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Renal failure is a common complication among critically ill patients. Timing, dosage, and mode of renal replacement (RRT) are
under debate, but also anticoagulation strategies and vascular access interfere with dialysis success.We present a retrospective, five-
year evaluation of patients requiring RRT on a multidisciplinary 50-bed surgical intensive care unit of a university hospital with
special regard to anticoagulation strategies and vascular access. Anticoagulation was preferably performed with unfractionated
heparin or regional citrate application (RAC). Bleeding and suspected HIT-II were most common causes for RAC. In CVVHD
mode filter life span was significantly longer under RAC compared to heparin or other anticoagulation strategies (! = 0.001).
Femoral vascular access was associated with reduced filter life span (! = 0.012), especially under heparin anticoagulation (! =0.015). Patients on RAC had higher rates of metabolic alkalosis (! = 0.001), required more transfusions (! = 0.045), and showed
higher illness severity measured by SOFA scores (! = 0.001). RRT with unfractionated heparin represented the most common
anticoagulation strategy in this study population. However, patients with bleeding risk and severe organ dysfunction were more
likely placed on RAC. Citrate provided longer filter life spans regardless of vascular access site. Attention has to be paid tometabolic
disturbances.

1. Introduction

Acute renal failure is a common complication among criti-
cally ill patients in the intensive care setting [1], increasing
mortality rates up to 40–60% [2]. Renal replacement therapy
(RRT) provides a therapeutic option, either as bridge until
renal function recovery or as terminal therapy in loss of
organ function [1]. Timing, dosage, and mode of RRT in
critically ill patients are currently under debate [3]. To
avoid clotting of the hemodialysis circuit anticoagulation
is necessary. In the last decades, different strategies were
applied for clinical application [4]. Systemic use of either
unfractionated or low molecular weight heparin or regional
anticoagulation with citrate (RAC) represents the anticoagu-
lation strategies with highest acceptance within intensive care

units (ICU) [5]. Although heparin anticoagulation is cheap
and easy to manage when using the activated clotting time
(ACT), itmay enhance bleeding, particularly in postoperative
patients. Moreover, it poses a risk for developing heparin
induced thrombocytopenia type II (HIT-II) and leads to
life-threatening complications in patients with HIT-II [6].
Due to its regional application, citrate may reduce the risk
for bleeding complications. In addition, it does not induce
HIT-II but has the potential to accumulate and thus may
lead to metabolic as well as electrolyte disturbances. The
pros and cons between both anticoagulation strategies in
clinical application are therefore still under debate, resulting
in conflicting results in the literature [7, 8].

This retrospective analysis aims to enlarge the knowledge
about RRT in surgical critically ill patients, with special
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This comparator was chosen because regional anticoagulation 
with heparin and protamine is extensively used in Australia/New 
Zealand (5) and elsewhere. Overall, systematic reviews and prac-
tice guidelines have recommended the use of citrate on the basis 
of expert opinion and weak evidence (3, 4, 17–20).

The adverse effect profile also favored citrate in this trial, a find-
ing similar to that of other studies (10–13, 15, 16). Our study was 
not able to detect any novel benefits associated with citrate, such 
as modification of circulating cytokines, and there was no sig-
nificant difference in mortality. The aforementioned multicenter 
studies also reported no difference in mortality. One study that 
compared regional citrate with systemic low-molecular-weight 
heparin reported a mortality benefit in the citrate group (16), and 
we hypothesize that the choice of a different control group may be 
relevant if this was not a chance observation.

Implications of Study Findings
These data provide a compelling argument for the use of 
regional citrate anticoagulation in order to maximize the effec-
tive delivery of CRRT in ICU patients. There are also clear 

potential cost-saving implications from our results if ICUs 
realize the benefits of less circuit downtime and fewer circuit 
changes. We recommend the use of regional citrate anticoagu-
lation during CRRT as first-line treatment in suitable patients.

Strengths and Limitations
This study has several strengths. It is a very large study com-
pared with other RCTs evaluating regional citrate anticoagula-
tion with 857 circuits randomized (10–16). The treatment effect 
was large and obvious, not only in terms of the hazard ratio for 
the primary outcome but also in terms of the median lifespan 
of the first circuit, and the median lifespan of the circuits that 
were stopped due to clotting. A higher proportion of circuits 
in the citrate group did not clot, and fewer citrate circuits were 
used to achieve an overall longer cumulative duration of time on 
CRRT. Citrate performed better than heparin even though con-
trol group circuit life was relatively high (median, 22.8 hr). Fur-
thermore, the generalizability of our study is high because of its 
multicentric design and our pragmatic acceptance of variation 
in CRRT citrate protocols between sites. Finally, this trial also 

reflects modern CRRT prac-
tice patterns: regional citrate 
anticoagulation is widespread, 
commercially developed, and 
technically easier to deliver 
than in the past. Other ICUs are 
likely to experience similar ben-
efits, including cases where the 
citrate CRRT protocols are not 
identical to our own.

Weaknesses of this trial 
include the fact that it was 
unblinded. However, blinding 
was not practical. Furthermore, 
our study was also underpow-
ered to detect significant dif-
ferences in patient-centered 
outcomes, such as mortality, 
time in ICU, time in hospital, 
and renal recovery. Follow-up 
time was short and limited 
to ICU with the exception 
of hospital outcome, and no 

Figure 2. Kaplan-Meier estimate of the probability of continuous renal replacement therapy circuit survival for 
the first circuit.

Hematologic variables, mean (SD)

  Hemoglobin (g/L) 98.0 (16.6) 98.3 (26.2)

  Platelet count (× 10^9/L) 209 (146) 215 (143)

  International normalized ratio 1.5 (1.2) 1.4 (0.52)

  Activated partial thromboplastin time (s) 40 (18) 40 (14)

TABLE 1. (Continued). Baseline Demographic and Clinical Characteristics of the 
Intervention and Control Groups

Variable Citrate (n = 105) Heparin (n = 107)

Schilder et al. Critical Care 2014, 18:472
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Mal géré = pareil que de l’héparine

Crit Care Med, 2009, 37(2), 545.
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Citrate anticoagulation for continuous venovenous hemofiltration*

Heleen M. Oudemans-van Straaten, MD, PhD; Rob J. Bosman, MD; Matty Koopmans, RN;
Peter H. J. van der Voort, MD, PhD, MSc; Jos P. J. Wester, MD, PhD; Johan I. van der Spoel, MD;
Lea M. Dijksman, MSc; Durk F. Zandstra, MD, PhD

Acute renal failure (ARF) in crit-
ically ill patients represents a
strong and an independent risk
for mortality (1). Prognosis is es-

pecially poor if renal replacement therapy
(RRT) is required. Strategies of RRT may
influence outcome. Among these is RRT
dose (2, 3).

Anticoagulation is required to prevent
clotting in extracorporeal circuits. Hepa-
rins are the classic choice. Their main
drawback is bleeding because of systemic
anticoagulation (4). Citrate is an attractive
alternative (5). Citrate chelates calcium de-
creasing ionized calcium in the circuit. Be-
cause calcium is a cofactor in the coagula-

tion cascade, thrombin generation is
inhibited. Citrate and calcium are partially
removed by filtration or dialysis (6, 7). The
remaining citrate is rapidly metabolized if
liver function and muscle perfusion are suf-
ficient (8). Calcium is replaced. Systemic
effects on coagulation are thus avoided.
However, because citrate is substrate for
buffer as well, its use may cause metabolic
derangements (9). The three small ran-
domized controlled studies comparing ci-
trate with heparin in critically ill patients
found longer or similar circuit life and less
bleeding or transfusion with citrate (10–
12). Large randomized studies are not
available yet. The aim of this study was to
compare the safety and efficacy of regional
anticoagulation for continuous venovenous
hemofiltration (CVVH) with citrate to our
standard systemic anticoagulation with the
low-molecular weight heparin nadroparin
(13, 14). Low-molecular weight heparins are
effectively used by others as well (15, 16).

