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■ Circulation du sang à travers une membrane poreuse semi-perméable  
qui ne laisse passer ni les protéines ni les cellules sanguines…

■ C’est une Circulation Extra-Corporelle !
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Homéostasie du milieu intérieur 
Sodium, Potassium, acide-base

Contrôle de la volémie 
OAP, inflation hydrosodée...

Epuration des substances endogènes toxiques

Traiter le sepsis

Epurer les substances toxiques exogènes 
Lithium, salicylés

Permettre la nutrition 
Par l’élimination des déchets azotés



Indications urgentes

Hyperkaliémie symptomatique ou > 6,5 mmol/l

OAP de surcharge oligurique ou anurique

Acidose métabolique sévère, pH < 7,1



Indications urgentes

Hyperkaliémie symptomatique ou > 6,5 mmol/l

OAP de surcharge oligurique ou anurique

Acidose métabolique sévère, pH < 7,1

Urgences relatives

Oligoanurie de plus de 12 h

Dysnatrémie < 115 ou > 160 mmol/l

Complications urémiques 
péricardite, neuro/myopathie, coma etc...

Urée > 30 mmol/l...
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vs

Dialyse Filtration

Diffusion Convection

Différence de Concentration Différence de Pression

2 principes physiques différents… pour un même but



Dialyse
principe de Diffusion 

Gradient de concentration

Membrane semi-perméable

Dialysat à contre-courant

Echange de petites molécules

Pas d’échange d’H20 
sauf si ajout d’un transport convectif

Débit sang et dialysat élévés 
risque de mauvaise tolérance HD

K+ K+



K+ K+

Dialyse
principe de Diffusion 



H2O

Petites molécules

Eléments figurés du sang

c1 c2>



∆P

Gradient de pression

Membrane semi-perméable

Pas de Dialysat

Echange de petites, moyennes et grosses 
molécules

Transfert d’Eau +++ 
nécessite un liquide de substitution

Débit sang plus faible 
meilleure tolérance HD

Filtration
principe de Convection 



∆P

Filtration
principe de Convection 



H2O

Petites et moyennes molécules

Eléments figurés du sang

p1 p2>
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Quand faut-il associer les deux techniques ?
hémodiafiltration

L’association des 2 modes d’échange permet 

d’augmenter la dose de dialyse (la clairance)

Si le débit sanguin insuffisant pour obtenir une hémofiltration ≥ 3000 ml/h 
Si hyperkaliémie menaçante 

Pour raccourcir la durée de l’EER

Mais attention !  
La clairance diffusive et la clairance convective ne sont pas additives!



CVVHF = Continuous Veno Venous Hémo-Filtration = Transport convectif

CVVHDF = Continuous Veno Venous Hémo-Dia-Filtration = Transport convectif 
& diffusif

HDI = Hémodialyse Intermittente = Transport diffusif

SLED = Sustained Low Efficiency Dialysis
HDI sur 6 à 12h

= Transport diffusif

SCUF = Slow Continuous Ultrafiltration
Pas de soluté de restitution

= Transport convectif

Pour se comprendre…
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Les Machines



Techniques continues (72h)



Techniques intermittentes (4 à 6h)



Les Filtres



Le Set  
Membrane (filtre) et Tuyaux

Lecteur Code-Barre, 
la machine connait la 

clairance du filtre
ST 150 
AN 69ST





Abord vasculaire



Causes des thromboses de Filtres

13 %

37 %

50 %

Cathéter
Coagulopathie
Problèmes techniques



un pré-requis indispensable à l’initiation d’une EER 

et à son bon déroulement

L’abord vasculaire

Depner TA (2001) Catheter performance. Semin Dial 14:425–31 



EFFLUENT

POST-DILUTION

CATHETER

ml/mn

ml/h

ml/h

∆P

Depner TA (2001) Catheter performance. Semin Dial 14:425–31 



CATHETER

EFFLUENT

POST-DILUTION

ml/mn

ml/h

ml/h

∆P

Le débit sanguin  
= 

déterminant majeur  
de l’efficacité d’une EER

Depner TA (2001) Catheter performance. Semin Dial 14:425–31 



Traitement diffusif (Dialyse)

La clairance diffusive dépend : 

Débit sang (ml/mn) 

Débit de Dialysat (ml/mn) 

C (Différence de concentration) 

K0 (Coefficient de transfert du dialyseur) 

A (surface de la membrane)



 La clairance (ml/min) ne peut pas dépasser le débit sang (ml/min) 

C’est mathématique ! 

« On ne peut pas épurer plus que ce qui est amener par la pompe à sang »

Traitement diffusif (Dialyse)

La clairance diffusive dépend : 

Débit sang (ml/mn)

Débit de Dialysat (ml/mn) 

C (Différence de concentration) 

K0 (Coefficient de transfert du dialyseur) 

A (surface de la membrane)



Traitement diffusif (Dialyse)

Autant avoir un abord vasculaire qui le permette…

clairances convectives la clairance diffusive se trouve
réduite. Dans tous les cas, la majoration des clairances
convectives obtenues avec ses modalités favorise l’élimina-
tion de solutés de poids moléculaires élevés. Par modélisa-
tion mathématique, il a été établi que la contribution de la
convection à la clairance totale pouvait être déduite du débit
d’ultrafiltration (QUF) dont elle représentait à peu près 45 %
pour des débits inférieurs à 80 ml/min.

Clairance et dialysance extracorporelle.
Effet des conditions d’utilisation sur les
performances d’un hémodialyseur

Les conditions d’utilisation d’un dialyseur conditionnent en
grande partie ses performances. Pour garantir le rendement
optimal d’un dialyseur, il est nécessaire de maintenir des
conditions opérationnelles adéquates. C’est au clinicien que
revient le rôle de prescrire un programme thérapeutique
adapté et d’en vérifier l’efficacité au cours du temps.

Cas de l’hémodialyseur

Le rendement d’un hémodialyseur repose sur trois facteurs
essentiels : le débit sanguin, le débit dialysat et le maintien
d’une surface d’échange efficace [17]. L’équilibre de press-
ion imposé par le maı̂triseur d’ultrafiltration dans l’hémo-
dialyseur tend à en modifier les clairances et à en augmenter
significativement les clairances convectives.

Rôle du débit sanguin
Le débit sanguin extracorporel circulant dans le dialyseur
conditionne la clairance instantanée des solutés [18]. La
relation qui unit la clairance d’un soluté au débit sanguin
pour un débit dialysat constant (500 ml/min) circulant à
contre-courant est représentée sur la Fig. 7. Comme cela
est illustré sur le graphique, la clairance d’un soluté est une
fonction logarithmique du débit sanguin. Ce type de relation
demeure valable quel que soit le poids moléculaire. Pour des
débits sanguins inférieurs à 200 ml/min, la clairance aug-
mente de façon linéaire avec le débit sanguin. La clairance
est dite « débit-dépendante ». Au-delà, la courbe de clai-
rance s’infléchit progressivement pour atteindre un plateau
lorsque les débits atteignent 350 à 400 ml/min. La clairance
ne dépend plus du débit sanguin. À ce stade, c’est la mem-
brane qui représente le principal obstacle aux échanges. La
clairance apparaı̂t « membrane-limitée ». Soulignons que la
zone plateau, dépendante de la membrane, est atteinte
beaucoup plus rapidement avec les solutés de poids molé-
culaire élevé qu’avec les autres. Dans les conditions habi-
tuelles de dialyse (débit dialysat entre 600 et 700 ml/min), la
clairance optimale des solutés de petit poids moléculaire
(inférieur à 200 Da) est obtenue pour des débits sanguins
voisins de 350 à 400 ml/min. Pour les solutés de poids
moléculaire plus élevé (1000 Da ou plus), l’influence du débit
sanguin sur les clairances est beaucoup plus modeste : pour
accroı̂tre les clairances de ces solutés de haut poids molé-
culaire, il est alors nécessaire de recourir à des dialyseurs de
« haute perméabilité ».

Le débit sanguin extracorporel joue également un rôle
indirect dans les performances du dialyseur : il assure une
perfusion homogène de l’ensemble des fibres et optimise

ainsi la surface d’échange ; il conditionne la masse de soluté
circulant accessible aux échanges.

À noter enfin que le débit sanguin réel diffère de celui
prescrit et affiché par le moniteur de dialyse. Le moniteur
d’hémodialyse tend à surestimer le débit réel, ajoutant une
cause d’erreur supplémentaire au calcul de clairance. Il est
donc nécessaire d’utiliser un débit sanguin réel ou corrigé par
le moniteur de dialyse (correction apportée par la perte de
charge de la pompe à sang) ou par une méthode non invasive
de type doppler [19]. Le volume de sang traité, équivalant à
la quantité totale de sang ayant traversé le dialyseur au cours
d’une séance de dialyse (litres par séance), est un indicateur
simple traduisant la bonne réalisation de la prescription.
Cependant, il n’a pas été validé à ce jour comme marqueur
d’efficacité de la séance.

Rôle du débit dialysat
Le sens de circulation et le débit dialysat conditionnent
également la clairance d’un hémodialyseur. La circulation
à contre-courant du sang et du dialysat assure tout au long du
dialyseur un gradient de concentration constamment favo-
rable. C’est à l’heure actuelle un standard de l’hémodialyse
contemporaine. La relation qui unit la clairance des solutés
et le débit dialysat à débit sanguin constant est du même
type que celle décrite précédemment avec les variations de
débit sanguin. Comme l’illustre le graphique de la Fig. 8, la
clairance des solutés est une fonction logarithmique du débit
dialysat. Pour des débits de dialysat inférieurs à 300 ml/min,
l’augmentation des clairances suit de façon quasiment liné-
aire celle du débit sanguin. Les clairances des solutés s’inflé-
chissent ensuite progressivement pour atteindre un plateau
au-delà de 500 ml/min de débit dialysat. La clairance maxi-
male des solutés est atteinte plus rapidement avec les solutés
de hauts poids moléculaires. Une bonne adéquation des
débits sanguins et dialysat (QB/QD) est nécessaire pour

Figure 7 Clairances de solutés de poids moléculaires variables
en fonction du débit sanguin pour un débit dialysat constant.
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Traitement convectif (Filtration)

 La clairance (débit convectif) 

 ↓ 

une hémoconcentration en fin de filtre



Notion fondamentale de Fraction Filtrée

FF =
UF

Qs (+ Qpré)
 <  25 %

L’objectif est d’éviter l’hémoconcentration en fin de filtre 
autrement dit... NE PAS faire de la confiture

Traitement convectif (Filtration)



Lumière proximale rouge = artérielle ou entrée

Lumière distale bleu = veineuse ou retour

Le cathéter d’EER
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Lumière proximale rouge = artérielle ou entrée

Lumière distale bleu = veineuse ou retour

Le cathéter d’EER



Lumière proximale rouge = artérielle ou entrée

Lumière distale bleu = veineuse ou retour

Le cathéter d’EER

Ne jamais inverser les voies +++



Eviter la voie sous-clavière 
risque de sténose +++

Si jug gauche, 4 à 5 cm plus long que pour la droite

Si voie fémorale, objectif = veine cave inf

La voie jugulaire droite 
= 

compromis entre efficacité et risque infectieux



200 à 250 ml/mn 500 ml/mn





et tout le reste….



• Sérum Phy 2L + Héparine 

• Les poches de dialyse ou de restitution (+/- électrolytes) 

• Anticoagulant SE  (héparine, orgaran …) 

• Ligne réchauffeur 

• Champ stérile troué 

• Seringues de 10 et 20 ml 

• Serum phy 500 ml (rinçage, restitution) 

• Gants stériles, compresses…



Branchement

■ Vérifier la perméabilité du cathéter avant chaque utilisation 

■ Avec 1 seringue de 10 ml aspirer le verrou. 
■  

Puis rincer avec 20 ml de sérum physiologique  
■  

Flush saccade vigoureux puis lent et clamper 

■ Recommencer l’opération pour l’autre voie 

■ Voie rouge = aspiration très facile 
■ Voie bleue = retour très facile

« Toute manipulation au niveau du cathéter de dialyse doit se faire dans des conditions 
rigoureuses d’asepsie »



Définition

Pourquoi débuter une EER

Convection et Diffusion

Le matériel

Le(s) montage(s)

Anticoagulation « standard »

Les prescriptions médicales

Comment optimiser la durée de vie de l’hémofiltre ?

Risques

Surveillance

Anticoagulation régionale au citrate







CATHETER



EFFLUENT DIALYSAT

CATHETER

ml/mn

ml/h

UI/h

Dialyse
principe de Diffusion 



EFFLUENT

CATHETER

ml/mn

ml/h

UI/h

∆P

Filtration
principe de Convection 



EFFLUENT

POST-DILUTION

CATHETER

ml/mn

ml/h

ml/h

UI/h

∆P

Restitution en post-dilution

Filtration
principe de Convection 



CATHETER

150 à 250 ml/mn

ml/kg/h

UI/h

P

EFFLUENT

P

POST-DILUTION

ml/h

Post-dilution exclusive

Avantage = augmentation de l’efficacité

Inconvénient = pas de dilution pré-filtre 
(risque de thrombose)



EFFLUENT

POST-DILUTION

PRE-DILUTION

CATHETER

ml/mn

ml/h

ml/h

ml/h

UI/h

∆P

Restitution en pré et post-dilution

Filtration
principe de Convection 



CATHETER

150 à 250 ml/mn

ml/kg/h

UI/h

P

EFFLUENT

P

PRE-DILUTION

ml/h

POST-DILUTION

ml/h

Pré + Post-dilution

Avantage = dilution pré-filtre

Inconvénient = perte d’efficacité



EFFLUENT DIALYSAT

POST-DILUTION

CATHETER

ml/mn

ml/kg/h

ml/h

ml/h

ml/h

UI/h

Restitution en post-dilution

DiaFiltration
principe de Convection et de Diffusion 



EFFLUENT DIALYSAT

POST-DILUTION

PRE-DILUTION

CATHETER

ml/mn

ml/kg/h

ml/h

ml/h

ml/h

ml/h

UI/h

Restitution en pré et post-dilution

DiaFiltration
principe de Convection et de Diffusion 



EFFLUENT DIALYSAT

POST-DILUTION

PRE-DILUTION

CATHETER

ml/mn

ml/kg/h

ml/h

ml/h

ml/h

ml/h

UI/h
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Unité de gestion des débits 

L’unité de gestion des débits est équipée de cinq pompes, d’un système de capteurs de 

pression ainsi que d’autres dispositifs de sécurité tels un détecteur de bulles d’air, un clamp 

de la ligne de retour et un détecteur de fuites de sang (DFS). 

Lors du chargement du set, la reconnaissance par lecture optique du code barre sélectionné 

permet de limiter dans la thérapie choisie les débits en fonction du poids du patient 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pompes 

Les pompes de l’unité de gestion des débits sont : 

 

POMPE À SANG : Circulation du sang dans le circuit extracorporel (maximum 
450 ml/mn) 

 

POMPE DE RÉINJECTION : (violet) { (maximum 8 l/h) 
Pour les traitements CVVH et CVVHDF. Elle permet la perfusion de solutions dans le circuit, 

soit en pré ou post-filtre. 

Elle permet d’éliminer les moyennes molécules par convection. L’eau plasmatique est 

éliminée par ultrafiltration et compensée par le soluté de réinjection qui va dans le sang du 

patient. 

Elle peut être orientée en pré ou post-filtre par le clamp rotatif inférieur. 

 

PPoommppee  ssaanngg 

Capteur de pression (filtre) 

Capteur de pression (effluent) 

CCaapptteeuurr  ddee  pprreessssiioonn ((rreettoouurr))

Pompe dialysat 

CCaapptteeuurr  ddee  pprreessssiioonn  
EEnnttrrééee 

Pompe de réinjection

Pompe à 
effluent 

Pré-pompe 
à sang 

Pousse-
seringue 

 







CATHETER

150 à 250 ml/mn

ml/kg/h

UI/h

Une pompe à sang

Essentielle +++

150 à 250 ml/min

Variations permanente!!!
coudure obstruction hypovolémie...

Le débit réel est toujours inférieur 
au débit prescrit 

P Pression d’entrée

- 10 à -250 mmHg

P = mesurée



CATHETER

150 à 250 ml/mn

ml/kg/h

UI/h

P Pression d’entrée

- 10 à -250 mmHg

P

Pression filtre

+ 50 à + 450 mmHg

P = mesurée



CATHETER

150 à 250 ml/mn

UI/h

Une pompe effluent (filtration)

Crée un gradient de pression

Calculé par la machine...
en fonction de la dose de filtration demandée

P Pression d’entrée

- 10 à -250 mmHg

P

Pression filtre

+ 50 à + 450 mmHg

P

Pression effluent

- 350 à + 450 mmHg

P = mesurée

EFFLUENT



CATHETER

150 à 250 ml/mn

UI/h

P Pression d’entrée

- 10 à -250 mmHg

P

Pression filtre

+ 50 à + 450 mmHg

P

Pression effluent

- 350 à + 450 mmHg

P

Pression retour

+ 15 à + 350 mmHg

P = mesurée

EFFLUENT



CATHETER

150 à 250 ml/mn

UI/h

P Pression d’entrée

- 10 à -250 mmHg

EFFLUENT

P

Pression filtre

+ 50 à + 450 mmHg

P

Pression effluent

- 350 à + 450 mmHg

P

Pression retour

+ 15 à + 350 mmHg

P

P

P
Pression 

transmembranaire

+ 100 à + 250 mmHg

= mesurée

= calculée



Les machines 
Vocabulaire spécifique

Aquarius® PrismaFlex®

Artériel ⟺ Entrée

Veineux ⟺ Retour 

Ultrafiltration ⟺ Effluent

Substitution ⟺ Réinjection

Déplétion ⟺ Prélèvement patient

Pression préfiltre ⟺ Pression filtre

Pression Filtre ⟺ ΔP (perte de charge)

Pression filtration ⟺ Pression effluent



Les machines 
Vocabulaire spécifique

Aquarius® PrismaFlex®

Artériel ⟺ Entrée

Veineux ⟺ Retour 

Ultrafiltration ⟺ Effluent

Substitution ⟺ Réinjection

Déplétion ⟺ Prélèvement patient

Pression préfiltre ⟺ Pression filtre

Pression Filtre ⟺ ΔP (perte de charge)

Pression filtration ⟺ Pression effluent



Pression veineuse

Pression artérielle

Pression de pré-filtre

Pression de filtration



Pression filtrePression artérielle

Pression retour
Pression effluent



Pression filtrePression artérielle

Pression retour
Pression effluent



Peson 
Effluent

Pompe Effluent

Débit Sang
= _ _ _ ml/mn
Max 450 ml/mn

Pré-Pompe Sang
= _ _ _ _ ml/mn

Max 4000 ml/h

Effluent
= PPS + Restitution + 

Perte patient
Max 10 000 ml/h

Dialysat*
= 0 ml/h

Max 8000 ml/h

Peson 
Dialysat

Peson 
PPS

CATHETER _ _ ml/kg/h

Démarrage CVVHDF
Prescrit CVVH

* Possibilité d’ajouter du Dialysat en cours de traitement

Réinjection Pré ou Post*
= _ _ _ _ ml/h
Max 8000 ml/h

Peson 
Restitution



Peson 
Effluent

Pompe Effluent

Débit Sang
= _ _ _ ml/mn
Max 450 ml/mn

Pré-Pompe Sang
= _ _ _ _ ml/mn

Max 4000 ml/h

Démarrage CVVHDF
Prescrit CVVHDF

Réinjection Pré ou Post*
= _ _ _ _ ml/h
Max 8000 ml/h

Dialysat
= _ _ _ _ ml/h
Max 8000 ml/h

Peson 
Dialysat

Peson 
Restitution

Peson 
PPS

CATHETER _ _ ml/kg/h

Effluent
= PPS + Restitution + 

Dialysat + Perte patient
Max 10 000 ml/h



Peson 
Effluent

Pompe Effluent

Débit Sang
= _ _ _ ml/mn
Max 450 ml/mn

Pré-Pompe Sang
= _ _ _ _ ml/mn

Max 4000 ml/h

Effluent
= PPS + Restitution + 

Perte patient
Max 10 000 ml/h

Démarrage CVVH
Prescrit CVVH « Post »

Réinjection Post*
= _ _ _ _ ml/h
Max 8000 ml/h

Peson 
Dialysat

Peson 
Restitution

Peson 
PPS

CATHETER _ _ ml/kg/h

* La Réinjection est répartie à 50 
% sur la pompe Dialysat 

(verrouillée vers la post-dilution) 
et  50 % sur la pompe Réinjection 
(verrouillée vers la post-dilution). 
Exemple : Une prescription de 
3000 ml/h de Réinjection dans 

cette configuration entraînera un 
débit de 1500 ml/h sur la pompe 

Dialysat (verte) et un débit de 
1500 ml/h sur la pompe 

Réinjection (violette)



Peson 
Effluent

Pompe Effluent

Débit Sang
= _ _ _ ml/mn
Max 450 ml/mn

Pré-Pompe Sang
= _ _ _ _ ml/mn

Max 4000 ml/h

Effluent
= PPS + Restitution + 

Perte patient
Max 10 000 ml/h

Démarrage CVVH
Prescrit CVVH « Pré »

Restitution
= _ _ _ _ ml/h et _ _ % Pré*

Max 8000 ml/h

Peson 
Dialysat

Peson 
Restitution

Peson 
PPS

CATHETER _ _ ml/kg/h

* La Réinjection prescrite est 
répartie entre la pompe Réinjection 
(verrouillée vers la pré-dilution) et 
la pompe Dialysat (verrouillée vers 
la post-dilution) selon le % prescrit 

de Pré-dilution. 
Exemple : Une prescription de 

3000 ml/h de Restitution dans cette 
configuration avec 33 % de Pré 
entraînera un débit de 2000 ml/h 

sur la pompe Dialysat (verte)  
et de 1000 ml/h sur la pompe 

réinjection (violette).



Peson 
Effluent

Pompe Effluent

Débit Sang
= 150 ml/mn
Max 180 ml/mn

Effluent
= PPS + Restitution + 

Perte patient
Max 10 000 ml/h

Réinjection Post*
= _ _ _ _ ml/h
Max 8000 ml/h

CATHETER _ _ ml/kg/h

* La Réinjection est répartie à 
50 % sur la pompe Dialysat 

(verrouillée vers la post-dilution) 
et  50 % sur la pompe 

Réinjection (verrouillée vers la 
post-dilution). 

Exemple : Une prescription de 
1500 ml/h de Réinjection dans 

cette configuration entraînera un 
débit de 750 ml/h sur la pompe 
Dialysat (verte) et un débit de 

750 ml/h sur la pompe 
Réinjection (violette)

Démarrage CVVH
Prescription CVVH-CITRATE

Peson 
Restitution 

PHOXYLIUM

Peson 
Dialysat

PHOXYLIUM

Pré-Pompe Sang
=  ml/mn
ASSERVIE

à la Pompe à Sang

Peson 
PPS

PRISMOCITRATE
18/0
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Causes des thromboses de Filtres

13 %

37 %

50 %

Cathéter
Coagulopathie
Problèmes techniques



Pourquoi Anticoaguler le circuit ?

