.0]; P < .001). Early initiation of RRT significantly reduced 90-day mortality (44 of 112
patients [39.3%]) compared with delayed initiation of RRT (65 of 119 patients [54.7%];
hazard ratio [HR], 0.66 [95% CI, 0.45 to 0.97]; difference, !15.4% [95% CI, !28.1% to !2.6%];
P = .03). More patients in the early group recovered renal function by day 90 (60 of 112
patients [53.6%] in the early group vs 46 of 119 patients [38.7%] in the delayed group; odds
ratio [OR], 0.55 [95% CI, 0.32 to 0. 93]; difference, 14.9% [95% CI, 2.2% to 27.6%]; P = .02).
Duration of RRT and length of hospital stay were significantly shorter in the early group than
in the delayed group (RRT: 9 days [Q1, Q3: 4, 44] in the early group vs 25 days [Q1, Q3: 7, >90]
in the delayed group; P = .04; HR, 0.69 [95% CI, 0.48 to 1.00]; difference, !18 days [95% CI,
!41 to 4]; hospital stay: 51 days [Q1, Q3: 31, 74] in the early group vs 82 days [Q1, Q3: 67, >90]
in the delayed group; P < .001; HR, 0.34 [95% CI, 0.22 to 0.52]; difference, !37 days [95% CI,
!" to !19.5]), but there was no significant effect on requirement of RRT after day 90, organ
dysfunction, and length of ICU stay.

CONCLUSIONS AND RELEVANCE Among critically ill patients with AKI, early RRT compared
with delayed initiation of RRT reduced mortality over the first 90 days. Further multicenter
trials of this intervention are warranted.

TRIAL REGISTRATION German Clinical Trial Registry Identifier: DRKS00004367

JAMA. 2016;315(20):2190-2199. doi:10.1001/jama.2016.5828
Published online May 22, 2016. Corrected on August 23, 2016.
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results must be highlighted because a change in the
outcome in just a handful of patients would render
the result nonsigni!cant. The investigators deserve
credit for the judicious interpretation of their own
results.
Another important consideration when evaluating

a trial is the extent to which the treatment afforded
in the control or nonexperimental arm re"ects usual
care. This is a major challenge in the study of RRT
timing in AKI given the lack of a clear standard of
care that is rooted in evidence and hence the wide
variability in clinical practice. In AKIKI, initiation
of RRT in the early arm was temporally related to
the onset of KDIGO stage 3 AKI, whereas in the
delayed arm of ELAIN, most patients commenced
RRT based on the achievement of KDIGO stage 3
AKI. Although the KDIGO guidelines provide a
useful construct for staging AKI and standardizing
de!nitions in this !eld, serum creatinine level
changes and the extent and duration of oliguria (ie,
the 2 determinants of AKI stage) are rarely the sole
determinants of RRT initiation in clinical practice.12

In the context of usual care, a substantial proportion

of patients with serum creatinine and/or urine output
criteria for stage 3 AKI do not commence RRT.21-23

It is therefore not surprising that about half the pa-
tients in the delayed arm of AKIKI never received
RRT. This begs the question of whether the
enrollment of patients based on AKI stage alone led
to the inclusion of many participants who would be
unlikely to ever require RRT in the course of their
intensive care unit stay. Here, the absence of reliable
clinical or biochemical predictors of progression to
RRT requirement is most important. Perhaps asking
clinicians to enroll only patients who had a signi!-
cant prospect of requiring RRT, but for whom there
was no indication for urgent RRT, may have been
useful.
In conclusion, AKIKI and ELAIN have vastly

improved the quality and quantity of evidence
regarding the optimal timing of RRT initiation in
critically ill patients with AKI. However, these trials
have not resolved this dilemma and practice is likely
to continue to vary widely, such that currently
ongoing trials are essential to shed further light on this
vexing question.

Table 1. A Comparison of the AKIKI and ELAIN Trials

AKIKI ELAIN

Principal hypothesis Delayed RRT reduces
60-d mortality by 15%

Early RRT reduces
90-d mortality by 18%

Patients enrolled 620 231
Centers 31 1
Age, y 66 66
SOFA 11 16
CKD, % 10 41
Mechanical ventilation, % 86 88
Pressor requirement, % 85 88
Septic shock, % 67 32
Surgical, % 21 97
Criteria for early RRT KDIGO stage 3 AKI KDIGO stage 2 AKI
Criteria for delayed RRT Clinical indications KDIGO stage 3 AKI
Scr at RRT initiation in
early group (SD), mg/dL

3.3 (1.4) 1.9 (0.6)

Scr at RRT initiation in
delayed group (SD), mg/dL

5.3 (2.3) 2.4 (1.0)

Time to RRT initiation in
early arm (IQR), h

2 (1-3)a 6 (4-7)b

Time to RRT initiation in
delayed arm (IQR), h

57 (25-83)a 25.5 (18.8-40.3)b

RRT modality IHD, SLED, or CRRT CVVHDF only permitted
modality for first 7 d

Received RRT in early arm, % 98 100
Received RRT in delayed arm, % 51 91

Abbreviations: AKI, acute kidney injury; AKIKI, Artificial Kidney Initiation in Kidney Injury; CKD, chronic kidney disease; CRRT,
continuous renal replacement therapy; CVVHDF, continuous venovenous hemodiafiltration; ELAIN, Effect of Early vs Delayed Initiation
of Renal Replacement Therapy on Mortality in Critically Ill Patients With Acute Kidney Injury; IHD, intermittent hemodialysis; IQR,
interquartile range; KDIGO, Kidney Disease: Improving Global Outcomes; RRT, renal replacement therapy; Scr, serum creatinine; SD,
standard deviation; SLED, sustained low efficiency dialysis; SOFA, Sequential Organ Failure Assessment Score.

aTime to RRT expressed from randomization.
bTime to RRT expressed from meeting eligibility criteria.