MATERIALS AND METHODS

Study Design and Setting. This nonblinded
single-center randomized controlled trial

comparing the safety and efficacy of two anti-
coagulant strategies for CVVH was conducted
in an 18-bed closed format general intensive
care unit of a teaching hospital. CVVH is the
only modality of RRT in the unit and is per-
formed under responsibility of the intensiv-
ists. The Institutional Review Board approved
the study according to European and Dutch
legislation. At that time, the need for informed
consent was waived because the two modali-
ties were standard practice in the unit, and
patients with an increased risk of adverse
events to either intervention were not in-
cluded (13, 14, 17). All patients or their legal
representatives received written information
explaining that data collected in the patient
data management system were used to evalu-
ate treatment.

Patients and Randomization. All adult
critically ill patients with ARF requiring RRT
in the unit were eligible for inclusion. CVVH
was initiated when after resuscitation of the
circulation oliguria persisted and was accom-
panied by a steep rise in serum creatinine, or
at a nondeclining rise in creatinine in nono-
liguric patients. Exclusion criteria were liver
cirrhosis Child-Pugh C, (suspicion) of bleed-
ing necessitating transfusion or fall in hemo-
globin !0.5 mmol/L within 24 hours, surgery
within 24 hours before CVVH, need of thera-
peutic anticoagulation, (suspected) heparin-
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Objective: Continuous venovenous hemofiltration (CVVH) is ap-
plied in critically ill patients with acute renal failure for renal re-
placement. Heparins used to prevent circuit clotting may cause
bleeding. Regional anticoagulation with citrate reduces bleeding, but
has metabolic risks. The aim was to compare the safety and efficacy
of the two.

Design: Randomized, nonblinded, controlled single-center trial.
Setting: General intensive care unit of a teaching hospital.
Patients: Adult critically ill patients needing CVVH for acute

renal failure and without an increased bleeding risk.
Interventions: Regional anticoagulation with citrate or systemic

anticoagulation with the low-molecular weight heparin nadroparin.
Measurements and Main Results: End points were adverse

events necessitating discontinuation of study anticoagulant, trans-
fusion, metabolic and clinical outcomes, and circuit survival. Of the
215 randomized patients, 200 received CVVH per protocol (97 citrate
and 103 nadroparin). Adverse events required discontinuation of
citrate in two patients (accumulation and clotting) of nadroparin in 20
(bleeding and thrombocytopenia) (p < 0.001). Bleeding occurred in 6

vs. 16 patients (p ! 0.08). The median number of red blood cell units
transfused per CVVH day was 0.27 (interquartile range, 0.0–0.63) for
citrate, 0.36 (interquartile range, 0–0.83) for nadroparin (p ! 0.31).
Citrate conferred less metabolic alkalosis (p ! 0.001) and lower
plasma calcium (p < 0.001). Circuit survival was similar. Three-
month mortality on intention-to-treat was 48% (citrate) and 63%
(nadroparin) (p ! 0.03), per protocol 45% and 62% (p ! 0.02). Citrate
reduced mortality in surgical patients (p ! 0.007), sepsis (p ! 0.01),
higher Sepsis-Related Organ Failure Assessment score (p ! 0.006),
and lower age (p ! 0.009).

Conclusions: The efficacy of citrate and nadroparin anticoag-
ulation for CVVH was similar, however, citrate was safer. Unex-
pectedly, citrate reduced mortality. Less bleeding could only
partly explain this benefit, less clotting could not. Post hoc citrate
appeared particularly beneficial after surgery, in sepsis and se-
vere multiple organ failure, suggesting interference with inflam-
mation. (Crit Care Med 2009; 37:545–552)

KEY WORDS: citrate; hemofiltration; acute renal failure; heparin;
nadroparin; anticoagulation; sepsis
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Mal géré le citrate fait aussi mal que l’héparine
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Un citrate meilleur que les autres?
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ACD-A 3.3%

Trisodium citrate 4%
Na+ 420 mmol/L

Na+ 224 mmol/L

Na+ 140 mmol/LNa3Citrate

O

ONaNaO

NaO

OH

OO

Trisodium
Citrate



Anticoagulation régionale au citrate

10 règles pour éviter les pièges



3 - 4 mmol/L

Pre-filter:

Post-filtre

citrate

Citrate

0,25-0,35 mmol/L Ca2+

Principe de fonctionnement

Na3Citrate

O

ONaNaO

NaO

OH

OO

Citrate
Trisodique



3 - 4 mmol/L

Pre-filter:

Citrate

Principe de fonctionnement

Na3Citrate

O

ONaNaO

NaO

OH

OO

Citrate
Trisodique 4 mml/L

3 mml/L



Na3Citrate

O

ONaNaO

NaO

OH

OO

Citrate
Trisodique 3 Ca2+

6 Na+

≈ 3 - 4 mmol/L of Citrate 

iCa2+ < 0,35 mmol/l

Common pathway

Extrinsic pathway

Activation of the contact phase

Principe de fonctionnement



Principe Cit - Ca2+

Citrate
trisodique

Na3Citrate

O

ONaNaO

NaO

OH

OO

3 Ca2+

6 Na+

Complexe
Cit-Ca2+

Principe CiCa



Na3Citrate

O

ONaNaO

NaO

OH

OO

Citrate
Trisodique 3 Ca2+

6 Na+

iCa2+ < 0,35 mmol/L

Citrate Anticoagulation for Extracorporeal
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Fig. 3. To evaluate the effect of citrate anti-
coagulation on clot formation and polymeri-
zation, coagulation studies were performed
using either kaolin (contact activation) or the
snake venom ecarin (direct prothrombin ac-
tivation). Effects of citrate anticoagulation
were assessed by clot formation time (coagu-
lometric detection) or clot firmness (throm-
belastographic analysis).

Fig. 4. Correlation of clotting time (a) and clot firmness (b) with ionized calcium. Coagulation triggered by contact
activation (addition of kaolin to non-anticoagulated whole blood).

Anticoagulation = ON/OFF

Clotting time in function of iCa2+

Calatzis et	al.	Nephron	2001;89:233-6	
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123), 0.20–5.00 mmol/L (RAPID Point 500). Measure-
ments for monitoring RRT were performed using the
ABL90 (Radiometer, Copenhagen, Denmark).
Systemic and post filter samples were used directly

after measurements for clinical purposes had been com-
pleted, if the amount of the material left was sufficient.
Sample material left was immediately brought to a
nearby separate room with the instruments evaluated in
the study. Therefore the pre-analytical phases were the
same for all study samples. The measurements on all
study instruments were completed within 10 minutes.
The samples were not divided because the same syringe
was used to feed the sample into each analyzer. The
measurements were thus carried out more or less in par-
allel. Results of this study were not made available for
patient care. The order of measurements was rotated be-
tween the blood gas analyzers according to a previously
randomized scheme.
Ethical approval by the local ethical board (University

of Greifswald; III UV 39/03) was obtained to use spare
material from anonymized routine patient samples for
evaluation and comparison purposes. For the use of
anonymized spare material no informed consent from
the patients was necessary. Statistical evaluations were
performed using Microsoft Excel (2010).

