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Meta-analyses

rests in the pooled low-quality studies (n = 27), with an
OR of 0.471 (95 % CI 0.343–0.649, p < 0.001) (Fig. 2).
Similarly to authors of previous meta-analyses, we found
very high heterogeneity among studies on this topic.
Heterogeneity was highest among the low-quality stud-
ies, reflected by a Q value of 163.8, I2 value of 84 %, and
τ2 = 0.495 (p < 0.001). Among the high-quality studies,
there continued to be statistically significant heterogen-
eity, with a Q value of 29.1, I2 value of 72.5 %, and τ2 =
0.481 (p < 0.001). Subgroup analysis of the high-quality
studies according to ICU admission type and surgical
[14, 16, 21] versus mixed medical admissions [7, 12,
15, 17, 35, 40] demonstrated no significant subgroup
mortality benefits associated with “early” RRT (see

Additional file 4: Figure S3a and b for forest plots by
ICU admission type). Subgroup analysis among the
high-quality studies was also conducted using the defin-
ition of early according to time criteria (hours or days)
versus biochemical parameters (i.e., rising creatinine,
uremia, oliguria) (see Additional file 5: Figure S4a and b
for forest plots by biochemical or time definition of early).
There were no significant effects observed in pooled mor-
tality trends in studies that defined early by time criteria
rather than on the basis of biochemical parameters.

Secondary outcomes
The secondary outcomes analyzed included ICU LOS
and hospital LOS. Five of the nine high-quality studies
reported ICU LOS data [12, 16, 17, 35, 40]. The mean
weighted ICU LOS in the “early” group was 9.4 days
(n = 351), compared with 10.8 days (n = 281) in the “late”
group. None of the studies reported a significant finding
with respect to ICU LOS and “early” RRT. Pooled analysis
for ICU LOS also demonstrated no significant change in
ICU LOS associated with “early” RRT, with a standard dif-
ference in the means of −0.035 (95 % CI −0.196 to 0.127,
p = 0.674) using a fixed effects model (Q = 0.598, p =
0.963) (Fig. 3). Hospital LOS was reported in five of nine
high-quality studies [12, 16, 17, 21, 40]. The mean
weighted hospital LOS in the “early” group was 19.3 days
(n = 317), compared with 17.1 days (n = 266) in the “late”
group. The pooled hospital LOS data do not reveal any
significant difference in hospital LOS using a fixed effects

Fig. 1 Mortality forest plot of pooled analysis of high-quality
studies (n = 9)

Fig. 2 Mortality forest plot pooled analysis of low-quality studies (n = 27)
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The impact of “early” versus “late” initiation
of renal replacement therapy in critical care
patients with acute kidney injury: a
systematic review and evidence synthesis
Benjamin T. Wierstra1, Sameer Kadri2, Soha Alomar2, Ximena Burbano2, Glen W. Barrisford2

and Raymond L. C. Kao2,3*

Abstract

Background: The optimal timing of initiating renal replacement therapy (RRT) in critical illness complicated
by acute kidney injury (AKI) is not clearly established. Trials completed on this topic have been marked by
contradictory findings as well as quality and heterogeneity issues. Our goal was to perform a synthesis of the
evidence regarding the impact of “early” versus “late” RRT in critically ill patients with AKI, focusing on the
highest-quality research on this topic.

Methods: A literature search using the PubMed and Embase databases was completed to identify studies involving
critically ill adult patients with AKI who received hemodialysis according to “early” versus “late”/“standard” criteria.
The highest-quality studies were selected for meta-analysis. The primary outcome of interest was mortality at
1 month (composite of 28- and 30-day mortality). Secondary outcomes evaluated included intensive care unit (ICU)
and hospital length of stay (LOS).

Results: Thirty-six studies (seven randomized controlled trials, ten prospective cohorts, and nineteen retrospective
cohorts) were identified for detailed evaluation. Nine studies involving 1042 patients were considered to be of high
quality and were included for quantitative analysis. No survival advantage was found with “early” RRT among
high-quality studies with an OR of 0.665 (95 % CI 0.384–1.153, p = 0.146). Subgroup analysis by reason for ICU
admission (surgical/medical) or definition of “early” (time/biochemical) showed no evidence of survival advantage.
No significant differences were observed in ICU or hospital LOS among high-quality studies.

Conclusions: Our conclusion based on this evidence synthesis is that “early” initiation of RRT in critical illness
complicated by AKI does not improve patient survival or confer reductions in ICU or hospital LOS.

Keywords: Meta-analysis, Intensive care units (ICUs), Acute kidney injury (AKI), Renal replacement therapy (RRT), Early, Late

Background
Acute kidney injury (AKI) is a medical complication
associated with significant morbidity and mortality in
critically ill patients [1–3]. AKI is common in critical
illness, and severe AKI is associated with up to 60 %
hospital mortality [4]. Renal replacement therapy (RRT)

within the intensive care unit (ICU) is conducted as
either intermittent hemodialysis or continuous renal
replacement therapy (CRRT). Traditional indications for
RRT require the development of overt clinical manifesta-
tions of renal insufficiency, such as acidosis, electrolyte
disturbances (most notably hyperkalemia), uremic com-
plications (encephalopathy or pericarditis), and volume
overload unresponsive to aggressive medical management.
In spite of research and increasing clinical experience with
dialysis, the optimal time to initiate RRT in the course of
critical illness complicated by AKI is unclear.
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Group 2 : “Early initiation” 
définie par diurèse < 100 ml/8h
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Avant l’ AKI ?



KIDGO Criteria

Diagnosis of AKI in patients with liver failure

Stage 1

Stage 2

Stage 3

Inc Scr ³3.0 mg/dL or ³26 umol/L 
in <48 h OR

1.5 to 1.9 times baseline <7 days

2 to 2.9 times baseline

Inc Scr 3 times baseline
OR

Scr ³ 355 >4.0 mg/dL
OR

Need for RRT

<0.3 mL/kg/hr for 24 hr
OR

Anuria for 12 hr

<0.5 mL/kg/hr for ³ 12 hr

<0.5 mL/kg/hr for 6-12 hr
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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.)

A BS TR AC T

Initiation Strategies for Renal-Replacement 
Therapy in the Intensive Care Unit
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Although the survival curves were similar in 
the two groups, the recovery of renal function, as 
marked by diuresis, was more rapid and catheter-
related infections occurred less frequently in the 
delayed-strategy group than in the early-strategy 
group. Subtle or undetected circulatory altera-
tions might have slowed the apparent recovery of 
renal function in the early-strategy group. The 
rate of gastrointestinal bleeding did not differ sig-
nificantly between the groups. Finally, the lengths 
of stay in the intensive care unit and in the hospital 
were similar in the two groups, which indicates 
that allowing time for renal function recovery 
did not lead to prolongation of the stay in the 
intensive care unit.

Our findings may not be generalizable, be-
cause more than 50% of the patients in our trial 
received intermittent hemodialysis as the first 
method of therapy and only 30% of the patients 
received continuous renal-replacement therapy 
as the sole method (with no intermittent dialysis 
at any time). Although a previously published 
large, randomized, controlled trial did not show 
differences in mortality according to the method 
of renal-replacement therapy,9 some investigators 

have voiced concern about the potentially delete-
rious effects of intermittent hemodialysis in pa-
tients whose condition is unstable.40

Our trial has potential limitations. First, the 
power of our study to distinguish a significant 
difference in mortality could be questioned. 
However, to detect an effect size of 1.2 percent-
age points (i.e., the difference in mortality that 
we found between the two groups in our study) 
with a power of 90%, a sample of more than 
70,000 patients would be required. Second, al-
though we did not use Kt/V (a measure of the 
clearance of urea in which K represents the rate 
of urea clearance by the dialyzer, t is the dura-
tion of dialysis, and V is the volume of distribu-
tion of urea in the patient) to evaluate the dose 
of renal-replacement therapy, low urea levels in 
serum were maintained during therapy. Third, 
the patients in the trial population had advanced 
acute kidney injury, and therefore our results 
may not be generalizable to patients with differ-
ent KDIGO stages of acute kidney injury. Finally, 
some could interpret the finding of higher mor-
tality among patients who received late renal-
replacement therapy as a deleterious effect of 
this strategy. However, the patients who received 
late renal-replacement therapy obviously had more 
severe illness than those who did not, and fur-
ther adjustment according to baseline severity 
suggests that this observed crude difference was 
confounded (see the Supplementary Appendix).

Our study should not be interpreted as sug-
gesting that a “wait and see” approach is safe for 
all patients. Indeed, careful surveillance is man-
datory when deciding to delay renal-replacement 
therapy in patients with severe acute kidney injury 
so that any complication will be detected and re-
nal-replacement therapy initiated without delay. 
In our trial, delaying the initiation of therapy al-
lowed many patients to recover from acute kidney 
injury without embarking on such a treatment 
course.

In conclusion, our trial involving critically ill 
patients with severe acute kidney injury showed 
no significant difference in mortality with a strat-
egy of delayed initiation as compared with early 
initiation of renal-replacement therapy.

Supported by a grant from the Programme Hospitalier de 
Recherche Clinique National, 2012 (AOM12456), funded by the 
French Ministry of Health.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

Figure 2. Probability of Adequate Urine Output without the Need  
for Renal-Replacement Therapy.

Shown are the Kaplan–Meier curves of the probability of a patient having 
urine output, for at least 1 day, of more than 1000 ml per 24 hours in the 
absence of diuretic treatment or more than 2000 ml per 24 hours with di-
uretic treatment and not requiring initiation or resumption of renal-replace-
ment therapy for at least 7 days, from randomization to day 28 (see also 
Fig. S3 in the Supplementary Appendix).
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uremic symptoms developed. No differences in kidney recov-
ery or mortality were observed. In line with these results, a re-
cently 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 random-
ized clinical trial demonstrated that early initiation of RRT was
associated with a reduced mortality compared with late ini-
tiation of RRT.18 In this study, the authors evaluated the role
of early RRT in 28 patients with AKI following cardiac sur-
gery. Fourteen patients were started on continuous hemodi-
alysis when their urine volume 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 pa-
tients who started RRT earlier. There were no differences be-
tween 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 received RRT without reaching KDIGO stage 3 (these patients
had an absolute indication). 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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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. doi:10.1001/jama.2016.5828
Published online May 22, 2016.
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system were used in this trial because it has been demon-
strated that plasma NGAL is a good predictor for the need of
RRT in critically ill patients with AKI.31,32 Moreover, NGAL con-
centration can be measured at the bedside within 20 min-
utes, making this biomarker suitable for a trial testing a time-
sensitive intervention. Our data demonstrate that the
combination of the KDIGO classification system in combina-
tion with plasma NGAL can reliably detect patients with pro-
gressively deteriorating AKI. Only 5% (6 of 119 patients) of the
patients in the delayed group did not receive RRT, because they
spontaneously recovered or died.