Am J Kidney Dis. 2016;-(-):--- 3
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participants in the early RRT group and 51% of
those in the delayed RRT group initiated RRT.
The selection of RRT modality was at the
discretion of the treating physician, and 55% of
the participants who initiated RRTwere started
on intermittent dialysis. Overall 60-day
mortality rate was 49.1%, with no signi!cant
difference between the study groups (P ! 0.69).
Although most secondary outcomes were also
similar between the groups, there was a signif-
icant difference in the number of RRT-free days
and the rate of catheter-related bacteremia, both
favoring the delayed RRT group.6

The Early versus Late Initiation of Renal
Replacement Therapy in Critically Ill Patients
with Acute Kidney Injury (ELAIN) trial
randomized adult ICU patients with KDIGO

stage 2 AKI and elevated plasma neutrophil
gelatinase-associated lipocalin (NGAL) levels
to early RRT (within 8 hours) versus delayed
RRT based on the development of stage 3
AKI, laboratory-based indications (Table 1),
refractory organ edema, or oligoanuria.7

Similar to the AKIKI trial, AKI was presumed
to be secondary to acute tubular necrosis.
Eligible participants had at least one other
indicator of critical illness, including severe
sepsis, vasopressor therapy, refractory "uid
overload, or nonrenal organ dysfunction,
de!ned as a nonrenal Sequential Organ
Failure Assessment score $2 of 20 possible
points. Randomization was strati!ed by
Sequential Organ Failure Assessment cardio-
vascular score and the presence of oliguria.

Table 1 | Design and primary results of the AKIKI and ELAIN trials

AKIKI
(n [ 619)

ELAIN
(n [ 231)

Study site Multicenter study (31 sites in France) Single center (surgical ICU in Germany)

Enrollment
criteria

" ICU patients age $ 18 yr
" KDIGO stage 3 AKI presumed due to ATN
" At least one of the following:

Mechanical ventilation
Catecholamine therapy

Major exclusion criteria
" Blood urea nitrogen > 112 mg/dl (40 mmol/l)
" Potassium > 6 meq/l (> 5.5 with treatment)
" pH < 7.15 due to metabolic or mixed acidosis
" Severe pulmonary edema despite diuretics

" ICU patients age 18–90 yr
" KDIGO Stage 2 AKI presumed due to ATN
" Plasma NGAL > 150 ng/ml
" At least one of the following:

Severe sepsis
Vasopressor/catecholamine therapy
Nonrenal organ dysfunction (SOFA score $ 2)
Fluid overload despite diuretics

Major exclusion criteria
" Prior CKD or RRT

Assignment Randomized, unblinded Randomized, unblinded
Strati!ed by SOFA cardiovascular score & oliguria

Early RRT Within 6 h of documented stage 3 AKI
(Median 2 h after randomization)

Within 8 h of documented stage 2 AKI
(Median 6 h after meeting entry criteria)

Indications for
RRT in
delayed arm

Any of the following:
" Blood urea nitrogen > 112 mg/dl (40 mmol/l)
" Potassium > 6 meq/l (> 5.5 with treatment)
" pH < 7.15 due to metabolic or mixed acidosis
" Severe pulmonary edema despite diuretics
" Oliguria lasting > 72 h after randomization
(Median 57 h after randomization)

" Documented stage 3 AKI or any of the
following:

" Blood urea nitrogen > 100 mg/dl (36 mmol/l)
" Potassium > 6 meq/l (or ECG changes)
" Magnesium > 8 meq/l (4 mmol/l)
" Organ edema despite diuretics
" Urine output < 200 ml/ 24 h
(Median 26 h after meeting entry criteria)

Initial RRT
modality

Discretion of the enrolling site
(55% intermittent RRT, 45% continuous RRT)

Continuous venovenous hemodia!ltration

60-d mortality 49.1% 44.6%

Primary
outcome

60-d mortality
48.5% versus 49.7% (P ! 0.79)

90-d mortality
39.3% versus 54.7% (P ! 0.03)

Receipt of RRT 98% versus 51% (P < 0.001) 100% versus 91%
Catheter-related bacteremia: 10% versus 5%
(P ! 0.03)

Median length of stay: 51 versus 82 d (P < 0.001)
Mediation duration of mechanical ventilation:
126 versus 181 h (P ! 0.002)

AKI, acute kidney injury; AKIKI, Arti!cial Kidney Initiation in Kidney Injury; ATN, acute tubular necrosis; CKD, chronic kidney disease
de!ned by estimated glomerular !ltration rate < 30 ml/min or prior kidney transplant; ELAIN, Early versus Late Initiation of Renal
Replacement Therapy in Critically Ill Patients with Acute Kidney Injury; ICU, intensive care unit; KDIGO, Kidney Disease: Improving Global
Outcomes classi!cation; NGAL, neutrophil gelatinase-associated lipocalin; RRT, renal replacement therapy; SOFA score, Sequential
Organ Failure Assessment score.

nephro logy d ige s t
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Renal-Replacement Ther apy in Acute Kidney Injury

performed easily or safely in patients with hemo-
dynamic instability in the early phases of septic 
shock, so starting such therapy earlier would not 
improve fluid balance.

Our results show that initiating renal-replace-
ment therapy too early could unnecessarily ex-
pose patients in whom renal dysfunction would 
have recovered spontaneously to the risks associ-
ated with renal-replacement therapy. Indeed, 29% 
of the patients in the delayed-strategy group did 
not require renal-replacement therapy because 
they had spontaneous recovery of renal function, 
although 26% of these patients (18 of 70 pa-
tients) subsequently died, which is similar to 
rates reported in other studies.22 It is possible 
that more patients might have recovered without 
renal-replacement therapy if the delay had been 
longer than 48 hours, as was observed in a re-
cent study.12 Mortality was higher among pa-
tients assigned to the delayed-strategy group who 
met criteria for emergency renal-replacement ther-
apy (68% [28 of 41 patients]) than among those 
who did not meet the criteria. However, the de-
velopment of these complications may be identi-
fying a subgroup of patients with more severe 
underlying disease, and we cannot conclude that 
death was related to the delay in renal-replace-
ment therapy or that earlier initiation of renal-
replacement therapy would have saved a given 
patient.

Although our trial did not show any benefit 
to expediting the initiation of renal-replacement 
therapy in the absence of emergency criteria, our 

Variable
Early!Strategy!

(N!=!246)
Delayed!Strategy!