Results
A total of 218 samples (102 systemic and 116 post filter
samples) from 29 patients were included in the study. Of
these there were 74 systemic and 84 post filter samples

with results for at least five of the devices. All internal
quality controls (IQC) for iCa in the six blood gas ana-
lyzers complied with national regulations (Guideline of
the German Medical Association on Quality Assurance
in Medical Laboratory Examinations; Rili-BAEK) with a
root mean square (a combined measure of imprecision
and bias) below 7.5 % (IQC target values >1–2.5 mmol/L)
and 14 % (IQC targets values from 0.2 to 1 mmol/L), re-
spectively [10].
Based on the samples that gave results in at least five de-

vices the systemic iCa median concentration ranged from
1.07 to 1.16 mmol/L (Fig. 2) with the median within in the
recommended target interval (1.12–1.20 mmol/L) for five
of the six devices. Post filter iCa median concentrations of
the different devices ranged from 0.21 to 0.50 mmol/L
(Fig. 2). There was only one of the six devices with a me-
dian value within the target interval of the recommenda-
tion scheme (0.24–0.35 mmol/L) [7, 8].
Differences (Δ) between instruments were calculated as

the averages of the individual samples. The maximum dif-
ference between two instruments was 0.09 mmol/L (95 %
CI 0.02 mmol/L) for systemic samples and 0.33 mmol/L
(95 % CI ± 0.01 mmol/L; median Δ 0.29 mmol/L; 0.21–
0.50 mmol/L) for post filter samples. In Fig. 3 the observa-
tions of the individual instruments are plotted against the
average results over all instruments of the same sample
for both systemic and poster filter samples.
The clinical impact of the results of all 218 samples

was evaluated according to the manufacturers’ recom-
mendations [7, 8]. Results of iCa in the systemic samples

Fig. 2 Measurements of ionized calcium illustrated as box plots for systemic and post filter samples by instrument. Lower row (blue boxplots), post
filter samples; upper row (red boxplots), systemic samples. Horizontal lines, respective upper and lower limits of target intervals according to
previous publications [7, 8]

Schwarzer et al. Critical Care  (2015) 19:321 Page 3 of 6

are used for regulating calcium flow. In five out of the
six devices more than 80 % of the systemic iCa concen-
trations were within the recommended target interval
(1.12–1.20 mmol/L) and the next categories below
(1.05–1.11 mmol/L) and above (1.21–1.30 mmol/L;
Tables 1 and 2), respectively. For the sixth instrument
56 % of the systemic results were within these three cen-
tral intervals of the recommendation scheme.
Results of iCa in post filter samples are used to adjust

citrate flow. The percentage of post filter samples within
the recommended target interval (0.25–0.34 mmol/L)
and the next categories below (0.20–0.24 mmol/L) and
above (0.35–0.45 mmol/L) ranged from 3 to 87 %

(Tables 1 and 2). However, the distributions were not fo-
cused on the recommended target interval but were
asymmetric with maximum percentages in almost any
category of the scheme depending on the instrument
used. If transformed into clinical action, the iCa meas-
urement of the same post filter sample could lead to
maximal increase or maximum decrease of the citrate
flow depending on the instrument used.

Discussion
RCA for CRRT represents an established procedure in
critically ill patients with contraindications for in vivo
anticoagulation [1]. In view of patient safety and per-
formance of CRRT the manufacturer Fresenius Medical
Care recommends monitoring iCa concentrations in sys-
temic and post filter samples to adjust calcium and citrate
flow. However, the recommendations do not include in-
formation on the methods or devices to be used for meas-
uring iCa concentrations. Instruments such as blood gas
analyzers are frequently used in monitoring RCA due to
their availability. While the iCa concentrations in the sys-
temic samples were within or close to the physiological
interval (1.12–1.32 mmol/L) the post filter samples were
characterized by iCa concentrations clearly below
0.5 mmol/L [11]. We evaluated iCa measurements of 102
systemic and 116 post filter samples from patients under-
going RCA for CRRT (mulitFiltrate Ci-Ca® Continuous
Veno-Venous Hemo Dialysis, CVVHD, Fresenius Medical
Care, Bad Homburg, Germany) using six different com-
mercially available blood gas analyzers.
To compensate the continuous loss of calcium and to

avoid hypocalcemia during RCA in CRRT the calcium
flow starts at 1.7 mmol calcium per liter of effluent. This
calcium flow is then increased, left unchanged or de-
creased according to the systemic iCa results. The sys-
temic iCa concentrations showed a good concordance
between the different instruments indicating that they
are suitable for controlling iCa substitution, indicating
that they are suitable for controlling iCa substitution.

Fig. 3 Systemic and post filter measurements of ionized calcium
(iCa) concentrations. Regressions are between results from individual
instruments and the average of all results of a particular sample. The
maximum difference in the post filter group was found between the
Prime (red triangles) and the Cobas b 123 (blue squares). The other
instruments are (top to bottom, diamonds) the pHOx (gray), ABL90
(green), Rapid (light brown) and Gem4000 (yellow and black border).
Red dotted line is the equal line. The relative maximum difference in
the systematic result group was miniscule and the individual
observations indistinguishable at the present resolution

Table 1 Recommendations for change of calcium flow based on systemic ionized calcium (iCa) concentration in Ci-Ca® CVVHD and
percentage of study samples in each category depending on the instrument used for iCa measurement
Systemic iCa
(mmol/L)

Change in calcium dose
(calcium/filtrate)

GEM4000
(%)

pHOx
(%)

Prime
(%)

ABL90
(%)

Cobas b 123
(%)

RAPID point 500
(%)

>1.45 Decreased by 0.6 mmol/La 0 0 0 0 0 0

1.31–1.45 Decreased by 0.4 mmol/L 2 1 0 1 2 2

1.21–1.30 Decreased by 0.2 mmol/L 12 21 11 21 19 3

1.12–1.20 No change 38 41 49 41 51 22

1.05–1.11 Increased by 0.2 mmol/L 27 21 31 21 17 31

0.95–1.11 Increased by 0.4 mmol/L 16 11 6 11 10 25

<0.95 Increased by 0.6 mmol/La 6 4 3 4 2 17
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after measurements for clinical purposes had been com-
pleted, if the amount of the material left was sufficient.
Sample material left was immediately brought to a
nearby separate room with the instruments evaluated in
the study. Therefore the pre-analytical phases were the
same for all study samples. The measurements on all
study instruments were completed within 10 minutes.
The samples were not divided because the same syringe
was used to feed the sample into each analyzer. The
measurements were thus carried out more or less in par-
allel. Results of this study were not made available for
patient care. The order of measurements was rotated be-
tween the blood gas analyzers according to a previously
randomized scheme.
Ethical approval by the local ethical board (University

of Greifswald; III UV 39/03) was obtained to use spare
material from anonymized routine patient samples for
evaluation and comparison purposes. For the use of
anonymized spare material no informed consent from
the patients was necessary. Statistical evaluations were
performed using Microsoft Excel (2010).

