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Rappel synthétique des techniques de dialyse

Le principe de la diffusion étudié et mis 
en avant en 1854 (T. Graham)

Première dialyse chez l’animal en 1914 
(Abell JJ)

Première hémodialyse chez l’homme 
en 1924  (Haas G)

Première hémofiltration continue en 
1977 (Kramer P)
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   Définition 

• Épuration extra rénale : 
• Épuration du plasma à travers une membrane dialysante (imperméable aux 

éléments figurés du sang, à  l’Albumine et tout ce qui a un PM + élevé)

• Hémodialyse : 
• Épuration extra rénale à travers une membrane 
    dialysante extracorporelle 



Les  différentes techniques d’ EER

Rafat C, CUEN 2017 



      Machine de dialyse



      La membrane semi-perméable

Membrane : 
• Qui permet le passage d’eau, des 

électrolytes, des toxines urémiques de PM 
inférieur à 69000 daltons

• Ne permet pas le passage d’élément figurés 
du sang

• Perméabilité diffusive, hydraulique 
(coefficient d’Uf), perméabilité convective

Les membranes utilisées à l’heure actuelle sont 
des membranes synthétiques, à haute 
perméabilité (hig flux), qui sont plus 
biocompatibles (AN69, Polysulfone, PMMA, 
Polyamide)
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Phénomènes de transfert
• La diffusion = la conduction

 

à Le transfert par diffusion :
• transport passif de solutés du sang vers le dialysat au travers de la membrane de dialyse, 
• Il n’y a pas de passage de solvant. 
• Le transfert du dialysat vers le sang, est désigné sous le terme de rétrodiffusion. 
• La clairance diffusive dépend du débit sanguin, du débit de dialysat, de la différence de concentration, du coefficient 

de transfert du dialyseur et de la surface de la membrane



Phénomènes de transfert
• La diffusion = la conduction

 

Canaud, Elsevier 2009



Phénomènes de transfert
• La convection = l’ultrafiltration

 à Le transfert par convection :
• transfert à la fois du solvant et d’une fraction des solutés grâce à un gradient de pression



Phénomènes de transfert
• L’osmose

à L’osmose est un transfert de solvant sous l’effet d’une différence de pression osmotique. 



  Toxines urémiques



 Toxines urémiques et épuration

SRLF, Merhabene T, EER en réanimation 2018
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Les  différentes techniques d’ EER

• Méthodes continues vs intermittentes 



L’hémodialyse intermittente



Les méthodes continues



Les méthodes continues

Lengelé JP, Helha 2019



Les méthodes continues
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interventions. The allocation was concealed from the 
investigators until after enrolment. For practical reasons 
resulting from the nature of the intervention, patients and 
physicians administering interventions were not blinded 
to group assignment, but participants who assessed the 
outcomes were blinded. 

We compared qualitative data using χ² test or Fisher 
exact test. When needed, quantitative data was compared 
with ANOVA. We assessed outcomes using intention-to-
treat analysis. All quantitative data are reported as mean 
and 95% CI. We analysed survival using the product-limit 
method; we made comparisons using log-rank tests and 
made adjustments using a Cox proportional hazard 
model.17 The proportional hazards assumption was 
tested.18 Events that occurred at the same time were 
accounted for with Efron’s method.19 Analysis was 
adjusted for the presence of sepsis and confounding 
factors related to clinical-trial implementation (centre, 
calendar time, and protocol amendment). To account for 
a potential eff ect of the protocol amendment on the 
primary endpoint, we evaluated the survival rate 
throughout the study. We used SAS 8.02 software for our 
statistical analysis. No interim analysis was planned.

The data safety and monitoring board noted that 60-day 
survival was lower than expected during the fi rst 
20 months of the study (22%). A safety analysis done in 
June, 2001, excluded the existence of increased death rates 
in the continuous venovenous haemodiafi ltration group 
and recommended continuation of the study. As a result, 
in view of the lower survival rate, the sample size was 
adjusted to include 180 patients per group to test the same 
diff erence in survival rate between the two groups.

Role of the funding source
The funding source had no role in the study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to all 
data in the study and had fi nal responsibility for the 
decision to submit for publication. 

Results
Figure 1 shows the trial profi le and table 1 the baseline 
characteristics of the participants. Treatment modalities 
are shown in table 2. On the basis of mean dialysis fl ow, 
mean ultrafi ltration fl ow, and weight, and accounting for 
the predilutional infusion, the average dose of continuous 
venovenous haemodiafi ltration was 29 mL/kg per h 
(SD 11) (table 2). There are no available data for dialysis 
dose in intermittent haemodialysis group. The mean 
number of intermittent haemodialysis sessions was 
3·6 (SD 2) in the fi rst week of treatment, and only seven 
patients received daily haemodialysis in this period. The 
treatment effi  ciency, assessed by the mean daily urea 
concentration did not diff er between intermittent 
haemodialysis and continuous venovenous haemo-
diafi ltration (15·7, SD 7·5 vs 14·8, SD 9·1 mmol/L), and 
nor did the net ultrafi ltration per session. 

There was no signifi cant diff erence in mean 60-day 
survival between intermittent haemodialysis and 
continuous venovenous haemodiafi ltration (mean 
diff erence 1·1% [95% CI –8·8 to 11·1,]) (table 3 and 
fi gure 2). Survival was also the same between the groups 
at all other times throughout the study. Cox’s proportional-
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Figure 2: Estimation of survival rate according to treatment group
IHD=intermittent haemodialysis, CVVDHF=continuous venovenous 
haemodiafi ltration.

Intermittent 
haemodialysis

Continuous venovenous 
haemodiafi ltration

p value

Survival 

Day 28 41·8% (34·7–49·0) 38·9% (31·6–46·1) 0·65

Day 60 (primary endpoint) 31·5% (24·8–38·2) 32·6% (25·6–39·5) 0·98

Day 90 27·2% (20·8–33·6) 28·5% (21·8–35·2) 0·95

Renal support duration (days) 11 (8–13) 11 (8–14) 0·84

Length of ICU stay (days) 20 (16–23) 19 (15–22) 0·73

Length of hospital stay (days) 30 (24–35) 32 (22–42) 0·66

Values are mean (95% CI). ICU=intensive-care unit.