Préserver les performances du Filtre

Augmenter la durée de vie de l’EERC

Eviter la spoliation sanguine



Le set d’EER est reconnu comme un « corps étranger »

Déclenchement de la cascade de coagulation

Nécessite de se poser la question de l’anticoagulation



Héparine non fractionnée 
le plus souvent

Héparine de bas poids moléculaire 
en hémodialyse intermittente

Orgaran 
en cas d’allergie à l’héparine

Aucun car déficit acquis en facteur de coagulation  
CIVD, insuffisance hépatocellulaire

Purge au sérum physiologique 
Rinçage 100 ml/2h… efficacité discutée…

Au choix….



Héparine non fractionnée

10 à 15 UI/kg/h

Souvent impossible en raison du risque hémorragique

Objectif  
Héparinémie 0,2 à 0,4 UI/ml

Au choix….
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Prescription Médicale 

Voie d’abord (jugulaire, fémorale) 

Machine (Aquarius®, PrismaFlex®, Multifiltrate®) 

Mode d’EER (hémofiltration ou hémodiafiltration) 

Débit Sang (ml/mn)

Débit Dialysat (ml/h) 

Débit de restitution (ml/h) 

Déplétion (ml/h) 

Anticoagulant ?

Type de purge (classique à l’héparine sauf allergie)  

Additif dans les poches de restitution ou de dialysat (KCl, G 30%, …)



Quelle est la dose d’ultrafiltration?

C’est votre prescrition de restitution !!! 
(Puisque vous devez rendre ce que vous avez pris...) 

soit 

35 ml/kg/h prescrit… 
(soit 3,5 litres à l’heure pour un patient de 100 kgs) 

Que vous répartissez 

1. En post-dilution exclusive 
ou 

2. En pré-dilution (1/3) et en post-dilution (2/3) 



Et la déplétion (perte de poids) ?

Différence entre le volume horaire d’UF et le volume horaire restitué
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Tout repose sur 2 choses…



L’anticoagulation du système

La gestion de la fraction filtrée



L’anticoagulation du système

La gestion de la fraction filtrée



La notion fondamentale de Fraction Filtrée

FF =
UF

Qs + Qpré
 < 20 à 25 %

L’objectif est d’éviter l’hémoconcentration en fin de filtre 
autrement dit... NE PAS faire de la confiture

X



Qs = Débit Sang 
 200 ml/min = 12000 ml/h

Patient de 85kgs

UF = 35 ml/kg/h
3000 ml/h

FF =
UF

Qs
=

3000 

12000
= 25 %



Qs = Débit Sang 
 100 ml/min

Patient de 85kgs

UF = 35 ml/kg/h
3000 ml/h

FF =
UF

Qs
=

3000 
=



Qs = Débit Sang 
 100 ml/min = 6000 ml/h

Patient de 85kgs

UF = 35 ml/kg/h
3000 ml/h

FF =
UF

Qs
=

3000 
=



Qs = Débit Sang 
 100 ml/min = 6000 ml/h

Patient de 85kgs

UF = 35 ml/kg/h
3000 ml/h

FF =
UF

Qs
=

3000 

6000
=



Qs = Débit Sang 
 100 ml/min = 6000 ml/h

Patient de 85kgs

UF = 35 ml/kg/h
3000 ml/h

FF =
UF

Qs
=

3000 

6000
= 50 %



Qs = Débit Sang 
 100 ml/min = 6000 ml/h

Patient de 85kgs

UF = 35 ml/kg/h
3000 ml/h

FF =
UF

Qs
=

3000 

6000
= 50 %



Qs = Débit Sang 
200 ml/min = 12000 ml/h

Patient de 85kgs

FF =
UF

Qs
=

12000
=



Qs = Débit Sang 
200 ml/min = 12000 ml/h

Patient de 85kgs

UF = 70 ml/kg/h FF =
UF

Qs
=

12000
=



Qs = Débit Sang 
200 ml/min = 12000 ml/h

Patient de 85kgs

UF = 70 ml/kg/h
6000 ml/h

FF =
UF

Qs
=

12000
=



Qs = Débit Sang 
200 ml/min = 12000 ml/h

Patient de 85kgs

UF = 70 ml/kg/h
6000 ml/h

FF =
UF

Qs
=

6000

12000
=



Qs = Débit Sang 
200 ml/min = 12000 ml/h

Patient de 85kgs

UF = 70 ml/kg/h
6000 ml/h

FF =
UF

Qs
=

6000

12000
= 50 %



Qs = Débit Sang 
peut varier au plus bas (80 ml/min)

UF = 0 ml/kg/h
0ml/h

FF =
UF

Qs
=

0

12000
= 0 %

Régime de sécurité +++
arrêt du traitement



Quand mettre le regime de sécurité ?

Dès la 3ème inhibition d’alarme inexpliquée

En cas d’hypotension prolongée et d’alarme de pression artérielle

Lors des nursing en raison du risque de coudure du cathéter d’EER

Toute situation d’augmentation inexpliquée de la fraction filtrée



En dehors du régime de sécurité

« Il faut penser à toujours adapter son débit sang à son débit 

d’UF pour maintenir une fraction filtrée < 25 % »



Pourquoi la FF monte lorsque 
l’on ajoute de la Pré-Dilution ?



Qpré + QPost + Perte de poids

Qs + Qpré
FF =

Un peu de mathématiques …
(niveau…collège …)



Qpré + QPost + Perte de poids

Qs + Qpré
FF =

1000 ml/h

1000 ml/h



Qpré + QPost + Perte de poids

Qs + Qpré
FF =

1000 ml/h 2000 ml/h

1000 ml/h



Qpré + QPost + Perte de poids

Qs + Qpré
FF =

12 000 ml/h

1000 ml/h 2000 ml/h

1000 ml/h



Et l’influence de la perte de 
poids sur la FF ?



Qpré + QPost + Perte de poids

Qs + Qpré
FF =

12 000 ml/h

1000 ml/h 2000 ml/h

1000 ml/h

100 ml/h

Minime !
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Embolie gazeuse

Hypotension arterielle

Hypertension artérielle

Hypothermie

Fièvre ou frissons

Troubles du rythme

Crampes

Hypoglycémie



Embolie gazeuse

Attention aux cathéters jugulaires +++
Appliquer les mêmes mesures de prévention que pour les cathéters veineux centraux

Au moindre doute sur une Embolie gazeuse

Position déclive

Prévenir un médecin en urgence

O2 100%



Hypotension arterielle

Hypertension artérielle

Bonne gestion de la volémie et de la charge sodée

Traitement anti-HTA

Gestion du débit sang



Hypothermie

Fièvre ou frissons

Contôler l’efficacité du réchauffeur

Contrôler la TA

Sepsis?

Hémocultures systématique



Troubles du rythme

Crampes

Evaluer la tolérance hémodynamique

Ionogramme complet en urgence

Gaz du Sang  
pH et Bicar

ECG



Hypoglycémie

Le glucose est ultrafiltré mais pas l’Insuline 

Penser aux apports en glucose (nutrition, base …)

Reconsidérer le protocole insuline (IVSE, SC …)

Ajouter du G30% dans les poches de restitution/dialysat
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Surveillance Clinique

Température /3 ou 6h 

La courbe thermique est interprétable en hémofiltration 

DONC 1 hémoculture/j systématique

Poids quotidien +++

Glycémie capillaire 

Le glucose est ultrafiltré mais pas l’Insuline  

Glycémie/3h voir horaire en cas de haut débit d’UF



Surveillance Biologique

Ionogramme / 6 ou12h

GDS (pH, HCO3-) / 6 ou12h

TCA, Anti Xa



Quelques règles …

Répondre sans délai aux alarmes

Pas d’inhibition d’alarmes incomprises et non corrigées  
Hémoconcentration, thrombose, perte circuit, déséquilibre volémique

Association d’une temporisation de la thérapie = régime de sécurité 
(échanges = 0 ml/h) avec ⬂ du débit sang (cependant toujours >100 ml/min)

Restituer avant que le circuit ne coagule 
Spoliation sanguine équivalente au volume du circuit  

(de 190 à 350ml en fonction des circuits)
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Conséquence de la coagulation du Filtre

Baisse de la dose de Filtration et/ou de Dialyse

Augmentation des pertes sanguines 
Transfusion, coût, risques

Perte de Temps pour les IDE 
Insatisfaction, désinvestissement de l’EERC



Cahier des charges  
de la meilleure Anticoagulation pour l’EERC

1/2-vie courte

Action limitée au circuit

Facile à surveiller

Pas d’effet secondaire systémique

Antagoniste disponible

Aucun ne remplit tous ces critères



XII XIIa

XI XIa

IX IXa

X Xa

II IIa

Ia I

VIIa VII

Facteur Tissulaire

Voie ExtrinsèqueVoie Intrinsèque

Voie Commune

Ca2+

Ca2+

Ca2+

Ca2+

Ca2+



Facteur I Fibrinogène

Facteur II Prothrombine

Facteur III Facteur Tissulaire : Thromboplastine Tissulaire

Facteur IV Calcium

Facteur V Pro-accélérine

Facteur VI Accélérine (ancien Facteur Va)

Facteur VII Proconvertine : Accélérateur de conversion de la prothrombine sérique (ACPS)

Facteur VIII Facteur Anti-Hémophilique (FAH) et Globuline anti-Hémophilique (GAH)

Facteur IX Facteur Christmas : Composant de la Thromboplasmine plasmatique (CTP)

Facteur X Facteur Stuart - Prower

Facteur XI Facteur Rosenthal, Antécédent de laThromboplastine plasmatique (ATP)

Facteur XII Facteur Hageman, Facteur de Contact

Facteur XIII Facteur Stabilisant de la Fibrine, Fibrinase



Le Calcium

50 %

40 %

<10 %

Calcium lié aux protéines
(albumine)

0,95 à 1,2 mmol/l

Calcium complexé
(sels et phosphate de calcium)

< 0,1 mmol/l

Calcium ionisé
1,1 à 1,3 mmol/l

Calcium Total
2,2 à 2,6 mmol/l



Calcium ionisé
1,1 à 1,3 mmol/l

Le Calcium

50 %

40 %

<10 %

Calcium lié aux protéines
(albumine)

0,95 à 1,2 mmol/l

Calcium complexé
(sels et phosphate de calcium)

< 0,1 mmol/l

Calcium Total
2,2 à 2,6 mmol/l



Le Citrate

Sel d’Acide Citrique Tri-Sodique



Le Citrate

Chélateur du Ca2+

Complexe Ci-Ca2+

Libère 3 Na+



Le Citrate



Exemple d’un protocole d’EER-Ci en CVVH sur 
PrismaFlex

Tous les modes sont possible en EER-CI  
sur toutes les machines d’EER 
(PrismaFlex, MultiFiltrate et Aquarius)



Le Citrate

PrismoCitrate 18/0



Le Citrate

PrismoCitrate 18/0

Ci-Na3 18 mmol/l

Ac Citrique 0 mmol/l

Na+ 140 mmol/l

Cl- 86 mmol/l

Glucose 0 mmol/l

K+ 0 mmol/l

5 litres



Pourquoi «régionale»?

Car on anticoagule exclusivement le montage extra-corporel

Pas d’anticoagulation systémique



Comment ?



CATHETER

Pompe à sang

Comment ?



EFFLUENT

Citrate

CATHETER

PPS

Pompe à sang



EFFLUENT

Citrate

CATHETER

PPS

Pompe à sang

Compensation Ca2+

Ca2+



Indications de l’anticoagulation au Citrate

Tous les patients devant bénéficier d’une EERC

et

Présentant un saignement actif 
Traumatisés, saignements digestif....

Présentant un risque hémorragique 
Post Chirurgie (Neuro, Hépatique), TC, Thrompopénie

Présentant une allergie à l’héparine



Contre-Indications de l’anticoagulation au Citrate

Insuffisance hépato-cellulaire sévère 

mais...

Seuils non définis dans la littérature

Seuils communément admis 
TP< 50 % 
FV < 50 %



Quid des patients en défaillance aiguë ou chronique ?

Pas de seuil (TP et FV) défini précisément dans la littérature…

Réflexion sur la balance « Bénéfice - Risque »  
au cas par cas



Citrate pharmacokinetics and metabolism in cirrhotic and
noncirrhotic critically ill patients

Ludwig Kramer; Edith Bauer; Christian Joukhadar; Wolfram Strobl; Alexandra Gendo;
Christian Madl; Alfred Gangl

Regional anticoagulation with
sodium citrate acts by chelat-
ing calcium in the extracorpo-
real circulation and is increas-

ingly recognized as an alternative to
heparin in critically ill patients with a
high risk of bleeding (1–3). Citrate re-
duces hemorrhage and improves patency,
clearance rates, and biocompatibility of
hemofilters, (4) mainly due to a reduced
activation of systemic and dialyzer coag-
ulation (5, 6). Inhibition of calcium-
mediated activation of inflammatory cells
in the extracorporeal circuit might confer
additional benefits (7). For instance, citrate

could prevent disseminated intravascular
coagulation, which is a frequent complica-
tion in patients with liver failure on extra-
corporeal detoxification (8). In chronic he-
modialysis, the use of citrate prevents
heparin-induced thrombocytopenia, hyper-
lipidemia, osteoporosis, and alopecia (9).

Under physiologic circumstances, ci-
trate undergoes rapid metabolism, which
occurs mainly in the liver and to a lesser
extent in other tissues such as skeletal
muscle and renal cortex (10). In critically
ill patients, pharmacokinetics of exoge-
nous citrate are unknown so far. How-
ever, impaired citrate metabolism has
been described in patients with acute
liver failure (11, 12) and during the an-
hepatic phase of liver transplantation (13,
14). It is unknown whether critically ill
cirrhotic patients are at risk of citrate
accumulation.

This study tested the hypothesis that
citrate metabolism would be impaired in
critically ill cirrhotic patients. As a fur-
ther goal, we investigated citrate pharma-
cokinetics and metabolic implications to

provide a basis for the clinical application
of citrate anticoagulation in critically ill
patients. Finally, we investigated whether
citrate clearance could be predicted from
routine variables of hepatic function.

MATERIALS AND METHODS

Patients. Inclusion criteria for the study
were admission to the intensive care unit, age
19–75 yrs, and presence of cirrhosis (cirrhotic
group) documented either by histology or by
the typical clinical criteria of coagulopathy,
splenomegaly, ascites, and esophageal or gas-
tric varices. As a control group, consecutive
critically ill patients without cirrhosis or rel-
evant hepatic dysfunction were evaluated. Ex-
clusion criteria for both groups were marked
alkalosis (pH !7.55), blood or plasma trans-
fusion within 48 hrs before study, ionized hy-
pocalcemia (Ca2" #0.95 mmol/L), lactic aci-
dosis, hemodynamic instability requiring
vasopressor support, and use of citrate-
containing medications. All patients received
central venous and arterial catheters. Electro-
cardiogram was continuously monitored to
record heart rate and detect hypocalcemia-
induced arrhythmia. The study protocol was
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University of Vienna Medical School, Vienna, Austria;
and the Christian Doppler Laboratory for Specific Ad-
sorption Technologies (WS), Krems, Austria.
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oratory for Specific Adsorption Technologies, Krems,
Austria, which performed citrate analysis.
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Objectives: To investigate pharmacokinetics and metabolism
of sodium citrate in critically ill patients. To determine the risk of
citrate accumulation in the setting of liver dysfunction (cirrhosis,
hepatorenal syndrome).

Design: Prospective cohort study.
Setting: Intensive Care Unit, Department of Medicine IV, Uni-

versity Hospital Vienna.
Patients: Consecutive critically ill cirrhotic (n ! 16) and non-

cirrhotic patients (n ! 16).
Interventions: Infusion of sodium citrate (0.5 mmol·kg"1·hr"1)

and calcium chloride (0.17 mmol·kg"1·hr"1) for 2 hrs. Analysis of
serial arterial blood samples.

Measurements and Main Results: Total body clearance of
citrate was normal in noncirrhotic critically ill patients but sig-
nificantly reduced in cirrhotic patients (710 vs. 340 mL/min, p !
.008). Citrate peak concentrations and concentration over time
were increased by 65% and 114% in cirrhotic patients (p < .001),
respectively; volumes of distribution were similar. Net metabolic
changes were quantitatively similar, with pH and plasma bicar-

bonate concentrations increasing more slowly in cirrhotic pa-
tients. No citrate-related side effects were noted. Citrate clear-
ance could not be predicted by standard liver function tests and
was not appreciably influenced by renal function and Acute
Physiology and Chronic Health Evaluation II scores.

Conclusions: This first systematic study on citrate pharmaco-
kinetics and metabolism in critically ill patients confirms a major
role of hepatic citrate metabolism by demonstrating reduced
citrate clearance in cirrhotic patients. Pharmacokinetic data could
provide a basis for the clinical use of citrate anticoagulation in
critically ill patients. Provided dose adaptation and monitoring of
ionized calcium, citrate anticoagulation seems feasible even in
patients with decompensated cirrhosis. Metabolic consequences
of citrate infusion were not different between groups in this study
but may be more pronounced in prolonged infusion. (Crit Care
Med 2003; 31:2450–2455)

KEY WORDS: citrate; alkalosis; ionized calcium; cirrhosis; re-
gional anticoagulation
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duces hemorrhage and improves patency,
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hemofilters, (4) mainly due to a reduced
activation of systemic and dialyzer coag-
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mediated activation of inflammatory cells
in the extracorporeal circuit might confer
additional benefits (7). For instance, citrate
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coagulation, which is a frequent complica-
tion in patients with liver failure on extra-
corporeal detoxification (8). In chronic he-
modialysis, the use of citrate prevents
heparin-induced thrombocytopenia, hyper-
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Under physiologic circumstances, ci-
trate undergoes rapid metabolism, which
occurs mainly in the liver and to a lesser
extent in other tissues such as skeletal
muscle and renal cortex (10). In critically
ill patients, pharmacokinetics of exoge-
nous citrate are unknown so far. How-
ever, impaired citrate metabolism has
been described in patients with acute
liver failure (11, 12) and during the an-
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cirrhotic patients are at risk of citrate
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critically ill cirrhotic patients. As a fur-
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provide a basis for the clinical application
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citrate clearance could be predicted from
routine variables of hepatic function.
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induced arrhythmia. The study protocol was
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citrate clearance in cirrhotic patients. Pharmacokinetic data could
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patic function (which certainly cannot
fully represent the complex metabolic
functions of the liver). All cirrhotic pa-
tients but only a single control patient
showed increased baseline concentra-
tions of citrate, which is a new and inter-
esting observation. Since patients receiv-
ing blood products and citrate-containing
medication were excluded, effects of ex-
ogenous citrate load are unlikely. Analyt-
ical interference with bilirubin also can
be excluded (r2 ! .08, p " .60). Thus,
impaired hepatic metabolism of endoge-
nous citrate or—less likely—increased
endogenous citrate production in cir-
rhotic patients could explain the differ-
ence.

Meier-Kriesche and colleagues (24) re-
cently reported that a Catot/Ca2# ratio
"2.5 predicted an increased risk of sub-
sequent hypocalcemia due to citrate ac-
cumulation in critically ill patients on

citrate hemofiltration. In the current
study, a Catot/Ca2# ratio "2.5 identified
only three of 15 samples with citrate con-
centrations "1.5 mg/dL in cirrhotic and
none of two such samples in control pa-
tients. Thus, increased Catot/Ca2# ratios
could not reliably identify citrate accu-
mulation in this short-term experiment.
This can be partially explained by the
unusually high calcium supplementation
in this study and moderate peak concen-
trations of citrate (Table 3). Nonetheless,
a significant correlation between Catot/
Ca2# and serum citrate concentrations
advocates the use of Catot/Ca2# unless
citrate measurement becomes routinely
available.

Although conversion of citrate to bi-
carbonate was delayed in cirrhotic pa-
tients, net effects on systemic pH did not
differ significantly between groups. Both
groups of patients developed only mild

metabolic alkalosis secondary to citrate
metabolism (Fig. 1D). It seems notewor-
thy that bicarbonate generation from ci-
trate could be insufficient for metabolic
control in severely acidotic cirrhotic pa-
tients. In contrast to high-flux hemodial-
ysis, citrate clearance by hemofiltration
(as the method of choice in critically ill
patients) rarely exceeds 20%. Citrate-
based hemofiltration therefore may ac-
count for a citrate load of up to 40
mmol/hr (25). Nonetheless, there are sev-
eral reports that such treatment was per-
formed without complications in patients
with hepatic failure (4). The mean citrate
load in our study compares to that of
high-flux citrate hemodialysis assuming
50% dialytic clearance or transfusion of
approximately 18 units of packed red
blood cells anticoagulated with CPDA-1
(6). It is important to point out that, due
to reduced plasmatic calcium pools in

Figure 1. Comparison of cirrhotic (filled circles) and noncirrhotic (open circles) critically ill patients with respect to concentrations of citrate (A), ionized
calcium (B), standard bicarbonate (C), and blood pH (D) during and after a 2-hr infusion of sodium citrate (0.5 mmol·kg$1·hr$1) and calcium chloride (0.17
mmol·kg$1·hr$1). Data are represented as mean % SD
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Objectif Ca2+ Post-Filtre
0,25 à 0,35 mmo/l

Objectif Ca2+ Patient
1 à 1,2 mmo/l

Mesure du Ca2+ Post-Filtre/6h < 0,25 mmol/l 0,25 à 0,35 mmol/l > 0,35 mmol/l

↓ ↓ ↓

Adaptation de la Dose de Citrate ➘ de 0,5 mmol/l pas de changement ➚ de 0,5 mmol/l

Mesure du Ca2+ Patient/6h < 1,0 mmol/l 1 à 1,2 mmol/l > 1,25 mmol/l

↓ ↓ ↓

Adaptation de la Dose de Ca2+ ➚ de 10 % pas de changement ➘ de 10 %



Concernant la Compensation systémique de Ca2+  

en cas d’EER au Citrate

En AUCUN CAS sur une voie veineuse périphérique 

Car risque MAJEUR de nécrose cutanée sur une voie périphérique  
Toxicité directe du chlorure de calcium sur les veines de petit calibre et de faible débit

TOUJOURS sur une voie dédiée d’un cathéter veineux central 
Ne pas faire d’anticoagulation au citrate si cet impératif n’est pas remplit 

L’anticoagulation régionale au citrate n’est ni une thérapeutique, ni une urgence



Débuter l’EER citrate en normocalcémie est une bonne chose! 
Il faut prendre le temps de corriger une calcémie avant de débuter une EER citrate

«Rien ne sert de courir, il faut partir à point»
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Hypocalcémie (ionisé) 
< 0,95 mmol/l

Tétanie, Hypotension et Arythmie cardiaque

⬇

Dose de citrate trop élevée

Compensation de Ca2+ trop faible

Non respect du protocole

Défaut de surveillance

Peut survenir même en l’absence d’insuffisance hépatique
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Alcalose métabolique

Hypernatrémie

Intoxication au citrate 
Acidose métabolique 

et/ou 
Accumulation de Citrate



Le citrate (acide faible) s’associe à l’acide carbonique pour donner : 
  

3 ions Na+ 
du Bicarbonate 

de l’Acide citrique.