Results
A total of 218 samples (102 systemic and 116 post filter
samples) from 29 patients were included in the study. Of
these there were 74 systemic and 84 post filter samples

with results for at least five of the devices. All internal
quality controls (IQC) for iCa in the six blood gas ana-
lyzers complied with national regulations (Guideline of
the German Medical Association on Quality Assurance
in Medical Laboratory Examinations; Rili-BAEK) with a
root mean square (a combined measure of imprecision
and bias) below 7.5 % (IQC target values >1–2.5 mmol/L)
and 14 % (IQC targets values from 0.2 to 1 mmol/L), re-
spectively [10].
Based on the samples that gave results in at least five de-

vices the systemic iCa median concentration ranged from
1.07 to 1.16 mmol/L (Fig. 2) with the median within in the
recommended target interval (1.12–1.20 mmol/L) for five
of the six devices. Post filter iCa median concentrations of
the different devices ranged from 0.21 to 0.50 mmol/L
(Fig. 2). There was only one of the six devices with a me-
dian value within the target interval of the recommenda-
tion scheme (0.24–0.35 mmol/L) [7, 8].
Differences (Δ) between instruments were calculated as

the averages of the individual samples. The maximum dif-
ference between two instruments was 0.09 mmol/L (95 %
CI 0.02 mmol/L) for systemic samples and 0.33 mmol/L
(95 % CI ± 0.01 mmol/L; median Δ 0.29 mmol/L; 0.21–
0.50 mmol/L) for post filter samples. In Fig. 3 the observa-
tions of the individual instruments are plotted against the
average results over all instruments of the same sample
for both systemic and poster filter samples.
The clinical impact of the results of all 218 samples

was evaluated according to the manufacturers’ recom-
mendations [7, 8]. Results of iCa in the systemic samples

Fig. 2 Measurements of ionized calcium illustrated as box plots for systemic and post filter samples by instrument. Lower row (blue boxplots), post
filter samples; upper row (red boxplots), systemic samples. Horizontal lines, respective upper and lower limits of target intervals according to
previous publications [7, 8]
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Citrate et hypocalcémie

Durao CCM 2008; 36:3024 –3029

Compensation calcium NON asservit
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Aman et al., Journal of Critical Care 2010;25:120–7
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Oudemans-van Straaten et al., CCM 2009; 37:545–52
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44%

Morgera et col, Nephron Clin Pract 2004; 97:131-6
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1-3% des 
patients 

sous 
citrate

hypocalcémieLe syndrome d’accumulation

1-3% des 
patients 

sous 
citrate

33% des dysfonctions 
hépatique

Khadzhynov et coll. Journal of Critical Care 29 (2014) 265–271

Meier-Kriesche Crit Care Med 2001 29(4)

Examens	hépatique	standards	
(transaminases	ou	bilirubine)	

ont	une	faible	valeur	
prédictive d’un	syndrome	

d’accumulation	

Table 3 Acid-base status and electrolytes at baseline, after 24 hours and after 72 hours
Minimum 25th percentile Median 75th percentile Maximum

pH baseline 7.11 7.21 7.29 7.34 7.43

pH 24 hours 7.21 7.27 7.33 7.41 7.51

pH 72 hours 7.13 7.30 7.40 7.44 7.50

Bicarbonate baseline 12.4 18.3 20.4 22.9 27.9

Bicarbonate 24 hours 13.9 22.2 24.1 25.5 29.0

Bicarbonate 72 hours 12.9 23.9 26.5 27.8 31.8

Base excess baseline -14.2 -7.5 -5.0 -3.2 2.5

Base excess 24 hours -12.4 -3.4 -1.0 1.0 4.3

Base excess 72 hours -17.5 -2.2 1.2 3.5 7.7

Anion gap baseline 6 10 13 15 28

Anion gap 24 hours 3 9 11 15 24

Anion gap 72 hours 4 9 11 13 28

pCO2 baseline 20 39 48 54 80

pCO2 24 hours 29 40 49 55 70

pCO2 72 hours 30 43 46 55 86

Caion baseline 0.91 1.14 1.21 1.26 1.41

Caion 24 hours 1.02 1.15 1.18 1.22 1.33

Caion 72 hours 1.00 1.11 1.15 1.19 1.26

Sodium baseline 126 136 139 144 157

Sodium 24 hours 136 140 141 143 153

Sodium 72 hours 133 142 143 145 151

Chloride 0 94 105 109 113 127

Chloride 24 hours 97 106 108 111 120

Chloride 72 hours 102 107 109 110 115

Time course of pH, bicarbonate (mmol/l), base excess (mmol/l), anion gap (mmol/l), pCO2 (mmHg), ionized calcium (Caion; mmol/l), sodium (mmol/l) and chloride
(mmol/l) at baseline, after 24 hours and after 72 hours of continuous venovenous hemodialysis (CVVHD) treatment time. Forty-three CVVHD runs were included
at baseline and at 24 hours, 32 CVVHD runs were included at 72 hours.
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Figure 2 Predictive capabilities of prothrombin time and serum lactate regarding citrate accumulation. Baseline (a) prothrombin time
and (b) serum lactate showed highest areas under the curve (AUC) in receiver operating characteristic analysis, therefore having best predictive
capability for citrate accumulation in terms of a total calcium/ionized calcium ratio ≥2.5. ci, confidence interval.

Schultheiß et al. Critical Care 2012, 16:R162
http://ccforum.com/content/16/4/R162
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Schultheiß et al. Critical Care 2012 16:R162
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Savoir comment détecter un syndrome d’accumulationRègle n°7:

Oudemans-van Straaten et al., CCM 2009; 37:545–52

Brophy et al NDT 2005; 20: 1416–21

N=97

N=138

N=161

2%

1,4%

5%

Morgera et al., CCM 2009; 37:2018 –24

2 grandes causes  :  Violation de protocoles / MOF 
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Syndrome d’accumulation de citrate

Khadzhynov et coll. Journal of Critical Care 29 (2014) 265–271

Principe Cit - Ca2+Syndrome d’accumulation

3.4. Clinical outcome

All patients with citrate accumulation died during their ICU stay;
the 28-day mortality was 78.1%. Most patients died shortly after

citrate accumulation was diagnosed (in median, after 22 hours), with
only 34.4% of patients surviving 48 hours thereafter. We compared
this finding with the clinical outcome of all patients treated with RCA-
CRRT. According to our data, an unfavorable outcome on day 28 was
found in 37.5% of all patients treated with RCA-CRRT (298 out of 1070
patients died on day 28, whereas 103 patients were not followed up
but counted as dead on day 28) (P b .001, Fig. 2).

4. Discussion

The aim of the present study is to determine the incidence of
metabolic disarrangements consistent with citrate accumulation and
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Fig. 1. Time course of metabolic characteristics of 32 patients with signs of citrate accumulation over a 96-hour observation period (last 48 hours of CVVHDwith RCA and 48 hours
after switch to conventional CRR). At time point 0, the citrate accumulation was diagnosed and CVVHD with RCA was switched to conventional CRRT: patient's ionized calcium
and calcium substitution rate (A), arterial pH (B), s-bicarbonate (C), base excess (D), anion gap (E), lactate (F). Data are present as mean± SD. *P b .05, **P b .01, ***P b .001 vs time
point -48 hours. The number of patients at the time point -48, -36, -24, -12, 0, 12, 24, 36, 48 was 12, 16, 21, 34, 35, 24, 15, 11, and 9 patients, respectively.