Table 3: Outcomes according to treatment group

Intermittent 
haemodialysis

Continuous 
venovenous 
haemodiafi ltration 

Duration of sessions (h) 5·2 (5·1–5·3) continuous

Blood fl ow (mL per min) 278 (275–281) 146 (145–147)

Dialysate fl ow* 500 1099 (1068–1128)

Ultrafi ltration fl ow (mL per h) 1278 (1255–1301)

Net ultrafi ltration† (mL per day) 2213 (2141–2285) 2107 (2011–2203)

Mean urea (mmol/L) 15·7 (7·5) 14·8 (9·1)

Data are mean (95% CI) or mean (SD). *mL per min in the intermittent 
haemodialysis group and mL per h in the continuous venovenous 
haemodiafi ltration group. †Mean volume loss per day of treatment.

Table 2: Treatment modalities 
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hazards regression model showed no signifi cant 
diff erence in survival between allocated treatments. There 
was also no diff erence in the length of stay in intensive 
care or in hospital (table 3). The rate and time to recovery 
of renal function did not diff er signifi cantly between 
groups. After discharge from the intensive-care unit, 6 of 
61 (10%) patients remained dependent on dialysis in the 
intermittent haemodialysis group compared with 4 of 
61 (7%) patients in the continuous venovenous 
haemodiafi ltration group (p=0·5). After hospital 
discharge, only one patient (from the continuous 
venovenous haemodiafi ltration group) remained 
dependent on dialysis.

During the study, we unexpectedly found a progressive 
and signifi cant increase in survival rates in the intermittent 
haemodialysis group according to time (relative risk 
0·67 per year, 95% CI 0·56–0·80, p<0·0001), whereas 
survival was constant with time in the continuous 
venovenous haemodiafi ltration group. Of note, before 
starting the study, both techniques were routinely used in 
all centres. For both groups, baseline characteristics at 
inclusion did not diff er over time, ruling out the possibility 
of a diff erent case mix throughout the study period. We 
noted no centre eff ect, no eff ect of the number of patients 
included in each centre, and no eff ect of the protocol 
amendment to account for the increased survival in the 
intermittent haemodialysis group. 

The frequency of most adverse events did not diff er 
between the two groups. Hypothermia occurred less often 
with intermittent haemodialysis than with continuous 
venovenous haemodiafi ltration (table 4). 37 patients were 
switched from one therapy to the other. Of the 23 patients 
(6%) switched for unplanned reasons, six (3%) were in 
the intermittent haemodialysis group and 17 (10%) in the 
continuous venovenous haemodiafi ltration group. In the 
intermittent haemodialysis group, reasons for unplanned 
switch included persistent haemodynamic instability 
(three patients), technical problems (two), and one 
protocol violation. In the continuous venovenous 
haemodiafi ltration group, contraindication to the use of 
anticoagulants for high risk of bleeding not known at 
enrolment (seven patients), protocol violations (four), 
insuffi  cient metabolic control (two), technical problems 
(three), and recurrent fi lter clotting despite eff ective 
anticoagulation (one) motivated the switches. 

Discussion
In this randomised study, we compared continuous 
venovenous haemodiafi ltration with intermittent haemo-
dialysis for the treatment of acute renal failure in multiple-
organ-dysfunction syndrome and showed no diff erence 
in survival at any time, incidence and time to recovery of 
renal function, or occurrence of adverse events (apart 
from hypothermia). In view of the long hospital stay of 
critically ill patients with multiple-organ-dysfunction 
syndrome, the primary endpoint of the study was 60-day 
survival rate. The 60-day survival rate in our study was 

lower than the 28-day survival rate usually reported for 
patients in intensive care with acute renal failure. Of note, 
the 28-day survival rate was 40%, and in-hospital mortality 
was 71%, which is similar to the in-hospital mortality 
predicted by the SAPS II score (70, SD 0·2 %).

This mortality rate is consistent with those reported 
from other studies that enrolled patients in intensive care 
with acute renal failure. In a study including all patients 
with acute renal failure defi ned by a serum creatinine 
concentration of more than 300 μmol/L, urine output of 
less than 500 mL per 24 h, or the need for renal 
replacement therapy, Guérin and colleagues22 noted an in-
hospital mortality rate of 66%. Metnitz and colleagues23 
defi ned acute renal failure as the need for renal 
replacement therapy, and reported rates of 63%. In both 
studies, the rates of organ dysfunction and sepsis were 
lower than in our trial, indicating a greater severity of 
illness in our study population. In Silvester and co-
workers’ study,24 mortality was 47%, but the study 
population had a lower prevalence of sepsis and lower 
severity scores than in our study. Thus the survival rate 
we report seems to be in accord with other studies when 
the severity of illness of the population enrolled is 
considered. 

Whereas several retrospective studies have reported a 
lower rate of hypotension with continuous venovenous 
haemodiafi ltration than with intermittent haemo-
dialysis,3,5,25 three prospective randomised studies provided 
inconsistent results.11,26,27 Our results are in accord with 
those of Misset and colleagues,26 since we did not record 
any signifi cant diff erence in the incidence of severe 
arterial hypotension between the two groups. Of note, the 
mean volume loss during each day of treatment did not 
diff er between groups. In essence, continuous venovenous 
haemo diafi ltration was done continuously, whereas 
intermittent haemodialysis was undertaken every other 
day. The net ultrafi ltration achieved with continuous 
venovenous haemo diafi ltration is therefore likely to be 
greater than with intermittent haemodialysis, but this 
had no eff ect on outcome, as was recently reported by 
Augustine and co-workers.11 

Intermittent 
haemodialysis (n=184)

Continuous venovenous 
haemofi ltration (n=175)

p value

Hypotension* 72 (39%) 61 (35%) 0·47

Bleeding event† 13 (7%) 12 (7%) 0·89

Thrombocytopenia 22 (12%) 31 (18%) 0·12

Hypoglycaemia 12 (7%) 7 (4%) 0·42

Hypophosphataemia 13 (7%) 14 (8%) 0·71

Hypothermia 10 (5%) 31 (17%) 0·0005 

Arrhythmia 18 (10%) 9 (5%) 0·15

Catheter infection 2 (1%) 3 (2%) 0·95

Data are number (percentage).*All hypotensive episodes were recorded from initiation until end of renal replacement 
therapy. Hypotension means at least one hypotensive episode during follow-up. †Bleeding events were reported only 
when transfusion was needed. 