Ci-Na3 + 3H2C03 3Na+ + 3HCO3- + Ac Citrique
(C6H8O7)

1 mmol de Citrate donne 3 mmol de Bicar
Métobolisme plasmatique, hépatique, musculaire et rénal
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Le citrate (acide faible) s’associe à l’acide carbonique pour donner : 
  

3 ions Na+ 
du Bicarbonate 

de l’Acide citrique.

Ci-Na3 + 3H2C03 3Na+ + 3HCO3- + Ac Citrique
(C6H8O7)

Augmentation de la DIF 
Stewart
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Alcalose métabolique

Hypernatrémie

Intoxication au citrate 
Acidose métabolique 

et/ou 
Accumulation de Citrate



Ci-Na3 + 3H2C03 3Na+ + 3HC03- + Ac Citrique
(C6H8O7)

H20 + CO2

1 mmol de Citrate donne 
1 mmol d’Ac Citrique



Ci-Na3 + 3H2C03 3Na+ + 3HC03- + Ac Citrique
(C6H8O7)

H20 + CO2

X

➚
➚



Si le citrate est infusé plus rapidement qu’il n’est éliminé par 
dialyse ou par voie métabolique

Le citrate en excès  
se lie au calcium

Hypocalcémie (ionisé) 
(< 0,95 mmol/l)

Augmentation du  
Ca Complexé

Accumulation  
de complexe Ci-Ca2+

Accumulation de Citrate



Monitorage une fois par jour

CaTotal
Ca2+



Monitorage une fois par jour

CaTotal
Ca2+

≥ 2,5

Accumulation de Citrate

Stop Citrate
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Ci-Ca2+

Ci-Ca2+

Ci-Ca2+

≃ 40% des complexes Ci-Ca2+ 
sont éliminés dans l’effluent

Accumulation de Citrate par défaut 
d’élimination dans l’effluent...

Ce taux dépend : 
Débit de Filtration 

Type de Membrane 

Surface de la membrane



Hypomagnésémie



Le Citrate est aussi chélateur du Magnésium 
Avec une moindre affinité que pour le Calcium 

Ionogrammes réguliers et supplémentation quotidienne



La Surveillance



/6h
 GDS artériel,  
 Ca ionisé   
 Ca ionisé post-filtre

/12h Iono sang complet

/24h Ca Total 
Ca Ionisé

La surveillance clinique est la même que chez tous les patients sous EER



Objectif Ca2+ Post-Filtre
0,25 à 0,35 mmo/l

Objectif Ca2+ Patient
1 à 1,2 mmo/l

Mesure du Ca2+ Post-Filtre/6h < 0,35 mmol/l 0,25 à 0,35 mmol/l > 0,35 mmol/l

↓ ↓ ↓

Adaptation de la Dose de Citrate ➘ de 0,5 mmol/l pas de changement ➚ de 0,5 mmol/l

Mesure du Ca2+ Patient/6h < 1,0 mmol/l 1 à 1,2 mmol/l > 1,25 mmol/l

↓ ↓ ↓

Adaptation de la Dose de Ca2+ ➚ de 10 % pas de changement ➘ de 10 %



L’adaptation de la posologie de citrate et de calcium peut être 
réalisée par l’IDE au vu des résultats des GDS/6h. 

  
En revanche, en cas d’alcalose ou d’acidose métabolique, la 

décision de modifier les débits sera prise par le médecin.



La Surveillance en cours de Traitement
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Causes des thromboses de Filtres

13 %

37 %

50 %

Cathéter
Coagulopathie
Problèmes techniques
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Table 2. Dialyzer clotting score (DCS) of a polysulfone hollow fiber
dialysis membrane during three types of anticoagulation during

hemodialysis therapy: unfractionated heparin (UFH), low
molecular weight heparin (LMWH), and sodium citrate

anticoagulation (SCA)

UFH LMWH SCA

Surface area involved 3.2 60.4 2.4 60.2 0.8 60.2a

Fibrin net formation 1 60.3 2.460.4 0 60a

Involvement of erythrocytes 3.6 60.2 2.4 60.2 0.8 60.4a

Involvement of platelets 0.8 60.2 1.6 60.2 0 60a

Obstruction of fiber lumen 3.8 60.2 1.6 60.2 0 60a

Total “DCS” 11.5 61.3 10.4 61.2 1.6 60.6a

a P , 0.05

such as an improvement in lipid metabolism, less activa-
tion of platelets, and less consumption of antithrombin
III. Whether or not LMWHs—as frequently claimed—in
fact reduce bleeding complications was not uniformly
confirmed.

The lowest degree of clotting formation on the dialyzer
membrane was observed when using sodium citrate as
the anticoagulant. Citrate anticoagulation in hemodialy-
sis therapy has become popular, especially for patients
with a high risk for bleeding, because the anticoagulatory
effect is exclusively confined to the extracorporeal blood
volume with no coagulation alterations in the systemic
circulation. Moreover, it is inexpensive and easy to de-
liver. The most important advantage besides the superb
anticoagulatory effect is the improvement in the overall
biocompatibility of the extracorporeal circuit during ci-
trate anticoagulation. Calcium ions are not only required
for blood coagulation, but are also a prerequisite for any
cellular activation, such as of thrombocytes and neutro-

Fig. 3. Scanning electron micrographs of the inner surface of a polysul- phils. Boehler et al have convincingly demonstrated that
fone hollow fiber dialyzer membrane using sodium citrate as anticoagu-

during citrate anticoagulation the release of proteolyticlant during hemodialysis therapy. Only a few single cells adhering to
the inner surface were observed. No thrombus formation was seen. enzymes from neutrophils is, in fact, abolished [3].
Similar observations were made in the dialyzers obtained from the Unfortunately, few studies are available comparing
other four patients.

citrate with conventional means of anticoagulation. Jans-
sen et al have compared 21 dialysis patients receiving the
LMWH nadroparin calcium or sodium citrate. Analyzing
the activated clotting time, activated partial thrombo-activation of cellular elements besides platelets and espe-
plastin time, factor anti-Xa, and prothrombin, these au-cially polymorphonuclear neutrophils, the release of va-
thors found that in contrast to citrate, LMWH inducedsoactive hormones, such as thromboxane, of mediators
systemic anticoagulation during hemodialysis [18–21].such as tumor necrosis factor a and enzymes such as

In summary, the results of this morphological studyelastase.
using a SEM analysis, in which various anticoagulationThe extent of clotting was most pronounced during
regimes during hemodialysis therapy were comparedanticoagulation with conventional UFH at a recom-
with respect to coagulation activation on a polysulfonemended dosage [17]. Therapy with UFH is associated
membrane hollow fiber, showed that clotting activationwith several additional disadvantages, which may aggra-
was most pronounced during conventional UFH heparin,vate the bioincompatibility and provide a proaggregatory
less prominent during LMWH, and virtually absent dur-effect on platelets and activation of neutrophils. During
ing sodium citrate anticoagulation. Besides this optimalLMWH coagulation, activation was much less pronounced
anticoagulatory effect, sodium citrate has additional ad-than with UFH. LMWHs have pharmacokinetic advan-
vantages such as the strictly regional nature of anticoagu-tages with sufficient anticoagulation for up to six hours

after a single initial bolus injection, metabolic advantages lation and a superior effect on biocompatibility. Sodium

Hofbauer et al: Effect of anticoagulation1580

formation was seen, and no fibrin network could be
found (Fig. 3).

The semiquantitative evaluation using the DCS is
given in Table 2. With UFH as anticoagulant during
hemodialysis therapy, a total score of 11.5 6 1.3 out of
a maximum of 20 points was obtained. The total DCS
using LMWH was 10.4 6 1.2 points. In dialyzers with
sodium citrate anticoagulation, the total DCS was only
1.6 6 0.6 points (P , 0.05 vs. UFH and LMWH).

DISCUSSION
In a morphological analysis using a SEM evaluation

of the inner surfaces of polysulfone hollow fiber dialyzer
membranes, we compared three types of anticoagulation
during hemodialysis therapy. The degree of coagulation
activation was highest during the use of conventional
UFH, lesser during LMWH, and virtually absent during
the use of sodium citrate.

The clotting mechanism is a cascade of proenzyme-
enzyme transformations, each activating the next until
the final substrate, fibrinogen, is reached. Each factor in
the coagulation cascade is short lived, only a matter of
a few seconds, terminating with the rapid conversion of
fibrinogen into fibrin, the main component of thrombus.
The generation of clot-promoting activity by artificial
surfaces depends on the activation of the Hageman or
surface factor XII, which initiates and triggers a series
of enzymatic reactions culminating in the generation of
thrombin and the formation of fibrin. All of the elements
of the blood, including platelets, fibrin, erythrocytes, and
leukocytes, may enter into the formation of a thrombus.
The three most important factors in the generation of a
thrombus include slowing the blood flow in the blood
circulation, changes in the blood vessel wall, changes
in the blood, and the biocompatibility of the artificial
membranes, respectively. Heparin, endogenously syn-
thesized from the liver and mast cells, helps to maintain
the fluidity of the blood in the systemic circulation. Hepa-
rin, newer small molecular weight heparins, and other
glycosaminoglycans prevent the aggregations of platelets
to form platelet thrombi [5–10]. Heparin, an acid with
a pH of 6.93, enhances or potentates antithrombin III
(ATIII) and neutralizes the action of thrombin, thus
preventing the formation of a fibrin clot. ATIII also
binds to factors IXa, Xa, XIa, and XIIa. Under normal
circumstances, the binding of ATIII to thrombin and the
other activated factors of the intrinsic pathway occurs
slowly. In the presence of heparin, the rate of ATIII

Fig. 1. Scanning electron micrographs of the inner surface of a polysul- binding is accelerated. Without ATIII, heparin has al-
fone hollow fiber dialyzer membrane using heparin as anticoagulant

most no anticoagulant action. The endothelial locationduring hemodialysis therapy. (A) Overview showing a dense fibrin
network with large amounts of aggregated erythrocytes. (B) Pseudo- of heparin sulfate permits binding and activation of
membraneous formation (magnification of lower frame in panel A) of ATIII at the blood–surface interface, where activated
aggregated erythrocytes. (C) Magnification of aggregated erythrocytes

factors of the coagulation cascade are being generated.(magnification of upper frame in panel A). Similar observations were
made in the dialyzers obtained from the other patients. A number of studies have demonstrated the impor-
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Effect of anticoagulation on blood membrane interactions
during hemodialysis
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Effect of anticoagulation on blood membrane interactions dur- in the extracorporeal circuit and to improve biocompati-
ing hemodialysis. bility of artificial membranes. While unfractionated hep-

Background. Adequate anticoagulation is a precondition to arin (UFH) has been widely used, it is associated withprevent extracorporeal blood clotting and to improve biocom-
several disadvantages, such as an increase in bleedingpatibility during hemodialysis. In this study, we performed a
risk, consumption of antithrombin III, but also an activa-morphologic analysis by using scanning electron microscopy

to compare three modes of anticoagulation—conventional un- tion of platelets and neutrophils, which may negatively
fractionated heparin (UFH), low molecular weight heparin affect the biocompatibility of the extracorporeal circuit.
(LMWH; dalteparin sodium), or sodium citrate during hemodi- Moreover, because of its short half-life, a priming dosealysis—on membrane-associated coagulation activation.

alone is often not enough to ensure the anticoagulationMethods. Fifteen patients on regular hemodialysis therapy
throughout the hemodialysis session. Alternatively, lowwere investigated. Five patients received UFH, five patients

LMWH, and five patients sodium citrate as an anticoagulant molecular weight heparins (LMWHs) have a longer half-
during a standardized hemodialysis protocol using a single-use life and have been reported to induce less bleeding, less
polysulfone capillary dialyzer. Membrane-associated clotting

consumption of antithrombin III, and a lower proaggreg-was evaluated using a scanning electron microscope. A dialyzer
atory effect on platelets [1, 2].clotting score was used for quantitative description of coagula-

tion activation on membrane segments. In recent years, sodium citrate has gained more popu-
Results. Using UFH as an anticoagulant revealed the most larity as an anticoagulant during hemodialysis, especially

pronounced cell adhesion and thrombus formation and the in patients with increased bleeding risks, because of thehighest dialyzer clotting score (11.5 6 1.3 of a maximal 20
advantages of an efficient anticoagulation that is exclu-points). LMWH had a lower dialyzer clotting score than UFH
sively confined to the extracorporeal circulation and also(10.4 6 1.2 of 20 points). During the use of sodium citrate, a

negligible thrombus formation and the lowest dialyzer clotting an improvement of the biocompatibility by inhibition of
score (1.6 6 0.6 of 20 points, P , 0.05) were observed. activation of blood cells [3].

Conclusion. The results of this investigation indicate that In this study, we used a scanning electron microscopicusing sodium citrate as an anticoagulant during hemodialysis
(SEM) analysis to compare three different anticoagula-induces a lower activation of coagulation than both conven-
tion regimes—conventional UFH, LMWH, and sodiumtional and fractionated heparin, which might contribute to an

improvement of biocompatibility of hemodialysis extracorpo- citrate—to investigate the morphology of thrombus for-
real circulation. mation and cellular aggregation on the interior surfaces

of hemodialysis membranes.

Adequate anticoagulation is a precondition for any
METHODSeffective hemodialysis therapy both to prevent clotting
Patients and hemodialysis therapy

Fifteen patients (median age 39 6 11 years) on regularKey words: blood coagulation, dialysis, clotting, heparin, cell adhesion,
thrombosis. hemodialysis therapy were included in this investigation.

Patient characteristics are shown in Table 1. The studyReceived for publication November 17, 1998
was approved by the local institutional review board,and in revised form May 13, 1999

Accepted for publication May 18, 1999 and patients gave informed consent.
A standardized hemodialysis protocol was followed 1999 by the International Society of Nephrology
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improvement of biocompatibility of hemodialysis extracorpo- citrate—to investigate the morphology of thrombus for-
real circulation. mation and cellular aggregation on the interior surfaces

of hemodialysis membranes.

Adequate anticoagulation is a precondition for any
METHODSeffective hemodialysis therapy both to prevent clotting
Patients and hemodialysis therapy

Fifteen patients (median age 39 6 11 years) on regularKey words: blood coagulation, dialysis, clotting, heparin, cell adhesion,
thrombosis. hemodialysis therapy were included in this investigation.

Patient characteristics are shown in Table 1. The studyReceived for publication November 17, 1998
was approved by the local institutional review board,and in revised form May 13, 1999

Accepted for publication May 18, 1999 and patients gave informed consent.
A standardized hemodialysis protocol was followed 1999 by the International Society of Nephrology
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Table 2. Dialyzer clotting score (DCS) of a polysulfone hollow fiber
dialysis membrane during three types of anticoagulation during

hemodialysis therapy: unfractionated heparin (UFH), low
molecular weight heparin (LMWH), and sodium citrate

anticoagulation (SCA)

UFH LMWH SCA

Surface area involved 3.2 60.4 2.4 60.2 0.8 60.2a

Fibrin net formation 1 60.3 2.460.4 0 60a

Involvement of erythrocytes 3.6 60.2 2.4 60.2 0.8 60.4a

Involvement of platelets 0.8 60.2 1.6 60.2 0 60a

Obstruction of fiber lumen 3.8 60.2 1.6 60.2 0 60a

Total “DCS” 11.5 61.3 10.4 61.2 1.6 60.6a

a P , 0.05

such as an improvement in lipid metabolism, less activa-
tion of platelets, and less consumption of antithrombin
III. Whether or not LMWHs—as frequently claimed—in
fact reduce bleeding complications was not uniformly
confirmed.

The lowest degree of clotting formation on the dialyzer
membrane was observed when using sodium citrate as
the anticoagulant. Citrate anticoagulation in hemodialy-
sis therapy has become popular, especially for patients
with a high risk for bleeding, because the anticoagulatory
effect is exclusively confined to the extracorporeal blood
volume with no coagulation alterations in the systemic
circulation. Moreover, it is inexpensive and easy to de-
liver. The most important advantage besides the superb
anticoagulatory effect is the improvement in the overall
biocompatibility of the extracorporeal circuit during ci-
trate anticoagulation. Calcium ions are not only required
for blood coagulation, but are also a prerequisite for any
cellular activation, such as of thrombocytes and neutro-

Fig. 3. Scanning electron micrographs of the inner surface of a polysul- phils. Boehler et al have convincingly demonstrated that
fone hollow fiber dialyzer membrane using sodium citrate as anticoagu-

during citrate anticoagulation the release of proteolyticlant during hemodialysis therapy. Only a few single cells adhering to
the inner surface were observed. No thrombus formation was seen. enzymes from neutrophils is, in fact, abolished [3].
Similar observations were made in the dialyzers obtained from the Unfortunately, few studies are available comparing
other four patients.

citrate with conventional means of anticoagulation. Jans-
sen et al have compared 21 dialysis patients receiving the
LMWH nadroparin calcium or sodium citrate. Analyzing
the activated clotting time, activated partial thrombo-activation of cellular elements besides platelets and espe-
plastin time, factor anti-Xa, and prothrombin, these au-cially polymorphonuclear neutrophils, the release of va-
thors found that in contrast to citrate, LMWH inducedsoactive hormones, such as thromboxane, of mediators
systemic anticoagulation during hemodialysis [18–21].such as tumor necrosis factor a and enzymes such as

In summary, the results of this morphological studyelastase.
using a SEM analysis, in which various anticoagulationThe extent of clotting was most pronounced during
regimes during hemodialysis therapy were comparedanticoagulation with conventional UFH at a recom-
with respect to coagulation activation on a polysulfonemended dosage [17]. Therapy with UFH is associated
membrane hollow fiber, showed that clotting activationwith several additional disadvantages, which may aggra-
was most pronounced during conventional UFH heparin,vate the bioincompatibility and provide a proaggregatory
less prominent during LMWH, and virtually absent dur-effect on platelets and activation of neutrophils. During
ing sodium citrate anticoagulation. Besides this optimalLMWH coagulation, activation was much less pronounced
anticoagulatory effect, sodium citrate has additional ad-than with UFH. LMWHs have pharmacokinetic advan-
vantages such as the strictly regional nature of anticoagu-tages with sufficient anticoagulation for up to six hours

after a single initial bolus injection, metabolic advantages lation and a superior effect on biocompatibility. Sodium
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Abstract Objective: To compare the
efficacy and safety of adjusted-dose
unfractionated heparin with that of
regional citrate anticoagulation in in-
tensive care patients treated by con-
tinuous venovenous hemofiltration
(CVVH). Design and setting: Pro-
spective, randomized, clinical trial 
in a 32-bed medical and surgical
ICU in a university teaching hospi-
tal. Patients: ICU patients with acute
renal failure requiring continuous 
renal replacement therapy, without
cirrhosis, severe coagulopathy, or
known sensitivity to heparin. Inter-
ventions: Before the first CVVH run
patients were randomized to receive
anticoagulation with heparin or tri-
sodium citrate. Patients eligible for
another CVVH run received the 
other study medication in a cross-
over fashion until the fourth circuit.
Measurements and results: Forty-
nine circuits (hemofilters) were ana-

lyzed: 23 with heparin and 26 with
citrate. The median lifetime of
hemofilters was 70 h (interquartile
range 44–140) with citrate anti-
coagulation and 40 h (17–48) with
heparin (p=0.0007). One major
bleeding occurred during heparin 
anticoagulation and one metabolic
alkalosis (pH=7.60) was noted with
citrate after a protocol violation.
Transfusion rates (units of red cells
per day of CVVH) were, respec-
tively, 0.2 (0.0–0.4) with citrate and
1.0 (0.0–2.0) with heparin (p=0.0008).
Conclusions: Regional citrate antico-
agulation seems superior to heparin
for the filter lifetime and transfusion
requirements in ICU patients treated
by continuous renal replacement
therapy.
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Introduction

Continuous renal replacement therapy (CRRT) is increas-
ingly employed for the management of acute renal failure
in critically ill patients with hemodynamic instability.
However, one of the main disadvantages of CRRT is the
requirement for anticoagulation to prevent clotting of the
extracorporeal circuit. Heparin may be associated with a
high risk of hemorrhagic complications [1]. Various alter-
native methods have been developed for the anticoagula-
tion of the circuit with reduced risk of bleeding, including
low molecular weight heparins [2], prostacyclin [3], and
the serine protease inhibitor nafamostat [4], but these ap-

proaches have not been widely accepted because of their
limitations. Pre-dilution continuous venovenous hemofil-
tration (CVVH) without anticoagulation or with low-dose
heparin has been reported as an acceptable strategy in
high-risk patients [5, 6]. However, with these strategies
the extracorporeal circuit lifetime is between 16 and 19 h
in patients without coagulopathy [5, 6]. Recurrent filter
clotting and the need for frequent circuit replacement
would be economically undesirable and the source of ex-
cessive “down” time periods [6]. Moreover, the hemofil-
ter lifetime is an important determinant of blood transfu-
sion in critically ill patients treated by CRRT, and the 
average number of packed red cells transfused to these
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partial thromboplastin time (APTT). At the same time an infusion
of heparin was commenced at an initial rate of 1000 U/h and ad-
justed between 500 and 2000 U/h to maintain APTT at 60–80 s in
the patient (normal value 32–42 s). Patient APTT was determined
every 4–6 h after connection of a new hemofilter until a stable level
of anticoagulation was achieved. Thereafter, it was determined
daily.

Regional citrate anticoagulation

A molar solution (1 mmol/ml) of trisodium citrate was made by
our hospital pharmacy. As indicated in Table 2, trisodium citrate
was administered at a starting rate of 4.3 mmol/l of extracorporeal
blood flow. Citrate infusion rate was then adjusted to maintain 
the serum ionized calcium concentration below 0.3 mmol/l in the
circuit. The hemofiltration rate was augmented if the patient de-
veloped metabolic alkalosis or hypernatremia. In cases of impor-
tant metabolic alkalosis (pH>7.55), important hypernatremia
(>150 mmol/l), or signs of citrate accumulation (increased total to
ionized calcium ratio) the citrate infusion was decreased, and an
ionized calcium value up to 0.5 mmol/l was tolerated. The CaCl2
replacement solution (1 g/10 ml) was administered via a central
line at an initial rate adjusted to the citrate rate (Table 2). The
CaCl2 infusion rate was then adjusted to maintain the patient ion-
ized Ca concentration in the normal range (1.05–1.15 mmol/l).
Magnesium sulfate (1 mmol/l) was added to the substitution fluid.

Samples for arterial blood gas, Na, K, bicarbonate, and serum
ionized Ca were drawn through an arterial line at baseline before
the start of the procedure and every 6 h thereafter. Samples for cir-
cuit ionized Ca (before the hemofilter), serum total Ca, serum Mg
and a full metabolic profile, including urea, creatinine, liver func-
tion tests, and complete blood count were drawn every 24 h. All
laboratory results were communicated to the ICU physicians who
make the necessary adjustments in the CRRT prescription. If the
circuit lifetime was longer than 96 h, to evaluate the hemofilter
properties b2-microblobulin was measured in the serum and the 
ultrafiltrate for the calculation of the sieving coefficient.