(N!=!242) P!Value

Creatinine — mg/dl**

At ICU discharge 2.00±1.26 2.19±1.47 0.15

At hospital discharge 1.46±0.98 1.61±1.30 0.31

*  Plus–minus values are means ±SD.
†  Acute kidney injury in failure stage was defined according to the RIFLE classification.
‡  This category includes patients in the delayed-strategy group who met criteria for emergency renal-replacement therapy. Metabolic acido-

sis was defined as a pH less than 7.15 and a base deficit of more than 5 mmol per liter or a bicarbonate level of 18 mmol or less per liter. 
Hyperkalemia was defined as a potassium level of more than 6.5 mmol per liter with characteristic electrocardiographic changes. The me-
dian pH and median potassium values were calculated only in patients who underwent renal-replacement therapy because they met these 
specific criteria. Fluid overload was defined as extravascular fluid overload that was refractory to diuretics, with pulmonary edema. Other 
reasons included worsening of the patient’s clinical status, with acidosis and hyperkalemia below the prespecified threshold, associated 
with hyperlactatemia, with the need for emergency renal-replacement therapy as determined by the clinician treating the patient.

§  Other criterion was worsening of multiple organ failure that mandated the initiation of renal-replacement therapy in the opinion of the cli-
nician caring for the patient, confirmed by an increase of at least 2 points in the SOFA score (not a prespecified criterion for emergency 
renal-replacement therapy).

¶  The number of days free of renal-replacement therapy, mechanical ventilation, or vasopressor therapy was calculated according to the 
number of days the patient was alive without the intervention at day 28; patients who died were assigned zero free days.

!  In patients who received renal-replacement therapy, the renal component of the SOFA score was calculated on the basis of urine output only.
**  Creatinine values are for all living patients who were no longer receiving renal-replacement therapy.

Table!2.!(Continued.)

Figure!2.!Overall!Survival!among!Patients!Assigned!to!Early!Renal-Replacement!
Therapy!and!Delayed!Renal-Replacement!Therapy.

In the early-strategy group, renal-replacement therapy was initiated within 
12 hours after documentation of acute kidney injury. In the delayed-strategy 
group, renal-replacement therapy was initiated 48 hours after the documen-
tation of acute kidney injury, if renal recovery had not occurred. If criteria 
for emergency renal-replacement therapy were met by a patient in this 
group, renal-replacement therapy was initiated as soon as possible. The 
tick marks indicate censored data. The P value is for the comparison of 
overall survival between the two groups.
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BACKGROUND
Acute kidney injury is the most frequent complication in patients with septic shock 
and is an independent risk factor for death. Although renal-replacement therapy is 
the standard of care for severe acute kidney injury, the ideal time for initiation 
remains controversial.

METHODS
In a multicenter, randomized, controlled trial, we assigned patients with early-
stage septic shock who had severe acute kidney injury at the failure stage of the 
risk, injury, failure, loss, and end-stage kidney disease (RIFLE) classification sys-
tem but without life-threatening complications related to acute kidney injury to 
receive renal-replacement therapy either within 12 hours after documentation of 
failure-stage acute kidney injury (early strategy) or after a delay of 48 hours if renal 
recovery had not occurred (delayed strategy). The failure stage of the RIFLE clas-
sification system is characterized by a serum creatinine level 3 times the baseline 
level (or !4 mg per deciliter with a rapid increase of !0.5 mg per deciliter), urine 
output less than 0.3 ml per kilogram of body weight per hour for 24 hours or 
longer, or anuria for at least 12 hours. The primary outcome was death at 90 days.

RESULTS
The trial was stopped early for futility after the second planned interim analysis. 
A total of 488 patients underwent randomization; there were no significant between-
group differences in the characteristics at baseline. Among the 477 patients for 
whom follow-up data at 90 days were available, 58% of the patients in the early-
strategy group (138 of 239 patients) and 54% in the delayed-strategy group (128 
of 238 patients) had died (P = 0.38). In the delayed-strategy group, 38% (93 patients) 
did not receive renal-replacement therapy. Criteria for emergency renal-replacement 
therapy were met in 17% of the patients in the delayed-strategy group (41 patients).

CONCLUSIONS
Among patients with septic shock who had severe acute kidney injury, there was 
no significant difference in overall mortality at 90 days between patients who were 
assigned to an early strategy for the initiation of renal-replacement therapy and 
those who were assigned to a delayed strategy. (Funded by the French Ministry of 
Health; IDEAL-ICU ClinicalTrials.gov number, NCT01682590.)
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Quelle dose de Dialyse?



Dose de Dialyse

• Définition:
= Quantité d’épuration

Identique à une posologie de médicament: quelle dose administrer au patient 
pour:

- améliorer l’état du patient
- éviter le surdosage responsable d’effets indésirables

Mais comment évaluer la DOSE DE DIALYSE? 
è Comme tous médicaments = en dose/Kg



Dose de Dialyse

• En EER continue (CVVHF, CVVHD ou CVVHDF):
• Quantité d’effluent par heure

• Effluent = dialysat + ultrafiltrat

• En ml/Kg/h

• Recommandations= 20-25 ml/Kg/h

• En pratique:

• PRISMAFLEX/MULTIFILTRATE

• Débit Dialysat = 2000 ml/h

• Débit de Réinjection Post-Dilution = 1500 ml/h

• Dose = 2000 + 1500 = 3500 ml/h
• Patients 85Kg: 40 ml/kg/h !



Dose de Dialyse

• En EER Discontinue (HD intermittente):
• Evaluation complexe
• Basé sur ce qui se fait en HD chronique
• Mesure d’un index = kT/V

• En pratique:
• Fresenius 5008 / Evosys

• 3 séances/ semaine
• À 500 ml/min de Débit Dialysat



Intérêt d’augmenter la Dose?

• Pourquoi:
• Epurer des molécules toxiques (cytokines pro-inflammatoires dans le sepsis)

• Risques:
• Métaboliques ++

• Hypokaliémie, Hypomagnésémie, Hypophosphorémie
• Hypoglycémie, Dénutrition
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!ese two recent key multicenter RCTs, the VA/NIH 
Acute Renal Failure Trial Network (ATN) [157] and the 
Randomized Evaluation of Normal versus Augmented 
Level of Renal Replacement (RENAL) [158] studies found 
that increased intensity (dose) of RRT was not associated 
with improved patient outcomes.

As given in Table" 7, the ATN study used a strategy 
that allowed patients to switch between RRT modalities 
according to their hemodynamic status. RRT was pro-
vided as IHD in patients with hemodynamic stability and 
as either CRRT (mostly) or SLED (rarely) when hemody-
namically unstable. No di#erence of 60-day mortality was 
found between less-intensity therapy arm and intensive 
arm (51.5 vs. 53.6%).