Table 4: Adverse events according to treatment group

Vinsonneau C et al, Lancet 2006
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interventions. The allocation was concealed from the 
investigators until after enrolment. For practical reasons 
resulting from the nature of the intervention, patients and 
physicians administering interventions were not blinded 
to group assignment, but participants who assessed the 
outcomes were blinded. 

We compared qualitative data using χ² test or Fisher 
exact test. When needed, quantitative data was compared 
with ANOVA. We assessed outcomes using intention-to-
treat analysis. All quantitative data are reported as mean 
and 95% CI. We analysed survival using the product-limit 
method; we made comparisons using log-rank tests and 
made adjustments using a Cox proportional hazard 
model.17 The proportional hazards assumption was 
tested.18 Events that occurred at the same time were 
accounted for with Efron’s method.19 Analysis was 
adjusted for the presence of sepsis and confounding 
factors related to clinical-trial implementation (centre, 
calendar time, and protocol amendment). To account for 
a potential eff ect of the protocol amendment on the 
primary endpoint, we evaluated the survival rate 
throughout the study. We used SAS 8.02 software for our 
statistical analysis. No interim analysis was planned.

The data safety and monitoring board noted that 60-day 
survival was lower than expected during the fi rst 
20 months of the study (22%). A safety analysis done in 
June, 2001, excluded the existence of increased death rates 
in the continuous venovenous haemodiafi ltration group 
and recommended continuation of the study. As a result, 
in view of the lower survival rate, the sample size was 
adjusted to include 180 patients per group to test the same 
diff erence in survival rate between the two groups.

Role of the funding source
The funding source had no role in the study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to all 
data in the study and had fi nal responsibility for the 
decision to submit for publication. 

Results
Figure 1 shows the trial profi le and table 1 the baseline 
characteristics of the participants. Treatment modalities 
are shown in table 2. On the basis of mean dialysis fl ow, 
mean ultrafi ltration fl ow, and weight, and accounting for 
the predilutional infusion, the average dose of continuous 
venovenous haemodiafi ltration was 29 mL/kg per h 
(SD 11) (table 2). There are no available data for dialysis 
dose in intermittent haemodialysis group. The mean 
number of intermittent haemodialysis sessions was 
3·6 (SD 2) in the fi rst week of treatment, and only seven 
patients received daily haemodialysis in this period. The 
treatment effi  ciency, assessed by the mean daily urea 
concentration did not diff er between intermittent 
haemodialysis and continuous venovenous haemo-
diafi ltration (15·7, SD 7·5 vs 14·8, SD 9·1 mmol/L), and 
nor did the net ultrafi ltration per session. 

There was no signifi cant diff erence in mean 60-day 
survival between intermittent haemodialysis and 
continuous venovenous haemodiafi ltration (mean 
diff erence 1·1% [95% CI –8·8 to 11·1,]) (table 3 and 
fi gure 2). Survival was also the same between the groups 
at all other times throughout the study. Cox’s proportional-
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Figure 2: Estimation of survival rate according to treatment group
IHD=intermittent haemodialysis, CVVDHF=continuous venovenous 
haemodiafi ltration.

Intermittent 
haemodialysis

Continuous venovenous 
haemodiafi ltration

p value

Survival 

Day 28 41·8% (34·7–49·0) 38·9% (31·6–46·1) 0·65

Day 60 (primary endpoint) 31·5% (24·8–38·2) 32·6% (25·6–39·5) 0·98

Day 90 27·2% (20·8–33·6) 28·5% (21·8–35·2) 0·95

Renal support duration (days) 11 (8–13) 11 (8–14) 0·84

Length of ICU stay (days) 20 (16–23) 19 (15–22) 0·73

Length of hospital stay (days) 30 (24–35) 32 (22–42) 0·66

Values are mean (95% CI). ICU=intensive-care unit.

Table 3: Outcomes according to treatment group

Intermittent 
haemodialysis

Continuous 
venovenous 
haemodiafi ltration 

Duration of sessions (h) 5·2 (5·1–5·3) continuous

Blood fl ow (mL per min) 278 (275–281) 146 (145–147)

Dialysate fl ow* 500 1099 (1068–1128)

Ultrafi ltration fl ow (mL per h) 1278 (1255–1301)

Net ultrafi ltration† (mL per day) 2213 (2141–2285) 2107 (2011–2203)

Mean urea (mmol/L) 15·7 (7·5) 14·8 (9·1)

Data are mean (95% CI) or mean (SD). *mL per min in the intermittent 
haemodialysis group and mL per h in the continuous venovenous 
haemodiafi ltration group. †Mean volume loss per day of treatment.

Table 2: Treatment modalities 
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kidney injury patients admitted to the intensive care unit: results
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Abstract
Background. There is uncertainty on the effect of differ-
ent dialysis modalities for the treatment of patients with
acute kidney injury (AKI), admitted to the intensive care
unit (ICU). This controlled clinical trial performed in the
framework of the multicentre SHARF 4 study (Stuivenberg
Hospital Acute Renal Failure) aimed to investigate the out-
come in patients with AKI, stratified according to severity
of disease and randomized to different treatment options.
Methods. This was a multicentre prospective randomized
controlled trial with stratification according to severity of
disease expressed by the SHARF score. ICU patients were
eligible for inclusion when serum creatinine was >2 mg/dL,
and RRT was initiated. The selected patients were random-
ized to intermittent (IRRT) or continuous renal replacement
therapy (CRRT).
Results. A total of 316 AKI patients were randomly as-
signed to IRRT (n = 144) or CRRT (n = 172). The mean age
was 66 (range 18–96); 59% were male. Intention-to-treat
analysis revealed a mortality of 62.5% in IRRT compared
to 58.1% in CRRT (P = 0.430). No difference between
IRRT and CRRT could be observed in the duration of ICU
stay or hospital stay. In survivors, renal recovery at hospital
discharge was comparable between both groups. Multivari-
ate analysis, including the SHARF score, APACHE II and
SOFA scores for correction of disease severity, showed no
difference in mortality between both treatment modalities.
This result was confirmed in pre-specified subgroup anal-
ysis (elderly, patients with sepsis, heart failure, ventilation)
and after exclusion of possible confounders (early mortality,
delayed ICU admission).
Conclusions. Modality of RRT, either CRRT or IRRT, had
no impact on the outcome in ICU patients with AKI. Both
modalities need to be considered as complementary in the

Correspondence and offprint requests to: Robert L. Lins, Hazelaren-
straat 7,2020 Antwerpen, Belgium. Tel: +32-3-2383310; Fax: +32-3-
2162439; E-mail: Robert.Lins@scarlet.be

treatment of AKI (Clinical Trial: SHARF 4, NCT00322933,
http://ClinicalTrials.gov).