Statistics

Continuous data are presented as median and interquartile range
(25th–75th percentiles). Dichotomous data are presented as per-
centages. Statistical analysis were performed using nonparametric
statistical tests. The c2 test or Fisher’s exact test was applied for
dichotomous and categorical data. The Mann-Whitney test was
used to compare numerical data of the two groups. Time to hemo-
filter failure, the primary outcome variable, was measured from
the time of commencement to the time of elective discontinuation
(e.g., for surgery) or spontaneous failure (clotting or trans-mem-
brane pressure above 300 mmHg). For the determination of the
median time to spontaneous failure, using survival analysis metho-
dology, elective discontinuations were treated as censored data
and spontaneous failures as uncensored data. Kaplan-Meier sur-
vival curves were used to present the results and generate estimat-
ed median times to spontaneous failure. Log rank tests were used
to compare time to failure between groups.

Results

Median circuit lifetime was 40 h (interquartile range
17–48) with heparin and 70 h (44–140) with citrate 
(p=0.0007). The rate of spontaneous circuit failure (clot-
ting or transmembrane pressure greater than 300 mmHg)
was 87% with heparin anticoagulation and 57% with ci-
trate ( p =0.03). The reasons for circuit termination with
regional citrate anticoagulation were clotting in 12 cases
(46%), high transmembrane pressure in 3 (11%), catheter
dysfunction needing catheter exchange in 5 (19%), and
elective discontinuation in 6 (23%). With heparin antico-
agulation, the reasons for circuit termination were clot-
ting in 17 cases (74%), high transmembrane pressure in
4 (17%), catheter dysfunction needing catheter exchange
in 1 (4%), and elective discontinuation in 1 (4%). Medi-
an time to spontaneous failure of the hemofilters was
140 h with citrate and 45 h with heparin (p<0.0001);
Fig. 1 presents Kaplan-Meier curves of the time to spon-
taneous failure of the hemofilters.

As demonstrated in Tables 3 and 4, plasma urea and
creatinine levels did not differ significantly between the
two groups at the initiation of CVVH circuits. However,
with the longer circuit lifetime, plasma urea was sig-
nificantly lower in the citrate group at the end of CVVH
circuit. The circuit lifetime was longer than 96 h in 12
cases: 11 with regional citrate anticoagulation and 1 with
heparin. After 96 h the sieving coefficient for b2-micro-
globulin (molecular weight 11.8 kDa) was higher than

Table 2 Initial citrate and calcium infusion rates, according to the extracorporeal blood flow

Extracorporeal blood flow (ml/min)

150 175 200 250 300

Trisodium citrate (1 mmol/ml) infusion rate (ml/h) 38 45 52 65 77
CaCl2 (1 g in 10 ml) infusion rate (ml/h) 10 12 13 17 20

Fig. 1 Kaplan-Meier curves of time to spontaneous failure of the
hemofilters, according to the anticoagulation used (p<0.0001)

40 vs 70 h
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high risk of hemorrhagic complications [1]. Various alter-
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proaches have not been widely accepted because of their
limitations. Pre-dilution continuous venovenous hemofil-
tration (CVVH) without anticoagulation or with low-dose
heparin has been reported as an acceptable strategy in
high-risk patients [5, 6]. However, with these strategies
the extracorporeal circuit lifetime is between 16 and 19 h
in patients without coagulopathy [5, 6]. Recurrent filter
clotting and the need for frequent circuit replacement
would be economically undesirable and the source of ex-
cessive “down” time periods [6]. Moreover, the hemofil-
ter lifetime is an important determinant of blood transfu-
sion in critically ill patients treated by CRRT, and the 
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0.80 in all cases (median 0.89), indicating that the clear-
ance of middle molecular weight uremic toxins remained
adequate.

One major digestive bleeding related to a gastric ulcer
occurred with heparin anticoagulation 3 h after heparin
initiation that led to heparin interruption and the transfu-
sion of 3 U packed red cells. No major bleeding occurred
in the citrate group. Transfusion rates differed signifi-
cantly between anticoagulation strategies (Table 5), with
a major reduction in transfusion requirements with re-
gional citrate anticoagulation. This reduction in transfu-
sion requirements was associated with a trend (p=0.06)
to lower transfusion for circuit clotting (Table 5). In both
groups 19% of patients were transfused without any cir-
cuit clotting. In the citrate group one case of major alka-

losis (arterial pH=7.60) occurred due to a protocol viola-
tion by decreasing the hemofiltration rate to 20 ml/kg per
hour. There was also one case of decreased serum ion-
ized calcium to 0.90 mmol/l, without hemodynamic in-
stability. These two cases of metabolic complications
were rapidly resolved.

Discussion

To our knowledge, this is the first prospective, random-
ized, controlled trial of citrate vs. heparin for anticoagu-
lation in CRRT. We tested the hypothesis that regional
anticoagulation of the circuit with citrate, given accord-
ing to extracorporeal blood flow and adjusted to circuit

Table 3 Parameters at the initiation of CVVH circuit; continuous data are presented as median (parentheses interquartile range)

Heparin (n=23) Citrate (n=26) p

Logistic organ dysfunction [15] score 8 (6–15) 8 (4–11) 0.31
Blood flow for CVVH (ml/min) 175 (150–200) 175 (150–200) 0.48
Hemofiltration volume (l/h) 2.5 (2.5–3.0) 2.5 (2.5–3.0) 0.41
Transmembrane pressure (mmHg, first h) 40 (25–50) 40 (30–50) 0.28
Plasma Na (mmol/l) 144 (141–147) 142 (138–144) 0.25
Plasma Mg (mmol/l) 0.91 (0.78–1.08) 0.93 (0.81–1.10) 0.88
Plasma ionized Ca (mmol/l) 1.12 (1.03–1.18) 1.1 (1.04–1.12) 0.34
Plasma urea (g/l) 0.74 (0.34–1.7) 0.74 (0.32–1.2) 0.69
Plasma creatinine (mg/l) 20 (9.4–31.4) 16 (9.7–24.4) 0.51
International normalized ratio 1.0 (0.95–1.11) 0.97 (0.88–1.07) 0.28
APTT (s) before CVVH 44 (36–66) 51 (47–61) 0.35
APTT (s) during CVVH 70 (64–77) 44 (33–49) 0.04
Hemoglobin (g/dl) 8.3 (7.5–9.7) 8.2 (7.5–9.6) 0.69
Leukocytes (¥109/l) 16.9 (11.9–24.7) 18.0 (12.3–21.0) 0.91
Platelets (¥109/l) 168 (97–255) 172 (104–216) 0.86
Plasma bicarbonate (mmol/l) 23 (21–24) 23 (22–26) 0.17
Arterial blood pH 7.37 (7.33–7.44) 7.36 (7.29–7.43) 0.42
C-reactive protein (mg/l) 140 (70–242) 130 (73–208) 0.64
Fibrinogen (g/l) 5.0 (4.0–5.5) 5.2 (3.3–6.1) 0.97

Table 4 Parameters at the end of CVVH circuit; continuous data are presented as median (parentheses interquartile range)

Heparin (n=23) Citrate (n=26) p

Plasma Ionized Ca (mmol/l) 1.09 (1.04–1.16) 1.10 (1.08–1.19) 0.11
Plasma urea (g/l) 0.46 (0.33–0.76) 0.37 (0.22–0.45) 0.04
Plasma creatinine (mg/l) 13.2 (8.3–18.0) 8.8 (7.6–10.6) 0.09
Plasma bicarbonate (mmol/l) 23 (21–26) 25 (24–28) 0.01
Arterial blood pH 7.39 (7.35–7.44) 7.39 (7.36–7.45) 0.98
Plasma Na (mmol/l) 143 (142–147) 142 (141–147) 0.87
Plasma Mg (mmol/l) 0.70 (0.65–0.87) 0.79 (0.75–0.86) 0.39
Hb (g/dl) 8.0 (7.3–8.2) 9.2 (7.9–10) 0.07

Table 5 Red cells transfusion rates

Heparin (n=23) Citrate (n=26) p

Patients transfused 15 (63%) 9 (38%) 0.03
Patients transfused after circuit clotting 10 (44%) 5 (19%) 0.06
Number of units transfused per day of CVVH, median (interquartile range) 1.0 (0–2.0) 0.2 (0–0.4) 0.0008
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Regional citrate versus systemic heparin anticoagulation for
continuous renal replacement in critically ill patients.

Background. We determined the effect of regional citrate
versus systemic heparin anticoagulation for continuous renal re-
placement therapy in critically ill subjects suffering from acute
renal failure who were not at high risk for hemorrhagic compli-
cations.

Methods. Between April 1999 and June 2002, 30 critically
ill subjects requiring continuous renal replacement therapy and
using 79 hemofilters were randomly assigned to receive regional
citrate or systemic heparin anticoagulation.

Results. The median hemofilter survival time was 124.5 hours
(95% CI 95.3 to 157.4) in the citrate group, which was signifi-
cantly longer than the 38.3 hours (95% CI 24.8 to 61.9) in the
heparin group (P < 0.001). Increasing illness severity score,
male gender, and decreasing antithrombin-III levels were inde-
pendent predictors of an increased relative hazard of hemofil-
ter failure. After adjustment for illness severity, antithrombin-
III levels increased significantly more over the period of study
in the citrate as compared to the heparin group (P = 0.038).
Moreover, after adjustment for antithrombin-III levels and ill-
ness severity score, the relative risk of hemorrhage with citrate
anticoagulation was significantly lower than that with heparin
(relative risk of 0.14; 95% CI 0.02 to 0.96, P = 0.05).

Conclusion. Compared with systemic heparin anticoagu-
lation, regional citrate anticoagulation significantly increases
hemofilter survival time, and significantly decreases bleeding
risk in critically ill patients suffering from acute renal failure
and requiring continuous renal replacement therapy.

Acute renal failure (ARF) is a common complication of
critically ill patients with mortality rates in excess of 40%
[1–6]. The use of continuous renal replacement therapy
(CRRT) in the management of acute renal failure in crit-
ically ill patients has become accepted, and based on two
North American surveys, it has been estimated that one

Key words: trisodium citrate, continuous renal replacement therapy,
anticoagulation, antithrombin-III.
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quarter of all patients in the United States and Canada
with acute renal failure are treated with CRRT [6–8].

The requirement for continuous systemic anticoagula-
tion is a major drawback to the use of CRRT. Systemic
anticoagulation with unfractionated heparin has been the
anticoagulant of choice, with regional citrate anticoagu-
lation being used as the method of choice in only 13% of
patients in Canada [8, 9]. The use of regional citrate an-
ticoagulation has been described in the setting of CRRT,
and one randomized trial has suggested its superiority
over that of heparin [10–12]. However, a recent confer-
ence on CRRT failed to provide a consensus on the pre-
ferred anticoagulant for most CRRT patients, offering a
recommendation to avoid systemic anticoagulation with
heparin in patients at high risk for hemorrhage [7].

We have previously described an algorithm for regional
citrate anticoagulation in CRRT [11]. The objective of
this study was to compare the hemofilter survival times
and bleeding risks in critically ill patients undergoing
CRRT for ARF. Patients were randomized to receive ei-
ther systemic unfractionated heparin or regional citrate
anticoagulation.

METHODS
Study design and population

Eligible patients were 18 years old or older and suf-
fering from ARF using a standard definition, and were
admitted to either of two tertiary care intensive care
units (ICUs) or one community hospital ICU [5]. Pa-
tients were excluded if they had a contraindication to
the use of systemic heparin or trisodium citrate or if
they were anticipated to require systemic heparin for
medical reasons. Contraindications to the use of hep-
arin included a prior history of heparin-induced throm-
bocytopenia or heparin allergy, intracranial hemorrhage
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ing a transfusion of greater than two units of blood within
three months, active bleeding within three days or signif-
icant trauma within three days, a platelet count <40,0000
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Regional citrate versus systemic heparin anticoagulation for
continuous renal replacement in critically ill patients.

Background. We determined the effect of regional citrate
versus systemic heparin anticoagulation for continuous renal re-
placement therapy in critically ill subjects suffering from acute
renal failure who were not at high risk for hemorrhagic compli-
cations.

Methods. Between April 1999 and June 2002, 30 critically
ill subjects requiring continuous renal replacement therapy and
using 79 hemofilters were randomly assigned to receive regional
citrate or systemic heparin anticoagulation.

Results. The median hemofilter survival time was 124.5 hours
(95% CI 95.3 to 157.4) in the citrate group, which was signifi-
cantly longer than the 38.3 hours (95% CI 24.8 to 61.9) in the
heparin group (P < 0.001). Increasing illness severity score,
male gender, and decreasing antithrombin-III levels were inde-
pendent predictors of an increased relative hazard of hemofil-
ter failure. After adjustment for illness severity, antithrombin-
III levels increased significantly more over the period of study
in the citrate as compared to the heparin group (P = 0.038).
Moreover, after adjustment for antithrombin-III levels and ill-
ness severity score, the relative risk of hemorrhage with citrate
anticoagulation was significantly lower than that with heparin
(relative risk of 0.14; 95% CI 0.02 to 0.96, P = 0.05).

Conclusion. Compared with systemic heparin anticoagu-
lation, regional citrate anticoagulation significantly increases
hemofilter survival time, and significantly decreases bleeding
risk in critically ill patients suffering from acute renal failure
and requiring continuous renal replacement therapy.

Acute renal failure (ARF) is a common complication of
critically ill patients with mortality rates in excess of 40%
[1–6]. The use of continuous renal replacement therapy
(CRRT) in the management of acute renal failure in crit-
ically ill patients has become accepted, and based on two
North American surveys, it has been estimated that one
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quarter of all patients in the United States and Canada
with acute renal failure are treated with CRRT [6–8].

The requirement for continuous systemic anticoagula-
tion is a major drawback to the use of CRRT. Systemic
anticoagulation with unfractionated heparin has been the
anticoagulant of choice, with regional citrate anticoagu-
lation being used as the method of choice in only 13% of
patients in Canada [8, 9]. The use of regional citrate an-
ticoagulation has been described in the setting of CRRT,
and one randomized trial has suggested its superiority
over that of heparin [10–12]. However, a recent confer-
ence on CRRT failed to provide a consensus on the pre-
ferred anticoagulant for most CRRT patients, offering a
recommendation to avoid systemic anticoagulation with
heparin in patients at high risk for hemorrhage [7].

We have previously described an algorithm for regional
citrate anticoagulation in CRRT [11]. The objective of
this study was to compare the hemofilter survival times
and bleeding risks in critically ill patients undergoing
CRRT for ARF. Patients were randomized to receive ei-
ther systemic unfractionated heparin or regional citrate
anticoagulation.

METHODS
Study design and population

Eligible patients were 18 years old or older and suf-
fering from ARF using a standard definition, and were
admitted to either of two tertiary care intensive care
units (ICUs) or one community hospital ICU [5]. Pa-
tients were excluded if they had a contraindication to
the use of systemic heparin or trisodium citrate or if
they were anticipated to require systemic heparin for
medical reasons. Contraindications to the use of hep-
arin included a prior history of heparin-induced throm-
bocytopenia or heparin allergy, intracranial hemorrhage
within three months, gastrointestinal hemorrhage requir-
ing a transfusion of greater than two units of blood within
three months, active bleeding within three days or signif-
icant trauma within three days, a platelet count <40,0000
per mm3, and evidence of a irreversible coagulopathy
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Fig. 1. Kaplan-Meier survival function indi-
cating hemofilter survival times between hep-
arin and citrate treatment groups.

Table 3. Extended Cox proportional hazard model for hemofilter survival

Coefficient Robust Wald P Hazard
Variable (b) Standard error v 2 value ratio 95% CI

Citratea −0.992 0.323 −3.07 0.002 0.371 0.197–0.699
LOD scoreb 0.237 0.055 4.30 < 0.001 1.267 1.138–1.411
Femalec −0.646 0.261 −2.47 0.01 0.524 0.314–0.874
AT-IIId −1.541 0.612 −2.52 0.01 0.214 0.065–0.712

aHeparin as reference.
bLogistic organ dysfunction score.
cMale as reference.
dPer-unit increase in AT-III level.

Table 4. Incidence of definite or occult hemorrhage and transfusion requirements

Citratea,b Heparina,b Relative riskb P value

Definite or occult hemorrhage 0.01 (0–0.04) 0.13 (0.04–0.23) 0.17 (0.03–1.04) 0.06
Red blood cell transfusion U 0.17 (0.10–0.25) 0.33 (0.18–0.49) 0.53 (0.24–1.20) 0.13
Plasma transfusion U 0.40 (0.29–0.52) 0.08 (0.01–0.16) 4.95 (0.47–52.30) 0.18

aIncident rates are defined as the rate of definite or occult hemorrhage per 24-hour period at risk (on CRRT) or units of red blood cells or plasma transfused per
24-hour period at risk (on CRRT).

bThe numbers in brackets indicate the 95% CIs.

all of which significantly influenced hemofilter survival in
this study. In an observational study of regional citrate an-
ticoagulation, median hemofilter survival time was only
24.2 hours, and this may have been attributable to inad-
equate experience with regional citrate anticoagulation
[28]. The median hemofilter survival of 38 hours in our
heparin group is comparable with previously described
median times using unfractionated heparin or no antico-
agulation (15 to 51.7 hours), dalteparin (46.8 hours), and
hirudin (22 hours) [12, 29–32]. Significantly fewer units
of red blood cells (0.17 per day at risk) were transfused
in the citrate group compared to the heparin group (0.33
per day at risk), and both of these rates compare favor-

ably to previously published rates of 1.1 units and 1 unit
per day using unfractionated heparin [12, 33].

Hemofilter clotting is thought to be associated with
low baseline levels of AT–III, heparin cofactor II, and
tissue factor pathway inhibitor, and a rise in thrombin-
antithrombin complexes, implicating thrombin genera-
tion as a major factor [34, 35]. Our finding that AT-III,
in a time-dependent fashion, was a strong predictor of
hemofilter clotting confirms these findings. Acquired AT-
III deficiency has been well described as an etiologic fac-
tor in the microvascular thrombosis of sepsis, as have the
natural anticoagulant and anti-inflammatory properties
of AT-III [36–38]. However, a recent randomized trial

28 vs 124 h
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higher overall mortality in the OLVG study (entirely on
account of the heparin group), because age and Acute
Physiology and Chronic Health Evaluation (APACHE)
score were independent predictors of mortality in both
studies. Some patients with very low APACHE scores
were included in the CASH trial (Table 1). Finally, the
CASH protocol used predilution CRRT and supple-
mented less magnesium.

Interpretation
We can only speculate whether these differences can ex-
plain why citrate did not confer a survival benefit in the
CASH trial [1] and Hetzel trial [3] but did in the OLVG
trial [2]. In the latter, citrate was especially beneficial in
younger patients and those with more severe organ fail-
ure, in surgical patients and those with sepsis. Subgroup
analysis in the CASH trial did not show significant dif-
ferences, but some trends were similar: the survival
benefit for citrate tended to be higher in younger pa-
tients (odds ratio (OR) 0.61, 95% confidence interval
(CI) 0.31 to 1.83) and those with higher APACHE score
(OR 0.53, 95% CI 0.19 to 1.48). If more patients had

been included and the effects were similar, the width of
the CI would have been smaller. No survival benefit was
seen for citrate in the septic population in the CASH
trial, possibly because the more severely ill septic pa-
tients were not included in the CASH trial due to
thrombocytopenia. These patients likely benefit most
from citrate.

Conclusion
The CASH trial confirms the superiority of citrate in pa-
tients without an increased risk of bleeding in terms of
safety and efficacy, while the intervention is less costly.
Citrate confers an even greater benefit when the risk of
bleeding is increased, because CRRT without anticoagu-
lation is really problematic. Randomized studies in this
population will, however, never be available. Thus, stub-
born objectors: surrender! Citrate is the first choice.

Abbreviations
APACHE: Acute Physiology and Chronic Health Evaluation; CASH: Citrate
Anticoagulation Versus Systemic Heparinization; CI: Confidence interval;
CRRT: Continuous renal replacement therapy; OLVG: Onze Lieve Vrouwe
Gasthuis; OR: Odds ratio.

Table 1 Comparison between three large randomized controlled trials comparing citrate to heparin anticoagulation for
continuous venovenous hemofiltration

CASH trial 2014 [1]
(multicenter)

OLVG trial 2009 [2]
(single center)

Hetzel trial 2011 [3]
(multicenter)

Excluded
(percentage of patients needing CRRT)

1,297/2,300 (94%) 170/385 (44%) Not reported

Modality Predilution CVVH Postdilution CVVH Predilution CVVH

Groups Citrate Heparin P value Citrate LMWH P value Citrate Heparin P value

Number of included patients 66 73 97 103 87 83

Patient characteristics

Age 67 (36–87) 67 (23–85) 73 (64–79) 73 (67–79) 62 (SD 15) 65 (SD 12)

APACHE II 23 (11–53) 25 (6–43) 28 (27–30) 28 (27–29) 22 (SD 5.1) 22 (SD 5.5)

SOFA 10 (2–19) 11 (3–18) 11 (10–13) 11 (10–14) 10 (SD 3.0) 10 (SD 2.6)

Cause of acute kidney injurya

Septic 41% 37% 43% 49% 77% 75%

Ischemic (cardiogenic + hypovolemic) 50% 51% 80% 61% Not reported

Safety

Adverse events needing discontinuation 5 (8%) 24 (33%) <0.001 2 (2%) 19 (19%) <0.001

Bleeding percentageb 3 (5%) 10 (14%) 0.09 0 (0%) 16 (16%) <0.001 5 (5.7%) 12 (14.7%) 0.09

Citrate accumulation 4 (6%) 1 (1%) 1 (1%)

Efficacy

Circuit survival (hours)c 46 (2–138) 32 (1–72) 0.02 27 (13–47) 26 (15–43) 0.68 38 (SD 23) 26 (SD 19) <0.001

Mortality

90-day 42% 42% 1.00 48% 63% 0.03

28-day 33% 35% 1.00 47% 41%

Values are median (25th to 75th percentile), means (standard deviation (SD)), number (%). aMore causes possible. bCriteria for bleeding differed between studies.
cCalculated for the first filter in the CASH trial, and for all filters in the other two. APACHE, Acute Physiology and Chronic Health Evaluation; CASH, Citrate
Anticoagulation Versus Systemic Heparinization; CRRT, continuous renal replacement therapy; CVVH, continuous venovenous hemofiltration; LMWH, low molecular
weight heparin; OVLG, Onze Lieve Vrouwe Gasthuis; SOFA, Sequential Organ Failure Assessment.
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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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induced thrombocytopenia, chronic dialysis,
and do-not-resuscitate orders. Shock-related
hepatitis and low-dose heparin for thrombo-
prophylaxis were no exclusion criteria. Ran-
domization was computer based in two blocks
of 100 patients and an additional block of 20
patients to compensate for dropouts. When
inclusion and exclusion criteria were checked
in the patient data management system, the
system automatically randomized the patient.