In the second study (the RENAL study), 1508 patients 
were enrolled in 23 ICUs in Australia and New Zealand. 
All participants received CRRT, which were randomly 
assigned at an e$uent flow of 25 or 40" ml/kg/h. !e 
delivered dose was 22 and 33.4"ml/kg/h, respectively, and 
higher delivered/prescribed dose was found in less-inten-
sity therapy (88 vs. 84%, p"<"0.001). !e primary outcome 
of 90-day mortality was 44.7% in both arms. In addition, 
both ATN and RENAL studies reported no di#erence 
in kidney recovery according to dialysis intensity (dose). 
However, hypophosphatemia was more common in the 
higher-intensity group.

!ese findings now strongly support the view that 
increasing dose intensity above 20–25" ml/kg/h does 
not deliver clinical benefits to critically ill patients with 
severe AKI and have established the current standard of 
care for “intensity (dose) of RRT” such patients.

Intensity of!RRT in!septic AKI
Sepsis has been reported to account for approximately 
50% of patients with AKI in ICU, and it has been hypoth-
esized that modulation of pro-inflammatory cytokines 

in septic AKI might be beneficial [159]. Accordingly, a 
recent multicenter RCT focused on high-volume hemo-
filtration (HVHF) for septic AKI patients. !e IVOIRE 
(hIgh VOlume in Intensive caRE) study [160] enrolled 
140 AKI patients with septic shock from 18 ICUs in 
Europe and compared the e%cacy of HVHF (70" ml/
kg/h) with standard-volume hemofiltration (35"ml/kg/h). 
Although higher clearance of some solute (urea and cre-
atinine) was reported in the HVHF group, there was no 
di#erence in 28-day or 90-day mortality between the two 
groups.

Two recent meta-analyses have further evaluated 
the issue of RRT intensity in AKI. Van Wert et"al. [161] 
assessed 12 studies with 3999 patients, including 7 stud-
ies of CRRT, 3 of IHD, 1 of SLED and 1 of all three. !ese 
investigators found no benefit of more intensive RRT 
with regard to survival or dialysis dependence among 
survivors. A second meta-analysis [162] focused on 
HVHF (>50" ml/kg/h) for septic AKI patients and also 
found no di#erence in mortality between HVHF and 
standard-volume hemofiltration, but identified signifi-
cantly higher rates of hypophosphatemia and hypoka-
lemia in HVHF-treated patients.

As a consequence, the “Disease: Improving Global 
Outcomes (KDIGO)” AKI clinical practice guidelines 
[91] recommended that the “normal (standard) dose” 
of CRRT should in the range of 20–25"ml/kg/h and also 
recommended that, if IHD or SLED is chosen as the RRT 
modality for AKI, they should be set to deliver a Kt/V of 
3.9 per week.

Potential disadvantages of!high intensity
!ere might be some potential complications which may 
counterbalance the advantage of higher clearance in 
high-intensity RRT. First, intensified therapy is reported 
to be associated with electrolyte disturbances such as 

Table 7 Characters of!ATN, RENAL and!IVOIRE studies

AKI acute kidney injury, CVVH continuous venous–venous hemo!ltration, CVVHDF continuous venous–venous hemodia!ltration, SLED sustained low-e"ciency 
dialysis, IHD intermittent hemodialysis

ATN RENAL IVOIRE

Design Multicenter RCT Multicenter RCT Multicenter RCT

Country USA Australia and New Zealand France, Belgium and Netherlands

Patients AKI AKI AKI with septic shock

No. of patients 1124 1508 140

Modality CVVHDF, SLED, IHD CVVHDF CVVH

Prescribed dose CVVHDF: 21.5 versus 36.2 ml/kg/h
SLED and IHD: 3 versus 6/wk

25 versus 40 ml/kg/h 35 versus 70 ml/kg/h

Delivered dose CVVHDF: 22 versus 35.8 ml/kg/h
SLED: 2.9 versus 6.2/wk
IHD: 3 versus 5.4/wk

22 versus 33.4 ml/kg/h 33.2 versus 65.6 ml/kg/h

Mortality 60 days
51.5 versus 53.6%

90 days
44.7 versus 44.7%

90 days
50.7 versus 56.1%

PAS D’INTERÊT D’AUGEMNTER LA DOSE AU DELA DE 20-25 ml/Kg/h

(2008) (2009) (2013)



Fraction de Filtration
Fraction de Filtration (FF) = 
« Quantité d’eau plasmatique 
hémofiltrée »

< 20-25% sinon risque de 
colmatage du filtre

= Q Hémofiltration / Q Sang

Augmentation Dose de 
dialyse = Augmentation de 
l’Hémofiltration = Risque de 
colmatage si pas 
d’augmentation du Q sang



Type de Dialyse



Principes

HEMODIALYSE

Echange des PETITES MOLECULES
Pas de transfert d’eau = pas de perte de poids

HEMOFILTRATION

Echange des MOYENNE MOLECULES
Transfert D’EAU + molécules = permet perte de poids



Type de DIALYSE

CONTINUE (24H/24)

CVV HD = ÉCHANGES DIFFUSIFS

CVVHF = ECHANGES CONVECTIFS

CVV HDF = ECHANGES DIFFUSIFS + 
CONVECTIFS

INTERMITTENT (4-6H)

HDI = ÉCHANGES DIFFUSIFS

HFI = ECHANGES CONVECTIFS

HDFI = ECHANGES DIFFUSIFS + 
CONVECTIFS

CONVECTION SYSTEMATIQUE POUR PERTE DE POIDS (ULTRAFILTRATION)



Type de DIALYSE

CONTINUE (24H/24)

CVV HD = ÉCHANGES DIFFUSIFS

CVVHF = ECHANGES CONVECTIFS

CVV HDF = ECHANGES DIFFUSIFS 
+ CONVECTIFS

INTERMITTENT (4-6H)

HDI = ÉCHANGES DIFFUSIFS

HFI = ECHANGES CONVECTIFS

HDFI = ECHANGES DIFFUSIFS + 
CONVECTIFS

CONVECTION SYSTEMATIQUE POUR PERTE DE POIDS (ULTRAFILTRATION)
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of dialysis dependence indicated that the real cost of IHD 
might be significantly higher than previously thought; in 
contrast, CRRT might be more cost-e!ective [68].