Keywords: acute kidney injury; continuous renal
replacement therapy; intermittent renal replacement
therapy; mortality; randomized clinical trial

Introduction

Acute kidney injury (AKI) is frequently part of a multiple-
organ dysfunction syndrome in critically ill patients admit-
ted to an intensive care unit (ICU). Patients have a high mor-
tality rate despite renal replacement therapy (RRT) [1,2].
Insight into incidence and prognosis of AKI is mandatory in
view of its therapeutic, ethical and economic implications
[3–6].

The influence of different types of RRT on the outcome
of AKI is a controversial issue. Opposing results have been
published. Most of the observational studies, however, were
neither randomized nor prospective and suffer from selec-
tion bias [7–11]. Randomized clinical trials of continuous
versus intermittent dialysis provide no evidence for a sur-
vival benefit of one of the treatment options [12–15].

Systematic reviews of the available studies supported
the conclusion that dialytic modality used in AKI does not
affect rates of death or renal recovery [16–18]. According
to the authors, the design of new clinical trials would need
to account for, among others, a higher sample size and
particularly a better control of the severity of illness of the
included population.

In previous parts of the Stuivenberg Hospital Acute Re-
nal Failure (SHARF) project, we developed a predictive
model for hospital mortality in 197 patients admitted to
a single ICU (SHARF 1 and 2) [19]. This SHARF score
was validated in a multicentre, prospective study in 293 pa-
tients in 8 ICUs (SHARF 3) [20] (see supplementary data

C⃝ The Author [2008]. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
For Permissions, please e-mail: journals.permissions@oxfordjournals.org
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Fig. 1. Flow chart of the SHARF 4 study. RRT = renal replacement ther-
apy; IRRT = intermittent renal replacement therapy; CRRT = continuous
renal replacement therapy.

10 and 30 days after diagnosis of AKI, length of stay in
ICU and hospital and renal function at hospital discharge.
Univariate analysis was performed on all parameters in or-
der to find significant differences between groups using
Student’s t-test and the chi-square test. Life table analysis
was used to compare hospital survival in both treatment
groups with Cox proportional hazards regression to control
for covariates. Multivariate analysis was performed using
logistic regression with mortality as dependant outcome
variable. For pre-specified subgroup analysis, selection was
based on reported evidence that these subgroups included
the most complicated patients showing the highest comor-
bidity and mortality. Confounding factors were selected if
they showed a significant difference in the comparison be-
tween both treatment options and contributed effectively
and independently to the observed outcome. Statistical sig-
nificance was set at the 0.05 level (two-sided). All analyses
were performed using SPSS, version 12.0.

Institutional review board

The protocol has been approved initially by the Ethics Com-
mittee of the Public Hospital Sector of Antwerp and by the
Ethics Committee of each participating centre. A written
informed consent has been asked from each patient or his
representative in the case that the patient was unconscious
or intubated.

Results

In a period of 3 years (April 2001–March 2004), nine Bel-
gian participating centres selected 316 patients for inclu-
sion in the clinical trial. Calculation of the SHARF score
revealed that 42 patients belonged to SHARF class 1, 70
to class 2 and 204 to class 3 with SHARF scores below
30, between 30 and 60 and above 60, respectively. After

Table 1. Baseline characteristics and clinical parameters of patients ran-
domized to intermittent or continuous renal replacement therapy

IRRT CRRT P-value of
difference

Number of AK1
patients

n = 144 n = 172

Age: mean (range) 67 (20–96) 65 (18–89) 0.120
Male 58.3% 60.0%
Female 41.7% 40.0% 0.765
Type of AKI

Pre-renal 28.6% 36.3%
Renal 71.4% 63.7% 0.150

Specified renal causes
of AKI

Acute tubular
necrosis

88.5% 87.5%

Other 11.5% 12.5% 0.821
Setting of AKI

Medical 71.0% 72.9%
Surgical 29.0% 27.1% 0.717

Delayed admission to
ICU

58.7% 51.8% 0.217

Severity parameters
[mean (SD)]
SHARF 0

(baseline)
65.3 (32.5) 67.7 (26.9) 0.488

APACHE II
(baseline)

27.1 (11.5) 26.3 (11.2) 0.584

SOFA 0 (baseline) 10.8 (3.4) 10.7 (3.4) 0.839

AKI = acute kidney injury; ICU = intensive care unit; RRT = renal
replacement therapy; IRRT = intermittent renal replacement therapy;
CRRT = continuous renal replacement therapy.

stratification in these SHARF classes, IRRT was randomly
assigned in 144 patients, CRRT in 172 patients (Figure 1).

The eligible population consisted of 650 patients. Ex-
clusion from randomization was for a non-medical reason
in 54% of patients (lack of time to complete computer en-
tries, technical computer problems, dialysis modality not
available and SHARF parameters not available at random-
ization), based on a clinical reason in 37% of patients
(mainly coagulation disturbances and haemodynamic in-
stability) and the reason was unknown in 9% of cases.

The mean age of the randomized population was 66 years
(range 18–96); 59% were male. Basic characteristics as well
as severity scores (SHARF, APACHE II and SOFA) were
comparable between both treatment groups (Table 1). At
diagnosis of AKI, mean serum creatinine was 3.6 mg/dL
(SD 2.3) in IRRT and 3.4 mg/dL (SD 2.3) in CRRT patients
(P = .305). Patients randomized to IRRT were treated for a
median of four sessions (range 1–35) with a mean duration
of 4 h (SD 0.9); patients randomized to CRRT were treated
for a median of 4 days (range 1–32) with a mean substitution
of 1.8 L (SD 0.8) or 21.0 mL/kg (SD 9.5). Cross-over of
treatment within the first 3 days of RRT treatment was noted
from IRRT to CRRT in 11 patients and from CRRT to IRRT
in 12 patients. The main reason for conversion from IRRT
to CRRT was haemodynamic instability, and for conversion
from CRRT to IRRT coagulation problems.