Study Protocol. In the nadroparin group,
2850 IU of nadroparin (Sanofi-Synthelabo,
Maassluis, The Netherlands) were added to the
1 L priming solution. Patients received an
intravenous bolus of 2850 IU at initiation of
CVVH, or 3800 IU when body weight exceeded
100 kg, followed by a continuous infusion in
the extracorporeal circuit of 380 or 456 IU/hr,
respectively, without anti-Xa monitoring (14,
15). The hospital pharmacy prepared the ci-
trate solution in 500 mL bags, containing 500
mmol/L citrate, 1352 mmol/L sodium, and
148 mmol/L hydrogen. Citrate dose was 3
mmol/L blood flow (17). Citrate patients re-
ceived standard thromboprophylaxis (unfrac-
tionated heparin up to 10,000 IU/day or na-
droparin up to 3800 IU/day). If adverse advents
needed discontinuation of nadroparin or ci-
trate, CVVH was continued using citrate re-
spectively, nadroparin or no anticoagulation
according to clinical judgment.

CVVH Protocol. We performed postdilution
CVVH targeting a blood flow of 220 mL/min,
filtrate flow of 4000 mL/hr for each new cir-
cuit and a filtration fraction below 32%. As
long as the patient needed vasopressors, a new
circuit was connected if the filtrate flow de-
creased below 4000 mL/hr to maintain trans-
membranous pressure below 300 mm Hg. In
nonvasodepressor-dependent patients, filtrate
flow could be decreased after 24 hours to 2000
mL/hr minimally. Circuits were disconnected
at high prefilter or transmembrane pressure
(both more than 300 mm Hg), if vascular
access failed, routinely after 72 hours or for
clinical reasons (renal recovery, transport). Af-
ter disconnection, a new circuit was initiated
immediately if the patient remained vasopres-
sor dependent. If not, CVVH was postponed for
24 hours awaiting renal recovery (13). We
used a 1.9 m2 cellulose triacetate hollow fiber
membrane (UF 205, Nipro, Osaka, Japan) and
in the first half of this study the Diapact con-
tinuous RRT (CRRT) device (B-Braun, Mel-
sungen, Germany), thereafter we used the
Aquarius device (Edwards LifeSciences SA,
Switzerland).

Replacement fluids were heated to 39°C. In
the nadroparin group, we used commercial
fluids, bicarbonate buffered (35 mmol/L) in
case of metabolic acidosis and/or hyperlac-
tatemia, and lactate buffered (42 mmol/L), if
acidosis was corrected and plasma lactate re-
mained below 5 mmol/L (SH 53 HEP and BH
504, Dirinco, Rosmalen, The Netherlands). In
the citrate patients, a combination of buffer
free (SH 44 HEP part I, Dirinco, Rosmalen,

The Netherlands), containing 109.5 mmol/L
Na!, 2.0 mmol/L K!, 1.81 mmol/L Ca!!, 0.52
mmol/L Mg!!, 116.2 mmol/L Cl", 3 mmol/L
lactate, 1 g/L glucose, and bicarbonate-
buffered fluids were used, guided by plasma
bicarbonate and pH according to a computer-
driven algorithm (www.nvic.nl). To maintain
plasma-ionized calcium between 0.9 and 1.0
mmol/L, calcium-magnesium-chloride (0–0.4
mmol/hr of calcium and 0 – 0.24 mmol/hr
magnesium) was administered via a separate
line or if not available into the venous cham-
ber. Vascular access was obtained via a 12–14F
double-lumen catheter.

Study End Points. Primary outcomes were
safety and efficacy. We defined safety as the
absence of adverse events necessitating dis-
continuation of study anticoagulant: e.g., ac-
cumulation of citrate in the citrate group (de-
fined as calciumtotal/calciumionized #2.25)
(17), and bleeding (requiring !2 red blood
cells [RBCs] units or causing a #0.5 mmol/L
fall in hemoglobin within 24 hours) or sus-
pected heparin-induced thrombocytopenia in
the nadroparin group (18). Bleeding was

quantified by transfusion rate. Trigger hemo-
globins for transfusion were 4.0 or 4.5 mmol/L
in patients $40 years or between 40 and 60
years without cardiopulmonary limitations,
and 5.0 or 5.5 mmol/L in patients #60 years
without cardiopulmonary limitation or bleed-
ing. Clinicians adhered to these triggers with
support of the patient data management sys-
tem. Efficacy was defined as circuit survival.

Secondary outcomes were hospital and
3-month mortality. Of the patients discharged
alive, we queried outcome in the other hospi-
tal or at home. Follow-up time was 3 months
for all patients.

Concomitant Treatment. Concomitant va-
soactive treatment consisted of fluids (crystal-
loids and gelatins; starches were not used),
inotropics, vasopressors, and/or vasodilators
to optimize circulation targeting mean arte-
rial pressure above 60 mm Hg, cardiac index
above 2.5 L/min/m2, and a central minus pe-
ripheral temperature $4°C. Patients in shock
received dexamethasone 1 mg/kg once (19),
followed, after 24 hours, by a 4-day tapering
scheme with prednisolon if the circulation re-

Figure 1. Enrollment, exclusion, and randomization of study patients. ICU, intensive care unit; CVVH,
continuous venovenous hemofiltration; HIT, heparin-induced thrombocytopenia.
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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.
From the Department of Intensive Care Medicine

(HMO-VS, RJB, MK, PHJVDV, JPJW, JIVDS, DFZ); and
Teaching Hospital (LMD), Onze Lieve Vrouwe Gasthuis,
Amsterdam, The Netherlands.

The authors have not disclosed any potential con-
flicts of interest.

For information regarding this article, E-mail:
h.m.oudemans-vanstraaten@olvg.nl

Copyright © 2009 by the Society of Critical Care
Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/CCM.0b013e3181953c5e

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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study anticoagulant were analyzed in the ini-
tially randomized group.

The data are presented as means (95% con-
fidence interval) or medians (interquartile
ranges [IQRs]). We compared variables using
the Student’s t test, chi-square (two-sided), or
Mann-Whitney U test, as appropriate. The ef-
fect of study anticoagulant on circuit survival
time and (time to) death at 3 months was
assessed using Kaplan-Meier estimates with
log-rank testing. For 3-month mortality, we
additionally performed a Cox’s proportional
hazard regression analysis, using stepwise for-
ward inclusion of all variables significantly
related to 3-month mortality in univariate
analysis (p ! 0.05). Variables were removed
when not significantly improving the model.
To explain the unexpected difference in mor-
tality, we stratified post hoc for complemen-
tary subgroups: medical vs. surgical, sepsis vs.
nonsepsis, SOFA score (higher vs. lower than
median), and age (higher vs. lower than me-
dian). A p value !0.05 was considered statis-
tically significant. Because of the explorative
nature of the study, we did not correct for
multiple testing. We used SPSS 13.0 (SPSS,
Chicago, IL) for analysis.

RESULTS

From March 2003 until November
2006, 5712 patients were admitted to the
intensive care unit, 365 had an indication
for RRT. Of these, 170 met the exclusion
criteria leaving 215 patients for randomiza-
tion. Fifteen patients were subsequently
censored from per protocol analysis be-
cause they fulfilled the exclusion criteria or
did not receive CVVH (Fig. 1). Baseline
characteristics, timing of initiation of
CVVH, delivered CVVH dose (filtrate flow),
and duration of the RRT were similar be-
tween groups (Table 1).

Metabolic Control. Nadroparin pa-
tients more frequently developed meta-
bolic alkalosis and hyperlactatemia,
whereas initial hypocalcemia was less of-
ten corrected in the citrate patients (Ta-
ble 2). Mean, lowest and highest glucose
concentrations, and insulin dose were not
significantly different between groups, nei-
ther was C-reactive protein (data not
shown).

Safety and Efficacy. Citrate was prema-
turely discontinued in two patients be-
cause of accumulation and early clotting
(protocol violation), and nadroparin in 20
on account of bleeding (16 patients), se-
vere thrombocytopenia (6 patients) or
both (Table 3). Six patients had bleeding
in the citrate group. Sites of bleeding
were not different. The difference in
transfusion rate was nonsignificant. Cir-
cuit survival and the total amount of fil-

trate per circuit were similar (Table 3,
Fig. 2), also when adjusted for different
reasons of circuit disconnection or fil-
trate flow at disconnection.

Of the 20 patients requiring prema-
ture discontinuation of nadroparin, 12
continued CVVH with citrate, 5 without
anticoagulation, and 3 with fondaparinux
or lepirudin. In these 20 patients, the
median number of RBC per CVVH day
was significantly higher than that in the
other nadroparin patients (0.65 [IQR
0.22–1.38] vs. 0.27 [IQR 0–0.65] [p "
0.01]) or in the citrate patients. They had
higher SOFA scores (13.0, IQR 11.7–15.0)
than all other patients (p " 0.005) and a
hospital mortality of 80%. Acute Physiol-
ogy and Chronic Health Evaluation and
Simplified Acute Physiology scores, body
weight, and urinary output were not dif-
ferent.

Secondary Outcomes. Citrate patients
had a higher rate of renal recovery (Table
3). Length of mechanical ventilation, in-
tensive care unit, and hospital stay were
not different between groups. Among the
215 randomized patients, hospital and
3-month mortality rates were 15% lower
in the citrate than in the nadroparin
group (Table 3); among the 200 per pro-
tocol patients, hospital and 3-month
mortality rates were 16% and 17% lower
(Table 3, Fig. 3). To explore whether the
survival benefit had been consistent in
time, we retrospectively calculated mor-
tality for each sequential cohort of 50
patients. Over the entire study period the
absolute survival benefit for citrate varied
between 10% and 23%.

Post hoc analysis showed that mortal-
ity was lower with citrate in all subgroups
(Fig. 3). The difference was significant for

patients after surgery, with sepsis, higher
than median SOFA score (11 points), or
lower than median age (73 years).

In none of these subgroups, transfu-
sion rates were different between ran-
domized groups. Septic patients had
higher RBC transfusion rates, but rates
were not different between other comple-
mentary subgroups. Septic patients had
higher SOFA scores than nonseptic pa-
tients: 11 (IQR 9–14) vs. 10 (IQR 9–12)
(p " 0.01). Medical patients had more
often sepsis than surgical patients: 55%
vs. 38% (p " 0.02).

Higher age, severity of illness scores,
SOFA score and dopamine dose, more
positive fluid balance, lower creatinine
and diuresis, later initiation, and higher
RBC transfusion rate were related to
mortality at univariate analysis (Table 4),
whereas CVVH dose, metabolic alkalosis
during CVVH, type of admission, and the
presence of sepsis, or cardiac failure were
not. The significant variables were in-
cluded in a Cox’s proportional regression
analysis for 3-month mortality. The best
model showed that nadroparin anticoag-
ulation, age, SOFAstart CVVH, and RBC
transfusion rate were independent pre-
dictors of mortality (Table 4).

DISCUSSION

The present single-center randomized
controlled trial in critically ill patients with
ARF without an increased bleeding risk
found that regional anticoagulation with
citrate for CVVH is safer, better tolerated
than, and as effective as anticoagulation
with nadroparin. Unexpectedly, the study
shows a survival benefit for citrate. An ef-
fect of anticoagulation for CRRT on sur-

Figure 2. Graphs represent circuit survival. Dotted lines represent the citrate patients; continuous
lines represent the nadroparin patients. In the right graph, circuits disconnected for catheter failure,
recovery of renal function, (impending) death or logistic reasons are censored. p values (log rank) for
both populations are 0.92.
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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)
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vival is novel and may confer new in-
sight in the pathophysiology of citrate
for CRRT.

Although our primary concern was
whether citrate would be safe, the study
indicates that nadroparin was less safe
than citrate even though we excluded
four times more patients from study en-
rollment for nadroparin-related than for
citrate-related anticipated adverse events.
Nevertheless, nadroparin patients tended
to bleed more and nadroparin had to be
discontinued more frequently for adverse
events. Only one patient had signs of ci-
trate accumulation. The difference in
transfusion between randomized groups
was, however, not significant. This may
be because nadroparin was discontinued

if bleeding developed. Transfusion addi-
tionally reflects blood loss from sampling
and circuit clotting, which was not differ-
ent between groups. There is some con-
cern in the literature about the use of
low-molecular weight heparins in CRRT
(29). However, RBC transfusion in our
nadroparin group was lower than in hep-
arin groups of other controlled studies
(10, 30), possibly because we did not en-
roll patients with a bleeding risk and
discontinued nadroparin if bleeding de-
veloped. Although low-molecular
weight heparins accumulate in renal
failure, they are removed with CRRT
(31). Whether anti-Xa monitoring
would decrease the risk of bleeding is
not known.

Contrary to expectation, citrate patients
had less metabolic alkalosis than nadropa-
rin patients. This may be because citrate
was administered in a fixed relation to
blood flow and two replacement fluids were
used targeting normal pH. Citrate patients
had lower-ionized calcium, which was a
deliberate choice of the protocol.

In this study, efficacy of citrate in
terms of circuit survival was similar to
nadroparin. Although reasons for circuit
disconnections were different between
patients, criteria were preset and equal
between groups. In several (10, 11) but
not all (12, 32) previous studies, citrate
conferred a longer circuit survival than
heparin (summarized in Ref. 33). Factors
negatively influencing circuit life in our
study were the use of postdilution hemo-
filtration with relatively high filtration
fractions and routine disconnection after
72 hours. Also, citrate dose was relatively
low and not titrated to postfilter calcium
(33). Finally, calcium replacement in the
venous chamber counteracts citrate antico-
agulation facilitating clotting at this site.

An unexpected finding is the survival
benefit and higher rate of renal recovery in
patients randomized to citrate, present
throughout the entire study period. The
survival benefit was independent from fac-
tors known to affect survival such as age,
severity of illness, and even transfusion
rate. CVVH dose and timing, and fluid bal-
ance were not different between study
groups. Citrate appeared particularly bene-
ficial in surgical patients, patients with sep-
sis, severe organ failure, and in relatively
younger patients. There are several hypo-
thetical explanations. Citrate may be favor-
able, nadroparin unfavorable, or both. Ex-
planations for the survival benefit may be
related to bleeding, biocompatibility, anti-
inflammatory effects, and mitochondrial
fuelling.

Less bleeding may be a factor, but can at
most partially explain the benefit. The differ-
ence in bleeding between randomized groups
was not significant, transfusion rates were
not different, neither in the entire population
nor in any subgroup, and transfusion rate was
an independent predictor of mortality in ad-
dition to study anticoagulant. Patients with
bleeding during nadroparin had more severe
organ failure, higher transfusion rates, and an
extremely high mortality.

Biocompatibility may be an additional
factor. In intermittent hemodialysis, ci-
trate anticoagulation (compared with
heparin or dalteparin) almost completely
abolishes both polymorphonuclear and
platelet degranulation and lowers plasma

Figure 3. Three-month survival of the study patients. Graphs represent survival curves of the per
protocol study patients, and of the post hoc complementary subgroups surgical vs. medical, Sepsis-
related Organ Failure Assessment (SOFA) score lower or equal to vs. higher than median (11 points),
no sepsis vs. sepsis, age lower or equal to vs. higher than median (73 years). Dotted lines represent the
citrate patients; continuous lines represent the nadroparin patients. Log-rank testing was used to
calculate p values for comparison of survival between groups.
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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
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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
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domized controlled studies comparing ci-
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found longer or similar circuit life and less
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12). Large randomized studies are not
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effectively used by others as well (15, 16).

MATERIALS AND METHODS

Study Design and Setting. This nonblinded
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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
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ties were standard practice in the unit, and
patients with an increased risk of adverse
events to either intervention were not in-
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explaining that data collected in the patient
data management system were used to evalu-
ate treatment.
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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)
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vival is novel and may confer new in-
sight in the pathophysiology of citrate
for CRRT.

Although our primary concern was
whether citrate would be safe, the study
indicates that nadroparin was less safe
than citrate even though we excluded
four times more patients from study en-
rollment for nadroparin-related than for
citrate-related anticipated adverse events.
Nevertheless, nadroparin patients tended
to bleed more and nadroparin had to be
discontinued more frequently for adverse
events. Only one patient had signs of ci-
trate accumulation. The difference in
transfusion between randomized groups
was, however, not significant. This may
be because nadroparin was discontinued

if bleeding developed. Transfusion addi-
tionally reflects blood loss from sampling
and circuit clotting, which was not differ-
ent between groups. There is some con-
cern in the literature about the use of
low-molecular weight heparins in CRRT
(29). However, RBC transfusion in our
nadroparin group was lower than in hep-
arin groups of other controlled studies
(10, 30), possibly because we did not en-
roll patients with a bleeding risk and
discontinued nadroparin if bleeding de-
veloped. Although low-molecular
weight heparins accumulate in renal
failure, they are removed with CRRT
(31). Whether anti-Xa monitoring
would decrease the risk of bleeding is
not known.

Contrary to expectation, citrate patients
had less metabolic alkalosis than nadropa-
rin patients. This may be because citrate
was administered in a fixed relation to
blood flow and two replacement fluids were
used targeting normal pH. Citrate patients
had lower-ionized calcium, which was a
deliberate choice of the protocol.

In this study, efficacy of citrate in
terms of circuit survival was similar to
nadroparin. Although reasons for circuit
disconnections were different between
patients, criteria were preset and equal
between groups. In several (10, 11) but
not all (12, 32) previous studies, citrate
conferred a longer circuit survival than
heparin (summarized in Ref. 33). Factors
negatively influencing circuit life in our
study were the use of postdilution hemo-
filtration with relatively high filtration
fractions and routine disconnection after
72 hours. Also, citrate dose was relatively
low and not titrated to postfilter calcium
(33). Finally, calcium replacement in the
venous chamber counteracts citrate antico-
agulation facilitating clotting at this site.

An unexpected finding is the survival
benefit and higher rate of renal recovery in
patients randomized to citrate, present
throughout the entire study period. The
survival benefit was independent from fac-
tors known to affect survival such as age,
severity of illness, and even transfusion
rate. CVVH dose and timing, and fluid bal-
ance were not different between study
groups. Citrate appeared particularly bene-
ficial in surgical patients, patients with sep-
sis, severe organ failure, and in relatively
younger patients. There are several hypo-
thetical explanations. Citrate may be favor-
able, nadroparin unfavorable, or both. Ex-
planations for the survival benefit may be
related to bleeding, biocompatibility, anti-
inflammatory effects, and mitochondrial
fuelling.

Less bleeding may be a factor, but can at
most partially explain the benefit. The differ-
ence in bleeding between randomized groups
was not significant, transfusion rates were
not different, neither in the entire population
nor in any subgroup, and transfusion rate was
an independent predictor of mortality in ad-
dition to study anticoagulant. Patients with
bleeding during nadroparin had more severe
organ failure, higher transfusion rates, and an
extremely high mortality.

Biocompatibility may be an additional
factor. In intermittent hemodialysis, ci-
trate anticoagulation (compared with
heparin or dalteparin) almost completely
abolishes both polymorphonuclear and
platelet degranulation and lowers plasma

Figure 3. Three-month survival of the study patients. Graphs represent survival curves of the per
protocol study patients, and of the post hoc complementary subgroups surgical vs. medical, Sepsis-
related Organ Failure Assessment (SOFA) score lower or equal to vs. higher than median (11 points),
no sepsis vs. sepsis, age lower or equal to vs. higher than median (73 years). Dotted lines represent the
citrate patients; continuous lines represent the nadroparin patients. Log-rank testing was used to
calculate p values for comparison of survival between groups.
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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.
From the Department of Intensive Care Medicine

(HMO-VS, RJB, MK, PHJVDV, JPJW, JIVDS, DFZ); and
Teaching Hospital (LMD), Onze Lieve Vrouwe Gasthuis,
Amsterdam, The Netherlands.

The authors have not disclosed any potential con-
flicts of interest.

For information regarding this article, E-mail:
h.m.oudemans-vanstraaten@olvg.nl

Copyright © 2009 by the Society of Critical Care
Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/CCM.0b013e3181953c5e

Objective: Continuous venovenous hemofiltration (CVVH) is ap-
plied in critically ill patients with acute renal failure for renal re-
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bleeding. Regional anticoagulation with citrate reduces bleeding, but
has metabolic risks. The aim was to compare the safety and efficacy
of the two.
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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)
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Statistical Analysis. We based the power of
the study on adverse events necessitating dis-
continuation of study medication (safety). On
account of a 12.3% incidence of bleeding dur-
ing heparin-based CVVH (27) and a 1.5% in-
cidence of heparin-induced thrombocytopenia
(18, 28), we hypothesized that, given the ex-
clusion criteria, discontinuation of nadroparin

would be necessary in 12.5% of the patients
whereas citrate accumulation would develop
in 2% (9). A sample size of 200 patients would
give the study 80% power with a two-sided !
level !0.05 to detect this difference. Although
we did not anticipate a mortality difference,
the study would be large enough to detect a
trend to whatever side. Analysis was per-

formed using per protocol approach, exclud-
ing the patients who did not receive CVVH or
were erroneously randomized, because the
primary end points could not be (reliably)
evaluated in these patients. We additionally
performed an intention-to-treat analysis for
hospital and 3-month mortality, avoiding any
bias. Patients needing discontinuation of

Table 2. Prevalence of metabolic derangements before start of hemofiltration and at the end of individual hemofiltration sessions

Before Hemofiltrationa End of Hemofiltration Sessions

pbCitrate (%) Nadroparin (%) Citrate (%) Nadroparin (%)

Metabolic event
Plasma sodium !130 (mmol/L) 1 5 1 8 !0.001
Plasma sodium "150 (mmol/L) 2 0 0.4 0 0.50
Plasma bicarbonate !20 (mmol/L) 45 49 3 5 0.50
Plasma bicarbonate "30 (mmol/L) 3 7 9 26 !0.001
Plasma pH !7.30 31 30 5 5 0.84
Plasma pH "7.50 2 4 9 19 0.001
Plasma lactate "2 (mmol/L) 48 47 35 64 !0.001

Plasma ionized calcium (mmol/L)
!0.9 13 9 6 2 !0.001
0.9–1.19 67 75 80 54
1.19–1.31 18 16 11 33
"1.31 3 0 2 11

aDifferences between randomized groups before start of hemofiltration were not significant. Values are presented as % of the sessions; bp values
represent the difference between randomized groups at the end of the sessions.