Technique: hemo!ltration, hemodialysis 
and"hemodia!ltration
If CRRT is being applied to the care of an ICU patient, 
the issue of preferred technique arises. As shown in 
Fig." 5, continuous hemofiltration (convective solute 
clearance), hemodialysis (di!usive solute clearance) and 
hemodiafiltration (combined convective and di!usive 
solute clearance) are the main solute clearance tech-
niques in di!erent kinds of CRRT. At this time, most 
clinicians appear to prefer hemofiltration or hemodiafil-
tration in critically ill patients with AKI, because of the 
belief that convective clearance might benefit patients 
by better removal of toxic inflammatory solutes, which 
are in the middle molecular range. Despite such beliefs, 
no studies have shown a convincing and sustained e!ect 
of continuous hemofiltration technique on circulating 
cytokine levels compared with continuous hemodialysis. 

Moreover, a recent meta-analysis [69] showed no e!ect 
of continuous hemofiltration on mortality and dialysis 
dependence in AKI patients compared with hemodialy-
sis; in contrast, continuous hemofiltration appeared to 
shorten time to filter failure by 7"h. #us, there is no level 
1 evidence to guide clinicians in their choice of technique 
during CRRT, and there is some lower-level suggestive 
evidence that di!usion (hemodialysis) may be gentler on 
the filter and may therefore prolong circuit life.

Less common techniques: slow low-e#ciency dialysis 
(SLED)
As given in Table" 3, SLED, a relatively new “hybrid” 
technology combining the properties from both IHD 
and CRRT, is a special form of intermittent dialysis with 
low dialysate and blood flow rates and prolonged dura-
tion. A recent meta-analysis [70], including 7 RCTs and 
10 observational studies, reported that there was a mild 
trend toward improved survival in favor of SLED-treated 
patients with AKI (RR 0.86; 95% CI 0.74–1.00), although 
the evidence was weak because of a lack of significant dif-
ferences when RCTs were considered separately. None-
theless, there might be some potential advantages of 
SLED in general. First, SLED might lead to more rapid 
mobilization of patients and perhaps lead to shorter 
ICU stays and more rapid convalescence. Second, short 
and flexible duration of therapy might to some extent 
decrease the complications of RRT such as bleeding, 
hypotension, fluid overload as seen in other therapies like 
IHD. #ird, a shorter duration of RRT might be associ-
ated with a lower rate of biofilm formation and circuit 
contamination.

Peritoneal dialysis
In the past, PD has not been considered as the first 
choice of RRT for AKI in adults because of the low e$-
ciency of solute clearance. However, there are now sev-
eral RCTs focusing on continuous PD for AKI patients 
compared with IHD, CRRT or SLED, reporting similar 
mortality and kidney recovery [71–73]. A recent pooled 

Table 3 Characteristics of!CRRT, SLED and!IHD

CRRT continuous renal replacement therapy, SLED sustained low-e!ciency 
dialysis, IHD intermittent hemodialysis, CVVH continuous venovenous 
hemo"ltration, CVVHDF continuous venovenous hemodia"ltration, CVVHD 
continuous venovenous hemodialysis, SLED-f sustained low-e!ciency 
hemodia"ltration, IHD-f intermittent hemodia"ltration

CRRT SLED IHD

Modality CVVH/CVVHDF/
CVVHD

SLED/SLED-f IHD/IHD-f

Duration per 
session

24 h 6–12 h 4 h

Frequency 24 h/day 3–6/week 3/week

Blood flow  
(ml/min)

100–200 100–200 250–350

Dialysate dose 20–25 ml/kg/h 100–300 ml/min 500–800 ml/min

Hemodynamic 
status

Stable Possible stable Unstable

Volume control +++ ++ +
Heparin dose High Moderate Low

Fig. 5 Schematic illustration of continuous hemofiltration, hemodialysis and hemodiafiltration circuits
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Dialyse et Fluid Overload



Fluid Overload

associated with fluid overload at AKI diagnosis was 3.14
(95% CI 1.18–8.33). The percentage fluid accumulation at the
first peak in serum creatinine was significantly lower
in survivors compared with non-survivors (4.5±9.4 vs
10.1±13.4%; P! 0.003, P! 0.03 after adjustment for
APACHE III). The adjusted OR for death associated with
fluid overload on the first day of peak creatinine attainment
was 1.36 (95% CI 0.58–3.19). These results were consistent
when using either the percentage fluid accumulation adjusted
for body weight or the absolute fluid accumulation in liters
(data not shown).

Progression and duration of fluid accumulation
Next, we assessed the association between the progression
and duration of fluid accumulation and mortality. Patients
who remained with fluid accumulation during their hospi-
talization had a higher mortality rate that was proportional
to the degree of fluid accumulation (Figure 2). There was an
incremental increase in mortality in patients with a higher
proportion of days with fluid overload after AKI diagnosis
(Po0.0001). In addition, in dialyzed patients, mortality
increased in relation to the proportion of dialysis days with
fluid overload (Po0.0001) (Figure 3). In patients with fluid
overload at dialysis initiation, those who ended dialysis
without fluid overload (that is, percentage fluid accumula-
tion p10%) were less likely to die than those who still had
fluid overload at dialysis cessation (35 vs 56%; P! 0.0002).

Patients on continuous renal replacement therapy were more
likely to reduce the percentage of fluid accumulation
compared with patients treated with intermittent hemo-
dialysis (Figure 4). The adjusted OR for death associated with
fluid overload at dialysis cessation was 2.52 (95% CI
1.55–4.08).

Recovery of kidney function
Fluid overload at AKI diagnosis was not associated with
recovery of kidney function (47% in non vs 40% in fluid
overloaded; P! 0.24) and neither did fluid overload at
dialysis initiation influence dialysis independence at hospital
discharge (41 vs 32%; P! 0.21). However, patients with fluid
overload at peak serum creatinine (median days after AKI
diagnosis 4, interquartile range 1–11) were less likely to
recover kidney function (35 vs 52%; Po0.001 and P! 0.007
after adjustment for APACHE III score).

DISCUSSION
In critically ill patients and in patients with AKI, fluid
accumulation has been shown to worsen prognosis.4–9 In
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Figure 1 | Cumulative probability of survival by fluid overload
status. (a) Kaplan–Meier survival estimates by fluid overload
status at dialysis initiation. There was a significant difference in
survival among patients with or without fluid overload at dialysis
initiation (P! 0.005). (b) Kaplan–Meier survival estimates by fluid
overload status at AKI diagnosis in non-dialyzed patients. There
was a significant difference in survival among patients with or
without fluid overload (P! 0.04).
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Figure 2 | Mortality rate by final fluid accumulation relative to
baseline weight and stratified by dialysis status.
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Figure 3 | Mortality rate by categorical percentage of dialysis
days with fluid overload. The first column represents patients
without fluid overload, and the others, patients with o50, X50%,
and 100%, respectively, of their dialysis days with fluid overload.
The P-value for the linear trend is o0.001.