Table 3
Concomitant medication in patients with citrate accumulation

Supplements for
metabolic correction

Amount,
mmol

Frequency of application,
% of cases

Calcium gluconate, mean ± SD 8.3 ± 6.8 80.0%
Sodium bicarbonate, median (range) 100 (0-600) 54.3%
Trometamol, median (range) 300 (0-2160) 62.9%
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Règle n°7 : Suspecter devant toute hypocalcémie ionisé 
résistante à l’augmentation de la supplémentation calcique

Syndrome d’accumulation



Syndrome d’accumulation de citratePrincipe Cit - Ca2+Syndrome d’accumulation

Règle n°7 : Suspecter devant toute hypocalcémie ionisé 
résistante à l’augmentation de la supplémentation calcique

Syndrome d’accumulation de citratePrincipe Cit - Ca2+Syndrome d’accumulation

Khadzhynov et coll. Journal of Critical Care 29 (2014) 265–271

3.4. Clinical outcome

All patients with citrate accumulation died during their ICU stay;
the 28-day mortality was 78.1%. Most patients died shortly after

citrate accumulation was diagnosed (in median, after 22 hours), with
only 34.4% of patients surviving 48 hours thereafter. We compared
this finding with the clinical outcome of all patients treated with RCA-
CRRT. According to our data, an unfavorable outcome on day 28 was
found in 37.5% of all patients treated with RCA-CRRT (298 out of 1070
patients died on day 28, whereas 103 patients were not followed up
but counted as dead on day 28) (P b .001, Fig. 2).

4. Discussion

The aim of the present study is to determine the incidence of
metabolic disarrangements consistent with citrate accumulation and
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Fig. 1. Time course of metabolic characteristics of 32 patients with signs of citrate accumulation over a 96-hour observation period (last 48 hours of CVVHDwith RCA and 48 hours
after switch to conventional CRR). At time point 0, the citrate accumulation was diagnosed and CVVHD with RCA was switched to conventional CRRT: patient's ionized calcium
and calcium substitution rate (A), arterial pH (B), s-bicarbonate (C), base excess (D), anion gap (E), lactate (F). Data are present as mean± SD. *P b .05, **P b .01, ***P b .001 vs time
point -48 hours. The number of patients at the time point -48, -36, -24, -12, 0, 12, 24, 36, 48 was 12, 16, 21, 34, 35, 24, 15, 11, and 9 patients, respectively.

Table 3
Concomitant medication in patients with citrate accumulation

Supplements for
metabolic correction

Amount,
mmol

Frequency of application,
% of cases

Calcium gluconate, mean ± SD 8.3 ± 6.8 80.0%
Sodium bicarbonate, median (range) 100 (0-600) 54.3%
Trometamol, median (range) 300 (0-2160) 62.9%
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Syndrome d’accumulation de citratePrincipe Cit - Ca2+Syndrome d’accumulation

Règle #9 : Suspecter devant toute hypocalcémie ionisé 
résistante à l’augmentation de la supplémentation calcique

Syndrome d’accumulation de citratePrincipe Cit - Ca2+Syndrome d’accumulation
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Un protocol de service est obligatoire
Infirmières Docteurs

Un projet d’équipe

Règle n°9: Rédaction d’un protocoles



Une feuille de surveillance est obligatoire

Un projet d’équipe

Règle n°9: Rédaction d’un protocoles



Citrate trisodique 4%

103 BPM

Utilisé en CVVHD
. Citrate trisodique 4% : citrate 140 mmol/l, sodium 420 mmol/l
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Citrate trisodique 4%

103 BPM

Utilisé en CVVHD
. Citrate trisodique 4% : citrate 140 mmol/l, sodium 420 mmol/l

Anticoagulant
Na3Citrate 4%

Dialysat Effluent

Patient

Calcium

Post

140-200 ml/h

100 ml/h

1500 - 2500 ml/h

100 - 120 ml/min

citrate

calcium



Citrate trisodique 4%

103 BPM

Utilisé en CVVHD
. Citrate trisodique 4% : citrate 140 mmol/l, sodium 420 mmol/l

citrate

calcium

Débit Sang
80-120 ml/min

artère veine

Piège à Bulles

Citrate TSC 4% Dialysat

Effluent

Na+ 133    mmol/l
K+ 2.0     mmol/l
Cl+ 116.5 mmol/l
Ca++ 0.0     mmol/l
Mg++ 0.75   mmol/l
HCO3- 20      mmol/l
Glucose 1.0      g/L

Na+ 408     mmol/l
Citrate3- 136     mmol/l

iCa++ post-filtre
(0.25-0.35 mmol/L)

1500-2500 ml/h3 – 5 mmol/l

Chlorure de Calcium
91mmol/L

Hémofiltre

140-200 ml/h



Citrate trisodique 4%

103 BPM

Utilisé en CVVHD
. Citrate trisodique 4% : citrate 140 mmol/l, sodium 420 mmol/l

Débit Sg et Dialysat

Ajustement Acide-Base

Ajustement Cai
++ post filtre

(asservit au débit et pris
en compte dans effluant)

Dose de citrate (mmol/l)

Ajustement Cai
++ patient

Dose de Ca2+ (mmol/l)



Citrate trisodique 4% en CVVHD

Modification du citrate Modification du calcium



Citrate trisodique 4% en CVVHD



Métabolisme du citratePrincipe Cit - Ca2+REGLE 9 : Penser au Phosphore et au Mg2+

CVVH



Dans notre centre

Adhérence au Protocol:

Adaptation correcte: 83%
Pas d’adaptation: 12%
Mauvaise adaptation: 5%
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(h)
0

10

20

30

40

50

60

70

80

90

100

0 20 40 60 80 100 120 140 160 180

%
 d

e 
su

rv
ie

 d
es

 c
irc

ui
ts

Temps
(h)

Citrate

HNF

C
a2

+ T
ot

al
/ i

C
a2

+

1,5

1,7

1,9

2,1

2,3

2,5

0 24 48 72 96 120 144 (h)

57 h vs 20 h

0

10

20

30

40

50

J1 J2 J3 J4 J5 J6 J7

Day of CRRT
D1      D2        D3      D4      D5       D6       D7

%

Heparine
Citrate

% d’alcalose métabolique (pH>7.45)

Evaluer car parfois le citrate ça fait pas mieux que l’héparineRègle n°10:



In our center

RULE #10 : Training 

Décembre 2015 5191 12647 6899
% du temps d’arrêt 23,3% 15,9% 4,7%
Temps d'arrêt (h) 29,4 18,1 0,1
Exécution (h) 126,3 113,9 1,9
Changements d'appareil 0 0 0
Nombre de patients 2 2 1

Ce mois Ce. année

Temps d’arrêt des appareils individuels

Rationale: Il pourrait être nécessaire de faire évaluer les appareils ayant un 
pourcentage de temps d’arrêt systématiquement élevé par des techniciens de 
Baxter ou des ingénieurs biomédicaux. Consacrer davantage d’attention aux 
« appareils à problèmes » précis pourrait réduire le temps de travail des 
ingénieurs biomédicaux et la frustration du personnel infirmier. 

Changement de p Recirculation Rempl. filtre Congé du patie
Accès/Retour Autres alarmes Autre

Ce. année Ce mois

3 5 67%Minutes Minutes

Alarmes représentant la majorité du temps perdu
Délai moyen, remplacement de 
poche et reprise

Justification: Durant le temps d’arrêt (temps de traitement perdu), les liquides ne se rendent pas au filtre; le 
dosage diminue, ce qui entraîne la réduction de l’échange moléculaire et de la correction chez le patient. La 
réduction du temps d’arrêt augmentera le dosage. Définition de Changement de poche:  Temps (entre 
l’alarme de remplacement de la poche et la pression de la touche pour reprendre le traitement) nécessaire 
pour remplacer toute poche de liquide;  Recirculation:  Délai entre la pression de la touche Recirculation et 
la reprise de la thérapie;  Rempl. filtre:  Délai entre l’arrêt pour le remplacement du filtre et la reprise (jusqu’à 
la limite maximum du délai de remplacement du filtre);  Congé du patient:  Délai de remplacement du filtre 
dépassant la limite;   Accès/Retour:  Délai entre l’accès ou le retour et la reprise;  Autre:  Alarmes (autres 
que les alarmes d’accès, de retour ou de remplacement de la poche) causant un temps d’arrêt.