Table 3. Safety, efficacy, and clinical outcomes

Citrate (n # 97) Nadroparin (n # 103) p

Safety
Adverse events needing discontinuation of study anticoagulant, n (%) 2 (2) 20 (19) !0.001

Bleeding, n (%) 6 (6) 16 (16) 0.08
Heparin-induced thrombocytopenia, n (%) 3 (3) 4 (3) 0.90
Transfusion

Red blood cells
During CVVH period, number of patients (%) 56 (58) 62 (60) 0.89
Per CVVH day, number of units (IQR) 0.27 (0.0–0.63) 0.36 (0.0–0.83) 0.31

Quarantaine plasma, number of patients (%) 8 (8) 11 (11) 0.63
Platelets, number of patients (%) 6 (6) 9 (9) 0.59

Hemoglobin start-end CVVH (mmol/L) (IQR) $0.10 ($0.06 to 0.05)a 0.20 ($0.07 to 0.07)b 0.36
Platelet count start-end CVVH (109/L) (IQR) $6 ($32 to %13) $8 ($32 to %9) 0.46

Efficacy
Circuit survival time (hr) (IQR) 27 (13–47) 26 (15–43) 0.68
Total filtrate volume per session (L) (IQR) 90 (48–158) 86 (52–141) 0.55
Total filtrate volume per hour (mL/kg/hr) (IQR) 41 (34–50) 39 (34–46) 0.27
Reasons of circuit disconnection (%)
Circuit failure/catheter failure/otherc 46/8/46 49/7/44 0.77

Renal recovery
Renal recovery (all patients), n (%) 67 (69) 54 (52) 0.02
Renal recovery (surviving patients), n (%) 55 (97) 38 (86) 0.08

Recovery in the intensive care unit/after intensive care unit
discharge (n)

50/5 31/7

Nonrecovery (surviving patients), n (%) 2 (2) 6 (6)
Creatinine hospital discharge (mg/dL) (IQR) 1.4 (1.0–2.3)d 1.4 (1.1–2.5)e 0.70

Mortality
All randomized patients

Mortality hospital (%) (95% CI) 42 (31–51) 57 (48–67) 0.02
Mortality 3-month (%) (95% CI) 48 (38–58) 63 (53–72) 0.03

Per protocol patients
Mortality hospital (%) (95% CI) 41 (31–51) 57 (48–67) 0.03
Mortality 3-month (%) (95% CI) 45 (35–55) 62 (53–72) 0.02

CVVH, continuous venovenous hemofiltration; IQR, interquartile range; CI, confidence interval.
a$0.16 ($0.097 to 0.081) g/dL; b0.32 ($0.11 to 0.11) g/dL; cOther: transport, death, 72 hr, or clinical decision for interruption anticipating recovery

of renal function; d127 (88–200) &mol/L; e124 (100–221) &mol/L.
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higher overall mortality in the OLVG study (entirely on
account of the heparin group), because age and Acute
Physiology and Chronic Health Evaluation (APACHE)
score were independent predictors of mortality in both
studies. Some patients with very low APACHE scores
were included in the CASH trial (Table 1). Finally, the
CASH protocol used predilution CRRT and supple-
mented less magnesium.

Interpretation
We can only speculate whether these differences can ex-
plain why citrate did not confer a survival benefit in the
CASH trial [1] and Hetzel trial [3] but did in the OLVG
trial [2]. In the latter, citrate was especially beneficial in
younger patients and those with more severe organ fail-
ure, in surgical patients and those with sepsis. Subgroup
analysis in the CASH trial did not show significant dif-
ferences, but some trends were similar: the survival
benefit for citrate tended to be higher in younger pa-
tients (odds ratio (OR) 0.61, 95% confidence interval
(CI) 0.31 to 1.83) and those with higher APACHE score
(OR 0.53, 95% CI 0.19 to 1.48). If more patients had

been included and the effects were similar, the width of
the CI would have been smaller. No survival benefit was
seen for citrate in the septic population in the CASH
trial, possibly because the more severely ill septic pa-
tients were not included in the CASH trial due to
thrombocytopenia. These patients likely benefit most
from citrate.

Conclusion
The CASH trial confirms the superiority of citrate in pa-
tients without an increased risk of bleeding in terms of
safety and efficacy, while the intervention is less costly.
Citrate confers an even greater benefit when the risk of
bleeding is increased, because CRRT without anticoagu-
lation is really problematic. Randomized studies in this
population will, however, never be available. Thus, stub-
born objectors: surrender! Citrate is the first choice.

Abbreviations
APACHE: Acute Physiology and Chronic Health Evaluation; CASH: Citrate
Anticoagulation Versus Systemic Heparinization; CI: Confidence interval;
CRRT: Continuous renal replacement therapy; OLVG: Onze Lieve Vrouwe
Gasthuis; OR: Odds ratio.

Table 1 Comparison between three large randomized controlled trials comparing citrate to heparin anticoagulation for
continuous venovenous hemofiltration

CASH trial 2014 [1]
(multicenter)

OLVG trial 2009 [2]
(single center)

Hetzel trial 2011 [3]
(multicenter)

Excluded
(percentage of patients needing CRRT)

1,297/2,300 (94%) 170/385 (44%) Not reported

Modality Predilution CVVH Postdilution CVVH Predilution CVVH

Groups Citrate Heparin P value Citrate LMWH P value Citrate Heparin P value

Number of included patients 66 73 97 103 87 83

Patient characteristics

Age 67 (36–87) 67 (23–85) 73 (64–79) 73 (67–79) 62 (SD 15) 65 (SD 12)

APACHE II 23 (11–53) 25 (6–43) 28 (27–30) 28 (27–29) 22 (SD 5.1) 22 (SD 5.5)

SOFA 10 (2–19) 11 (3–18) 11 (10–13) 11 (10–14) 10 (SD 3.0) 10 (SD 2.6)

Cause of acute kidney injurya

Septic 41% 37% 43% 49% 77% 75%

Ischemic (cardiogenic + hypovolemic) 50% 51% 80% 61% Not reported

Safety

Adverse events needing discontinuation 5 (8%) 24 (33%) <0.001 2 (2%) 19 (19%) <0.001

Bleeding percentageb 3 (5%) 10 (14%) 0.09 0 (0%) 16 (16%) <0.001 5 (5.7%) 12 (14.7%) 0.09

Citrate accumulation 4 (6%) 1 (1%) 1 (1%)

Efficacy

Circuit survival (hours)c 46 (2–138) 32 (1–72) 0.02 27 (13–47) 26 (15–43) 0.68 38 (SD 23) 26 (SD 19) <0.001

Mortality

90-day 42% 42% 1.00 48% 63% 0.03

28-day 33% 35% 1.00 47% 41%

Values are median (25th to 75th percentile), means (standard deviation (SD)), number (%). aMore causes possible. bCriteria for bleeding differed between studies.
cCalculated for the first filter in the CASH trial, and for all filters in the other two. APACHE, Acute Physiology and Chronic Health Evaluation; CASH, Citrate
Anticoagulation Versus Systemic Heparinization; CRRT, continuous renal replacement therapy; CVVH, continuous venovenous hemofiltration; LMWH, low molecular
weight heparin; OVLG, Onze Lieve Vrouwe Gasthuis; SOFA, Sequential Organ Failure Assessment.
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Abstract
Background. Continuous venovenous haemofiltration
(CVVH) in the intensive care setting requires anticoagula-
tion to prevent clotting of the extracorporeal circuit.
Several protocols avoiding heparin and using regional cit-
rate anticoagulation have been developed to diminish blee-
ding risks. However, data from randomized trials comparing
citrate anticoagulation with systemic heparinization are
very limited.
Methods. One hundred and seventy-four patients on mech-
anical ventilation, requiring renal replacement therapy for
acute renal failure, were included in this prospective rando-
mized multicentre trial comparing regional citrate with sys-
temic heparin. The study was performed at nine different
intensive care units at university or academic teaching hos-
pitals. The participants were randomized to either CVVH
using regional citrate anticoagulation or CVVH using sys-
temic anticoagulation with unfractionated heparin. The pri-
mary outcome was to compare treatment eff icacy
represented by the patients’ acid base status on Day 3 and
on each consecutive day. Several parameters of safety
and efficacy were analysed as secondary outcomes.
Results. Comparison of standard bicarbonate from Day 3
to Day 11 revealed no difference between both treatment
modalities. Use of citrate resulted in less systemic anticoa-
gulation, a lower risk of bleeding and a longer haemofilter
patency. Episodes of hypercalcaemia, hypocalcaemia and
the need for additional bicarbonate infusions occurred
more often under citrate. The patients’ high mortality
was not influenced by the mode of anticoagulation.
Conclusions. Citrate may be used as a regional anticoagu-
lant and the only buffering agent in CVVH with adequate
treatment efficacy and safety. However, neither citrate nor

heparin anticoagulation should be regarded as a therapeut-
ic standard, since there is no advantage of one of these sub-
stances with regard to patient mortality.

Keywords: acute renal failure; anticoagulation; citrate; haemofiltration

Introduction

In-hospital mortality in critically ill patients with acute renal
failure is often exceeding 50% [1–4]. Though there is still
no consensus for the optimal renal replacement therapy
[5–7], continuous venovenous haemofiltration (CVVH) is
often preferred to intermittent techniques in order to provide
tight control of volume and acid base status. However, a
major disadvantage of continuous procedures is the need
for continuous anticoagulation to prevent clotting of the
extracorporeal circuit. In clinical practice, systemic anticoa-
gulation with unfractionated heparin is common. As this can
be associated with severe adverse effects, such as heparin-
induced thrombocytopenia (HIT) or an increased risk of
bleeding, regional anticoagulation with citrate was devel-
oped to avoid systemic anticoagulation.

Citrate acts as an anticoagulant in the extracorporeal
system through chelation of ionized calcium. Systemic an-
ticoagulation does not occur, since the patient’s ionized
calcium is restored through instant dilution of the citrate–
calcium complexes when the blood re-enters the patient’s
systemic circulation and through rapid metabolization of
citrate in the liver and other tissues. In addition to its func-
tion as an anticoagulant, citrate serves as a buffer sub-
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Baseline data

Table 3 shows the demographic parameters of the study
population. Baseline characteristics as well as the mean
Sequential Organ Failure Assessment (SOFA) summary
scores and Acute Physiology and Chronic Health Evalu-
ation (APACHE) II scores were similar between the two
treatment groups. In the calculation of APACHE II scores,
the Glasgow Coma Scale was not included because sedation
and mechanical ventilation in all patients prevented an ac-
curate assessment of this parameter. As mentioned above,
the presence of liver disease was not an exclusion criterion.
Twenty-five percent of the patients in the HF-Citrate group
had a medical history of hepatobiliary disorders, including
6% with known liver cirrhosis. In the HF-Bicarbonate
group, 15% of the patients had a history of hepatobiliary
disorders including 5% with known liver cirrhosis. Sepsis
was the major reason for acute renal failure (79.0% in the
HF-Citrate group and 76.6% in the HF-Bicarbonate group).
In 46.8% of patients in the HF-Citrate group and 48.9% of
patients in the HF-Bicarbonate group, acute renal failure
occurred after surgery.

Primary efficacy outcome

The comparison of mean standard bicarbonate on Day 3 as
the primary efficacy parameter confirmed equivalence be-
tween citrate- and bicarbonate-buffered CVVH treatment.
At inclusion, standard bicarbonate values were similar be-

tween the two treatment groups. Mean standard bicarbonate
values at the morning of Day 3 (start of testing for equiva-
lence) were 24.2 mmol/L in the HF-Citrate group (n = 62)
and 25.1 mmol/L in the HF-Bicarbonate group (n = 47) – a
difference of −0.8 mmol/L. At noon on Day 11, mean stand-
ard bicarbonate results were 24.7 mmol/L in the HF-Citrate
group (n = 20) and 23.3 mmol/L in the HF-Bicarbonate
group (n = 12) – a difference of 1.4 mmol/L. The hierarch-
ical test procedure ended at noon on Day 11 when the con-
firmatory test procedure for equivalence was no longer
statistically significant (Table 4).

Due to safety reasons, additional sodium bicarbonate
infusions according to the physician's judgment were al-
lowed in the study population. Compared with the HF-
Bicarbonate group, more patients in the HF-Citrate group
(23% versus 12%, P = 0.07) received additional sodium
bicarbonate at least once at some point during the study.

Secondary efficacy outcome

Control of uraemia. Control of uraemia was evaluated on
Day 3 in order to provide steady-state data that reflect the
intensity and effective treatment time of the applied CVVH
dose. Mean plasma urea levels on Day 3 were 73 ± 26 mg/
dL in the HF-Citrate group and 74 ± 30 mg/dL in the HF-
Bicarbonate group (n = 62/47). Reduction of urea levels
from baseline values in these patients (155 ± 71 mg/dL
in the HF-Citrate group and 146 ± 68 mg/dL in the HF-
Bicarbonate group) was comparable in both groups.

Table 3. Patient characteristics at baseline

Characteristic HF-Citrate HF-Bicarbonate

Total (n) 87 83
Gender (n, male) 57 (65.5%) 59 (71.1%)
Age (years) 61.72 (15.29) 65.11 (12.46)
Ethnic group (n, Caucasian) 85 (97.7%) 81 (97.6%)
Sepsis (n) 67 (77%) 61 (73.5%)
Post-operative (n) 41 (47.1%) 41 (49.4%)
SOFA score 9.95 (2.95) 9.55 (2.59)
APACHE II score (Glasgow Coma Scale excluded) 21.83 (5.07) 22.04 (5.51)

Data are given as mean (SD) or n (%).

Table 4. Comparison of the mean morning standard bicarbonate as the primary parameter of efficacy

Visit
n HF-Citrate/
HF-Bicarbonate

HF Citrate
mean (SD) (mmol/L)

HF Bicarbonate
mean (SD) (mmol/L) Difference 95% CI

Day 0 morning 61/47 22.2 (4.7) 22.9 (4.6) – –
Day 1 morning 62/47 23.1 (3.3) 24.1 (4.0) – –
Day 2 morning 62/47 24.0 (2.8) 24.6 (2.5) – –
Day 3 morning 62/47 24.2 (3.1) 25.1 (2.7) −0.827 (−1.948–0.294)
Day 4 morning 55/39 24.3 (2.6) 25.2 (2.5) −0.850 (−1.927–0.228)
Day 5 morning 50/34 24.7 (3.4) 25.0 (2.6) −0.317 (−1.703–1.069)
Day 6 morning 43/28 24.9 (2.9) 24.2 (2.3) 0.645 (−0.672–1.961)
Day 7 morning 33/22 24.8 (3.1) 24.3 (2.9) 0.489 (−1.182–2.160)
Day 8 morning 29/19 24.7 (3.1) 24.4 (2.6) 0.307 (−1.422–2.036)
Day 9 morning 27/17 24.7 (3.5) 24.8 (2.3) −0.013 (−1.947–1.921)
Day 10 morning 20/15 24.4 (2.7) 24.0 (2.8) 0.392 (−1.501–2.286)
Day 11 morning 20/12 24.6 (2.9) 24.2 (2.5) 0.393 (−1.669–2.456)
Day 11 noon 20/12 24.7 (2.8) 23.3 (2.8) 1.397 (−0.682–3.475)

An overview of the morning standard bicarbonate values. The hierarchical test procedure started on Day 3 and ended at noon on Day 11 when the
confirmatory test procedure for equivalence was no longer statistically significant.
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Abstract
Background. Continuous venovenous haemofiltration
(CVVH) in the intensive care setting requires anticoagula-
tion to prevent clotting of the extracorporeal circuit.
Several protocols avoiding heparin and using regional cit-
rate anticoagulation have been developed to diminish blee-
ding risks. However, data from randomized trials comparing
citrate anticoagulation with systemic heparinization are
very limited.
Methods. One hundred and seventy-four patients on mech-
anical ventilation, requiring renal replacement therapy for
acute renal failure, were included in this prospective rando-
mized multicentre trial comparing regional citrate with sys-
temic heparin. The study was performed at nine different
intensive care units at university or academic teaching hos-
pitals. The participants were randomized to either CVVH
using regional citrate anticoagulation or CVVH using sys-
temic anticoagulation with unfractionated heparin. The pri-
mary outcome was to compare treatment eff icacy
represented by the patients’ acid base status on Day 3 and
on each consecutive day. Several parameters of safety
and efficacy were analysed as secondary outcomes.
Results. Comparison of standard bicarbonate from Day 3
to Day 11 revealed no difference between both treatment
modalities. Use of citrate resulted in less systemic anticoa-
gulation, a lower risk of bleeding and a longer haemofilter
patency. Episodes of hypercalcaemia, hypocalcaemia and
the need for additional bicarbonate infusions occurred
more often under citrate. The patients’ high mortality
was not influenced by the mode of anticoagulation.
Conclusions. Citrate may be used as a regional anticoagu-
lant and the only buffering agent in CVVH with adequate
treatment efficacy and safety. However, neither citrate nor

heparin anticoagulation should be regarded as a therapeut-
ic standard, since there is no advantage of one of these sub-
stances with regard to patient mortality.

Keywords: acute renal failure; anticoagulation; citrate; haemofiltration

Introduction

In-hospital mortality in critically ill patients with acute renal
failure is often exceeding 50% [1–4]. Though there is still
no consensus for the optimal renal replacement therapy
[5–7], continuous venovenous haemofiltration (CVVH) is
often preferred to intermittent techniques in order to provide
tight control of volume and acid base status. However, a
major disadvantage of continuous procedures is the need
for continuous anticoagulation to prevent clotting of the
extracorporeal circuit. In clinical practice, systemic anticoa-
gulation with unfractionated heparin is common. As this can
be associated with severe adverse effects, such as heparin-
induced thrombocytopenia (HIT) or an increased risk of
bleeding, regional anticoagulation with citrate was devel-
oped to avoid systemic anticoagulation.

Citrate acts as an anticoagulant in the extracorporeal
system through chelation of ionized calcium. Systemic an-
ticoagulation does not occur, since the patient’s ionized
calcium is restored through instant dilution of the citrate–
calcium complexes when the blood re-enters the patient’s
systemic circulation and through rapid metabolization of
citrate in the liver and other tissues. In addition to its func-
tion as an anticoagulant, citrate serves as a buffer sub-

© The Author 2010. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
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0.03 ± 0.12, P < 0.001; hypocalcaemia: 0.08 ± 0.16 versus
0.05 ± 0.20, P < 0.001).

Haemofilter patency. Mean haemofilter patency as a para-
meter of technical safety was significantly longer in the
HF-Citrate group compared with the HF-Bicarbonate
group (37.5 ± 23 h versus 26.1 ± 19 h, P < 0.001, n =
87/81). The mean duration of interruption of CVVH was
1.7 h per day in the HF-Citrate group compared with 2.8 h
per day in the HF-Bicarbonate group, a difference that was
not statistically significant.

Discussion

The present study is, to our knowledge, the first randomized
prospective multicentre trial comparing systemic heparin
anticoagulation with regional citrate anticoagulation in crit-
ically ill patients requiring continuous renal replacement
therapy. Since 1990, whenMehta introduced citrate anticoa-
gulation in CRRT [17], only three rather small randomized
trials comparing citrate with unfractionated heparin for a
limited treatment time revealed less bleeding and longer
or similar circuit survival with citrate but did not focus on
other clinical outcomes or mortality [18–20].

Our primary objective, the control of acid base status, is
a major therapeutic goal in patients with multi-organ fail-
ure needing renal replacement therapy. Our concept of
using citrate as the only buffer substance to be applied
through haemofiltration is safe and effective since the
equivalence of standard bicarbonate in both patient groups
from Day 3 to Day 11 could be demonstrated. More pa-
tients in the HF-Citrate group needed additional bicarbon-
ate infusions compared with the patients treated with
heparin; however, this did not reach statistical significance.
Comparisons with other previously described systems can-
not be made since, to our knowledge, data focusing on the
need of additional bicarbonate infusions to control meta-
bolic acidosis are missing in previous published studies.
However, since other systems allow a variable combination
of bicarbonate-free and bicarbonate-containing haemofil-
tration solutions [10] or variations of citrate, blood and
dialysate flow rates [12] in accordance to the patient’s
acid–base status, these might allow a more rapid correction
of metabolic acidosis compared with our system. The risk
of metabolic alkalosis with the use of combinations of cit-
rate and bicarbonate is low [10,12] and possibly even
lower than in a standard bicarbonate CVVH as long as
treatment algorithms are accurately followed [10].

Regional anticoagulation with citrate does not eliminate
any need for heparin since, as seen in our study, many
other indications for systemic anticoagulation may emerge
during therapy. We saw no adverse effects of the combined
therapy with regional citrate and systemic heparin. As
other studies suggest [10,12,18–20], we were able to dem-
onstrate that lower doses or even no heparin in the HF-
Citrate group transfers to lower risks of bleeding and HIT
when citrate is used for regional anticoagulation. Moreover,
clotting in the extracorporeal circuit can be more effectively
controlled by citrate, leading to prolonged haemofilter
patency compared with heparin use. An important consider-

ation in the development of our study protocolwas to reduce
the complexity of the system and to allow only variations in
the calcium substitution flow. Therefore, the ratio of citrate
to blood flow—though principally possible—was not ad-
justed to the post-filter calcium concentration. This might
explain the slightly shorter filter lifetime compared with
others [12].

Irrespective from the advantages of citrate that were
seen in our study, we cannot confirm a beneficial effect
of citrate anticoagulation on mortality, which was a finding
of a randomized single-centre trial comparing regional cit-
rate with systemic nadroparin [10]. In our study, the daily
mortality rates during CVVH treatment were 3.1% in both
patient groups. As in many other units, sepsis was the pre-
dominant reason for death in our patients. There is a var-
iety of different pathophysiological mechanisms that lead
to organ failure in septic patients. The complexity of the
sepsis syndrome renders the question whether any single
procedure will ever have a clear-cut effect on mortality.
Therefore, it is comprehensible for us that we could not
demonstrate an effect of the anticoagulation protocol on
mortality in our patients even though the exposure to cit-
rate was considerably longer (8.5 days versus 2.7 days)
compared with the aforementioned trial that suggested a
survival benefit in a citrate population [10].

Though we were able to simplify regional citrate anti-
coagulation compared with other systems, metabolic de-
rangements occurred significantly more often compared
with heparin anticoagulation. These are largely inherent
to the mechanism of citrate providing anticoagulation
through chelating calcium ions [11]. In particular, we
saw more episodes of hypocalcaemia as well as hypercal-
caemia in the patients treated with citrate. Though most
episodes were not judged as serious by the local investiga-
tors, there is an additional risk for the patients that has to
be outweighed against the risks of systemic heparin.