Fluid accumulation in patients with AKI is associated
with adverse outcomes.33 However, in our study we could
exclude that fluid accumulation was responsible for a
worse outcome in the delayed group because there were no
differences in daily fluid balance before and within 3 days
after randomization. As some data suggest that initiation of
RRT before the onset of severe AKI may attenuate kidney-
specific and non–kidney organ injury from systemic
inflammation.28,29 It is possible that the reduced plasma lev-
els of inflammatory mediators in the early group are respon-
sible for the reduced mortality. Our data extend the findings

Table 3. Clinical Outcomes for Early vs Delayed Renal Replacement Therapy (RRT) Among Critically Ill Patients

Early
(n = 112)

Delayed
(n = 119)

P
Value

Absolute
Difference, %
(95% CI)

OR or HR
(95% CI)

Primary Outcome, No. (%)

90-d All-cause mortality 44 (39.3) 65 (54.7) .03 −15.4
(−28.1 to −2.6)

HR: 0.66
(0.45 to 0.97)

Secondary Outcomes, No. (%)

28-d All-cause mortality 34 (30.4) 48 (40.3) .11 −10.0
(−22.2 to 2.3)

OR: 0.64
(0.37 to 1.11)

Requirement of RRT on day 28,
No./total No. patients alive
at day 28 (%)

18/78 (23.1) 26/71 (36.6) .07 −13.5
(−28.1 to 1.1)

OR: 0.52
(0.25 to 1.06)

60-d All-cause mortality 43 (38.4) 60 (50.4) .07 −12.0
(−24.8 to 0.7)

OR: 0.61
(0.36 to 1.03)

Requirement of RRT on day 60,
No./total No. patients alive
at day 60 (%)

11/69 (15.9) 14/59 (23.7) .27 −7.8
(−21.7 to 6.1)

OR: 0.61
(0.25 to 1.47)

Duration of RRT,
median (Q1, Q3), da

9 (4, 44)
(n = 112)

25 (7, >90)
(n = 108)b

.04 −18
(−41 to 4)

HR: 0.69
(0.48 to 1.00)c

Organ dysfunction, No. (%)d 107 (95.5) 118 (99.2) .11 −3.6
(−7.8 to 0.5)

OR: 0.18
(0.02 to 1.58)

Respiratory 103 (92.0) 116 (97.5) .06 −5.5
(−11.3 to 0.3)

OR: 0.30
(0.08 to 1.12)

Coagulation 68 (60.7) 87 (73.1) .05 −12.4
(−24.5 to −0.3)

OR: 0.57
(0.33 to 0.99)

Liver 52 (46.4) 65 (54.6) .21 −8.2
(−21.1 to 4.7)

OR: 0.72
(0.43 to 1.21)

Cardiovascular 103 (92.0) 115 (96.6) .12 −4.7
(−10.7 to 1.3)

OR: 0.40
(0.12 to 1.33)

Central nervous system 102 (91.1) 114 (95.8) .15 −4.7
(−11.1 to 1.7)

OR: 0.45
(0.15 to 1.35)

Recovery of renal function
at day 90e

Yes 60 (53.6) 46 (38.7) .02 14.9
(2.2 to 27.6)

OR: 0.55
(0.32 to 0.93)f

Nog 52 (46.4) 73 (61.3)

Recovery of renal function
at day 90e

Yes 60 (88.2) 46 (85.2) .62 3.1
(−9.1 to 15.2)

OR: 0.77
(0.27 to 2.17)h

Noi 8 (11.8) 8 (14.8)

Requirement of RRT on day 90,
No./total No. patients alive
at day 90 (%)

9/67 (13.4)j 8/53 (15.1)k .80 −1.7
(−14.3 to 11.0)

OR: 0.87
(0.31 to 2.44)

ICU stay, median (Q1, Q3), d 15.5
(8.0, 28.0)

16.0
(6.8, 30.0)

.95 0.0
(−3.0 to 3.0)

ICU stay, median (Q1, Q3), dl 19
(9, 29)

22
(12, 36)

.33 −3.0
(−12.0 to 4.5)

HR: 0.85
(0.61 to 1.19)m

Hospital stay, median (Q1, Q3), d 33.0
(18.0, 58.0)

43.0
(19.5, 81.3)

.05 −9.0
(−19.0 to 0.0)

Hospital stay, median (Q1, Q3), dn 51
(31, 74)

82
(67, >90)

<.001 −37
(−! to −19.5)

HR: 0.34
(0.22 to 0.52)o

Duration of mechanical ventilation,
median (Q1, Q3), h

125.5
(41, 203)

181.0
(65, 413)

.002 −60.0
(−110.0 to −22.0)

Abbreviations: HR, hazard ratio;
ICU, intensive care unit; Q, quartile;
OR, odds ratio.
a Duration of RRT was censored at

patients’ date of death or at day 90
where applicable, whichever
occurred first.

b Eleven patients did not receive RRT.
c An HR less than 1 indicates a shorter

duration of RRT in the early group
than in the delayed group.

d Organ dysfunction is defined as an
individual nonrenal Sequential
Organ Failure Assessment score of 2
or higher during ICU stay (partial
pressure of oxygen/fraction of
inspired oxygen [PaO2/FIO2] <300
mm Hg, Glasgow coma scale "12,
requirement of vasopressor
administration, bilirubin #2 mg/dL,
platelets <100 ×103/µL).

e Renal recovery is defined as dialysis
independency at day 90.

f An OR less than 1 indicates a higher
recovery rate in the early group than
in the delayed group.

g Including patients who died within
90 days.

h An OR less than 1 indicates a higher
recovery rate in the early group than
in the delayed group.

i Excluding patients who died within
90 days.

j Patients alive at day 90 (n = 68),
1 patient with missing value.

k Patients alive at day 90 (n = 54),
1 patient with missing value.

l ICU stay was censored at day 90 or
at patients’ deaths where
applicable.

mAn HR less than 1 indicates a shorter
duration of ICU stay in the early
group than in the delayed group.

n Hospital stay was censored at day
90 or at patients’ deaths where
applicable.

o An HR less than 1 indicates a shorter
duration of hospital stay in the early
group than in the delayed group.
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system were used in this trial because it has been demon-
strated that plasma NGAL is a good predictor for the need of
RRT in critically ill patients with AKI.31,32 Moreover, NGAL con-
centration can be measured at the bedside within 20 min-
utes, making this biomarker suitable for a trial testing a time-
sensitive intervention. Our data demonstrate that the
combination of the KDIGO classification system in combina-
tion with plasma NGAL can reliably detect patients with pro-
gressively deteriorating AKI. Only 5% (6 of 119 patients) of the
patients in the delayed group did not receive RRT, because they
spontaneously recovered or died.

Fluid accumulation in patients with AKI is associated
with adverse outcomes.33 However, in our study we could
exclude that fluid accumulation was responsible for a
worse outcome in the delayed group because there were no
differences in daily fluid balance before and within 3 days
after randomization. As some data suggest that initiation of
RRT before the onset of severe AKI may attenuate kidney-
specific and non–kidney organ injury from systemic
inflammation.28,29 It is possible that the reduced plasma lev-
els of inflammatory mediators in the early group are respon-
sible for the reduced mortality. Our data extend the findings

Table 3. Clinical Outcomes for Early vs Delayed Renal Replacement Therapy (RRT) Among Critically Ill Patients

Early
(n = 112)

Delayed
(n = 119)

P
Value

Absolute
Difference, %
(95% CI)

OR or HR
(95% CI)

Primary Outcome, No. (%)

90-d All-cause mortality 44 (39.3) 65 (54.7) .03 −15.4
(−28.1 to −2.6)

HR: 0.66
(0.45 to 0.97)

Secondary Outcomes, No. (%)

28-d All-cause mortality 34 (30.4) 48 (40.3) .11 −10.0
(−22.2 to 2.3)

OR: 0.64
(0.37 to 1.11)

Requirement of RRT on day 28,
No./total No. patients alive
at day 28 (%)

18/78 (23.1) 26/71 (36.6) .07 −13.5
(−28.1 to 1.1)

OR: 0.52
(0.25 to 1.06)

60-d All-cause mortality 43 (38.4) 60 (50.4) .07 −12.0
(−24.8 to 0.7)

OR: 0.61
(0.36 to 1.03)

Requirement of RRT on day 60,
No./total No. patients alive
at day 60 (%)

11/69 (15.9) 14/59 (23.7) .27 −7.8
(−21.7 to 6.1)

OR: 0.61
(0.25 to 1.47)

Duration of RRT,
median (Q1, Q3), da

9 (4, 44)
(n = 112)

25 (7, >90)
(n = 108)b

.04 −18
(−41 to 4)

HR: 0.69
(0.48 to 1.00)c

Organ dysfunction, No. (%)d 107 (95.5) 118 (99.2) .11 −3.6
(−7.8 to 0.5)

OR: 0.18
(0.02 to 1.58)

Respiratory 103 (92.0) 116 (97.5) .06 −5.5
(−11.3 to 0.3)

OR: 0.30
(0.08 to 1.12)

Coagulation 68 (60.7) 87 (73.1) .05 −12.4
(−24.5 to −0.3)

OR: 0.57
(0.33 to 0.99)

Liver 52 (46.4) 65 (54.6) .21 −8.2
(−21.1 to 4.7)

OR: 0.72
(0.43 to 1.21)

Cardiovascular 103 (92.0) 115 (96.6) .12 −4.7
(−10.7 to 1.3)

OR: 0.40
(0.12 to 1.33)

Central nervous system 102 (91.1) 114 (95.8) .15 −4.7
(−11.1 to 1.7)

OR: 0.45
(0.15 to 1.35)

Recovery of renal function
at day 90e

Yes 60 (53.6) 46 (38.7) .02 14.9
(2.2 to 27.6)

OR: 0.55
(0.32 to 0.93)f

Nog 52 (46.4) 73 (61.3)

Recovery of renal function
at day 90e

Yes 60 (88.2) 46 (85.2) .62 3.1
(−9.1 to 15.2)

OR: 0.77
(0.27 to 2.17)h

Noi 8 (11.8) 8 (14.8)

Requirement of RRT on day 90,
No./total No. patients alive
at day 90 (%)

9/67 (13.4)j 8/53 (15.1)k .80 −1.7
(−14.3 to 11.0)

OR: 0.87
(0.31 to 2.44)

ICU stay, median (Q1, Q3), d 15.5
(8.0, 28.0)

16.0
(6.8, 30.0)

.95 0.0
(−3.0 to 3.0)

ICU stay, median (Q1, Q3), dl 19
(9, 29)

22
(12, 36)

.33 −3.0
(−12.0 to 4.5)

HR: 0.85
(0.61 to 1.19)m

Hospital stay, median (Q1, Q3), d 33.0
(18.0, 58.0)

43.0
(19.5, 81.3)

.05 −9.0
(−19.0 to 0.0)

Hospital stay, median (Q1, Q3), dn 51
(31, 74)

82
(67, >90)

<.001 −37
(−! to −19.5)

HR: 0.34
(0.22 to 0.52)o

Duration of mechanical ventilation,
median (Q1, Q3), h

125.5
(41, 203)

181.0
(65, 413)

.002 −60.0
(−110.0 to −22.0)

Abbreviations: HR, hazard ratio;
ICU, intensive care unit; Q, quartile;
OR, odds ratio.
a Duration of RRT was censored at

patients’ date of death or at day 90
where applicable, whichever
occurred first.

b Eleven patients did not receive RRT.
c An HR less than 1 indicates a shorter

duration of RRT in the early group
than in the delayed group.