An overall mortality of 60.1% was observed. Within
the three SHARF score classes, mortality was 19%,
59% and 69%, respectively. Intention-to-treat analysis re-
vealed a mortality of 62.5% in patients treated with IRRT
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Fig. 1. Flow chart of the SHARF 4 study. RRT = renal replacement ther-
apy; IRRT = intermittent renal replacement therapy; CRRT = continuous
renal replacement therapy.

10 and 30 days after diagnosis of AKI, length of stay in
ICU and hospital and renal function at hospital discharge.
Univariate analysis was performed on all parameters in or-
der to find significant differences between groups using
Student’s t-test and the chi-square test. Life table analysis
was used to compare hospital survival in both treatment
groups with Cox proportional hazards regression to control
for covariates. Multivariate analysis was performed using
logistic regression with mortality as dependant outcome
variable. For pre-specified subgroup analysis, selection was
based on reported evidence that these subgroups included
the most complicated patients showing the highest comor-
bidity and mortality. Confounding factors were selected if
they showed a significant difference in the comparison be-
tween both treatment options and contributed effectively
and independently to the observed outcome. Statistical sig-
nificance was set at the 0.05 level (two-sided). All analyses
were performed using SPSS, version 12.0.

Institutional review board

The protocol has been approved initially by the Ethics Com-
mittee of the Public Hospital Sector of Antwerp and by the
Ethics Committee of each participating centre. A written
informed consent has been asked from each patient or his
representative in the case that the patient was unconscious
or intubated.

Results

In a period of 3 years (April 2001–March 2004), nine Bel-
gian participating centres selected 316 patients for inclu-
sion in the clinical trial. Calculation of the SHARF score
revealed that 42 patients belonged to SHARF class 1, 70
to class 2 and 204 to class 3 with SHARF scores below
30, between 30 and 60 and above 60, respectively. After

Table 1. Baseline characteristics and clinical parameters of patients ran-
domized to intermittent or continuous renal replacement therapy

IRRT CRRT P-value of
difference

Number of AK1
patients

n = 144 n = 172

Age: mean (range) 67 (20–96) 65 (18–89) 0.120
Male 58.3% 60.0%
Female 41.7% 40.0% 0.765
Type of AKI

Pre-renal 28.6% 36.3%
Renal 71.4% 63.7% 0.150

Specified renal causes
of AKI

Acute tubular
necrosis

88.5% 87.5%

Other 11.5% 12.5% 0.821
Setting of AKI

Medical 71.0% 72.9%
Surgical 29.0% 27.1% 0.717

Delayed admission to
ICU

58.7% 51.8% 0.217

Severity parameters
[mean (SD)]
SHARF 0

(baseline)
65.3 (32.5) 67.7 (26.9) 0.488

APACHE II
(baseline)

27.1 (11.5) 26.3 (11.2) 0.584

SOFA 0 (baseline) 10.8 (3.4) 10.7 (3.4) 0.839

AKI = acute kidney injury; ICU = intensive care unit; RRT = renal
replacement therapy; IRRT = intermittent renal replacement therapy;
CRRT = continuous renal replacement therapy.

stratification in these SHARF classes, IRRT was randomly
assigned in 144 patients, CRRT in 172 patients (Figure 1).

The eligible population consisted of 650 patients. Ex-
clusion from randomization was for a non-medical reason
in 54% of patients (lack of time to complete computer en-
tries, technical computer problems, dialysis modality not
available and SHARF parameters not available at random-
ization), based on a clinical reason in 37% of patients
(mainly coagulation disturbances and haemodynamic in-
stability) and the reason was unknown in 9% of cases.

The mean age of the randomized population was 66 years
(range 18–96); 59% were male. Basic characteristics as well
as severity scores (SHARF, APACHE II and SOFA) were
comparable between both treatment groups (Table 1). At
diagnosis of AKI, mean serum creatinine was 3.6 mg/dL
(SD 2.3) in IRRT and 3.4 mg/dL (SD 2.3) in CRRT patients
(P = .305). Patients randomized to IRRT were treated for a
median of four sessions (range 1–35) with a mean duration
of 4 h (SD 0.9); patients randomized to CRRT were treated
for a median of 4 days (range 1–32) with a mean substitution
of 1.8 L (SD 0.8) or 21.0 mL/kg (SD 9.5). Cross-over of
treatment within the first 3 days of RRT treatment was noted
from IRRT to CRRT in 11 patients and from CRRT to IRRT
in 12 patients. The main reason for conversion from IRRT
to CRRT was haemodynamic instability, and for conversion
from CRRT to IRRT coagulation problems.

An overall mortality of 60.1% was observed. Within
the three SHARF score classes, mortality was 19%,
59% and 69%, respectively. Intention-to-treat analysis re-
vealed a mortality of 62.5% in patients treated with IRRT

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
d
t/a

rtic
le

-a
b
s
tra

c
t/2

4
/2

/5
1
2
/1

8
4
2
0
2
9
 b

y
 IC

P
 u

s
e
r o

n
 0

3
 J

a
n
u
a
ry

 2
0
1
9

Nephrol Dial Transplant (2009) 24: 512–518 



Quelle technique choisir ?