In conclusion, this multicentre randomized trial compa-
ring regional citrate anticoagulation with systemic heparin
anticoagulation confirmed equivalence between citrate and
bicarbonate with regard to treatment efficacy. Using citrate
as the only buffer substance appears to be appropriate even
though some patients needed additional bicarbonate. In our
study, citrate anticoagulation has distinct advantages with
regard to haemofilter patency and the risk of HIT and
bleeding. However, there were more metabolic distur-
bances with citrate anticoagulation, and we saw no benefi-
cial effect on mortality. Of course, these findings only
apply to our system and our patient population. However,
in general, we feel that neither citrate nor heparin should
be regarded as therapeutic standards. A decision based on
a careful assessment of individual patients’ risks is there-
fore required.
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Abstract
Background. Continuous venovenous haemofiltration
(CVVH) in the intensive care setting requires anticoagula-
tion to prevent clotting of the extracorporeal circuit.
Several protocols avoiding heparin and using regional cit-
rate anticoagulation have been developed to diminish blee-
ding risks. However, data from randomized trials comparing
citrate anticoagulation with systemic heparinization are
very limited.
Methods. One hundred and seventy-four patients on mech-
anical ventilation, requiring renal replacement therapy for
acute renal failure, were included in this prospective rando-
mized multicentre trial comparing regional citrate with sys-
temic heparin. The study was performed at nine different
intensive care units at university or academic teaching hos-
pitals. The participants were randomized to either CVVH
using regional citrate anticoagulation or CVVH using sys-
temic anticoagulation with unfractionated heparin. The pri-
mary outcome was to compare treatment eff icacy
represented by the patients’ acid base status on Day 3 and
on each consecutive day. Several parameters of safety
and efficacy were analysed as secondary outcomes.
Results. Comparison of standard bicarbonate from Day 3
to Day 11 revealed no difference between both treatment
modalities. Use of citrate resulted in less systemic anticoa-
gulation, a lower risk of bleeding and a longer haemofilter
patency. Episodes of hypercalcaemia, hypocalcaemia and
the need for additional bicarbonate infusions occurred
more often under citrate. The patients’ high mortality
was not influenced by the mode of anticoagulation.
Conclusions. Citrate may be used as a regional anticoagu-
lant and the only buffering agent in CVVH with adequate
treatment efficacy and safety. However, neither citrate nor

heparin anticoagulation should be regarded as a therapeut-
ic standard, since there is no advantage of one of these sub-
stances with regard to patient mortality.

Keywords: acute renal failure; anticoagulation; citrate; haemofiltration

Introduction

In-hospital mortality in critically ill patients with acute renal
failure is often exceeding 50% [1–4]. Though there is still
no consensus for the optimal renal replacement therapy
[5–7], continuous venovenous haemofiltration (CVVH) is
often preferred to intermittent techniques in order to provide
tight control of volume and acid base status. However, a
major disadvantage of continuous procedures is the need
for continuous anticoagulation to prevent clotting of the
extracorporeal circuit. In clinical practice, systemic anticoa-
gulation with unfractionated heparin is common. As this can
be associated with severe adverse effects, such as heparin-
induced thrombocytopenia (HIT) or an increased risk of
bleeding, regional anticoagulation with citrate was devel-
oped to avoid systemic anticoagulation.

Citrate acts as an anticoagulant in the extracorporeal
system through chelation of ionized calcium. Systemic an-
ticoagulation does not occur, since the patient’s ionized
calcium is restored through instant dilution of the citrate–
calcium complexes when the blood re-enters the patient’s
systemic circulation and through rapid metabolization of
citrate in the liver and other tissues. In addition to its func-
tion as an anticoagulant, citrate serves as a buffer sub-
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Anticoagulation. The mean daily heparin dose in the HF-
Citrate group was 5428 ± 6029 IU (median 3240 IU, n =
62) compared with 13 174 ± 7440 IU (median 12 639 IU,
n = 47) in the HF-Bicarbonate group (P < 0.001). Cor-
responding to these different heparin doses, mean aPTT
values were significantly higher in the HF-Bicarbonate
group throughout the study (data not shown).

Safety outcome

Mortality. Mortality was high in the study population.
Forty-one patients in the HF-Citrate group (47%) and 34 pa-
tients in the HF-Bicarbonate group (41%) died during the
study period. As outlined above, 16 patients in both study
groups (19% of all patients) died within the first 2 days.

The mortality rates per day both for the treatment phase
and for the complete study period (treatment phase and
follow-up phase) were similar across the treatment groups.
Mortality during CVVH treatment was 3.1% per day in the
HF-Citrate group and 3.1% per day in the HF-Bicarbonate
group (n = 87/83). During the whole study period, mortal-
ity was 3.8% per day in the HF-Citrate group and 3.4% per
day in the HF-Bicarbonate group (n = 87/83). A Kaplan–
Meier survival analysis showed that there was no statisti-
cally significant difference in survival up to Day 30 between
the two treatment groups (P = 0.67) (see Figure 3).

HIT. The incidence of HIT was higher in the HF-
Bicarbonate group compared with the HF-Citrate group
both during the treatment phase (7.2% versus 3.4% of
all patients) as well as the whole study period (9.6% ver-
sus 4.5% of all patients). One surviving patient in the
HF-Bicarbonate group retained permanent health defects
that were attributed to HIT, and the other patients experi-
enced no secondary complications as judged by the local
investigator.

Bleeding complications. More patients in the HF-
Bicarbonate group (14.5%) had bleeding episodes under
CVVH than patients in the HF-Citrate group (5.7%). The
patients’ risk of bleeding per CVVH day was assessed by
calculating the occurrence rates of bleeding during CVVH
(number of days with bleeding complications per patient/
number of days of CVVH per patient). The mean occur-
rence of bleeding per CVVH day was 0.03 ± 0.13 in the
HF-Citrate group and 0.05 ± 0.18 in the HF-Bicarbonate
group (n = 87/81, P = 0.06). Most bleeding episodes were
classified as mild (no clinical symptoms, no drop in haemo-
globin concentration >2 g/dL/day). Moderate and severe
bleeding episodes, defined as a drop in haemoglobin con-
centration >2 g/dL/day or the need for red cell transfusions,
were documented in four patients in the HF-Citrate group
and five patients in the HF-Bicarbonate group.

Calcium homeostasis. Only one patient in the HF-Citrate
group had to be withdrawn from the study according to
the protocol due to assumed citrate accumulation. This pa-
tient with known liver cirrhosis developed a high ratio of
total to ionized calcium due to vigorous calcium supple-
mentation in order to counterbalance the drop of ionized
calcium caused by citrate accumulation. This phenomenon
relieved quickly after cessation of citrate infusion. Though
citrate was tolerated by all patients except for one, de-
rangements of calcium homeostasis occurred more often
in the HF-Citrate group compared with the HF-Bicarbonate
group. The risk of hypocalcaemia (Ca++ <0.9 mmol/L) and
hypercalcaemia (Ca++ >1.35 mmol/L) was evaluated by
dividing the number of values outside these limits per pa-
tient by the number of total measurements per patient. For
both parameters, the mean occurrence rates were signifi-
cantly higher in the HF-Citrate group compared with the
HF-Bicarbonate group (hypercalcaemia: 0.08 ± 0.14 versus

Fig. 3. Kaplan–Meier survival analysis up to Day 30.
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higher overall mortality in the OLVG study (entirely on
account of the heparin group), because age and Acute
Physiology and Chronic Health Evaluation (APACHE)
score were independent predictors of mortality in both
studies. Some patients with very low APACHE scores
were included in the CASH trial (Table 1). Finally, the
CASH protocol used predilution CRRT and supple-
mented less magnesium.

Interpretation
We can only speculate whether these differences can ex-
plain why citrate did not confer a survival benefit in the
CASH trial [1] and Hetzel trial [3] but did in the OLVG
trial [2]. In the latter, citrate was especially beneficial in
younger patients and those with more severe organ fail-
ure, in surgical patients and those with sepsis. Subgroup
analysis in the CASH trial did not show significant dif-
ferences, but some trends were similar: the survival
benefit for citrate tended to be higher in younger pa-
tients (odds ratio (OR) 0.61, 95% confidence interval
(CI) 0.31 to 1.83) and those with higher APACHE score
(OR 0.53, 95% CI 0.19 to 1.48). If more patients had

been included and the effects were similar, the width of
the CI would have been smaller. No survival benefit was
seen for citrate in the septic population in the CASH
trial, possibly because the more severely ill septic pa-
tients were not included in the CASH trial due to
thrombocytopenia. These patients likely benefit most
from citrate.

Conclusion
The CASH trial confirms the superiority of citrate in pa-
tients without an increased risk of bleeding in terms of
safety and efficacy, while the intervention is less costly.
Citrate confers an even greater benefit when the risk of
bleeding is increased, because CRRT without anticoagu-
lation is really problematic. Randomized studies in this
population will, however, never be available. Thus, stub-
born objectors: surrender! Citrate is the first choice.

Abbreviations
APACHE: Acute Physiology and Chronic Health Evaluation; CASH: Citrate
Anticoagulation Versus Systemic Heparinization; CI: Confidence interval;
CRRT: Continuous renal replacement therapy; OLVG: Onze Lieve Vrouwe
Gasthuis; OR: Odds ratio.

Table 1 Comparison between three large randomized controlled trials comparing citrate to heparin anticoagulation for
continuous venovenous hemofiltration

CASH trial 2014 [1]
(multicenter)

OLVG trial 2009 [2]
(single center)

Hetzel trial 2011 [3]
(multicenter)

Excluded
(percentage of patients needing CRRT)

1,297/2,300 (94%) 170/385 (44%) Not reported

Modality Predilution CVVH Postdilution CVVH Predilution CVVH

Groups Citrate Heparin P value Citrate LMWH P value Citrate Heparin P value

Number of included patients 66 73 97 103 87 83

Patient characteristics

Age 67 (36–87) 67 (23–85) 73 (64–79) 73 (67–79) 62 (SD 15) 65 (SD 12)

APACHE II 23 (11–53) 25 (6–43) 28 (27–30) 28 (27–29) 22 (SD 5.1) 22 (SD 5.5)

SOFA 10 (2–19) 11 (3–18) 11 (10–13) 11 (10–14) 10 (SD 3.0) 10 (SD 2.6)

Cause of acute kidney injurya

Septic 41% 37% 43% 49% 77% 75%

Ischemic (cardiogenic + hypovolemic) 50% 51% 80% 61% Not reported

Safety

Adverse events needing discontinuation 5 (8%) 24 (33%) <0.001 2 (2%) 19 (19%) <0.001

Bleeding percentageb 3 (5%) 10 (14%) 0.09 0 (0%) 16 (16%) <0.001 5 (5.7%) 12 (14.7%) 0.09

Citrate accumulation 4 (6%) 1 (1%) 1 (1%)

Efficacy

Circuit survival (hours)c 46 (2–138) 32 (1–72) 0.02 27 (13–47) 26 (15–43) 0.68 38 (SD 23) 26 (SD 19) <0.001

Mortality

90-day 42% 42% 1.00 48% 63% 0.03

28-day 33% 35% 1.00 47% 41%

Values are median (25th to 75th percentile), means (standard deviation (SD)), number (%). aMore causes possible. bCriteria for bleeding differed between studies.
cCalculated for the first filter in the CASH trial, and for all filters in the other two. APACHE, Acute Physiology and Chronic Health Evaluation; CASH, Citrate
Anticoagulation Versus Systemic Heparinization; CRRT, continuous renal replacement therapy; CVVH, continuous venovenous hemofiltration; LMWH, low molecular
weight heparin; OVLG, Onze Lieve Vrouwe Gasthuis; SOFA, Sequential Organ Failure Assessment.
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Abstract

Introduction: Because of ongoing controversy, renal and vital outcomes are compared between systemically
administered unfractionated heparin and regional anticoagulation with citrate-buffered replacement solution in
predilution mode, during continuous venovenous hemofiltration (CVVH) in critically ill patients with acute kidney
injury (AKI).

Methods: In this multi-center randomized controlled trial, patients admitted to the intensive care unit requiring
CVVH and meeting inclusion criteria, were randomly assigned to citrate or heparin. Primary endpoints were mortality
and renal outcome in intention-to-treat analysis. Secondary endpoints were safety and efficacy. Safety was defined as
absence of any adverse event necessitating discontinuation of the assigned anticoagulant. For efficacy, among other
parameters, survival times of the first hemofilter were studied.

Results: Of the 139 patients enrolled, 66 were randomized to citrate and 73 to heparin. Mortality rates at 28 and 90 days
did not differ between groups: 22/66 (33%) of citrate-treated patients died versus 25/72 (35%) of heparin-treated patients
at 28 days, and 27/65 (42%) of citrate-treated patients died versus 29/69 (42%) of heparin-treated patients at 90 days
(P = 1.00 for both). Renal outcome, i.e. independency of renal replacement therapy 28 days after initiation of CVVH in
surviving patients, did not differ between groups: 29/43 (67%) in the citrate-treated patients versus 33/47 (70%) in
heparin-treated patients (P = 0.82). Heparin was discontinued in 24/73 (33%) of patients whereas citrate was discontinued
in 5/66 (8%) of patients (P < 0.001). Filter survival times were superior for citrate (median 46 versus 32 hours, P = 0.02), as
were the number of filters used (P = 0.002) and the off time within 72 hours (P = 0.002). The costs during the first 72 hours
of prescribed CVVH were lower in citrate-based CVVH.

Conclusions: Renal outcome and patient mortality were similar for citrate and heparin anticoagulation during CVVH in
the critically ill patient with AKI. However, citrate was superior in terms of safety, efficacy and costs.

Trial registration: Clinicaltrials.gov NCT00209378. Registered 13th September 2005.
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Abstract

Introduction: Because of ongoing controversy, renal and vital outcomes are compared between systemically
administered unfractionated heparin and regional anticoagulation with citrate-buffered replacement solution in
predilution mode, during continuous venovenous hemofiltration (CVVH) in critically ill patients with acute kidney
injury (AKI).

Methods: In this multi-center randomized controlled trial, patients admitted to the intensive care unit requiring
CVVH and meeting inclusion criteria, were randomly assigned to citrate or heparin. Primary endpoints were mortality
and renal outcome in intention-to-treat analysis. Secondary endpoints were safety and efficacy. Safety was defined as
absence of any adverse event necessitating discontinuation of the assigned anticoagulant. For efficacy, among other
parameters, survival times of the first hemofilter were studied.

Results: Of the 139 patients enrolled, 66 were randomized to citrate and 73 to heparin. Mortality rates at 28 and 90 days
did not differ between groups: 22/66 (33%) of citrate-treated patients died versus 25/72 (35%) of heparin-treated patients
at 28 days, and 27/65 (42%) of citrate-treated patients died versus 29/69 (42%) of heparin-treated patients at 90 days
(P = 1.00 for both). Renal outcome, i.e. independency of renal replacement therapy 28 days after initiation of CVVH in
surviving patients, did not differ between groups: 29/43 (67%) in the citrate-treated patients versus 33/47 (70%) in
heparin-treated patients (P = 0.82). Heparin was discontinued in 24/73 (33%) of patients whereas citrate was discontinued
in 5/66 (8%) of patients (P < 0.001). Filter survival times were superior for citrate (median 46 versus 32 hours, P = 0.02), as
were the number of filters used (P = 0.002) and the off time within 72 hours (P = 0.002). The costs during the first 72 hours
of prescribed CVVH were lower in citrate-based CVVH.

Conclusions: Renal outcome and patient mortality were similar for citrate and heparin anticoagulation during CVVH in
the critically ill patient with AKI. However, citrate was superior in terms of safety, efficacy and costs.
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those observed by some [14,20], yet similar to numbers
described by others [21]. We evaluated renal function re-
covery at 28 days after start of CVVH, while later recovery
is still possible. Also, in our study there was less AKI due
to sepsis and more due to ischaemic events in comparison
to the trial reported by Oudemans et al. [14], and an is-
chaemic aetiology may carry a worse renal prognosis.
We powered the study for approximately 360 patients

on the basis of 28-day mortality; however enrolment was
slower than anticipated, mostly due to the need for
therapeutic systemic anticoagulation or the development
of increased bleeding risk. This resulted in premature
discontinuation of the study after 6 years of enrolment.
The most substantial difference in mortality observed
was 2% in favour of citrate at 28 days. In hindsight, this
difference to become statistically significant at the 5%
level would have necessitated 9,600 patients per group
for 90% power. Also, in the initial power analysis we
used an estimated mortality rate of 65% at 28 days in the
heparin group, but the observed mortality rate was sub-
stantially lower. This tendency for improving AKI out-
comes over the years has been noted by others [22].
To our knowledge, this is the second randomized clinical

trial comparing vital outcome in citrate and heparin-based
CVVH in predilutional mode, using citrate-containing re-
placement fluid [15]. Most trials comparing heparin to cit-
rate in CVVH had small numbers of patients and mainly
focused on filter survival [10-13], and only two had mortal-
ity as an outcome measure [14,15]. Our findings are in

concordance with a recent trial comparing systemic
heparin to regional citrate [15], where 28-day mortality
was similar for both groups (47% mortality for citrate,
41% for heparin at 28 days). However, our results are
in contrast with a trial comparing the low molecular
weight heparin nadroparin to systemically adminis-
tered citrate in a post-dilution fashion [14], where cit-
rate reduced mortality (90-day mortality 45% for
citrate, 62% for nadroparin). Mortality rates in the
present study were somewhat lower than in previous
studies and this could, at least in part, be attributed to a
lower frequency of sepsis in our patient group. Also,
APACHE-II scores at baseline, and age, were higher as re-
ported by Oudemans et al. [14], yet similar to those re-
ported by Hetzel et al. [15]. We could not confirm the
beneficial effect on mortality rates in cases of sepsis that
were suggested by Oudemans et al.; survival rates were
similar for septic and non-septic patients and the anticoa-
gulation used did not affect this number. Moreover, the
lack of benefit for citrate regarding mortality persisted in
subgroup analyses.
Citrate was safer than heparin in terms of less need for

discontinuation of the anticoagulant. Citrate accumulation
was present in 6% of patients. The frequency of accumula-
tion in our study is similar to rates reported by others
[17,18]. The incidence of clinically suspected HIT (6/73
patients (8%) in the heparin group) was similar to num-
bers reported by Hetzel et al., yet higher than numbers re-
ported by others [23,24]. When HIT was suspected, the
diagnosis was not routinely confirmed by antibody testing,
so that the incidence may have been overestimated.
Citrate was superior to heparin in terms of efficacy.

The filter survival time of the first filter used was super-
ior for citrate compared to heparin, supporting the bene-
ficial effect of citrate in this respect as described by
others [15-17]. Improved filter survival implicates less
off-time, which indeed was the case in our study for cit-
rate. An aPTT >50 seconds, which we used as indication
of adequate anticoagulation during heparin treatment,
was achieved in 55% of the measurements of the first fil-
ter. This could partly explain the difference in filter sur-
vival, even though some have questioned whether aPTT
is a determinant of filter survival [25,26]. Besides, hep-
arin was administered in a pre-filter fashion, therefore
systemically measured aPTTs could underestimate actual
aPTT in the extracorporeal circuit [25]. Also, there seems

Table 2 Secondary outcomes (Continued)

Filter sets, € 85 (85 to 425) 170 (85 to 765) 0.02

Heparin, € 0 6.46 (3.84 to 6.74) <0.001

Calcium glubionate, € 82 (70 to 84) 0 <0.001

Median (range) or number (percentage), where appropriate. HIT, heparin-induced thrombocytopenia; CVVH, continuous venovenous haemofiltration; € = euro.
1Treatment withdrawal or renal function recovery.
2Continuous renal replacement therapy to intermittent renal replacement therapy.

Figure 2 Survival times for the first filter. Continuous line
represents citrate, dotted line represents heparin.
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(Figure 1). Also, a per-protocol analysis did not show
any difference in mortality at 28 and 90 days: 18/61 cit-
rate patients (30%) died versus 15/48 patients (31%) in
the heparin group at 28 days and 23/60 citrate patients
(38%) died versus 18/47 patients (38%) in the heparin
group at 90 days (P = 1.00 for both). Multiple logistic
regression showed higher age and high APACHE II
scores at admission to be independent predictors of
mortality at 28 days (P = 0.05 for both), whereas pre-
scribed dose and anticoagulation regimen were not. In
univariate logistic regression, there was no benefit
from citrate anticoagulation in terms of mortality re-
duction at 28 days in any of the defined subgroups (see
Additional file 4). Concerning renal outcome, there
was no difference between the groups in dialysis inde-
pendence among surviving patients 28 days after start
of CVVH, with 29/43 patients (67%) in the citrate
group versus 33/47 patients (70%) in the heparin group
(P = 0.82).

Secondary outcome measures
Adverse events necessitating discontinuation of the pri-
mary assigned anticoagulant occurred with heparin more
frequently than with citrate (Table 2 and Additional file 3).
In one patient, citrate was discontinued and anticoagula-
tion withheld. Citrate accumulation was suspected in 5 of
the 66 patients (8%) randomized to citrate and proven in 4
patients (6%); in 2 patients there was a persistently ele-
vated anion gap, attributed to citrate accumulation, and in
2 patients the calcium ratio exceeded 2.5 after 60 and
72 hours of therapy. Finally, one patient was erroneously
ascribed to citrate accumulation. Of all measured ionised
calcium levels within 72 hours in the citrate group, 61/508
(12%) were <0.9 mmol/L and none of the measurements
exceeded 1.35 mmol/L. Potential treatment related de-
rangements, such as metabolic alkalosis, hypernatremia or
hypomagnesemia did not occur more often in the citrate
group than in the heparin group (Table 2). Clinically sus-
pected HIT was reported in 6 of 73 patients (8%) on hep-
arin. There was a trend for fewer bleeding episodes in the
citrate group (n = 5 versus n = 10 in the heparin group,
P = 0.08), however, this did not result in a difference be-
tween groups in patients needing >2 erythrocyte concen-
trates (2 versus 4 patients in the heparin group, P = 0.68).
Efficacy parameters suggested superiority for citrate

(Table 2). Survival times of the first filter were superior
for citrate, with survival curves shown in Figure 2. An
analysis excluding patients in whom the filter ran for more
than 72 hours did not differ from the presented results.
Furthermore, the off-time within 72 hours was less with
citrate (1 (0 to 12) h versus 3 (0 to 31) h for heparin, P =
0.002), as were the number of filters used (1 (1 to 5) versus
2 (1 to 9) for heparin, P = 0.002). In per-protocol analysis
the total duration of CVVH was longer in the citrate
group, at 117 hours versus 70 hours for heparin (P = 0.04).
There was a higher incidence of circuit disconnection due
to clotting of the circuit in the heparin group (51% ver-
sus 24% in the citrate group) and more elective filter
changes in the citrate group (30% versus 9% in the hep-
arin group, P = 0.01). The total costs during the first
72 hours of prescribed CVVH were lower in citrate-
based CVVH (P <0.001, Table 2.)

Discussion
The present multi-centre randomized controlled trial in
critically ill patients with AKI suggests that regional antic-
oagulation with citrate for CVVH is superior to heparin in
terms of safety, efficacy, and costs, but not in terms of
renal and patient outcomes. Mortality rates 28 and 90 days
after initiation of CVVH did not differ between the two
anticoagulation regimens.
Independency of dialysis at day 28 was achieved in about

70% of surviving patients either anticoagulated with citrate
or with heparin. These numbers are low compared to

Figure 1 Patient survival. (a) Survival 28 days after initiation of
continuous venovenous haemofiltration (CVVH). (b) Survival 90 days
after initiation of CVVH. Continuous line represents citrate, dotted
line represents heparin.
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Abstract

Introduction: Because of ongoing controversy, renal and vital outcomes are compared between systemically
administered unfractionated heparin and regional anticoagulation with citrate-buffered replacement solution in
predilution mode, during continuous venovenous hemofiltration (CVVH) in critically ill patients with acute kidney
injury (AKI).