424 Kidney International (2009) 76, 422–427

o r i g i n a l a r t i c l e J Bouchard et al.: Fluid accumulation in acute kidney injuryIt is also important to establish whether fluid has accumu-
lated globally in the intra- and extravascular space or just in
a single compartment, for instance, in the pleural or peritoneal

space. In the case of localized fluid accumulation, symptoms
may be relieved by relatively simple techniques, that is, chest
drain insertion or paracentesis. These therapies should be con-
sidered, especially if there are no other indications for mechan-
ical fluid removal or renal replacement therapy (RRT).

Knowledge of a patient’s acute and chronic illness and mon-
itoring of adequacy of cardiac output and tissue perfusion and
also dynamic indices suggestive of haemodynamic fluid re-
sponsiveness can help clinicians set safe rates for fluid
removal. These are likely to require regular reassessment, par-
ticularly when fluid removal is first attempted and in patients
who are more severely ill. Occasionally, these concerns may
be overridden by life-threatening consequences of FO, which
may dictate faster rates of fluid removal initially. Examples of
rates of fluid removal appropriate to differing clinical contexts
are shown in Figure 3.

Choosing a mechanical fluid removal modality
There are several forms of mechanical fluid removal thatcan be
effectively utilized in the therapy of the FO patient (Table 3).
Ultrafiltration is the primary modality for fluid removal in
these techniques. This process consists of the production of
plasma water from whole blood across a semi-permeable
membrane in response to a transmembrane pressure gradient.
Because the semi-permeable membrane effectively sieves
larger molecules such as plasma proteins, the ultrafiltrate is ef-
fectively an iso-osmotic crystalloid solution of plasma water
and electrolytes. Continuous veno-venous haemofiltration
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Fig 3 Rate of mechanical fluid removal. Examples of patients with
FO as a result of disease or fluid resuscitation requiring mechanical
fluid management to illustrate how different rates of fluid removal
are appropriate to different clinical settings. Rapid early fluid
removal may be indicated in cardio-renal syndrome (A), but a
slower removal may be required for haemodynamic tolerability
after resolution of pulmonary oedema. Patients with single organ
renal failure (B) may tolerate more rapid fluid removal than those
with AKI complicating severe sepsis (C) or septic shock (D). In
septic shock, mechanical fluid removal may at first be targeted to
limit the accumulation of further fluid until clinical stabilization
allows slow resolution of accumulated fluid excess. Figure repro-
duced with permission from ADQI 12 (Acute Dialysis Quality Initia-
tive. http://www.adqi.org/).

Table 3 Mechanical fluid removal techniques. SCUF, slow continuous ultrafiltration; CVVH, continuous veno-venous haemofiltration

Modality Blood flow
rates
(ml min21)

Fluid removal
rates (ml h21)

Anti-coagulation Advantages Disadvantages

Intermittent
ultrafiltration

250–400 0–2000 Desirable Widely available Less effective in reaching
fluid balance goals
Can lead to haemodynamic
instability
Requires venous access

Continuous
ultrafiltration

50–100 0–300 Desirable Can be performed as either SCUF or
CVVH
Haemodynamically better tolerated
CVVH allows for a replacement solution
and dissociation of sodium and water
clearance

Requires venous access
Not as widely available

Peritoneal dialysis Not applicable 0–500 Not required Modality of choice for paediatrics
No venous access
Haemodynamically more stable

Cannot be used in patients
with abdominal surgery or
trauma
Not available at all sites
Requires technical expertise
to place catheters

Haemodialysis
(intermittent)

250–400 0–2000 Desirable Widely available
Adds clearance of solutes

Less effective in reaching
daily fluid balance goals
Can lead to haemodynamic
instability
Requires venous access

Haemodialysis
(continuous)

50–100 0–300 Desirable Adds clearance of solutes
Haemodynamically more stable

Requires venous access
Not as widely available
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It is also important to establish whether fluid has accumu-
lated globally in the intra- and extravascular space or just in
a single compartment, for instance, in the pleural or peritoneal

space. In the case of localized fluid accumulation, symptoms
may be relieved by relatively simple techniques, that is, chest
drain insertion or paracentesis. These therapies should be con-
sidered, especially if there are no other indications for mechan-
ical fluid removal or renal replacement therapy (RRT).

Knowledge of a patient’s acute and chronic illness and mon-
itoring of adequacy of cardiac output and tissue perfusion and
also dynamic indices suggestive of haemodynamic fluid re-
sponsiveness can help clinicians set safe rates for fluid
removal. These are likely to require regular reassessment, par-
ticularly when fluid removal is first attempted and in patients
who are more severely ill. Occasionally, these concerns may
be overridden by life-threatening consequences of FO, which
may dictate faster rates of fluid removal initially. Examples of
rates of fluid removal appropriate to differing clinical contexts
are shown in Figure 3.

Choosing a mechanical fluid removal modality
There are several forms of mechanical fluid removal thatcan be
effectively utilized in the therapy of the FO patient (Table 3).
Ultrafiltration is the primary modality for fluid removal in
these techniques. This process consists of the production of
plasma water from whole blood across a semi-permeable
membrane in response to a transmembrane pressure gradient.
Because the semi-permeable membrane effectively sieves
larger molecules such as plasma proteins, the ultrafiltrate is ef-
fectively an iso-osmotic crystalloid solution of plasma water
and electrolytes. Continuous veno-venous haemofiltration
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Fig 3 Rate of mechanical fluid removal. Examples of patients with
FO as a result of disease or fluid resuscitation requiring mechanical
fluid management to illustrate how different rates of fluid removal
are appropriate to different clinical settings. Rapid early fluid
removal may be indicated in cardio-renal syndrome (A), but a
slower removal may be required for haemodynamic tolerability
after resolution of pulmonary oedema. Patients with single organ
renal failure (B) may tolerate more rapid fluid removal than those
with AKI complicating severe sepsis (C) or septic shock (D). In
septic shock, mechanical fluid removal may at first be targeted to
limit the accumulation of further fluid until clinical stabilization
allows slow resolution of accumulated fluid excess. Figure repro-
duced with permission from ADQI 12 (Acute Dialysis Quality Initia-
tive. http://www.adqi.org/).
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instability
Requires venous access