d Organ dysfunction is defined as an
individual nonrenal Sequential
Organ Failure Assessment score of 2
or higher during ICU stay (partial
pressure of oxygen/fraction of
inspired oxygen [PaO2/FIO2] <300
mm Hg, Glasgow coma scale "12,
requirement of vasopressor
administration, bilirubin #2 mg/dL,
platelets <100 ×103/µL).

e Renal recovery is defined as dialysis
independency at day 90.

f An OR less than 1 indicates a higher
recovery rate in the early group than
in the delayed group.

g Including patients who died within
90 days.

h An OR less than 1 indicates a higher
recovery rate in the early group than
in the delayed group.

i Excluding patients who died within
90 days.

j Patients alive at day 90 (n = 68),
1 patient with missing value.

k Patients alive at day 90 (n = 54),
1 patient with missing value.

l ICU stay was censored at day 90 or
at patients’ deaths where
applicable.

mAn HR less than 1 indicates a shorter
duration of ICU stay in the early
group than in the delayed group.

n Hospital stay was censored at day
90 or at patients’ deaths where
applicable.

o An HR less than 1 indicates a shorter
duration of hospital stay in the early
group than in the delayed group.
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uremic symptoms developed. No differences in kidney recov-
ery or mortality were observed. In line with these results, a re-
cently 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 random-
ized clinical trial demonstrated that early initiation of RRT was
associated with a reduced mortality compared with late ini-
tiation of RRT.18 In this study, the authors evaluated the role
of early RRT in 28 patients with AKI following cardiac sur-
gery. Fourteen patients were started on continuous hemodi-
alysis when their urine volume 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 pa-
tients who started RRT earlier. There were no differences be-
tween 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 received RRT without reaching KDIGO stage 3 (these patients
had an absolute indication). 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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Early : within 8 h of diagnosis of KDIGO stage 2

Delayed : within 12 h of stage 3

Early : within 6 h of KDIGO stage 3

Delayed : One laboratory abnormalities
or oliguria or anuria within 72 h
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bloodstream infections was significantly lower, 
in the delayed-strategy group than in the early-
strategy group (Table 2).

The rate of complications that were poten-

tially related to acute kidney injury or renal-
replacement therapy did not differ significantly 
between the two study groups, with the excep-
tion of hypophosphatemia, which was more 

Characteristic
Early Strategy 

(N = 311)
Delayed Strategy 

(N = 308)

Age — yr 64.8±14.2 67.4±13.4

Serum creatinine before ICU admission — mg/dl† 0.95±0.26 0.97±0.31

Coexisting conditions — no. (%)

Chronic renal failure 22 (7) 38 (12)

Hypertension 161 (52) 167 (54)

Diabetes mellitus 82 (26) 81 (26)

Congestive heart failure 24 (8) 32 (10)

Ischemic heart disease 30 (10) 32 (10)

SAPS III at enrollment‡ 72.6±14.4 73.7±14.2

SOFA score at enrollment§ 10.9±3.2 10.8±3.1

Exposure to at least one nephrotoxic agent in past 2 days — no./total no. (%)¶ 194/311 (62) 195/308 (63)

Intravenous contrast 66/194 (34) 71/195 (36)

Aminoglycoside 106/194 (55) 106/195 (54)

Vancomycin 26/194 (13) 29/195 (15)

Physiological support — no. (%)

Invasive mechanical ventilation 266 (86) 267 (87)

Vasopressor support with epinephrine or norepinephrine 265 (85) 263 (85)

Sepsis status — no. (%)∥

Sepsis 25 (8) 21 (7)

Severe sepsis 16 (5) 19 (6)

Septic shock 209 (67) 204 (66)

Patients with oliguria or anuria — no. (%) 202 (65) 191 (62)

Serum creatinine — mg/dl 3.25±1.40 3.20±1.32

Blood urea nitrogen — mg/dl 53±24 54±24

Serum potassium — mmol/liter 4.4±0.7 4.4±0.7

Serum bicarbonate — mmol/liter 18.7±5.1 18.8±5.5

*  Plus–minus values are means ±SD. A total of 620 patients underwent randomization, and 1 patient subsequently with-
drew permission for the use of his data. To convert values for creatinine to micromoles per liter, multiply by 88.4. To 
convert values for blood urea nitrogen to millimoles per liter, multiply by 0.357. Additional data on baseline characteris-
tics are provided in Table S2 in the Supplementary Appendix. ARDS denotes acute respiratory distress syndrome, and 
ICU intensive care unit.

†  The serum creatinine concentration before ICU admission was either determined with the use of values measured in 
the 12 months preceding the ICU stay or was estimated.22

‡  The Simplified Acute Physiology Score (SAPS) III ranges from 0 to 146, with higher scores indicating more severe dis-
ease and a higher risk of death.

§  The Sepsis-related Organ Failure Assessment (SOFA) score ranges from 0 to 24, with higher scores indicating more se-
vere organ failure.25

¶  Some patients were exposed to more than one nephrotoxic agent.
∥  Sepsis was defined as suspected or confirmed infection, with at least two of four signs of a systemic inflammatory re-

sponse. Severe sepsis was defined as sepsis with evidence of organ dysfunction. Septic shock was defined as sepsis- 
induced hypotension despite fluid resuscitation of at least 30 ml per kilogram of body weight of intravenous fluid ad-
ministered within the period spanning the 4 hours before and 4 hours after initiation of vasopressor therapy.

Table 1. Characteristics of the Patients at Baseline.*
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uremic symptoms developed. No differences in kidney recov-
ery or mortality were observed. In line with these results, a re-
cently 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 random-
ized clinical trial demonstrated that early initiation of RRT was
associated with a reduced mortality compared with late ini-
tiation of RRT.18 In this study, the authors evaluated the role
of early RRT in 28 patients with AKI following cardiac sur-
gery. Fourteen patients were started on continuous hemodi-
alysis when their urine volume 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 pa-
tients who started RRT earlier. There were no differences be-
tween 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 received RRT without reaching KDIGO stage 3 (these patients
had an absolute indication). 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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bloodstream infections was significantly lower, 
in the delayed-strategy group than in the early-
strategy group (Table 2).

The rate of complications that were poten-

tially related to acute kidney injury or renal-
replacement therapy did not differ significantly 
between the two study groups, with the excep-
tion of hypophosphatemia, which was more 

Characteristic
Early Strategy 

(N = 311)
Delayed Strategy 

(N = 308)

Age — yr 64.8±14.2 67.4±13.4

Serum creatinine before ICU admission — mg/dl† 0.95±0.26 0.97±0.31

Coexisting conditions — no. (%)

Chronic renal failure 22 (7) 38 (12)

Hypertension 161 (52) 167 (54)

Diabetes mellitus 82 (26) 81 (26)

Congestive heart failure 24 (8) 32 (10)

Ischemic heart disease 30 (10) 32 (10)

SAPS III at enrollment‡ 72.6±14.4 73.7±14.2

SOFA score at enrollment§ 10.9±3.2 10.8±3.1

Exposure to at least one nephrotoxic agent in past 2 days — no./total no. (%)¶ 194/311 (62) 195/308 (63)

Intravenous contrast 66/194 (34) 71/195 (36)

Aminoglycoside 106/194 (55) 106/195 (54)

Vancomycin 26/194 (13) 29/195 (15)

Physiological support — no. (%)

Invasive mechanical ventilation 266 (86) 267 (87)

Vasopressor support with epinephrine or norepinephrine 265 (85) 263 (85)

Sepsis status — no. (%)∥

Sepsis 25 (8) 21 (7)

Severe sepsis 16 (5) 19 (6)

Septic shock 209 (67) 204 (66)

Patients with oliguria or anuria — no. (%) 202 (65) 191 (62)

Serum creatinine — mg/dl 3.25±1.40 3.20±1.32

Blood urea nitrogen — mg/dl 53±24 54±24

Serum potassium — mmol/liter 4.4±0.7 4.4±0.7

Serum bicarbonate — mmol/liter 18.7±5.1 18.8±5.5

*  Plus–minus values are means ±SD. A total of 620 patients underwent randomization, and 1 patient subsequently with-
drew permission for the use of his data. To convert values for creatinine to micromoles per liter, multiply by 88.4. To 
convert values for blood urea nitrogen to millimoles per liter, multiply by 0.357. Additional data on baseline characteris-
tics are provided in Table S2 in the Supplementary Appendix. ARDS denotes acute respiratory distress syndrome, and 
ICU intensive care unit.

†  The serum creatinine concentration before ICU admission was either determined with the use of values measured in 
the 12 months preceding the ICU stay or was estimated.22

‡  The Simplified Acute Physiology Score (SAPS) III ranges from 0 to 146, with higher scores indicating more severe dis-
ease and a higher risk of death.

§  The Sepsis-related Organ Failure Assessment (SOFA) score ranges from 0 to 24, with higher scores indicating more se-
vere organ failure.25

¶  Some patients were exposed to more than one nephrotoxic agent.
∥  Sepsis was defined as suspected or confirmed infection, with at least two of four signs of a systemic inflammatory re-

sponse. Severe sepsis was defined as sepsis with evidence of organ dysfunction. Septic shock was defined as sepsis- 
induced hypotension despite fluid resuscitation of at least 30 ml per kilogram of body weight of intravenous fluid ad-
ministered within the period spanning the 4 hours before and 4 hours after initiation of vasopressor therapy.

Table 1. Characteristics of the Patients at Baseline.*
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uremic symptoms developed. No differences in kidney recov-
ery or mortality were observed. In line with these results, a re-
cently 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 random-
ized clinical trial demonstrated that early initiation of RRT was
associated with a reduced mortality compared with late ini-
tiation of RRT.18 In this study, the authors evaluated the role
of early RRT in 28 patients with AKI following cardiac sur-
gery. Fourteen patients were started on continuous hemodi-
alysis when their urine volume 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 pa-
tients who started RRT earlier. There were no differences be-
tween 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 received RRT without reaching KDIGO stage 3 (these patients
had an absolute indication). 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.
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creatinine to μmol/L, multiply by
88.4; urea nitrogen to mmol/L,
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Probleme technique

Coagulopathie
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• Extrémités:
– Orifice	latéraux
– Baïonnette
– Canon	de	fusil

• Structure	interne	des	cathéters:

• Cathéters	doubles	ou	deux	simple	lumières	

Choix	du	cathéter	:

500 ml/min200-250 ml/min



– Orifice	latéraux

Choix	du	cathéter	:	Extrémités

57%28%11.3%3.5%0.2%



• Extrémités:

– Orifice	latéraux

– Baïonnette

– Canon	de	fusil

Choix	du	cathéter	:



1. Co	– axial

2.	Double	D

3.	Kidney

Choix	du	cathéter	:	Structure	interneChoix	du	cathéter	:	Structure	interne



1- le	plier

2- le	couper

Choix	du	cathéter	:	2	tests	simples



Choix	du	cathéter	:	longueur	et	taille

Jugulaire	interne:

Longueur	:15	cm	(D)	20	cm	(G)

Diamètre:	11F-13F

Fémorale:

Longueur:	24-28	cm

Diamètre:13,5F	- 15F

Sous-clavière:	

NON (sténose	42%)



• Solutions	utilisées:
– Sérum	physiologique
– Héparine	5000	UI/ml;	1000	UI/ml
– Chélateurs:	Citrate	4%,	30%,	ou	46,7%.
– Antiseptiques	(Ex	taurolidine,	parabens..)
– Fibrinolytiques
– Ethanol

Verrous	:	Molécules



Héparine

Citrate >30%

Shanks et coll. Nephrol Dial Transplant 2006; 21:2247-55

. Bactéricide si >30% 

JASN 2005; 16:2769-77

. Diminue la thrombose de cathéter et risque de TIH

. Diminue incidence de bactériémie sur catheter

. Diminue formation du biofilm bactérien

Pas de verrous ATB. (2C)

Verrou anticoagulant des cathéters

Citrate 46,7%

. Héparine: 5000 ou 10 000 U/ml (mal évalué)

. 70 % de passage systémique 

Injection vigoureuse de 10 ml de NaCl 9/1000 sur chaque voie après chaque 
utilisation, avant le verrou

Ré-aspirer vigoureuse le verrou et réinjecter avec force 10 ml de NaCl / SI DYSFONCTION => 
CHANGER !