Délai moyen, alarme d’AR et 
reprise

Ce. année Ce mois

6 4 -33%Minutes Minutes

EFFICACITÉ DU TRAITEMENT

Différences entre les doses prescrites p/r aux doses administrées

Justification:  Le graphique illustre le pourcentage delta entre la dose prescrite et la dose administrée. La « dose prescrite » est la dose d’effluent prescrite par le 
médecin. La « dose administrée » est la dose d’effluent que le patient a reçue. La dose administrée est influencée par le temps de traitement perdu et la dose 
prescrite. Le calcul de la dose administrée est basé sur le dialysat, le débit du liquide de remplacement et le débit d’élimination des liquides du patient. La posologie 
est calculée selon le poids du patient (en kg) au début du traitement. La dose par défaut d’effluent est de 20 à 25 mL/kg/heure. Toutefois, les établissements devraient 
fixer leur propre objectif de dose administrée.

Ce. année Ce mois

9% 26%
Dose prescrite p/r à la dose administr

Objectif < 20%

Ce. année Ce mois

13% 20% -37%% du temps d’a % du temps d’a

Objectif < 15%

Temps de traitement perdu (%) (Ce mois a eu 47 h du temps d’arrêt et  991 h de la durée du traitement.)

Note: Le temps de traitement perdu influence le dosage et l’élimination des liquides. La durée de vie du filtre peut aussi diminuer. Le pourcentage du temps de 
traitement perdu correspond au rapport entre le temps de traitement perdu total et le temps de traitement total. La flèche reflète le pourcentage de variation pour ce 
mois-ci relativement au pourcentage de variation mensuelle moyenne des 12 derniers mois.

Rapport de gestion CRRT en date de Décembre 2015 Page 3 of 4Créé le : 27/09/2016 11:31:47

Tous les objectifs sont définis par l'utilisateur. Délai > 36 heures entre deux filtres = nouveau patient.

Rapport de gestion CRRT Prismaflex
Hop La Timone - Poly - 36 Hours

en date de : Décembre 2015

Septembre 2016 5191
% du temps d’arrêt 9,5%
Temps d'arrêt (h) 0,6
Exécution (h) 6,1
Changements d'appareil 0
Nombre de patients 1

Ce mois Ce. année

Temps d’arrêt des appareils individuels

Rationale: Il pourrait être nécessaire de faire évaluer les appareils ayant un 
pourcentage de temps d’arrêt systématiquement élevé par des techniciens de 
Baxter ou des ingénieurs biomédicaux. Consacrer davantage d’attention aux 
« appareils à problèmes » précis pourrait réduire le temps de travail des 
ingénieurs biomédicaux et la frustration du personnel infirmier. 

Changement de p Recirculation Rempl. filtre Congé du patie
Accès/Retour Autres alarmes Autre

Ce. année Ce mois

3 4 33%Minutes Minutes

Alarmes représentant la majorité du temps perdu
Délai moyen, remplacement de 
poche et reprise

Justification: Durant le temps d’arrêt (temps de traitement perdu), les liquides ne se rendent pas au filtre; le 
dosage diminue, ce qui entraîne la réduction de l’échange moléculaire et de la correction chez le patient. La 
réduction du temps d’arrêt augmentera le dosage. Définition de Changement de poche:  Temps (entre 
l’alarme de remplacement de la poche et la pression de la touche pour reprendre le traitement) nécessaire 
pour remplacer toute poche de liquide;  Recirculation:  Délai entre la pression de la touche Recirculation et 
la reprise de la thérapie;  Rempl. filtre:  Délai entre l’arrêt pour le remplacement du filtre et la reprise (jusqu’à 
la limite maximum du délai de remplacement du filtre);  Congé du patient:  Délai de remplacement du filtre 
dépassant la limite;   Accès/Retour:  Délai entre l’accès ou le retour et la reprise;  Autre:  Alarmes (autres 
que les alarmes d’accès, de retour ou de remplacement de la poche) causant un temps d’arrêt.

Délai moyen, alarme d’AR et 
reprise

Ce. année Ce mois

4 6 50%Minutes Minutes

EFFICACITÉ DU TRAITEMENT

Différences entre les doses prescrites p/r aux doses administrées

Justification:  Le graphique illustre le pourcentage delta entre la dose prescrite et la dose administrée. La « dose prescrite » est la dose d’effluent prescrite par le 
médecin. La « dose administrée » est la dose d’effluent que le patient a reçue. La dose administrée est influencée par le temps de traitement perdu et la dose 
prescrite. Le calcul de la dose administrée est basé sur le dialysat, le débit du liquide de remplacement et le débit d’élimination des liquides du patient. La posologie 
est calculée selon le poids du patient (en kg) au début du traitement. La dose par défaut d’effluent est de 20 à 25 mL/kg/heure. Toutefois, les établissements devraient 
fixer leur propre objectif de dose administrée.

Ce. année Ce mois

10% 5%
Dose prescrite p/r à la dose administr

Objectif < 20%

Ce. année Ce mois

12% 9% -86%% du temps d’a % du temps d’a

Objectif < 15%

Temps de traitement perdu (%) (Ce mois a eu 0 h du temps d’arrêt et  710 h de la durée du traitement.)

Note: Le temps de traitement perdu influence le dosage et l’élimination des liquides. La durée de vie du filtre peut aussi diminuer. Le pourcentage du temps de 
traitement perdu correspond au rapport entre le temps de traitement perdu total et le temps de traitement total. La flèche reflète le pourcentage de variation pour ce 
mois-ci relativement au pourcentage de variation mensuelle moyenne des 12 derniers mois.

Rapport de gestion CRRT en date de Septembre 2016 Page 3 of 4Créé le : 26/09/2016 18:17:24

Tous les objectifs sont définis par l'utilisateur. Délai > 72 heures entre deux filtres = nouveau patient.

Rapport de gestion CRRT Prismaflex
Hop Marseille - Réa Poly

en date de : Septembre 2016

Training

New Nurses

January 2016 12645 9007 6650 12644
% DownTime 11.2% 11.7% 33.3% 4.1%
Downtime (h) 23.3 18.6 17.7 2.0
Runtime (h) 208.5 159.5 53.0 48.8
Machine Changes 0 0 1 0
Patient Count 2 2 2 1

This Month This Year

Individual machines down time

Rationale: Machines that consistently experience a high % of down time 
may need to be assessed by biomeds or Baxter technicians. Focussing 
attention on specific 'problem machines' may decrease biomed time and 
nursing frustration. 

Bag Change Recirculation Filter Change Pt Time Off

Access Return Other Alarms Other

This Year This Month

4 4 0%Minutes Minutes

Alarms that account for the majority of time lost
Mean time from bag change 
alarm to resume

Rationale: During downtime (treatment time lost), fluid is not being delivered to the filter thus dosing is 
decreased with the resulting decrease in molecular exchange and correction to the patient. Decreasing down 
time will increase dosing. Definition of Bag Change:  Time (from bag change alarm/change bag key to 
resume) taken to change any fluid bag;  Recirculation:  Time from recirculate key press to resume therapy;  
Filter Change:  Time from stop, change filter to resume. Up to 3 hours;  Pt Time Off:  Time greater than 3 
hours and less than 72 hours between filter changes;   Access Return:  Time from access or return to 
resume;  Other:  Alarms that are not access, return, or bag change but cause down time.