Nephrol Dial Transplant (2009) 24: 512–518 

Intermittent versus continuous renal replacement therapy 515

compared to 58.1% in patients treated with CCRT (P =
0.430) (Table 2). No difference in mortality between both
treatment options could be observed within each of the three
SHARF classes. Also after exclusion of patients treated for
<3 days, mortality did not differ significantly, with 56%

Table 2. Outcome in patients randomized to intermittent or continuous
renal replacement therapy

IRRT CRRT P-value of
difference

Number of AKI patients n = 144 n = 172
Hospital mortality 62.5% 58.1% 0.430
ICU and hospital stay

Days in ICU: mean
(SD)

17.2 (18.7) 18.7 (19.0) 0.510

Days in hospital: mean
(SD)

31.4 (29.7) 36.8 (31.0) 0.345

Renal outcome in
survivors

CKD stage 1–2 (GFR
≥60 ml/min)

29.8% 28.8%

CKD stage 3 (GFR
30–59 ml/min)

29.8% 28.8%

CKD stage 4 (GFR
15–29 ml/min)

14.9% 25.5%

CKD stage 5 (GFR
<15 ml/min or
ESKD)

25.5% 16.9% 0.474

AKI = acute kidney injury; ICU = intensive care unit; GFR = glomerular
filtration rate; RRT = renal replacement therapy; IRRT = intermittent
renal replacement therapy; CRRT = continuous renal replacement therapy;
ESKD = end-stage kidney disease; CKD = chronic kidney disease.

in IRRT and 61% in CRRT, respectively (P = 0.567). Ad-
ditionally, no difference between IRRT and CRRT could
be noted in the duration of ICU stay or hospital stay. In
survivors, at hospital discharge, an eGFR of <15 mL/min
(stage 5) was observed in 25% of IRRT and 17% of CRRT
patients (Table 2).

A separate analysis of the non-randomized population
yielded the same outcome results comparing both treatment
options, confirming the results of the clinical trial. The non-
randomized patients were significantly younger, and had
comparable SHARF scores and a lower APACHE II score
(P = 0.001).

Multivariate analysis using the SHARF score for correc-
tion of disease severity revealed that there was no difference
in mortality between both treatment modalities. Subgroup
analysis, including only older patients, ventilated patients,
patients with sepsis or heart failure and patients with pre-
renal or renal type of AKI, confirmed the overall result
showing no increased risk of mortality for the use of CRRT
compared to IRRT (Figure 2). The result was also con-
firmed after excluding possible confounders such as pa-
tients who died within 48 h after ICU admission, patients
with delayed admission to the ICU or patients with protocol
deviation (Figure 2). Additionally, life table analysis with
Cox regression for correction of disease severity using the
SHARF, APACHE II and SOFA scores did not show any
difference for ICU survival between both treatment groups
(Figure 3). Ten days after the diagnosis of AKI, hospital
mortality in the IRRT and CRRT groups was 19% and 14%,
respectively. After 30 days, mortality increased to 45% and
36%, respectively.

Fig. 2. Outcome in patients randomized to intermittent (IRRT) or continuous (CRRT) renal replacement therapy. Relative risk calculation based on
binary logistic regression analysis with IRRT as reference category, controlled for disease severity using the SHARF score.
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• Etude Hemodiafe :
- 360 patients 
- 2 groupes : HDI vs Hémodiafiltration continue
- Pas de différence de survie à J60

• Etude SHARF : 
-316 patients 
-2 groupes également : HDI vs Hémofiltration continue
-Même résultat
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• Pas de différence en termes de diminution de la mortalité ou de récupération de 
la fonction rénale

• Meilleure tolérance hémodynamique avec les méthodes continues

• Maîtres mots : individualiser la prescription en fonction de l’hémodynamique du 
patient, besoin du patient, expertise de l’équipe, …

                                  à FAIRE CE QUE L’ON SAIT FAIRE
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s’expliquer par le fait que deux patients peuvent être classés au même
stade AKIN en ayant des DFG différents si leur fonction rénale de base
diffère.

Biomarqueurs d’agression rénale
Les biomarqueurs d’ARA sont des molécules dosées dans le sang et les

urines dont la concentration augmente en cas de souffrance cellulaire
rénale. Leur élévation précède la diminution du DFG et permet de pré-
dire de façon précoce le besoin d’EER [5]. L’utilisation des biomar-
queurs d’ARA pour décider de l’instauration d’une EER précoce
pourrait donc permettre d’améliorer le pronostic des patients en ARA,
mais ces données doivent auparavant être confirmées par des études
prospectives.

Surcharge hydrosodée
Il existe un impact négatif d’une balance hydrosodée positive sur le

devenir des patients en ARA. Dans une étude réalisée à partir des don-
nées de la cohorte PICARD au moment de l’initiation de l’EER, une
balance hydrique positive définie par une augmentation du poids de
10 % par rapport au poids de base est un facteur de risque indépendant
de mortalité à 2 mois [2]. De plus, les chances de récupération rénale
étaient moindres en cas de surcharge hydrosodée à l’initiation de l’EER.
Chez les patients en ARA, une balance hydrosodée positive pourrait
donc être un argument en faveur de l’initiation d’une EER.

Intoxications
La mise en route d’une EER peut être nécessaire en cas d’intoxication

pour épurer le sang du toxique ou de ses métabolites si la fonction rénale
du patient n’est pas suffisante. Cela est le cas s’il s’agit d’un toxique faci-
lement éliminé par EER, dont les effets toxiques sont bien corrélés à la
concentration plasmatique et qu’il existe des signes de gravité clinique,
une concentration élevée de toxique ou une ARA. En pratique, quatre
types d’intoxications répondent à ces critères et doivent faire recourir à
une EER dans certaines situations (Tableau 79-IV).

Dose d’épuration

Quel paramètre pour apprécier la dose 
d’épuration ?

La dose d’épuration en HDI est quantifiée par le Kt/V. Il peut être cal-
culé par les formules de Daugirdas. Celles-ci ont été établies par régres-
sion linéaire à partir des résultats de Kt/V calculé par une modélisation
de la cinétique de l’urée chez une cohorte de patients en IRCT traités par
HDI. Ces formules ne sont cependant pas validées chez les patients en
ARA. Le Kt/Veffectif tenant compte de la recirculation peut être mesuré
par la technique de la dialysance ionique. Il est validé en cas d’ARA.
Cependant, le Kt/V ne peut pas être utilisé pour comparer des traite-
ments de fréquence différente. Deux indices permettant de quantifier la
dose de dialyse hebdomadaire ont été développés en tenant compte du
caractère intermittent de l’épuration par HDI : le Kt/Vstandardisé et la clai-
rance rénale équivalente. Ils ont pour principal inconvénient de faire
l’hypothèse de l’équilibre entre production et élimination de l’urée sur
une semaine. Une formule simplifiée permettant de calculer la clairance
rénale équivalente en l’absence d’état d’équilibre a été développée et étu-
diée chez des patients traités par SLED [15].