Citrate

HNF

Abord vasculaire



Verrous	Citrate	

Sodium	citrate	versus	saline	catheter locks for	non-tunneled hemodialysis central	venous	catheters	in	critically	ill	adults:	
a	randomized controlled trial.	L	Hermite.	Intensive	Care	Med	(2012)
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0.006) and lower platelet count (104.6 ± 56.7 vs. 168.9 ± 
75.3 * 10 9 /l, p < 0.001). There were no significant differ-
ence in mild AOD episodes, baseline and mean AOP, use 
of anticoagulation, CRRT modality and dose, femoral ac-
cess position, INR, APTT, pH, temperature and ionized 
calcium between the 2 groups (p > 0.05).

  Similar results were obtained on Cox regression analy-
sis (online suppl. file 6). Higher moderate-severe AOD 
episodes appeared to be associated with significantly 
shorter circuit survival (hazard ratio [HR] 0.33, 95% CI 
0.15–0.72), but no difference was found between circuits 
with only mild AOD and circuits without AOD. Higher 
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  Fig. 3.  Lifespan in different patterns of 
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  Factors Associated with Lifespan in Different Patterns 
of AKF 
 For further analysis, all 76 circuits experiencing AKF 

were divided into 2 groups: early-intermediate AKF 
group and late AKF group. The circuits in the late AKF 
group had a markedly longer lifespan than that in the ear-

ly-intermediate AKF group (42.2 ± 12.3 vs. 10.6 ± 5.6 h, 
p < 0.001). The analysis of potential factors that may have 
influenced circuit lifespan is presented in  table 4 . Circuits 
in the late AKF group had a lower occurrence of moder-
ate-severe AOD episodes (5.6 vs. 29.3%, p = 0.029), lower 
AOP variability (8.2 ± 3.6 vs. 20.5 ± 16.5  mm Hg, p  = 

  Fig. 2.  Patterns of AOD.  a  There is major and sudden and pro-
longed increase in the negative pressure (from –100 to –250 mm 
Hg as indicated by arrow) required to achieve flow from the out-
flow lumen of the dialysis catheter after only a very short time of 
circuit function. Please note that the negative pressure needed to 
generate flow at baseline even before the episode of dysfunction is 
already approximately –100 mm Hg, while for the circuits in figure 
1b and c the negative pressure at the baseline is approximately –50 

mm Hg.  b  There is sudden and extended increase in the negative 
pressure (from –100 to –280 mm Hg as indicated by arrow) re-
quired in order to generate flow from the outflow lumen of the 
dialysis catheter after 12 h of stable function.  c  There are only 2 
very short-lived deep increases (up to –350 mm Hg) in the negative 
pressure required to generate flow from the outflow lumen of the 
dialysis catheter at 24 h of circuit function with return to normal 
thereafter. 
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 Background 

 During continuous renal replacement therapy 
(CRRT), blood is pumped through a complex extracor-
poreal circuit. The circuit includes a double lumen cath-
eter, its vascular access outflow lumen, pre-filter tubing, 
the filter itself, post-filter tubing, air-trap chamber, pre-
vascular inflow tubing and, finally, the inflow lumen of 
the vascular access. Although anticoagulants such as hep-
arin or citrate are commonly used, circuit clotting within 
the first 24 h of therapy remains frequent  [1] . Such clot-
ting may contribute to inadequate treatment, increased 
blood loss, greater cost of therapy and typically increases 
the nursing time dedicated to CRRT instead of direct pa-
tient care  [1, 2] .

  CRRT is a prevalent modality of artificial kidney in 
critically ill patients, and ‘artificial kidney failure’ (AKF) 
occurs frequently during clinical practice. Although the 
main reason for AKF is circuit clotting  [3, 4] , mean cir-
cuit life can vary from 13 to 125 h despite anticoagulation 
with heparin or citrate  [5]  and circuit clotting occurs fre-
quently even within the first 10 h of operation  [6] . The 
mechanisms responsible for such variability in the inci-
dence and timing of AKF remain unclear but may relate 
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 Abstract 
  Background:  We aimed to describe the previously unstud-
ied relationship between circuit pressures and circuit clot-
ting, here labeled as ‘artificial kidney failure’ (AKF), in pa-
tients receiving continuous renal replacement therapy 
(CRRT).  Methods:  We performed an observational study of 
CRRT-treated critically ill patients to continuously record the 
multiple CRRT circuit pressures.  Results:  Three patterns of 
access outflow dysfunction (AOD) were also noted: severe, 
moderate and mild. Compared with circuits without AOD, 
circuits experiencing at least one AOD episode had shorter 
lifespans (14.2 ± 12.7 vs. 21.3 ± 16.5 h, p = 0.057). This effect 
was more obvious with moderate or severe AOD (8.7 ± 4.6 
vs. 20.6 ± 15.7 h, p = 0.007). If any AOD events occurred with-
in the first 4 h, the sensitivity and specificity in predicting 
early-immediate AKF were 53.4 and 94.4%, respectively. 
 Conclusions:  Early and intermediate AKF during CRRT is 
most likely dependent on AOD, which is a frequent event 
with variable severity.  © 2015 S. Karger AG, Basel 
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QUELLE DOSE D’EER

Renal dose 25 ml/kg/h



Qs machine : 200 ml/min 
Qs réel : Doppler

Baldwin et coll., ICM 2002; 28:1361-64

200

Qs machine : Vitesse de rotation de pompe calibré pour 
un régime de pression normal !!

30% du temps Qs réel < Qs machine

FRACTION DE FILTRATION
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FRACTION DE FILTRATION



Qs machine : 200 ml/min 
Qs réel : Doppler

Baldwin et coll., ICM 2002; 28:1361-64

200

Qs machine : Vitesse de rotation de pompe calibré pour 
un régime de pression normal !!

30% du temps Qs réel < Qs machine

FRACTION DE FILTRATION

EER en réanimation adulte et pédiatrique

En hémofiltration réalisée en post-dilution, il faut ajuster le débit 
sanguin de façon à garder une fraction de filtration inférieure à 25 
%. (Avis d’experts) Accord fort



FRACTION DE FILTRATION

Exemple  :    Patient 70 kg
Qs: 200 ml/min = 12000 ml/h
Quf: 3000 ml/h
FF=20%

Alarme Pression d’entrée=-200 mmHg

Qs: 170 ml/min = 10200 ml/h
Quf: 3000 ml/h
FF= 25%



FRACTION DE FILTRATION

Exemple  :    Patient 70 kg
Qs: 200 ml/min = 12000 ml/h
Quf: 3000 ml/h
FF=20%

Alarme Pression d’entrée=-200 mmHg

FF= 25Qs: 170 ml/min = 10200 ml/h
Quf: 3000 ml/h
FF= 32%

COLMATAGE 2-3h après



Ligne vasculaire



Inverser les voies du cathéter

• Injection de thrombus
• Rhéologie défavorable
• Recirculation
• Hémoconcentration

Ligne vasculaire



Inverser les voies du cathéter

Ligne vasculaire

EER en réanimation adulte et pédiatrique

Il faut changer le cathéter d’EER dès que possible s’il y a eu 
nécessité d’inverser les lignes, en l’absence d’hypovolémie. (Avis 
d’experts) Accord fort



Ligne vasculaire



ASPECTS PRATIQUES

QUELLE DOSE ?



ASPECTS PRATIQUES

Crit Care Med 2003;31:841-846

Filtration > 1500ml/h 
pour contrôler acidose et urée



ASPECTS PRATIQUES

Ronco Lancet 2000

35 ml/kg/h
20 ml/kg/h

45 ml/kg/h

QUELLE DOSE ?



Objectif	de	dose	d’épuration

Quelle DOSE en EER ?

1- 1,5 l/h

2 – 2 l/h

3 – 3 l/h

4 – 4 l/h

5 - 15-20 ml/kg

6 - 25-30 ml/kg

7 - 30-35 ml/kg

8 - 35-40 ml/kg

9 - >40 ml/kg

0%

0%

0%

0%

0%

50%

50%

0%

0%



Objectif	de	Dose	

20 ml/kg
5%

25 ml/kg
7%

30 ml/kg
28%

35 ml/kg
47%

40 ml/kg
9%

45 ml/kg
1%

> 45 ml/kg
3%

ASPECTS PRATIQUES

228 réponses 
76% PH, 12% CCA, 12% internes,
139 services de réanimation
64% CHU, 26% CHG, 5% Privé, 4% PSPH

France 2010

Lasocki, Journois, Ichai, Velly SRLF 2011



QUELLE DOSE D’EER

Mortalité : NS
>35 ml/kg durée de séjour et ventilation moindre



QUELLE DOSE D’EER

Vesconi S et al Critical Care 13(2), R57

27 34 N=865



QUELLE DOSE D’EER

RENAL NEJM 2009

25 ml/kg/h

40 ml/kg/h



QUELLE DOSE D’EER

The VA/NIH Acute Renal Failure Trial Network. 
N Engl J Med 2008;
10.1056/NEJMoa0802639



QUELLE DOSE D’EER

Les mauvaises «humeurs» ?



QUELLE DOSE D’EER

Pannu JAMA 2008

Mortalité



QUELLE DOSE D’EER

Haut débit et sepsis ?

0
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40
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60

20 ml/kg/hr 35 ml/kg/hr 45 ml/kg/hr

Ultrafiltration rate
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rv
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%

)

P < 0,0016
*



Mortalité prédite : 79 %
Mortalité observée :

Population totale : 55 %
Répondeurs : 18,1 %

Non répondeurs : 100 %

Facteurs associée à la survie
Poids et taux d’UF réalisée ( valeurs min 0,53 vs 0,43 l/kg)

Délai d’initiation : 6,5 h (3,25-12) vs 13,8 h (9,6-17,5) p < 0,01
Les deux décès ds le gpe répondeur : délai 12 et 16,5 h

QUELLE DOSE D’EER

Haut débit et sepsis ?



L ’hémofiltration à haut volume participe à :
Une amélioration rapide des fonctions hémodynamiques 
Une diminution significative des doses de noradrénaline

Mortalité observée 46%
vs

Mortalité prédite 70%
(p<0,075)

QUELLE DOSE D’EER

Haut débit et sepsis ?



QUELLE DOSE D’EER

Haut débit et sepsis ?