Mean time from access or 
return alarm to resume

This Year This Month

7 5 -29%Minutes Minutes

TREATMENT EFFICIENCY

This Year This Month

-17% -19%
Delta of Prescribed vs Delivered

Target < 20%

Dose differences between Prescribed vs. Delivered

Rationale:  Default effluent dose is 20-25 ml/kg/hr, however, individual facilities should set their own delivered dose target in ml/hour/kg. Delivered dose is affected by 
lost treatment time and prescribed dose. Effluent dose is based on dialysate, replacement fluid rates, and patient fluid removal rates. Prescribed dose is what the 
physician ordered. Delivered dose (light blue) is what the patient actually got. Prescribed dose (dark blue) is usually higher to accommodate lost treatment time (down 
time). Dosing is based on patient weight in kgs at beginning of treatment.

This Year This Month

14% 13% -34%
Target < 15%

% Treatment Time Lost (Downtime) (This month had 61 h of downtime and  1199 h of treatment time.)

Note: Treatment time lost affects dosing and fluid removal. Filter life may also be decreased. The % treatment time lost is the ratio of total treatment time lost versus 
total treatment time. The arrow reflects the % change for this month relative to the average monthly % change for the past 12 months.
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All targets listed are user / hospital defined targets.

Prismaflex CRRT Management Report
Sample - Compact Report - M

as of January 2016

January 2016 12645 9007 6650 12644
% DownTime 11.2% 11.7% 33.3% 4.1%
Downtime (h) 23.3 18.6 17.7 2.0
Runtime (h) 208.5 159.5 53.0 48.8
Machine Changes 0 0 1 0
Patient Count 2 2 2 1

This Month This Year

Individual machines down time

Rationale: Machines that consistently experience a high % of down time 
may need to be assessed by biomeds or Baxter technicians. Focussing 
attention on specific 'problem machines' may decrease biomed time and 
nursing frustration. 

Bag Change Recirculation Filter Change Pt Time Off

Access Return Other Alarms Other

This Year This Month

4 4 0%Minutes Minutes

Alarms that account for the majority of time lost
Mean time from bag change 
alarm to resume

Rationale: During downtime (treatment time lost), fluid is not being delivered to the filter thus dosing is 
decreased with the resulting decrease in molecular exchange and correction to the patient. Decreasing down 
time will increase dosing. Definition of Bag Change:  Time (from bag change alarm/change bag key to 
resume) taken to change any fluid bag;  Recirculation:  Time from recirculate key press to resume therapy;  
Filter Change:  Time from stop, change filter to resume. Up to 3 hours;  Pt Time Off:  Time greater than 3 
hours and less than 72 hours between filter changes;   Access Return:  Time from access or return to 
resume;  Other:  Alarms that are not access, return, or bag change but cause down time.

Mean time from access or 
return alarm to resume

This Year This Month

7 5 -29%Minutes Minutes

TREATMENT EFFICIENCY

This Year This Month

-17% -19%
Delta of Prescribed vs Delivered

Target < 20%

Dose differences between Prescribed vs. Delivered

Rationale:  Default effluent dose is 20-25 ml/kg/hr, however, individual facilities should set their own delivered dose target in ml/hour/kg. Delivered dose is affected by 
lost treatment time and prescribed dose. Effluent dose is based on dialysate, replacement fluid rates, and patient fluid removal rates. Prescribed dose is what the 
physician ordered. Delivered dose (light blue) is what the patient actually got. Prescribed dose (dark blue) is usually higher to accommodate lost treatment time (down 
time). Dosing is based on patient weight in kgs at beginning of treatment.

This Year This Month

14% 13% -34%
Target < 15%

% Treatment Time Lost (Downtime) (This month had 61 h of downtime and  1199 h of treatment time.)

Note: Treatment time lost affects dosing and fluid removal. Filter life may also be decreased. The % treatment time lost is the ratio of total treatment time lost versus 
total treatment time. The arrow reflects the % change for this month relative to the average monthly % change for the past 12 months.
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All targets listed are user / hospital defined targets.

Prismaflex CRRT Management Report
Sample - Compact Report - M

as of January 2016

January 2016 12645 9007 6650 12644
% DownTime 11.2% 11.7% 33.3% 4.1%
Downtime (h) 23.3 18.6 17.7 2.0
Runtime (h) 208.5 159.5 53.0 48.8
Machine Changes 0 0 1 0
Patient Count 2 2 2 1

This Month This Year

Individual machines down time

Rationale: Machines that consistently experience a high % of down time 
may need to be assessed by biomeds or Baxter technicians. Focussing 
attention on specific 'problem machines' may decrease biomed time and 
nursing frustration. 

Bag Change Recirculation Filter Change Pt Time Off

Access Return Other Alarms Other

This Year This Month

4 4 0%Minutes Minutes

Alarms that account for the majority of time lost
Mean time from bag change 
alarm to resume

Rationale: During downtime (treatment time lost), fluid is not being delivered to the filter thus dosing is 
decreased with the resulting decrease in molecular exchange and correction to the patient. Decreasing down 
time will increase dosing. Definition of Bag Change:  Time (from bag change alarm/change bag key to 
resume) taken to change any fluid bag;  Recirculation:  Time from recirculate key press to resume therapy;  
Filter Change:  Time from stop, change filter to resume. Up to 3 hours;  Pt Time Off:  Time greater than 3 
hours and less than 72 hours between filter changes;   Access Return:  Time from access or return to 
resume;  Other:  Alarms that are not access, return, or bag change but cause down time.

Mean time from access or 
return alarm to resume

This Year This Month

7 5 -29%Minutes Minutes

TREATMENT EFFICIENCY

This Year This Month

-17% -19%
Delta of Prescribed vs Delivered

Target < 20%

Dose differences between Prescribed vs. Delivered

Rationale:  Default effluent dose is 20-25 ml/kg/hr, however, individual facilities should set their own delivered dose target in ml/hour/kg. Delivered dose is affected by 
lost treatment time and prescribed dose. Effluent dose is based on dialysate, replacement fluid rates, and patient fluid removal rates. Prescribed dose is what the 
physician ordered. Delivered dose (light blue) is what the patient actually got. Prescribed dose (dark blue) is usually higher to accommodate lost treatment time (down 
time). Dosing is based on patient weight in kgs at beginning of treatment.

This Year This Month

14% 13% -34%
Target < 15%

% Treatment Time Lost (Downtime) (This month had 61 h of downtime and  1199 h of treatment time.)

Note: Treatment time lost affects dosing and fluid removal. Filter life may also be decreased. The % treatment time lost is the ratio of total treatment time lost versus 
total treatment time. The arrow reflects the % change for this month relative to the average monthly % change for the past 12 months.
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Mal managé = pareil que de l’héparine

Crit Care Med, 2009, 37(2), 545.
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Étude monocentrique

Citrate anticoagulation for continuous venovenous hemofiltration*

Heleen M. Oudemans-van Straaten, MD, PhD; Rob J. Bosman, MD; Matty Koopmans, RN;
Peter H. J. van der Voort, MD, PhD, MSc; Jos P. J. Wester, MD, PhD; Johan I. van der Spoel, MD;
Lea M. Dijksman, MSc; Durk F. Zandstra, MD, PhD

Acute renal failure (ARF) in crit-
ically ill patients represents a
strong and an independent risk
for mortality (1). Prognosis is es-

pecially poor if renal replacement therapy
(RRT) is required. Strategies of RRT may
influence outcome. Among these is RRT
dose (2, 3).