Pour les techniques d’EER continue, la dose d’épuration est habituel-
lement mesurée par le débit d’effluent (exprimé en ml/kg/h). En effet, en
raison du faible débit de dialysat et/ou d’ultrafiltrat par rapport au débit
de sang, la concentration en urée de l’effluent tend à s’équilibrer avec la
concentration plasmatique à l’entrée du filtre et le débit d’effluent est en
théorie une bonne approximation de la clairance. Cependant, il a été
montré que le débit d’effluent surestime la clairance réelle du système
d’EER continue mesurée à partir du dialysat. Cela s’explique par l’altéra-
tion de la perméabilité diffusive et/ou hydraulique de la membrane au
fur et à mesure de son utilisation, notamment en cas d’anticoagulation
insuffisante

Les facteurs déterminant la dose d’épuration sont liés à la clairance, au
temps d’EER et au volume de distribution (Tableau 79-V).

Tableau 79-IV Épuration extrarénale (EER) pour intoxication.

Toxique Indications d’EER Particularités

Lithium Coma, convulsion
Concentrations plasmatiques élevées :

– > 6 mmol/l aiguë
– > 4 mmol/l aiguë sur chronique
– > 2 mmol/l chronique

Insuffisance rénale

Épuration plus rapide par hémodialyse
Séances prolongées 6 à 8 heures répétées jusqu’à lithiémie 

< 1 mmol/l
Rebond plus important en cas d’intoxication chronique

Salicylés Coma, convulsions, SDRA
Insuffisance rénale aiguë
Acidose réfractaire pH < 7,2
Concentrations élevées : > 80 mg/l

Traitement de première intention = diurèse alcaline
Séances répétées jusqu’à concentration < 10 mg/l

Alcool toxique (méthanol, 
éthylène glycol)

Acidose métabolique sévère < 7,20
Insuffisance rénale
Signes visuels (méthanol)
Détérioration des fonctions vitales malgré les mesures symptomatiques 

de réanimation
Concentration méthanol > 20 mg/l ou éthylène glycol > 50 mg/dl sauf 

si administration de fomépizole, patient asymptomatique et pH normal

Traitement de première intention = inhibiteur de l’alcool 
déshydrogénase (fomépizole)

Épuration plus rapide avec hémodialyse
Séances prolongées répétées jusqu’à éthylène glycol < 50 mg/l 

ou méthanol < 20 mg/l et normalisation du trou anionique
Éviter l’anticoagulation en cas d’intoxication au méthanol (risque 

d’hémorragie cérébrale)

Metformine Acidose métabolique sévère < 7,20
Insuffisance rénale

Distribution pluricompartimentale ; intérêt des méthodes 
continues (CVVHDF et SLED)

CVVHD : continuous veno-venous hemodialysis (hémodiafiltration continue veino-veineuse) ; SLED : sustained low-efficiency dialysis (hémodialyse prolongée) ; SDRA : syndrome de détresse respiratoire aiguë.
Traité de Néphrologie 2017, Lavoisier



Reins et médicaments
• ADME  : 

• Absorption : modification du pH chez l’urémique, co-prescription de médicaments qui inhibe 
l’absorption digestive (chélateurs du phosphore, résines échangeuses d’ions)

• Volume de Distribution modifié à cause des troubles de l’hydratation

• Métabolisme : impact de l’IRC sur les isoenzymes 3A4, 2C9, du cytochrome P450 responsable de la 
métabolisation d’un grand de médicaments

• Elimination : diminution du DFG 

àdiminution de son excrétion 
àaccumulation dans l’organisme

è Toutes les 4 étapes sont modifiées par l’IRC



Reins et médicaments
• Toxicité des médicaments qui s’accumulent est aussi et souvent extra-rénale :

• Surdité en cas d’aminosides
• Troubles du rythme par accumulation de digitalique
• Syndromes extra-pyramidaux sous Primpéran

• En cas d’IRC à adaptation de la prescription selon le DFG, privilégier les 
médicaments à élimination biliaire

• Quelques outils pour nous aider : 
• Renal Drug
• http://sitegpr.com/fr/
• https://www.renadaptor.org/ 
Et bien d’autres…

http://sitegpr.com/fr/
https://www.renadaptor.org/
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Intoxications

https://www.extrip-workgroup.org
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Quel timing précoce vs retardée
• IRA  est : 

• complication fréquente des patients aux SI pour un choc septique
• associée à une mortalité élevée
• mais quel timing certes en cas d’acidose métabolique sévère, d’hyperkaliémie menaçante, EER rapidement 
• Le bénéfice d’une initiation rapide d’une EER n’est pas démontré et les risques si celle-ci est retardée ne sont pas 

clairs.

• Étude prospective, cohorte regroupant 1802 patients de 97 centres
• Définition de l’ IRA selon les KDIGO
• Prévalence de l’ IRA de 62 % (la moitié KDIGO 3)
• Causes les plus fréquents de l’ IRA : Sepsis avec 40% ensuite l’hypovolémie 

(37%)
• Nécessité d’un recours à une EER dans 14% des cas
• Mortalité : 
 -18% au total
 - 7% si pas d’ IRA
 - 27% si IRA 
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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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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 following criteria 
was met: severe hyperkalemia, metabolic acidosis, pulmonary edema, blood urea nitro-
gen 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% confi-
dence 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 strategy 
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 101 critically ill
patients with AKI also demonstrated no mortality difference
between both groups.10 However, this was a feasibility trial,
and the trial was not powered to investigate mortality.
Finally, 1 small randomized clinical trial demonstrated that
early initiation of RRT was associated with a reduced mor-
tality compared with late initiation of RRT.18 In this study,
the authors evaluated the role of early RRT in 28 patients
with AKI following cardiac surgery. Fourteen patients were
started on continuous hemodialysis when their urine vol-
ume decreased to less than 30 mL/h for 3 hours. In patients
in the “late” group (n = 14), RRT was delayed until urine
output had fallen to less than 20 mL/h for 2 hours. Survival
was significantly better in the group of patients who started
RRT earlier. There were no differences between the 2 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, 0.45 [95%
CI, 0.28-0.72]).7 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,5 and the Acute Kidney Injury Network26 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.27 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.28,29 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.30 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 μmol/L, multiply by
88.4; urea nitrogen to mmol/L,
multiply by 0.357.
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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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• Trial design : 
• Ouvert
• Multicentrique, randomisé, 

contrôlé 
• Initiation précoce vs 

retardée en cas d’IRA dans 
un contexte de choc 
septique

• Rapide = start dans les 12 
heures

• Retardée = 48 h après l’IRA
• Pour le groupe retardée  si 

récupération à pas d’ ERR, 
Si critère d’urgence start 
EER
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Quel timing précoce vs retardée

• Initiation d’EER précoce vs retardée chez les patients souffrant 
d’une IRA dans la phase précoce du choc septique

• Pas de différence de mortalité entre les 2 groupes donc le risque 
de décès n’augmente pas en cas de substitution retardée

• Moins de recours à l’EER dans le groupe « stratégie retardée »
• Mortalité globale de 55%
• Résultat similaire au travail de Gaudry et al.