Continuous
ultrafiltration

50–100 0–300 Desirable Can be performed as either SCUF or
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Haemodynamically better tolerated
CVVH allows for a replacement solution
and dissociation of sodium and water
clearance

Requires venous access
Not as widely available

Peritoneal dialysis Not applicable 0–500 Not required Modality of choice for paediatrics
No venous access
Haemodynamically more stable

Cannot be used in patients
with abdominal surgery or
trauma
Not available at all sites
Requires technical expertise
to place catheters
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(intermittent)

250–400 0–2000 Desirable Widely available
Adds clearance of solutes

Less effective in reaching
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instability
Requires venous access
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(continuous)

50–100 0–300 Desirable Adds clearance of solutes
Haemodynamically more stable

Requires venous access
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adult patients, Van Biesen et al.12 found that septic patients
with AKI had higher central venous pressure and an
increasing need for oxygen compared with those without
AKI. No data on mortality were reported. In another recent
study, Payen et al.13 found an inverse relation between fluid
accumulation and survival among 1120 patients with sepsis-
related AKI, defined as a creatinine 4309 mmol/l or urine
outputo500 ml/day. Mean daily fluid balance was
0.15±1.06 l/24 h in survivors compared with 0.98±1.5 l/
24 h in non-survivors. This association was evident only in
patients with AKI occurring within 2 days of intensive care
unit admission (0.14±1.05 l/24 h vs 1.19 l/24 h; Po0.001).

Additional data supporting these findings are provided
from small retrospective pediatric studies in dialyzed
patients.6,7,9 Goldstein et al.7 reviewed charts from 21
pediatric patients undergoing CRRT. The degree of percen-
tage fluid accumulation at RRT initiation among survivors
was 16.4±13.8% compared with 34.0±21.0% in non-
survivors (P! 0.03). This association remained significant
after controlling for severity of illness. The mean percentage
of accumulated fluid removed by RRT did not differ among
survivors and non-survivors. In another study, Foland et al.
found that median percentage fluid accumulation before
hemofiltration was significantly lower in survivors (7.8% vs
non-survivors 15.1%; P! 0.02).6 Gillespie et al. found that
children treated with CRRT who had fluid overload at dialysis
initiation (using the same definition we applied) experienced
a threefold increase in the risk of death compared with those
with lower or no fluid overload (OR 3.02, 95% CI 1.50–6.10,
P! 0.002).9 Only one multicenter prospective study has
assessed the relation between percentage fluid accumulation
and survival.8 The results were comparable to those from
previous studies, with the percentage fluid accumulation at
CRRT initiation being significantly lower in survivors vs non-
survivors (14.2±15.9 vs 25.4±32.9%; Po0.03) even after
adjustment for severity of illness. One retrospective study, in
pediatric patients who received stem cell transplantation and
developed AKI, suggested that survival may be improved by
an aggressive use of diuretics and early initiation of dialysis.14

All survivors (n! 11) maintained or remained with percen-
tage fluid accumulation o10% with diuretics and RRT.
Among the 15 non-survivors, only six (40%) had percentage
fluid accumulation o10% at the time of death.

In our study, we found that fluid overload was
independently associated with mortality, with or without
the requirement of dialysis. The association between fluid
overload and mortality was highly significant even after
adjustment for severity of illness and the need for dialysis.
Patients with fluid overload had lower urine outputs, lower
serum creatinine, and BUN at AKI diagnosis, as well as a
higher incidence of ventilator-requiring respiratory failure.
One of the key features of our study is the recognition that
fluid accumulation resulting in a positive fluid balance is a
frequent event in critically ill patients with AKI. Although it
is difficult to ascertain the events leading to fluid accumula-
tion, the higher incidence of sepsis, surgery, and multiorgan
failure constitutes settings in which more fluid is typically
administered for resuscitation. In our study, we have made a
distinction between fluid accumulation and fluid overload.
We have chosen the term fluid accumulation to specify
conditions when there is a positive fluid balance and
stratified the data to delineate a fluid accumulation of
410% as ‘fluid overload’ because prior studies had shown
that a 10% fluid accumulation was associated with adverse
outcomes in other clinical settings. In the Payen et al.13 study,
the association between fluid accumulation and mortality
was significant in patients with ‘early’ AKI (within 2 days),
suggesting that resuscitative strategies could be contributory.
Our data provide additional insight into the possible effect of
fluid accumulation on outcomes. The progression, duration,
and correction of fluid overload emerge as important
attributes associated with mortality. Patients who continued
to have fluid accumulation through their hospital stay were
more likely to die. The duration of fluid overload while
remaining on dialysis was similarly associated with increased
mortality, suggesting a cumulative effect of fluid overload on
mortality. Mortality was lower when fluid overload was
corrected by dialysis. Whether this reflects a therapeutic effect
of ultrafiltration or better outcomes in patients who were able
to be ultrafiltered is unknown. Finally, patients who required
dialysis and were treated with CRRT were more likely to
correct fluid accumulation than those treated with inter-
mittent dialysis. Cumulative fluid overload may also be
associated with a decreased likelihood of renal recovery. This
finding is in opposition to the common belief that fluid
accumulation somehow ‘protects’ the kidneys.

This study has several strengths. We included patients
from five different centers across the United States with
different demographics and clinical conditions, increasing the
generalizability of our results. Our population included
patients with and without sepsis, requiring and not requiring
dialysis, and all patients had detailed data on the progression
of fluid accumulation during hospitalization, which expands
on findings from previous studies. There are also important
limitations. First, patients or their proxies were required to
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Figure 4 | Fluid accumulation over time in patients on
continuous renal replacement therapy and on intermittent
hemodialysis.

Kidney International (2009) 76, 422–427 425

J Bouchard et al.: Fluid accumulation in acute kidney injury o r i g i n a l a r t i c l e



Membrane HCO et Sepsis



Membrane HCO et Sepsis

• Objectifs d’une EER:
• Correction des troubles hydro-electrolytiques (K+, Ph...) et acido-basiques 

(Gestion de l’acidose métabolique=pH)
• Ultrafiltration (fluid overload)

• ELIMINER TOXINES
• Endogènes = toxines urémiques (urée = représentant de ces toxines)
• Exogènes = médicaments

• CYTOKINES pro-inflammatoires = sécrétées en grande quantité dans le sepsis avec des 
effets délétères è Intérêt de les épurer?