56 

Dose catécholamine 
(Nad) Ou > 5µg/kg/m 

de Dopamine 

- Oligurie < 0.5 ml/kg/h 

- créatinine X 2   

RIFLE Injury 

patients en choc septique et Insuffisance rénale 

Randomisation sous 
24h  

(choc septique précoce) 

139 420 

35 ml/
kg/h 

70 ml/
kg/h Mortalité 

D28 

D90 



60 80 10020 40

Days

0

100

50
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25
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High Volume
70 ml/kg/h

Standard Volume
35 ml/kg/h

NS

139 patients en choc septique RIFLE I

QUELLE DOSE D’EER

Haut débit et sepsis ?



QUELLE DOSE D’EER

Haut débit et sepsis ?

NS



QUELLE DOSE D’EER

Haut débit et sepsis ?
High-Dose Versus Conventional-Dose Continuous Venovenous
Hemodiafiltration and Patient and Kidney Survival and Cytokine 
Removal in Sepsis-Associated Acute Kidney Injury: A Randomized
Controlled Trial

212 patients were randomly

Conventional (40 mL/kg/h) and high (80 mL/kg/h) doses of CVVHDF

Am J Kidney Dis. 2016 Apr



SRLF

Coordinateur d’experts: Christophe Vinsonneau
Groupe d’experts : Emma ALLAIN-LAUNAY (Nantes), Clarisse BLAYAU (Paris), Michael DARMON (Saint-Etienne), Damien DUCHEYRON (Caen), Théophile GAILLOT (Rennes), Patrick HONORE 
(Bruxelles), Etienne JAVOUHEY (Lyon), Thierry KRUMMEL (Strasbourg), Annie LAHOCHE (Lille), Matthieu LEGRAND (Paris), Serge LETACON (Nancy), Mehran MONCHI (Melun), Christophe RIDEL 
(Paris), René ROBERT (Poitiers), Frédérique SCHORTGEN (Créteil), Bertrand SOUWEINE (Clermont-Ferrand) , Patrick VAILLANT (Paris), Lionel VELLY (Marseille)

avec la participation de la 
Epuration extra-rénale en réanimation 

adulte et pédiatrique

En EER continue, il ne faut pas, sur la seule présence d’un sepsis, 
intensifier la dose d’épuration. Accord fort

En EER continue, il faut probablement que la dose de dialyse 
minimale délivrée soit de 20 - 25 ml/kg/h d’effluent, obtenus par 
filtration et/ou diffusion Accord fort

Il faut adapter la dose de dialyse délivrée aux besoins du patient en 
termes de contrôle du métabolisme, d'équilibre électrolytique et 
acido-basique. Accord fort

Les Recommandations



Crit Care Med 2012

QUELLE DOSE D’EER

Renal dose 25 ml/kg/h

n Début CVVH 25 ml/kg/h
n Nursing  : Stop traitement 24 ml/kg/h

Ø 3 fois/j = 1h

n Changement poche effluent 23 ml/kg/h
Ø 3 fois/j = 1h

n Arrêts prévus 22 ml/kg/h
Ø Chir, Scanner, Rx… = 1h

n Arrêt impromptus 20 ml/kg/h
Ø Thrombose, KT …=2h

è Total : moyenne »15-20 ml/kg/h »23-28 ml/kg/h

35 ml/kg/h
33 ml/kg/h

31 ml/kg/h

29 ml/kg/h

26 ml/kg/h



QUELLE DOSE D’EER

Renal dose 25 ml/kg/h

33 37 35 39 36 36 39
44

37 36 32
40

19
29 28 26 27 31 34 31 28 24

29
36

0

25

50

Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Dose differences between Prescribed vs. Delivered

Target	dose	:	20-25	ml/hour/kg
delta	prescribed/delivered	:	<20% n=21	 		 		 		 		n=17	 	 		 		 		n=10	 	 		 		 		 	n=13	 	 		 		 		n=13	 	 		 		 		 	n=10	 		 		 		 	n=12	 		 		 		 		n=12	 		 		 		 	n=11	 		 		 		 		 	n=8	 		 		 		 	 n=	3	 		 		 		 		 		n=3	

This	year This	month

between	prescribed	
vs	delivered

-22% -10%
-50%

Rationale: KDIGO recommends a delivered effluent dose of 20-25 ml/kg/hr. Delivered dose is affected by lost treatment time andprescribed dose. Effluent dose is
based on dialysate, replacement and patient fluid removed rates per hour. Prescribed dose is what the physician ordered; delivered dose is what the patient
actually got. Prescribed dose is usually higher to accommodate lost treatment time (down time). Dosing is based on patient weight in kgs at beginning of treatment.
Graph compares the current year monthly prescribed and delivered dose. The number at the top of each bar in the graph is the average prescribed and delivered
doses for each month. Individual facilities can set their own delivered dose target inml/hour/kg if desired.

between	prescribed	
vs	delivered

m
l/h
ou
r/
kg
	



QUELLE DOSE D’EER

You should wait for the 
alarm before changing 
any bag. An exception 

might be physician-
ordered changes to a 
prescribed solution. In 
that case, you would 
use CHANGE BAGS 

on Status screen.Always physically open and 
close the scale. This is 
required for accurate fluid 
flows and patient fluid removal.

Here’s another “bag 
change” alarm. Be sure to 
physically open/close the 
scale when changing any 
bag. This is required for 
accurate fluid flows and 

patient fluid removal.

K4



CVVHF: Hémofiltration Veino-Veineuse Continue
ASPECTS PRATIQUES

CVVHDF
Réinjection: 2,5 l/h
Prédilution: 30%

Autonomie
2h

en CVVH



QUELLE DOSE D’EER

Renal dose 25 ml/kg/h



Prisma

Pré ou Post dilution



Prescription du potassium

une poche de 5 L Hemosol B0 

Injecter	1,5	g	de	KCl soit	20,1	mmol de	K+

13,4	x	1,5	/	5	=	4,02	mmol/L.

K4 

Hyperkaliémie
CVVH / CVVHDF        K0    0 mmol/l (les premières heures)

HDI K2    2 mmol/l 

Normokaliémie
CVVH / CVVHDF        objectif plasmatique souhaité

K4  dans réinjection et/ou dialysat

HDI K3

SimulationPOTASSIUM



UF et Perte de Poids 

EntréesSorties

RéinjectionUF

Apports
liquidiens

« Perte de poids »
prélèvement patient

. N’influence pas les clairances

. Principal déterminant de la 
mauvaise tolérance hémodynamique de l’EER

Patient hémodynamiquement instable 
sans surcharge (OAP)

=
EER ISOVOLEMIQUE sur les 12°heures

« Prélèvement patient » = 0 80-120 ml/h

Prescription du potassium
SimulationPERTE DE POIDS



ASPECTS PRATIQUES

QUEL ANTICOAGULATION ?



SRLF

Coordinateur d’experts: Christophe Vinsonneau
Groupe d’experts : Emma ALLAIN-LAUNAY (Nantes), Clarisse BLAYAU (Paris), Michael DARMON (Saint-Etienne), Damien DUCHEYRON (Caen), Théophile GAILLOT (Rennes), Patrick HONORE 
(Bruxelles), Etienne JAVOUHEY (Lyon), Thierry KRUMMEL (Strasbourg), Annie LAHOCHE (Lille), Matthieu LEGRAND (Paris), Serge LETACON (Nancy), Mehran MONCHI (Melun), Christophe RIDEL 
(Paris), René ROBERT (Poitiers), Frédérique SCHORTGEN (Créteil), Bertrand SOUWEINE (Clermont-Ferrand) , Patrick VAILLANT (Paris), Lionel VELLY (Marseille)

avec la participation de la 
Epuration extra-rénale en réanimation 

adulte et pédiatrique

Il ne semble pas nécessaire d’utiliser d’héparine pour le rinçage des 
circuits d’EER. (Avis d’experts)  Accord faible 

Les Recommandations

En hémodialyse, il n’est pas nécessaire d’ajouter de l’héparine pour le
rinçage du circuit.
En hémofiltration, les pratiques usuelles utilisent 5000 UI d’héparine
dans le deuxième litre de rinçage du circuit afin de prolonger la durée
de vie des filtres et d’augmenter la capacité d’adsorption (pas d’étude).
Cette attitude n’est cependant pas validée par une évaluation
scientifique.



Anticoagulation et EER Continue

HNF >>> Sans >> HBPM » Citrate >>> Autres

Quelle anticoagulation en EER ?



EER	Continue

ARC

HEPARINE

PAS	
d’anticoagulation

CI	au	
Citrate	?

Risque	
Hémorragique?

NON

OUI

OUI

NON

KDIGO		:	Kidney Disease Improving Global	Outcomes

Acute	Kidney Injury Work Group.	KDIGO	Clinical Practice	Guideline	for	Acute	Kidney Injury.	Kidney inter.,	Suppl.	2012;	2:	95-100

Quelle anticoagulation en EER ?



Van	de	Wetering et	coll.,	J	Am	Soc	Nephrol 1996;7:145-50 Uchino et	coll.,	ICM	2007;33:1563-70

Rapport Bénéfice/Risque

HNF: TCA 1,5xT        HBPM: AntiXa 0,20 UI

Quelle anticoagulation en EER ?



SRLF

Coordinateur d’experts: Christophe Vinsonneau
Groupe d’experts : Emma ALLAIN-LAUNAY (Nantes), Clarisse BLAYAU (Paris), Michael DARMON (Saint-Etienne), Damien DUCHEYRON (Caen), Théophile GAILLOT (Rennes), Patrick HONORE 
(Bruxelles), Etienne JAVOUHEY (Lyon), Thierry KRUMMEL (Strasbourg), Annie LAHOCHE (Lille), Matthieu LEGRAND (Paris), Serge LETACON (Nancy), Mehran MONCHI (Melun), Christophe RIDEL 
(Paris), René ROBERT (Poitiers), Frédérique SCHORTGEN (Créteil), Bertrand SOUWEINE (Clermont-Ferrand) , Patrick VAILLANT (Paris), Lionel VELLY (Marseille)

avec la participation de la 
Epuration extra-rénale en réanimation 

adulte et pédiatrique

Chez le patient à haut risque hémorragique ou présentant une 
coagulopathie :

En épuration continue, il faut probablement privilégier, sauf contre-indication,
le recours à l’anticoagulation régionale au citrate par rapport à l’absence
d’anticoagulation Accord fort

En épuration continue, il faut probablement privilégier l’absence 
l’anticoagulation s’il existe une contre-indication au citrate. (Avis d’experts) 
Accord fort 

Les Recommandations



SRLF

Coordinateur d’experts: Christophe Vinsonneau
Groupe d’experts : Emma ALLAIN-LAUNAY (Nantes), Clarisse BLAYAU (Paris), Michael DARMON (Saint-Etienne), Damien DUCHEYRON (Caen), Théophile GAILLOT (Rennes), Patrick HONORE 
(Bruxelles), Etienne JAVOUHEY (Lyon), Thierry KRUMMEL (Strasbourg), Annie LAHOCHE (Lille), Matthieu LEGRAND (Paris), Serge LETACON (Nancy), Mehran MONCHI (Melun), Christophe RIDEL 
(Paris), René ROBERT (Poitiers), Frédérique SCHORTGEN (Créteil), Bertrand SOUWEINE (Clermont-Ferrand) , Patrick VAILLANT (Paris), Lionel VELLY (Marseille)

avec la participation de la 
Epuration extra-rénale en réanimation 

adulte et pédiatrique

Chez le patient à faible risque hémorragique ne nécessitant pas 
d’anticoagulation systémique :

il faut probablement privilégier, sauf contre-indication, l’anticoagulation
régionale au citrate, dans le but de prolonger la durée de vie du circuit. Accord
faible

en présence d’une contre-indication au citrate, il faut probablement privilégier 
le recours à une anticoagulation par héparine non fractionnée. (Avis d’experts) 
Accord fort 