Aucune différence significative à J60 en terme de mortalité
Analyse post hoc a été réalisée chez 348 patients souffrant de 
choc septique

• Résultat non similaire par rapport à l’essai de Zarbock et al. : 
Mortalité inférieure à J90, Lié aux différences en terme de 
critères d’inclusion et de techniques de dialyse ?



Quel timing précoce vs retardée

Rafat C, CUEN 2017



Efficacité/dose de la dialyse

• Lors d’une EER continue (hémofiltration) est 
définie/dictée par

• Le volume de liquide de réinjection/effluent
• Exprimée en ml/kg/h
• Doit être >25ml/kg/h en post dilution

• Lors d’une HDI :
• Durée de la dialyse
• Le nombre de dialyse/sem
• PRU + Kt/v



Efficacité/dose de la dialyse
• Adapter la dose à chaque patient et sa pathologie

• La dose d’épuration universelle n’existe pas

     à Epuration individualisé, à la carte



Les accès vasculaires

Deransy R, EER, Cours 01/2017



Les accès vasculaires

Traité de Néphrologie, Eric Thervet, page 632



Complications per dialytiques

• Embolie gazeuse
• Hémolyse
• Allergie au filtre
• Hypotension artérielle
• Hypotermie vs Fièvre
• Troubles du rythme, épreuves d’effort
• Crampes
• Hypoglycémie
• Complications liées aux accès vasculaire (infection, haut débit, SVC, …)



Anticoagulation

• Sang en contact avec des corps étranges (circuit, filtre, …)
 à Activation du complément, de la  coagulation, activation       

cellulaire, …
 à Nécessite une anticoagulation efficace
• Risque de coagulation du circuit est majoré an cas d’inflammation, de sepsis et 

souvent chez ces patients le risque hémorragique les aussi.
• La prévalence de la thrombose du circuit peut varié entre 15-50% selon la 

technique, la membrane utilisée.
• La perte prématurée du circuit entraine une épuration/ultrafiltration insuffisante 

et donc une majoration de la morbi-mortalité, mauvaise tolérance de la séance 
(majoration de l’UF horaire, …)



Anticoagulation

Merhabene T, Srlf, 2018

Héparine :
-Dose de charge si 
HNF
-Suivi TCA (2-2,5 x la 
valeur T0)
-Besoin varie selon la 
membrane, durée de 
la dialyse, SI, 
néoplasie,  l’accès 
vasculaire
-(Protamine)



Anticoagulation

• Anticoagulation régionale au citrate est fortement recommandée

• Augmentation de la demi-vie des hémofiltres, de la dose d’épuration 

• Indications : Trauma, saignement actif, post chirurgie, TC, thrombopénie, allergie, …

• CI : insuffisance hépatique, dysfonction mitochondriales

• Diminution des complications hémorragiques  

• Infusion de citrate sur la ligne artérielle

• Apport continu de calcium (++KVC) 

• Contrôle strict du calcium ionisé en post filtre (≈ 0,3 mmol/l) et en plasmatique ( ≈1 mmol/l)

• Complications : 

• Nécrose cutanée (si apport ca++ sur voie périphérique)

• Hypocalcémie 

• Hypernatrémie

• Intoxication au citrate

• Alcalose métabolique

• Hypomagnésémie



Anticoagulation
Quid pour le futur ???

• Utilisation du citrate en HDI conduit à des complications trop élevées (surtout métabolique)

• Une des solutions/idées est l’utilisation d’un dialysat pauvre en Ca++ (Ca ionisé au niveau filtre 
<0,35mmol/l) et donc du réinjection de calcium

• Travaux intéressant de l’équipe de Toulouse présentés à la SFNDT ce jeudi 05/10/2023 par Dr 
Faguer S.

• Comparaison entre une anticoagulation régionale des circuits par Evodial   
(membrane greffée d’héparine) vs un dialysat pauvre en calcium

• Ils ont inclus 91 patients dans le groupe Evodial vs 89 dans le groupe calcium zéro

• Arrêt prématuré de la séance 21% des cas dans le groupe Evodial vs 3,4% dans le groupe calcium 
zéro



Recommandations KDIGO 



A retenir, en aigue  

• HDI vs méthodes continues : utiliser la technique au patient/sa 
pathologie et la plus maitrisée par l’équipe

• Accès vasculaire : JID +++, complications infectieuses

• When to start ? Pas de réponse claire

• Dose de dialyse : se référer au Kdigo : EER continue 20-25ml/kg/h et 
en HDI viser un Kt/v hebdomadaire à 3,9

• Anticoagulation : USI = citrate si EERC (un dialysat sans Ca un jour)



La dialyse péritonéale en bref ...

l N’est plus que rarement utilisée en USI de nos jours, en 
raison du développement de techniques « hémo » très 
performantes.

l De plus, elle semble associée à une survie moindre dans 
les affections aiguës. Elle est parfois utilisée chez les 
patients pour lesquels l’accès vasculaire devient 
impossible ou chez des patients dialysés péritonéaux 
chroniques séjournant en soins intensifs (ex: post-op).



La dialyse péritonéale en bref ...

- On utilise le péritoine (surface 2m²) qui est la membrane de dialyse, la membrane péritonéale a une 
très grande surface et porte de très nombreux vaisseaux sanguins, elle va jouer le rôle de filtre naturel.

- La purification du sang se fait en permanence de façon douce et continue



La dialyse péritonéale en bref ...
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La dialyse péritonéale en bref ...
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Une dernière pour la route… L’HD à bas débit



45 minutes plus tard…..