Principes

HEMODIALYSE

Echange des petites molécules
Pas de transfert d’eau = pas de perte de poids

HEMOFILTRATION

Echange des moyenne molécules
Transfert d’eau + molécules = permet perte de poids



HémoDiaFiltration (HDF)

PTM

= Dialysat + Ultrafiltrat

HémoDiaFiltration (HDF) :

Hémodialyse = diffusion = 
échanges des petites molécules 
(K+, Urée...)

Hémofiltration = convection =
- Perte de poids (UF)
- Echange moyenne molécules 

(cytokines, médicaments)



Hémofiltration DIALYSE PLASMAPHERESE



Membrane HCO et Sepsis

• Sepsis/Choc Septique è synthèse de molécules (Cytokines) Pro-
inflammatoires

• Cytokines = effet délétère potentiel

• Pour éliminer ces Cytokines è membrane à « large pores » = 
membrane HCO = High Cut-Off (60-100 Kdalton)
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clearance [101, 102]. Compared to hemodialysis (di!u-
sive clearance), higher clearance of IL-1ra, IL-1", IL-6, 
IL-8 and TNF-# is achieved with hemofiltration (convec-
tive clearance). Increased cytokine clearance with higher 
ultrafiltrate/dialysate flow rate can also be expected. In 
addition to improved cytokine removal during hemofil-
tration, the concomitant loss of essential proteins, such as 
albumin, has been a concern. In fact, albumin clearance 
can amount to 10$ ml/min during hemofiltration [102]. 
Such albumin losses can, however, easily be replaced by 
infusion of albumin solutions.

Cytokine removal via!HCO membranes: clinical e"ects
So far, only a few small studies have been explored the 
clinical utility of HCO membranes in septic patients 
(Table$ 4). Cytokine clearance and illness severity were 
quantified in 24 patients with septic AKI randomized 
to continuous venovenous hemofiltration (CVVH) or 
continuous venovenous hemodialysis (CVVHD) [103]. 
Additionally, the clinical and biochemical e!ects of 
ultrafiltration rate and dialysate flow rate were explored. 
Compared to CVVHD, greater IL-6 clearance was 
achieved with CVVH. Irrespective of modality, higher 
flow rates led to greater IL-6 and IL-1ra clearance. 
Overall, APACHE II and multiorgan dysfunction syn-
drome score decreased after 24$ h, however, without a 
detectable di!erence between the CVVH and CVVHD 
groups.

In a randomized controlled trial, 30 patients with septic 
AKI were allocated to HCO CVVH (n$=$20; membrane 
cuto! 60$ kDa) or conventional CVVH (n$ =$ 10; mem-
brane cuto! 30$ kDa) using post-filter replacement vol-
umes of 2.5 L/h in both groups [9]. At 48$ h, decreased 
plasma levels of IL-6, IL-1ra and CRP was observed 
in the HCO group but not in the conventional group. 

Furthermore, patients treated with HCO CVVH had sig-
nificantly lower SAPS II score and vasopressor require-
ments after 48$h suggesting a clinical benefit of cytokine 
removal.

A phase 1 crossover trial compared a HCO filter with a 
conventional filter during IHD in 10 septic AKI patients 
[104]. A greater decrease in plasma IL-6, IL-8 and IL-10 
was observed after 4$ h of HCO-IHD, whereas no dif-
ference in IL-18, urea and albumin removal was found. 
Interestingly, there was a trend toward increased MAP 
and reduced vasopressor requirements after a 4-hour 
treatment with HCO-IHD.

A likely link between sepsis-induced release of inflam-
matory mediators (e.g., cytokines), activation of apop-
totic pathways and organ injury has been proposed [105, 
106]. Whether cytokine removal mitigates this response 
and translates into clinical benefits should therefore 
be explored. Recently, a randomized controlled trial 
(ClinicalTrials.gov Identifier: NCT00912184) completed 
recruitment of 76 patients with the aim to compare vaso-
pressor requirements during HCO (100$ kDa) CVVH 
or standard (30$ kDa) CVVH. In a subset of patients 
enrolled in that trial, pro-apoptotic plasma activity was 
compared between the two groups [107]. At baseline, 
apoptotic activity in these AKI patients’ plasma was 
evident by DNA fragmentation, caspase-3 activity and 
phosphatidylserine exposure on cell membranes. After 
24$ h, significantly less phosphatidylserine exposure was 
demonstrated in the HCO group, whereas no di!erence 
in DNA fragmentation or caspase-3 activity was found. 
Over a 3-day assessment period, no robust changes in 
apoptotic activity were seen in either group. Based on 
these findings, the e!ect of cytokine removal on apopto-
sis and organ injury remains uncertain and needs to be 
further explored.

Table 4 Cytokine clearance, albumin clearance and!clinical e"ects of!renal replacement therapy using high cuto" mem-
branes

RRT renal replacement therapy, Qf ultra!ltration rate, Qd dialysate "ow rate, CVVH continuous venovenous hemo!ltration, CVVHD continuous venovenous 
hemodialysis, IHD intermittent hemodialysis, APACHE acute physiology and chronic health evaluation, MODS multiorgan dysfunction syndrome
a Estimated in#vivo membrane cuto$

First author, 
year

N RRT modal-
ity

Qf or Qd (l/h) Cuto"a 
(kDa)

Cytokine clearance Albumin clearance Clinical e"ects

Morgera 
et al. [103]

24 CVVH versus 
CVVHD

Qf 1 versus 2.5
Qd 1 versus 2.5

60 Greater IL-1ra clearance 
with CVVH. Increased 
Qf or Qd increased IL-6 
and IL-1ra clearance

Highest with CVVH 
2.5 l/h

Overall decrease in APACHE II and 
MODS scores. No di!erence 
between groups

Morgera 
[235]

30 CVVH Qf 2.5 30 versus 
60

Greater IL-6 and IL-1ra 
clearance with 60 kDa-
filter

Plasma albumin levels 
not a!ected by filter 
cuto!

Reduced noradrenaline require-
ments with 60 kDa-filter

Haase et al. 
[104]

10 IHD Qd 18 20 versus 
60

Greater IL-6, IL-8 and 
IL-10 clearance with 
60 kDa-filter

Plasma albumin levels 
not a!ected by filter 
cuto!

Trend toward increased mean 
arterial pressure and reduced 
vasopressor requirements with 
60 kDa-filter

Comparaison membrane HCO versus membrane 
standard