Les Recommandations



SRLF

Coordinateur d’experts: Christophe Vinsonneau
Groupe d’experts : Emma ALLAIN-LAUNAY (Nantes), Clarisse BLAYAU (Paris), Michael DARMON (Saint-Etienne), Damien DUCHEYRON (Caen), Théophile GAILLOT (Rennes), Patrick HONORE 
(Bruxelles), Etienne JAVOUHEY (Lyon), Thierry KRUMMEL (Strasbourg), Annie LAHOCHE (Lille), Matthieu LEGRAND (Paris), Serge LETACON (Nancy), Mehran MONCHI (Melun), Christophe RIDEL 
(Paris), René ROBERT (Poitiers), Frédérique SCHORTGEN (Créteil), Bertrand SOUWEINE (Clermont-Ferrand) , Patrick VAILLANT (Paris), Lionel VELLY (Marseille)

avec la participation de la 
Epuration extra-rénale en réanimation 

adulte et pédiatrique

Chez le patient nécessitant une anticoagulation systémique :

Il faut probablement privilégier l’anticoagulation systémique par héparine aux
autres anticoagulants. (Avis d’experts) Accord fort

Chez les patients avec thrombopénie induite à l’héparine  (TIH) suspectée ou 
avérée, en plus de l’interruption du traitement par héparine il est possible 
d’utiliser une anticoagulation régionale au citrate en complément de 
l’anticoagulation de la TIH. (Avis d’experts) Accord fort

Les Recommandations



Objectif	Anticoagulation	si	

Quelle anticoagulation en EER ?

1- TCA 2-3 / AntiXa >0,5 

2 - TCA 1,5-2 / AntiXa 0,3-0,5

3 - TCA 1,2-1,5 / AntiXa 0,2-0,3

4 - TCA 1-1,2 / AntiXa 0,15-0,2

6%

56%

31%

6%



Objectif	Anticoagulation

0 10 20 30 40 50 60

1-1,2 / 0,15-0,2

1,2-1,5 / 0,2-0,3

1,5-2 / 0,3-0,5

2-3 / >0,5

%	des	reponses

Anti	Xa

TCA

Surveillance
-30% ≤ 6 h
-20% / 12h
-20% / 24h

Quelle anticoagulation en EER ?



Héparine et CVVH
Héparine systémique:

. Administration branche artérielle

. Surveillance TCA  et Héparinémie 4h après chaque modification

. Dose variable ++(sepsis, thrombose, hémoconcentration)

Patient à faible risque hémorragique

Priming:  5000 UI/l de rinçage     AN69++

Bolus au branchement:  5-10 UI/kg fait en début EER

Entretient : 5-10 UI/kg/h  but TCA 1,5xT

Héparine régionale:

HNF artère / Protamine veine

=>Thrombose de la branche veineuse
Effet rebond +++ (1/2T HNF>>Protamine)

Quelle anticoagulation en EER ?



TCA patient ou machine

Quelle anticoagulation en EER ?



} Coenzyme de l’héparine

Formation de complexe ATIII-héparine
Multiplie par 1000 le pouvoir d’inactivation des facteurs de la coagulation de l’ATIII

Déficit acquis en ATIII :
- Induit une résistance à l’héparine

- Thrombose prématuré de la membrane d’EER

} Diminution ATIII durant sepsis

Antithrombine III

Asio 2008; 54:14-8

Durée de vie filtre // Tx ATIII

Metsters et coll., Blood 1996; 88: 881-886

Quelle anticoagulation en EER ?



Antithrombine III

Antithrombine III  Aclotine® (1000 à 2000 UI) but ATIII>60%

Quelle anticoagulation en EER ?



. Plutôt utilisées en HDI

. Pas de preuve de supériorité sur HNF mais pas de 
preuve d’infériorité

Schrader (1998); Reeves (1999); Lord (2002) Saltissi (1999)

. Manque de données en aigu
(Efficacité thrombose ?; Efficacité hémorragie ?)

. Protocole proposé

HBPM

Patient à faible risque hémorragique
30-40 UI/kg 

Administration continue 4-5 UI/kg/h

Objectif AntiXa : 0,25-0,5 UI/ml

Anticoagulation et EER Continue

Critical Care 2009, 13:R193

nadroparin 40 IU/kg, puis 5 IU/kg/h

Quelle anticoagulation en EER ?



EER	Continue

PAS	
d’anticoagulation

CI	au	
Citrate	?

Risque	
Hémorragique?

OUI

OUI

KDIGO		:	Kidney Disease Improving Global	Outcomes

Acute	Kidney Injury Work Group.	KDIGO	Clinical Practice	Guideline	for	Acute	Kidney Injury.	Kidney inter.,	Suppl.	2012;	2:	95-100

Quelle anticoagulation en EER ?

RENAL NEJM 2009



Rinçage périodique du circuit
Utilisé surtout en hémodialyse 

Glaser et coll., Lancet (1980)

Peu de données en hémofiltration continue
Tan et coll., Intensive Care Medecine (2000)

Risque de consommation des facteurs de la coagulation
Flux turbulent dans l’hémofiltre Klingel et coll., Nephrol Dial Transplant (2004)

=> Trombopénie

En pratique

Q sang maximal (300ml/min)

Prédilution 1à 2l/h (1/3 restitution)

Bolus de 100 ml de sérum physiologique en amont de 
l’hémofiltre

Efficace pendant quelques heures (risques>5% sur 4h)

RINCAGES PERIODIQUES



Rinçage périodique du circuit

Morabito et al. Critical Care 2012, 16:R111



Anticoagulation Régionale

POURQUOI ?

2                         3                              4               Citrate mol/l

Anticoagulation par citrate

dissociation coagulation circuit EER et coagulation 
patient



ASPECTS PRATIQUES

COMMENT SURVEILLER ?



ASPECTS PRATIQUES



Surveillance

Poids Quotidien
TA

PVC / Echo
Ionogramme + Phosphore + Magnésium + Ca2+

HGT
T° !!

Pression machine

ASPECTS PRATIQUES



-10 à -100 mmhg +50 à +450

> +450 à -350

+15 à +200

PTM & ΔP

Surveillance



PERTE  de CHARGE 

(∆ P)

Pression Trans-Membranaire

(PTM)

Surveillance



Pression filtre - Pression retour

= Perte de charge du filtre

Entrée sang

Sortie sang

Début Après 24 hrs 
PF 100mmHg 200mmHg
PR  10mmHg 90mmHg
∆P -90mmHg -110mmHg

Résistance des fibres creuses du filtre à l’écoulement du sang

Perte de charge du filtre: 100-200mmHg

PERTE  de CHARGE (∆ P)

Surveillance

> 200 mmHg = Filtre commence à coaguler / est coagulé



Surveillance

This is a two year trend and monthly comparison graph that will help visualize program improvements and/or worsening filter l ife. The arrow reflects the change 
from the past year. The number at the top of each bar in the graph is the average filter life for each month.

Causes of filter end life

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%

Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

33%

67%

This	year This	month

25%
1%
5%

28%

41%

Rationale: Clotting may be prevented or minimized by considering therapy type, post replacement rate, anticoagulation, blood flow rate, access issues, and down
time.The graphs indicate the actual number of filters lost due to max life, min life, clotting, degradation, and other. Definition of Max Life: 72 hours; Min Life: = or
< 1 hour; Clotted: Change in filter pressure drop of 100 mmHg caused by clotted capillary fibers; Degraded: Change in TMP of 100 mmHg caused by
adsorption/protein layering/membrane fouling/clogging; Other: Changed prior to clotting, prior to degradation and between 1 and 72 hours.



Entrée sang

Sortie sang

Pression exercée sur la membrane du filtre
en cours de fonctionnement

Perte de charge du filtre: 150mmHg

Surveillance

> 450 mmHg = Filtre inefficient

Pression Trans-membranaire (PTM)

Pression filtre + P. retour

2
PTM = - ( Pression effluente )

la perméabilité
de la membrane

lorsque
la PTM



Entrée sang

Sortie sang

Pression exercée sur la membrane du filtre
en cours de fonctionnement

Perte de charge du filtre: 150mmHg

Surveillance

> 450 mmHg = Filtre inefficient

Pression Trans-membranaire (PTM)

Pression filtre + P. retour

2
PTM = - ( Pression effluente )

la perméabilité
de la membrane

lorsque
la PTM



Entrée sang

Sortie sang

Pression exercée sur la membrane du filtre
en cours de fonctionnement

Perte de charge du filtre: 150mmHg

Surveillance

> 450 mmHg = Filtre inefficient

Pression Trans-membranaire (PTM)

Pression filtre + P. retour

2
PTM = - ( Pression effluente )

la perméabilité
de la membrane

lorsque
la PTM

51

Instructions pour la combinaison MARS® Prismaflex®. © 2010 Gambro Lundia AB.Version MDREC-123116 : 2.0

Cet écran vous explique 
comment déconnecter 
le patient.

Il fournit des instructions 
pour le moniteur MARS® 
et le système Prismaflex®.

Respectez toutes les 
instructions !

Ne clampez pas le circuit 
d’albumine avant la fin de 
la restitution du sang. 



Piège à bulle
Zone à risque de thrombose de circuit

Interface Air-Sang

Interface Liquide-SangHéparinisation

ASPECTS PRATIQUES
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Coordinateur d’experts: Christophe Vinsonneau
Groupe d’experts : Emma ALLAIN-LAUNAY (Nantes), Clarisse BLAYAU (Paris), Michael DARMON (Saint-Etienne), Damien DUCHEYRON (Caen), Théophile GAILLOT (Rennes), Patrick HONORE 
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(Paris), René ROBERT (Poitiers), Frédérique SCHORTGEN (Créteil), Bertrand SOUWEINE (Clermont-Ferrand) , Patrick VAILLANT (Paris), Lionel VELLY (Marseille)

avec la participation de la 
Epuration extra-rénale en réanimation 

adulte et pédiatrique

Il faut prévenir la survenue d’une hypokaliémie et/ ou d’une 
hypophosphatémie. (Avis d’experts) Accord fort

Les Recommandations



TexteTexte

Supplementation systématique K+, Ph

Effet de la EER ContinueDEPLETION SYNDROME

Postdilution et hautes FF

Elimination de :

• Chlorure
• Phosphate

Bilan positif ou moins 
négatif de :

• Sodium
• Calcium
• Potassium

Hemoconcentration
(Effet Gibbs-Donnan)

• Rétention de cations
• Elimination d’anions



Effet de la EER Continue

strategies were previously described [16, 22, 23]. Briefly, this dataset only
captured patients initially started on CVVHD using heparin anticoagulation
where possible.This studywasapprovedby theClevelandClinic Institutional
Review Board.