Anticoagulation is required to prevent
clotting in extracorporeal circuits. Hepa-
rins are the classic choice. Their main
drawback is bleeding because of systemic
anticoagulation (4). Citrate is an attractive
alternative (5). Citrate chelates calcium de-
creasing ionized calcium in the circuit. Be-
cause calcium is a cofactor in the coagula-

tion cascade, thrombin generation is
inhibited. Citrate and calcium are partially
removed by filtration or dialysis (6, 7). The
remaining citrate is rapidly metabolized if
liver function and muscle perfusion are suf-
ficient (8). Calcium is replaced. Systemic
effects on coagulation are thus avoided.
However, because citrate is substrate for
buffer as well, its use may cause metabolic
derangements (9). The three small ran-
domized controlled studies comparing ci-
trate with heparin in critically ill patients
found longer or similar circuit life and less
bleeding or transfusion with citrate (10–
12). Large randomized studies are not
available yet. The aim of this study was to
compare the safety and efficacy of regional
anticoagulation for continuous venovenous
hemofiltration (CVVH) with citrate to our
standard systemic anticoagulation with the
low-molecular weight heparin nadroparin
(13, 14). Low-molecular weight heparins are
effectively used by others as well (15, 16).

MATERIALS AND METHODS

Study Design and Setting. This nonblinded
single-center randomized controlled trial

comparing the safety and efficacy of two anti-
coagulant strategies for CVVH was conducted
in an 18-bed closed format general intensive
care unit of a teaching hospital. CVVH is the
only modality of RRT in the unit and is per-
formed under responsibility of the intensiv-
ists. The Institutional Review Board approved
the study according to European and Dutch
legislation. At that time, the need for informed
consent was waived because the two modali-
ties were standard practice in the unit, and
patients with an increased risk of adverse
events to either intervention were not in-
cluded (13, 14, 17). All patients or their legal
representatives received written information
explaining that data collected in the patient
data management system were used to evalu-
ate treatment.

Patients and Randomization. All adult
critically ill patients with ARF requiring RRT
in the unit were eligible for inclusion. CVVH
was initiated when after resuscitation of the
circulation oliguria persisted and was accom-
panied by a steep rise in serum creatinine, or
at a nondeclining rise in creatinine in nono-
liguric patients. Exclusion criteria were liver
cirrhosis Child-Pugh C, (suspicion) of bleed-
ing necessitating transfusion or fall in hemo-
globin !0.5 mmol/L within 24 hours, surgery
within 24 hours before CVVH, need of thera-
peutic anticoagulation, (suspected) heparin-

*See also p. 764.
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Objective: Continuous venovenous hemofiltration (CVVH) is ap-
plied in critically ill patients with acute renal failure for renal re-
placement. Heparins used to prevent circuit clotting may cause
bleeding. Regional anticoagulation with citrate reduces bleeding, but
has metabolic risks. The aim was to compare the safety and efficacy
of the two.

Design: Randomized, nonblinded, controlled single-center trial.
Setting: General intensive care unit of a teaching hospital.
Patients: Adult critically ill patients needing CVVH for acute

renal failure and without an increased bleeding risk.
Interventions: Regional anticoagulation with citrate or systemic

anticoagulation with the low-molecular weight heparin nadroparin.
Measurements and Main Results: End points were adverse

events necessitating discontinuation of study anticoagulant, trans-
fusion, metabolic and clinical outcomes, and circuit survival. Of the
215 randomized patients, 200 received CVVH per protocol (97 citrate
and 103 nadroparin). Adverse events required discontinuation of
citrate in two patients (accumulation and clotting) of nadroparin in 20
(bleeding and thrombocytopenia) (p < 0.001). Bleeding occurred in 6

vs. 16 patients (p ! 0.08). The median number of red blood cell units
transfused per CVVH day was 0.27 (interquartile range, 0.0–0.63) for
citrate, 0.36 (interquartile range, 0–0.83) for nadroparin (p ! 0.31).
Citrate conferred less metabolic alkalosis (p ! 0.001) and lower
plasma calcium (p < 0.001). Circuit survival was similar. Three-
month mortality on intention-to-treat was 48% (citrate) and 63%
(nadroparin) (p ! 0.03), per protocol 45% and 62% (p ! 0.02). Citrate
reduced mortality in surgical patients (p ! 0.007), sepsis (p ! 0.01),
higher Sepsis-Related Organ Failure Assessment score (p ! 0.006),
and lower age (p ! 0.009).

Conclusions: The efficacy of citrate and nadroparin anticoag-
ulation for CVVH was similar, however, citrate was safer. Unex-
pectedly, citrate reduced mortality. Less bleeding could only
partly explain this benefit, less clotting could not. Post hoc citrate
appeared particularly beneficial after surgery, in sepsis and se-
vere multiple organ failure, suggesting interference with inflam-
mation. (Crit Care Med 2009; 37:545–552)

KEY WORDS: citrate; hemofiltration; acute renal failure; heparin;
nadroparin; anticoagulation; sepsis
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Discussion: durée de vie des circuits

103 BPM

. Citrate trisodique 15% :

Citrate 15%Réinjectio
n

Effluent

Patient

Post

38-77 ml/h

100 ml/h

4000 ml/h

Calcium

Piège à Bulles

iCa++ post-filtre 

3 mmol/l

Débit sang
220 ml/min

10-20 ml/h

Le citrate ne fait pas tout…

Na+ 110 mmol/L
K+ 2.0     mmol/L
Cl+ 116    mmol/L
Ca++ 1.81 mmol/L
Mg++ 0.52   mmol/L
HCO3- 0 mmol/L
Glucose 1.0      g/L

Na+ 140    mmol/L
K+ 2.0     mmol/L
Cl+ 111    mmol/L
Ca++ 1.25 mmol/L
Mg ++ 0.75   mmol/L
HCO3- 35 mmol/L
Glucose 0.0      g/L

A B

A

B 103 BPM
Citrate 15%Réinjectio

n

Effluent

Patient

Post

38-77 ml/h

100 ml/h

4000 ml/h

Calcium

Piège à Bulles

3 mmol/l

Débit sang
220 ml/min

10-20 ml/h

Na+ 110 mmol/L
K+ 2.0     mmol/L
Cl+ 116    mmol/L

Mg++ 0.52   mmol/L
HCO3- 0 mmol/L
Glucose 1.0      g/L

Na+ 140    mmol/L
K+ 2.0     mmol/L
Cl+ 111    mmol/L

Mg ++ 0.75   mmol/L
HCO3- 35 mmol/L
Glucose 0.0      g/L

A B

A

B

FRACTION DE FILTRATION
32%

NON SURVEILLE
» 0,6 mmol/l

RECALCIFICATION
COMPLETE

SUPLEMENTATION CA2+

SUR PIEGE A BULLE

CONCENTRATION CITRATE
BASSE

Ca++ 1.81 mmol/L

Ca++ 1.25 mmol/L

SUBSTITUTION 
AVEC CALCIUM



The 10 RULES

Manage the citrate on the post-filter ionized calcium levels

Manage the calcium compensation on the patient ionized calcium

Never start CRRT without a dosage of iCa2+ 

Limit the risk of metabolic alkalosis 
= counteracted the sodium overload

= limit the blood flow

= avoid hypophosphatemia

Be prepared to detect and manage an accumulation syndrome

It must be the project of a team with PROTOCOLS !

Training, Traininng and training… It’s your turn ! 



Anticoaglation Régionale au Citrate

C’est votre tour !