The primary study end points were the incidence of prolonged respi-
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Fig. 1. Mean serum phosphorous levels per CVVHD treatment day. The line shows the mean serum phosphate level of patients on CVVHD treatment with the
upper and lower 95% confidence intervals (CI) of the mean. Data shown for 2 weeks of treatment only. The bars show the total number of patients on CVVHD
treatment from Day 0 (baseline) to Day 13. The shaded portion of the bars show the number of patients with serum phosphate levels measured.
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Abstract
Background. Hypophosphatemia is common in critically
ill patients and has been associated with generalized muscle
weakness, ventilatory failure and myocardial dysfunction.
Continuous renal replacement therapy causes phosphate
depletion, particularly with prolonged and intensive ther-
apy. In a prospective observational cohort of critically ill
patients with acute kidney injury (AKI), we examined the
incidence of hypophosphatemia during dialysis, associated
risk factors and its relationship with prolonged respiratory
failure and 28-day mortality.
Methods. This is a single-center prospective observational
study. Included in the study were 321 patients with AKI on
continuous dialysis as initial treatment modality.
Results. Four per cent of the patients had a phosphate level
<2 mg/dL at initiation and 27% during dialysis. Low base-
line phosphate was associated with older age, female gen-
der, parenteral nutrition, vasopressor support, low calcium,
and high urea, bilirubin and creatinine, whereas hypophos-
phatemia during dialysis correlated with the ischemic acute
tubular necrosis etiology of renal failure, intensive dose and
longer therapy. Serum phosphate decline during dialysis
was associated with higher incidence of prolonged respira-
tory failure requiring tracheostomy [odds ratio (OR) ¼
1.81; 95% confidence interval (CI) ¼ 1.07–3.08], but not
28-day mortality (OR ¼ 1.16; 95% CI ¼ 0.76–1.77) in
multivariable analysis.
Conclusions. Hypophosphatemia occurs frequently during
dialysis, particularly with long and intensive treatment.
Decline in serum phosphate levels during dialysis is asso-
ciated with higher incidence of prolonged respiratory fail-
ure requiring tracheostomy, but not 28-day mortality.

Keywords: acute kidney injury; continuous hemodialysis; mortality;
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Introduction

Phosphate is important in normal physiology. It is the source
of high-energy phosphate bonds of adenosine triphosphate, a
buffer of acid–base balance in plasma and an integral com-
ponent of phospholipids, nucleic acids and proteins. Hypo-
phosphatemia has been shown to cause diaphragmatic
muscular weakness and failure of weaning from ventilators
[1–3]; other complications include rhabdomyolysis, hemo-
lytic anemia and reduced cardiac contractility [4–6]. Hypo-
phosphatemia occurs in 2–5% of hospitalized patients and is
dependent on their presenting nutritional state, nature of their
acute disease and severity of illness [3, 7–10]. The high
incidence reported in critically ill patients is attributed to
sepsis, the refeeding syndrome and diuretic use [5, 6, 8,
11–13]. Renal excretion, which plays an important role in
phosphate homeostasis, is enhanced with metabolic or res-
piratory alkalosis and in trauma patients [9, 14, 15]. On the
other hand, patients who have acute or chronic kidney dis-
ease usually develop hyperphosphatemia [16]. Dialysis, par-
ticularly in its continuous form, clears phosphate efficiently
[17–19], and hypophosphatemia often ensues, particularly
with intensive treatment [20, 21]. In two recent large
multi-center clinical trials, the group receiving more intense
dialysis experienced a higher incidence of hypophosphate-
mia [20, 21]. We examine the incidence of hypophosphate-
mia and its association with respiratory failure requiring
prolonged ventilation and all-cause mortality in critically
ill patients with acute kidney injury (AKI) supported with
continuous veno-venous hemodialysis (CVVHD).

Materials and methods

The Cleveland Clinic Foundation-Acute renal failure Support Registry
(1995–2001) was used to identify 405 patients initially supported with bicar-
bonate continuous hemodialysis—353 patients had at least one serum phos-
phate measured while on CVVHD (Figure 1). The registry is a prospective
observational cohort database that captures demographics, dialysis therapy
and laboratory and outcome data. All supported AKI patients were recorded
from 1995 to 1998 and then one in five patients from 1999 to 2001. A
description of AKI registry data elements, data collection and management
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tracheostomy, with a median dialysis start to extubation/
tracheotomy time of 8 and 13, respectively. IHP was asso-
ciated with higher rates of chronic respiratory failure
requiring tracheostomy but similar dialysis start to trache-

ostomy time but did not correlate with successful extuba-
tion or dialysis start to extubation time (Table 2). The
absence of statistical difference in dialysis start to extuba-
tion time in the two groups is due to higher incidence of
tracheostomy in the IHP group, which is a competing
end point. The cumulative incidence curves in Figure 2
show the occurrence of tracheostomy per IHP in 28 days
of follow-up.

In time-to-tracheostomy competing-risk multivariate
proportional hazards analysis, IHP coded as a time-
dependent covariate predicted chronic respiratory failure
requiring tracheostomy (hazard ratio [HR] ¼ 1.8; 95%
CI ¼ 1.07–3.08), independent of baseline serum phosphate
(HR ¼ 0.9; 95% CI ¼ 0.8–1.0) and parenteral nutrition
(HR, 2.0; 95% CI ¼ 1.1–3.4) (Table 3).

Mortality

Twenty-eight-day all-cause mortality was 66%; IHP was
not associated with higher mortality in univariate analysis
(Table 2). The multivariate proportional hazards analysis
included previously reported mortality predictors and con-
firmed the lack of association between IHP and mortality
(Table 3).

Discussion

We have found that hypophosphatemia develops frequently
during CVVHD in critically ill patients with AKI. The
incidence increased with longer duration and higher inten-
sity of renal replacement therapy. IHP was associated with
higher incidence of prolonged respiratory failure requiring
tracheostomy but not 28-day all-cause mortality.

Intensity and duration of CVVHD were strong predictors
of IHP in the current study, independent of serum phos-
phate levels and feeding route at initiation of dialysis treat-
ment. The higher incidence of hypophosphatemia with
intensive therapy was a consistent finding in two
recent large-scale clinical trials [20, 21]. In Acute Renal
Failure Trial Network Study, hypophosphatemia occurred
in 17.6% of patients in the intensive-therapy group as com-
pared to 10.9% in the group undergoing less intensive ther-
apy, and 65.1 versus 54% in the Randomized Evaluation of

Table 1. Patient demographics, clinical characteristics at CVVHD
initiation and outcomes with and without IHP during CVVHDa

IHP group
(n ¼ 87)

Non-IHP group
(n ¼ 234) P-value

Baseline characteristics
Age (years) 59 6 15 59 6 14 0.68
Gender (male) 49 (56) 160 (68) 0.04
Weight (kg) 79 6 22 86 6 24 0.01
Chronic kidney disease 36 (31) 78 (34) 0.75
Hypertension 21 (24) 48 (21) 0.5
COPD 9 (10) 16 (7) 0.3
Diabetes mellitus 10 (10) 37 (16) 0.33
Congestive heart failure 21 (24) 56 (24) 0.96
Coronary artery disease 22 (25) 65 (28) 0.65
Peripheral artery disease 12 (14) 19 (8.1) 0.13
Liver disease 5 (5.7) 26 (11) 0.15
Malignancy 3 (3.5) 20 (8.6) 0.11
Solid organ transplant recipient 8 (10) 24 (10) 0.8
Clinical presentation
Surgery 21 (24) 73 (31) 0.20
Respiratory failure 81 (93) 203 (87) 0.11
Pneumonia 8 (9.2) 22 (9.4) 0.95
Bacteremia 18 (21) 36 (15) 0.26
Vasopressor support 50 (59) 143 (62) 0.62
APACHE II on ICU admission 23 6 9 24 6 9 0.42

Baseline nutrition
None 47 (54) 134 (57) 0.60
Enteral 13 (15) 36 (16) 0.92
Parenteral 27 (31) 64 (27) 0.50

CVVHD parameters
Dialysis dose delivered
(mL/h/kg)

16 6 5 14 6 5 0.009

Length of stay pre-CVVHD
(days)

15.2 6 22.9 11.6 6 13.2 0.16

Length of ICU stay pre-CVVHD
(days)

7.7 6 10.7 6.7 6 8.2 0.43

CVVHD duration (days) 11.8 6 5.3 6.7 6 4.6 0.0001
Etiology of renal failureb

Acute tubular necrosis 55 (63) 125 (53) 0.11
Multifactorial 28 (32) 85 (36) 0.49
Other 4 (4.6) 24 (10) 0.11

Laboratoryc

Sodium (mmol/L) 134 6 7 137 6 8 0.01
Potassium (mmol/L) 4.5 6 0.8 4.7 6 0.7 0.04
Chloride (mmol/L) 99 6 7 101 6 8 0.01
Bicarbonate (mmol/L) 20.1 6 4.5 19.8 6 5.5 0.20
BUN (mg/dL) 73 6 36 83 6 41 0.05
Creatinine (mg/dL) 4.1 6 1.8 4.1 6 1.8 0.88
Calcium (mg/dL) 7.7 6 1.1 7.8 6 1.2 0.54
Phosphate (mg/dL) 5.2 6 2.4 5.8 6 2.1 0.07
Glucose (mg/dL) 171 6 100 175 6 90 0.68
Hematocrit (g/dL) 30 6 5 30 6 4 0.83
Platelet count (k/lL) 107 6 68 114 6 74 0.42
Albumin (mg/dL) 2.4 6 0.7 2.4 6 0.7 0.98
Bilirubin (mg/dL) 4.8 6 5.6 7 6 10 0.06
Arterial carbon dioxide (mmHg) 37 6 78 37 6 13 0.51
Arterial pH 7.36 6 0.09 7.35 6 0.1 0.51

aCOPD, chronic obstructive pulmonary disease; APACHE, acute physi-
ology and chronic health evaluation; ICU, intensive care unit. IHP is
defined by serum phosphate level <2 mg/dL during CVVHD. Variables
are expressed as counts (%) and means 6 SDs.
bDiagnosis of acute renal failure by clinical and biochemical data.
cDrawn at time of CVVHD initiation.

Table 2. Patient demographics, clinical characteristics at CVVHD
initiation and outcomes with and without IHP during CVVHDa

IHP group
(n ¼ 87)

Non-IHP group
(n ¼ 234) P-value

Extubation 22 (25%) 40 (17%) 0.10
CVVHD start to
extubation (days)

12 6 10 10 6 9 0.49

Tracheostomy 32 (37) 41 (18) 0.0003
CVVHD start to
tracheostomy (days)

15 6 6 14 6 10 0.67

Length of ICU stay (days)b 41 6 32 34 6 23 0.19
Mortality at 28 days 51 (59) 161 (69) 0.09

aICU, intensive care unit. IHP is defined by serum phosphate level
<2 mg/dL during CVVHD. Variables are expressed as counts (%) and
means 6 SDs.
bOnly for those who survived 28 days.
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Glucose (mg/dL) 171 6 100 175 6 90 0.68
Hematocrit (g/dL) 30 6 5 30 6 4 0.83
Platelet count (k/lL) 107 6 68 114 6 74 0.42
Albumin (mg/dL) 2.4 6 0.7 2.4 6 0.7 0.98
Bilirubin (mg/dL) 4.8 6 5.6 7 6 10 0.06
Arterial carbon dioxide (mmHg) 37 6 78 37 6 13 0.51
Arterial pH 7.36 6 0.09 7.35 6 0.1 0.51

aCOPD, chronic obstructive pulmonary disease; APACHE, acute physi-
ology and chronic health evaluation; ICU, intensive care unit. IHP is
defined by serum phosphate level <2 mg/dL during CVVHD. Variables
are expressed as counts (%) and means 6 SDs.
bDiagnosis of acute renal failure by clinical and biochemical data.
cDrawn at time of CVVHD initiation.

Table 2. Patient demographics, clinical characteristics at CVVHD
initiation and outcomes with and without IHP during CVVHDa

IHP group
(n ¼ 87)

Non-IHP group
(n ¼ 234) P-value

Extubation 22 (25%) 40 (17%) 0.10
CVVHD start to
extubation (days)

12 6 10 10 6 9 0.49

Tracheostomy 32 (37) 41 (18) 0.0003
CVVHD start to
tracheostomy (days)

15 6 6 14 6 10 0.67

Length of ICU stay (days)b 41 6 32 34 6 23 0.19
Mortality at 28 days 51 (59) 161 (69) 0.09

aICU, intensive care unit. IHP is defined by serum phosphate level
<2 mg/dL during CVVHD. Variables are expressed as counts (%) and
means 6 SDs.
bOnly for those who survived 28 days.
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Abstract
Background. Hypophosphatemia is common in critically
ill patients and has been associated with generalized muscle
weakness, ventilatory failure and myocardial dysfunction.
Continuous renal replacement therapy causes phosphate
depletion, particularly with prolonged and intensive ther-
apy. In a prospective observational cohort of critically ill
patients with acute kidney injury (AKI), we examined the
incidence of hypophosphatemia during dialysis, associated
risk factors and its relationship with prolonged respiratory
failure and 28-day mortality.
Methods. This is a single-center prospective observational
study. Included in the study were 321 patients with AKI on
continuous dialysis as initial treatment modality.
Results. Four per cent of the patients had a phosphate level
<2 mg/dL at initiation and 27% during dialysis. Low base-
line phosphate was associated with older age, female gen-
der, parenteral nutrition, vasopressor support, low calcium,
and high urea, bilirubin and creatinine, whereas hypophos-
phatemia during dialysis correlated with the ischemic acute
tubular necrosis etiology of renal failure, intensive dose and
longer therapy. Serum phosphate decline during dialysis
was associated with higher incidence of prolonged respira-
tory failure requiring tracheostomy [odds ratio (OR) ¼
1.81; 95% confidence interval (CI) ¼ 1.07–3.08], but not
28-day mortality (OR ¼ 1.16; 95% CI ¼ 0.76–1.77) in
multivariable analysis.
Conclusions. Hypophosphatemia occurs frequently during
dialysis, particularly with long and intensive treatment.
Decline in serum phosphate levels during dialysis is asso-
ciated with higher incidence of prolonged respiratory fail-
ure requiring tracheostomy, but not 28-day mortality.

Keywords: acute kidney injury; continuous hemodialysis; mortality;
phosphate; respiratory failure

Introduction

Phosphate is important in normal physiology. It is the source
of high-energy phosphate bonds of adenosine triphosphate, a
buffer of acid–base balance in plasma and an integral com-
ponent of phospholipids, nucleic acids and proteins. Hypo-
phosphatemia has been shown to cause diaphragmatic
muscular weakness and failure of weaning from ventilators
[1–3]; other complications include rhabdomyolysis, hemo-
lytic anemia and reduced cardiac contractility [4–6]. Hypo-
phosphatemia occurs in 2–5% of hospitalized patients and is
dependent on their presenting nutritional state, nature of their
acute disease and severity of illness [3, 7–10]. The high
incidence reported in critically ill patients is attributed to
sepsis, the refeeding syndrome and diuretic use [5, 6, 8,
11–13]. Renal excretion, which plays an important role in
phosphate homeostasis, is enhanced with metabolic or res-
piratory alkalosis and in trauma patients [9, 14, 15]. On the
other hand, patients who have acute or chronic kidney dis-
ease usually develop hyperphosphatemia [16]. Dialysis, par-
ticularly in its continuous form, clears phosphate efficiently
[17–19], and hypophosphatemia often ensues, particularly
with intensive treatment [20, 21]. In two recent large
multi-center clinical trials, the group receiving more intense
dialysis experienced a higher incidence of hypophosphate-
mia [20, 21]. We examine the incidence of hypophosphate-
mia and its association with respiratory failure requiring
prolonged ventilation and all-cause mortality in critically
ill patients with acute kidney injury (AKI) supported with
continuous veno-venous hemodialysis (CVVHD).

Materials and methods

The Cleveland Clinic Foundation-Acute renal failure Support Registry
(1995–2001) was used to identify 405 patients initially supported with bicar-
bonate continuous hemodialysis—353 patients had at least one serum phos-
phate measured while on CVVHD (Figure 1). The registry is a prospective
observational cohort database that captures demographics, dialysis therapy
and laboratory and outcome data. All supported AKI patients were recorded
from 1995 to 1998 and then one in five patients from 1999 to 2001. A
description of AKI registry data elements, data collection and management
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Normal Versus Augmented Level Replacement Therapy
study. Neither study, however, reported an increased inci-
dence of serious adverse events in the intensive-therapy
group. The high rate of severe hypophosphatemia (<2
mg/dL) observed in our cohort, despite standard dose in-
tensity, is likely due to several factors: limiting our study
cohort to CVVHD as initial mode of therapy [24], daily
measurements of serum phosphate levels during CVVHD
which minimizes detection bias due to underreporting and
the lack of preemptive parenteral or dialysate phosphate
supplementation at the time of the study in our center
[19]. While older age, female gender and nutrition markers
such as low serum creatinine and parenteral feeding were
associated with low serum phosphate levels at CVVHD
initiation; the trend for association between baseline phos-

phate levels at CVVHD initiation and IHP observed in
univariate analysis did not persist in the adjusted model.

Respiratory failure

In the present study, severe IHP (<2 mg/dL) was associ-
ated with a higher incidence of prolonged respiratory fail-
ure requiring tracheostomy. The latter association was
examined in the context of not only respiratory outcome
but also the more likely outcome of death competing
with tracheostomy [25]. Indeed, many have previously im-
plicated hypophosphatemia as a cause for respiratory fail-
ure through its impact on respiratory muscles [1–3, 26].
Fisher et al. [27] reported high incidence of respiratory
complications among patients who had hypophosphatemia
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Fig. 2. Cumulative incidence of tracheostomy in patients with and without IHP. Solid line: group with IHP and dashed line: group without IHP. IHP was
defined as serum phosphate descent to <2 mg/dL during CVVHD.

Table 3. Effect of incident hypophosphatemia during CVVHD on respiratory failure requiring
tracheostomy and 28-day all-cause mortality: multivariate proportional hazards regression analysisa

Variable

Tracheostomy Mortality

HR (95% CI) P-value HR (95% CI) P-value

Time-dependent
IHPb 1.8 (1.07–3.08) 0.03 1.16 (0.76–1.77) 0.50
On CVVHD at time

of eventc
0.58 (0.36–0.94) 0.03

At CVVHD initiation
Parenteral nutrition 1.95 (1.14–3.34) 0.01
Vasopressor support 2.27 (1.50–3.4) 0.0001
Creatinine (mg/dL) 0.88 (0.79–0.98) 0.02
Phosphate (mg/dL) 0.88 (0.77–1.00) 0.052 1.08 (0.99–1.18) 0.08
Platelet count (k/lL) 1.003 (1.00–1.01) 0.03
Albumin (mg/dL) 0.76 (0.59–0.98) 0.04
Bilirubin (mg/dL) 1.02 (1.003–1.04) 0.02
Bicarbonate (mmol/L) 0.94 (0.90–0.98) 0.004

aadj. HR, adjusted hazard ratio
bIHP assumes a null value in the model if a patient’s serum phosphate is !2 mg/dL at time t and
unity otherwise.
cTime-dependent covariate coded as one if the event occurs while subject is on CVVHD and zero
otherwise.
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Abstract
Background: Although associated with severe clinical complications, phosphate remains a neglected ion. Additionally,
phosphate balance during continuous renal replacement therapy (CRRT) is complex and multifunctional. The present
retrospective study investigated the effects of phosphate-containing CRRT fluid on phosphate homeostasis.

Methods: We retrospectively analysed 112 patients treated with CRRT at Skåne University Hospital, Sweden. The control group
was treated with Hemosol® B0 (no phosphate; n = 36) as dialysis and replacement fluid, while the study group received
Phoxilium® (phosphate; n = 76) as dialysis fluid and Hemosol® B0 as replacement fluid.

Results: Hypophosphataemia (<0.7 mM) occurred in 15% of the treatment days in the control group compared with 7% in the
study group (P = 0.027). Magnesium substitution was reduced by 40% in the study group (P < 0.001). No differences in acid–base
parameters were detected between the groups.

Conclusions: In this larger cohort,we could confirm that Phoxilium® reduced the episodes of hypophosphataemiaduringCRRT.
A beneficial effect on magnesium balance could also be observed.

Key words: critically ill patients, CRRT, hypophosphataemia, intensive care medicine

Introduction
Electrolyte disorders frequently develop in critically ill patients
treated at the intensive care unit (ICU) [1]. The onset of acute kidney
injury (AKI), which occurs in up to 15% of ICU patients, further es-
calates these conditions [2, 3]. Phosphate andmagnesium are com-
monly depleted in critically ill patients, and although frequently
overlooked, these ions play key roles in cellular metabolism and
are essential in many biological functions [4]. Common conditions

predisposing hypophosphataemia andhypomagnesaemia are sep-
sis, alcoholwithdrawal,malnutrition, catecholamines, intravenous
glucose infusion, insulin administration, metabolic or respiratory
alkalosis, hyperventilation, use of diuretics and rhabdomyolysis
[2, 5–8]. Hypomagnesaemia has been reported in up to 65% of the
critically ill patients [9]. Hyperphosphataemia is also regularly ob-
served in AKI patients, but often turns into hypophosphataemia
shortly after initiation of continuous renal replacement therapy
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«Depletion Syndrome»
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Perte de 1000 Kcal/Jour !
Santoro A et al. Nephrol Dial Transplant 2003

Température

Matamis D et al. Int Care Med 1994 : 20, 431
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La dialyse :

N’épure pas les protons 

N’épure pas le lactate

Amène des quantités importantes de Bicar ++

Avec un contrôle strict du iCa2+

et de la natrémie

Sans surcharge hydrosodée

EER transforme 
acidose métabolique => acidose respiratoire
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hcCVVH with bicarbonate 35 mmol/L substitution 
fluid in 19 ARDS patients

Tran, Journois et al. SFAR 2003

∆ Clearance 
(ml/kg.h)

Patients (n) ∆ PaCO2 
(mmHg)

40-50 5 2,5

50-60 3 3,3

60-70 3 2,6

70-80 5 5,2

>80 3 11
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