Methods: In this multi-center randomized controlled trial, patients admitted to the intensive care unit requiring
CVVH and meeting inclusion criteria, were randomly assigned to citrate or heparin. Primary endpoints were mortality
and renal outcome in intention-to-treat analysis. Secondary endpoints were safety and efficacy. Safety was defined as
absence of any adverse event necessitating discontinuation of the assigned anticoagulant. For efficacy, among other
parameters, survival times of the first hemofilter were studied.

Results: Of the 139 patients enrolled, 66 were randomized to citrate and 73 to heparin. Mortality rates at 28 and 90 days
did not differ between groups: 22/66 (33%) of citrate-treated patients died versus 25/72 (35%) of heparin-treated patients
at 28 days, and 27/65 (42%) of citrate-treated patients died versus 29/69 (42%) of heparin-treated patients at 90 days
(P = 1.00 for both). Renal outcome, i.e. independency of renal replacement therapy 28 days after initiation of CVVH in
surviving patients, did not differ between groups: 29/43 (67%) in the citrate-treated patients versus 33/47 (70%) in
heparin-treated patients (P = 0.82). Heparin was discontinued in 24/73 (33%) of patients whereas citrate was discontinued
in 5/66 (8%) of patients (P < 0.001). Filter survival times were superior for citrate (median 46 versus 32 hours, P = 0.02), as
were the number of filters used (P = 0.002) and the off time within 72 hours (P = 0.002). The costs during the first 72 hours
of prescribed CVVH were lower in citrate-based CVVH.

Conclusions: Renal outcome and patient mortality were similar for citrate and heparin anticoagulation during CVVH in
the critically ill patient with AKI. However, citrate was superior in terms of safety, efficacy and costs.
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Table 2 Secondary outcomes
Citrate (n = 66) Heparin (n = 73) P-value

Safety, discontinuation of study anticoagulant

Within 72 h 2 (3) 9 (12) 0.06

Bleeding episode 0 2 (22)

HIT 0 2 (22)

Frequent filter failure 0 3 (33)

Citrate accumulation 2 (100) 0

Miscellaneous 0 2 (22)

Within 28 days 5 (8) 24 (33) <0.001

Bleeding episode 0 8 (33)

HIT 0 6 (25)

Frequent filter failure 0 7 (29)

Citrate accumulation 4 (80) 0

Miscellaneous 1 (20) 3 (13)

Bleeding episode within 28 days 3 (5) 10 (14) 0.08

Requirement of >2 packed cells 2 (3) 4 (6) 0.68

Metabolic derangements, during first 72 hours of therapy

pH >7.50 1 (2) 0 1.00

Sodium >150 mmol/L 4 (7) 3 (5) 0.71

Magnesium <0.7 mmol/L 8 (15) 6 (9) 0.40

Efficacy, intention to treat

Survival time first filter, h 46 (1 to 138) 32 (1 to 72) 0.02

Number of filters used within 72 h 1 (1 to 5) 2 (1 to 9) 0.002

Off-time within 72 h, h 1 (0 to 12) 3 (0 to 31) 0.002

Reason for circuit disconnection 0.01

Circuit clotting 16 (24) 35 (51)

Elective filter change (72 h) 20 (30) 6 (9)

Catheter dysfunction 4 (6) 8 (12)

Termination of CVVH1 10 (15) 10 (12)

Transport 4 (6) 1 (1)

Technical problems 8 (12) 5 (7)

Therapy change2 2 (3) 3 (4)

Miscellaneous 2 (3) 1 (1)

Total duration of CVVH, h 123 (4 to 999) 73 (5 to 672) 0.18

Efficacy, per protocol n = 61 n = 49

Number of filters used within 72 h 1 (1 to 5) 2 (1 to 9) 0.04

Off-time within 72 h, h 2 (0 to 12 ) 0 (0 to 31) 0.01

Total duration of CVVH, h 117 (4 to 999) 70 (5 to 672) 0.04

Costs

Total cost of first 72 h of CVVH, € 553 (436 to 872) 663 (320 to 1,319) <0.001

Replacement fluid, € 316 (225 to 366) 429 (119 to 736) <0.001

Wage nursing staff for filter change, € 19 (19 to 95) 38 (19 to 171) 0.02
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COMMENTARY

Citrate for continuous renal replacement therapy:
safer, better and cheaper
Heleen M Oudemans-van Straaten

See related research by Schilder et al., http://ccforum.com/content/18/4/472

Abstract

In a previous issue of Critical Care, Schilder and
colleagues report the results of their multicenter trial
(Citrate Anticoagulation Versus Systemic Heparinization;
CASH) comparing regional anticoagulation with citrate
to heparin anticoagulation. They found that citrate was
safer, more efficacious and cheaper than heparin. In
contrast to the largest previous trial, however, a survival
benefit was not found, which was the primary endpoint
of the CASH trial. Different explanations are possible,
including selection bias and a lower severity of disease.
Selection bias was high: only 6% of the renal
replacement therapy patients were included (versus
56% in the previous trial) and exclusion was 56% for
increased risk of bleeding, 2.5 times as frequent as in
the previous trial. Thus, the trial with survival benefit
apparently included more patients with risk of bleeding
and also more severely ill patients and these are the
groups that potentially benefit the most from citrate.
Nevertheless, the CASH trial is the third large
randomized trial showing superiority of citrate over
heparin, supporting the recommendation of citrate as
first choice anticoagulant.

Continuous renal replacement therapy (CRRT) is used
for critically ill patients with acute kidney injury in the
setting of multiple organ failure. To prevent clotting in
the extracorporeal circuit, anticoagulation is required.
The commonly used strategies are heparin, causing sys-
temic anticoagulation, and citrate, providing regional
anticoagulation of the circuit. As a result, citrate does
not increase the patient’s risk of bleeding. On account of
this, citrate should be the first choice in critically ill pa-
tients. However, many doctors doubt its safety. The time

Correspondence: hmoudemans@gmail.com
Department of Intensive Care, VU University Medical Center, De Boelelaan
1117, 1081 HZ Amsterdam, The Netherlands

has come to drop this delusion. The recently published
multicenter CASH trial (Citrate Anticoagulation versus
Systemic Heparinisation) is the third large randomized
controlled trial in a row showing superiority of citrate
over heparin [1-3]. Citrate was safer, more efficacious
and cheaper. In contrast to the OLVG (Onze Lieve
Vrouwe Gasthuis) trial [2], however, a survival benefit,
which was the primary endpoint of the CASH trial, was
not found.

Differences between the studies
Differences between the trials involve design, selection
bias, patient characteristics, type of heparin, modality of
CRRT and effect on mortality (Table 1). Remarkably, en-
rollment in the CASH trial was extremely slow and the
study was prematurely discontinued. Despite its multi-
center design, it took 6 years to include 139 patients.
Only 139 of 2,300 patients with indication for CRRT
were included. This 6% enrollment rate profoundly con-
trasts with the 56% enrollment rate in the OLVG trial.
Thus, the selection of patients in the CASH trial was ex-
treme, downgrading its generalizability. The authors sug-
gest that the ‘availability of citrate with its longer filter
survival’ raised the threshold for enrollment. However,
need for therapeutic anticoagulation and risk of bleeding
were the main reasons for exclusion mentioned in the
CONSORT diagram. Exclusion rates for need for thera-
peutic anticoagulation were 19% (432/1,297) in the CASH
trial and 7% (26/385) in the OLVG trial (P <0.0001). This
difference can partially be explained by a different anticoa-
gulation policy. At the time of the OLVG study, atrial fib-
rillation was not a strict indication for anticoagulation.
Exclusion rates for risk of bleeding were 1,297/2,300
(56%) in the CASH trial and 85/385 (22%) in the OLVG
trial (P <0.0001). Altogether, the CASH trial population
differed from the OLVG population, likely including pa-
tients with a higher bleeding risk.
In addition, patients in the OLVG trial were older and

more severely ill than in both other trials, explaining the
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higher overall mortality in the OLVG study (entirely on
account of the heparin group), because age and Acute
Physiology and Chronic Health Evaluation (APACHE)
score were independent predictors of mortality in both
studies. Some patients with very low APACHE scores
were included in the CASH trial (Table 1). Finally, the
CASH protocol used predilution CRRT and supple-
mented less magnesium.

Interpretation
We can only speculate whether these differences can ex-
plain why citrate did not confer a survival benefit in the
CASH trial [1] and Hetzel trial [3] but did in the OLVG
trial [2]. In the latter, citrate was especially beneficial in
younger patients and those with more severe organ fail-
ure, in surgical patients and those with sepsis. Subgroup
analysis in the CASH trial did not show significant dif-
ferences, but some trends were similar: the survival
benefit for citrate tended to be higher in younger pa-
tients (odds ratio (OR) 0.61, 95% confidence interval
(CI) 0.31 to 1.83) and those with higher APACHE score
(OR 0.53, 95% CI 0.19 to 1.48). If more patients had

been included and the effects were similar, the width of
the CI would have been smaller. No survival benefit was
seen for citrate in the septic population in the CASH
trial, possibly because the more severely ill septic pa-
tients were not included in the CASH trial due to
thrombocytopenia. These patients likely benefit most
from citrate.

Conclusion
The CASH trial confirms the superiority of citrate in pa-
tients without an increased risk of bleeding in terms of
safety and efficacy, while the intervention is less costly.
Citrate confers an even greater benefit when the risk of
bleeding is increased, because CRRT without anticoagu-
lation is really problematic. Randomized studies in this
population will, however, never be available. Thus, stub-
born objectors: surrender! Citrate is the first choice.

Abbreviations
APACHE: Acute Physiology and Chronic Health Evaluation; CASH: Citrate
Anticoagulation Versus Systemic Heparinization; CI: Confidence interval;
CRRT: Continuous renal replacement therapy; OLVG: Onze Lieve Vrouwe
Gasthuis; OR: Odds ratio.

Table 1 Comparison between three large randomized controlled trials comparing citrate to heparin anticoagulation for
continuous venovenous hemofiltration

CASH trial 2014 [1]
(multicenter)

OLVG trial 2009 [2]
(single center)

Hetzel trial 2011 [3]
(multicenter)

Excluded
(percentage of patients needing CRRT)

1,297/2,300 (94%) 170/385 (44%) Not reported

Modality Predilution CVVH Postdilution CVVH Predilution CVVH

Groups Citrate Heparin P value Citrate LMWH P value Citrate Heparin P value

Number of included patients 66 73 97 103 87 83

Patient characteristics

Age 67 (36–87) 67 (23–85) 73 (64–79) 73 (67–79) 62 (SD 15) 65 (SD 12)

APACHE II 23 (11–53) 25 (6–43) 28 (27–30) 28 (27–29) 22 (SD 5.1) 22 (SD 5.5)

SOFA 10 (2–19) 11 (3–18) 11 (10–13) 11 (10–14) 10 (SD 3.0) 10 (SD 2.6)

Cause of acute kidney injurya

Septic 41% 37% 43% 49% 77% 75%

Ischemic (cardiogenic + hypovolemic) 50% 51% 80% 61% Not reported

Safety

Adverse events needing discontinuation 5 (8%) 24 (33%) <0.001 2 (2%) 19 (19%) <0.001

Bleeding percentageb 3 (5%) 10 (14%) 0.09 0 (0%) 16 (16%) <0.001 5 (5.7%) 12 (14.7%) 0.09

Citrate accumulation 4 (6%) 1 (1%) 1 (1%)

Efficacy

Circuit survival (hours)c 46 (2–138) 32 (1–72) 0.02 27 (13–47) 26 (15–43) 0.68 38 (SD 23) 26 (SD 19) <0.001

Mortality

90-day 42% 42% 1.00 48% 63% 0.03

28-day 33% 35% 1.00 47% 41%

Values are median (25th to 75th percentile), means (standard deviation (SD)), number (%). aMore causes possible. bCriteria for bleeding differed between studies.
cCalculated for the first filter in the CASH trial, and for all filters in the other two. APACHE, Acute Physiology and Chronic Health Evaluation; CASH, Citrate
Anticoagulation Versus Systemic Heparinization; CRRT, continuous renal replacement therapy; CVVH, continuous venovenous hemofiltration; LMWH, low molecular
weight heparin; OVLG, Onze Lieve Vrouwe Gasthuis; SOFA, Sequential Organ Failure Assessment.
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Efficacy and safety of citrate-based anticoagulation
compared to heparin in patients with acute kidney
injury requiring continuous renal replacement
therapy: a randomized controlled trial
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Abstract

Introduction: A systemic anticoagulation is often required to prevent circuit and filter clotting in ICU patients
undergoing continuous renal replacement therapy (CRRT). A regional citrate-based anticoagulation (RCA) does not
induce a systemic anticoagulation and prolongs the filter lifespan, but metabolic side-effects have been associated
with this therapy. We conducted a randomized controlled trial with patients requiring CRRT to determine whether
RCA using a balanced predilution replacement fluid is more effective than heparin in terms of renal replacement
delivered dose and safety profile.

Methods: One hundred and three patients with AKI requiring CRRT were included. The patients were randomized
to either CRRT with RCA or heparin anticoagulation. Primary endpoints were effective daily delivered RRT dose
during the first 3 days of CRRT and filter lifespan. Secondary endpoints were 28-day and 90-day survival and severe
metabolic complications and bleeding disorders.

Results: Median CRRT duration was 3.0 (2–6) days. Effective delivered daily RRT doses were 29 ± 3 and 27 ± 5 mL/kg/hr
in the RCA and heparin groups, respectively (p = 0.005). Filter lifespans were 49 ± 29 versus 28 ± 23 hrs in the RCA and
heparin groups (p = 0.004). Survival rates at 28 and 90 days were 80-74% in the RCA and 74-73% in the heparin group.
Electrolytes and acid–base disturbances were uncommon and transient in patients treated with RCA.

Conclusions: These results show that RCA is superior to heparin-based anticoagulation in terms of delivered RRT dose
and filter life span and is a safe and feasible method. This does not translate into an improvement in short term
survival.

Trial registration: ClinicalTrials.gov NCT01269112. Registered 3rd January 2011.

Introduction
Acute kidney injury (AKI) is a common complication in
the ICU setting, occurring in nearly 5 to 7% of the
patients and burdened by a high mortality rate [1]. Renal
replacement therapy (RRT) is needed in 70% of ICU
patients with AKI and continuous renal replacement
therapy (CRRT) is implemented in 80% of the cases [1].

Systemic anticoagulation is often required to prevent
clotting of the filter and extracorporeal circulation. Until
recently unfractionated heparin was the standard and
the most-used anticoagulation therapy in the ICU setting
[2]. However, ICU patients are at higher risk of bleeding
for many reasons (surgical procedures, trauma, liver dys-
function, thrombocytopenia), and this risk is increased
when systemic anticoagulation is used.
By chelating calcium, citrate inhibits the clotting cas-

cade and thrombin generation, and can therefore be
used to specifically anticoagulate the extracorporeal cir-
culation and filter during CRRT. The use of postfilter
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enrolled 103 of them in the study, and they received the
allocated treatment. Reasons for non enrollment for the
remaining 143 patients are mentioned in the study flow
chart (Figure 1).
Demographic and clinical characteristics at baseline in

both arms are shown in Table 1. Baseline characteristics
were well-matched across groups.

Primary outcome
Mean daily delivered RRT dose for patients during RRT
were 29 ± 3 ml/kg/h in the RCA group and 27 ± 5 ml/kg/h
in the heparin group (P = 0.005). In the 52 patients who
did not need to have RRT stopped for elective reasons
during the first 3 days of RRT, the mean daily delivered
RRT dose for was 29 ± 5 ml/kg/h in the RCA group and
25 ± 4 ml/kg/h in the heparin group (P = 0.007), and the
mean filter lifespan significantly increased in the RCA

group compared to the heparin one (49 ± 29 versus
28 ± 23 h, vs = 0.004) (Figure 2).

Secondary outcomes
Safety issues
Four patients in the citrate group were switched to hep-
arin during the study: one on account of worsening liver
failure, one on account of a technical problem with cal-
cium infusion, and two for clinically relevant hypocalce-
mia (one with concomitant intractable severe metabolic
acidosis due to septic shock and one whose treatment
was changed by the team for no clear reasons). In the
six patients with RCA who had severe hypocalcemia,
mean total calcium was 1.78 (0.10) mmol/L, ionized
calcium was 0.94 (0.27) mmol/L and Ca tot/calcium
ion ratio was 2.17 (1.20). Citrate accumulation, identi-
fied as a Ca ratio (total calcium/ionized calcium >2.5),

Assessed for 
eligibility (N=246)

Randomized 
(N=103)

Allocated to Citrate 
(N=54)

Allocated to Heparin 
(N=49)

Discontinued Citrate (N=4) Discontinued Heparin (N=5)

Followed Up (N=54) Followed Up (N=49)

Analyzed (N=54) Analyzed (N=49)

Excluded (n=143)
Bleeding/severe 
thrombocytopenia : 35
Severe liver failure : 40
Other: 68

Figure 1 Flow chart of the trial.
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RRT long-term dependence
Nine patients remain RRT-dependent, five in the heparin
group, and four in the citrate group at 90-day follow up.

Subgroup of patients with liver failure
Twelve patients with liver failure, defined as previously
known to have cirrhotic disease or acute elevation of
amino transferases associated with prolonged clotting
time and encephalopathy, in whom factor V was still >20%
at screening, have been enrolled in the study. Among these
patients, six were randomized into the citrate group, of
whom four survived >90 days. RCA was well-tolerated and
implemented without any subsequent metabolic disorders
in these patients.

Discussion
Since the initial publication by Mehta et al., RCA has
slowly gained support among nephrologists and intensi-
vists treating ICU patients with AKI requiring CRRT
[15]. However, its widespread use is hampered by fears
of severe metabolic side-effects, such as citrate accumu-
lation leading to hypocalcemia and acid-base disorders
[7,16]. Our results show that citrate-based regional
anticoagulation is safe, and that metabolic complications
are rare when a standardized protocol is used to adapt
dialysate flow and calcium substitution in order to main-
tain blood pH and ionized calcium levels within the nor-
mal range.
We used a commercially available balanced predilution

replacement solution, with an administered volume
coupled to blood flow in order to minimize caregiver-
induced manipulation errors. Filter lifespan and thus,
effective daily RRT dose, were significantly increased

with this RCA protocol. RCA dramatically decreases
the filter clotting, which is a frequent complication of
CRRT, especially in patients with acute critical illness
such as sepsis, where thrombogenicity is increased
[17]. An increased filter lifespan means less treatment
interruption and more effective dialysis time. One of
the most frequent problems encountered in these
patients treated by CRRT is indeed circuit downtime,
implying that delivered RRT dose is often lower than
prescribed [18]. We found that filter clotting occurred
only in 6% of the patients within the RCA group versus
37% of the patients within the heparin group. This fa-
vorable effect was shown in many, but not all, prior
publications which are encompassed in two recent
meta-analyses, leading to the sound conclusion that
citrate may be more effective that heparin in terms of
filter lifespan [5,19-22].
A few studies have evaluated the safety and efficacy of

custom-made citrate solutions. In a recent multicenter
randomized study, a custom-made calcium-free triso-
dium citrate replacement fluid (13.3 mmol citrate/L) was
compared with bicarbonate- and lactate-based replace-
ment solutions in ICU patients [8]. No difference was
found for 28- and 90-day mortality when using citrate as
compared to bicarbonate- and lactate-based replacement
solutions. Six percent of the patients randomized to
RCA had citrate accumulation, which led to RCA inter-
ruption, as compared to one third of heparin interrup-
tion within the other group. Citrate was found to be
superior in terms of safety and cost-effectiveness. The
lower rate of citrate accumulation in our patients is
probably due to the fact that our patients represented a
different population, as patients with severe liver failure
were excluded.
In an uncontrolled retrospective study with a citrate-

based commercially available solution, 16 cases of citrate
accumulation and 4 cases of CVVH termination due to
citrate accumulation were reported [23]. This unexpect-
edly high rate of complication may have been related to
the very high CVVH dose (45 ml/kg/h) that was used in
this study. Moreover, the necessity of an exogenous infu-
sion of sodium bicarbonate may have increased the com-
plexity of the procedure.
Another prospective observational uncontrolled trial

has recently been conducted to assess the safety of a
custom-made, not yet commercially available, citrate
solution [24] in patients prone to bleeding. CVVH with
RCA was found to be safe in these patients, and citrate
had to be withdrawn in only 11% of the patients, espe-
cially in patients with higher transaminases. This rate
is higher than in our study, probably related to the
number of patients with moderate to severe liver dis-
ease in this study and to the lower citrate flow that we
used.
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Figure 2 Kaplan-Meier analysis of the filter lifespan.
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We had no bleeding within the RCA group but slightly
more metabolic side effects. The clinical impact was
minor as only two patients had to be switched to hep-
arin on account of severe hypocalcemia. In comparison,
five patients in the heparin group had to be changed to
RCA on account of clinically significant bleeding or

recurrent filter clotting. In terms of safety issues, RCA
seems therefore to have a favorable profile.
In the subgroup of 12 patients with liver failure but

with factor V >20%, RCA treatment was tolerated as well
as heparin. Due to the small number of patients, it is dif-
ficult to draw any conclusion about the safety of RCA in

Table 2 Intervention data
Variables Citrate Heparin p

(n = 54) (n = 49)

Delivered RRT dose, ml/kg/h 29 (3) 27 (5) 0.005

Effective delivered RRT dose*, ml/kg/h 28 (5) 26 (4) 0.15

Filter lifespan, h 49 (29) 28 (23) 0.004

Mean heparin, IU/ml dose 6,757 (5,455) 10,567 (7,760) 0.005

Laboratory follow-up data

Total calcium, mmol/L, day 1 2.34 (0.20) 2.31 (0.19) 0.56

Ionized calcium, mmol/L, day 1 1.05 (0.10) 1. 12 (0.09) 0.04

pH, day 1 7.32 (0.10) 7.31 (0.11) 0.62

Bicarbonate, mmol/L, day 1 18 (4.6) 19 (7.2) 0.96

Na, mmol/L, day 1 136 (15) 138 (7) 0.42

Chloride, mmol/L, day 1 104 (15) 108 (7) 0.15

Potassium, mmol/L, day 1 6 (14) 5.3 (5.6) 0.61

Lactate, mmol/L, day 1 1.3 (0.9 to 2.9) 1.3 (0.8 to 1.8) 0.67

Total calcium, mmol/L, day 3 2.52 (0.19) 2.41 (0.22) 0.02

Ionized calcium, mmol/L, day 3 1.14 (0.10) 1.20 (0.11) 0.01

pH, day 3 7.40 (0,06) 7.41 (0.06) 0. 39

Bicarbonate, mmol/L, day 3 23.71 (1.81) 25.17 (4.31) 0.43

Na, mmol/L, day 3 138 (3.37) 138 (4) 0.71

Chloride, mmol/L, day 3 104 (3.4) 107 (4) 0.00

Potassium, mmol/L, day 3 4 (0.52) 4.3 (0.6) 0.03

Lactate, mmol/L, day 3 1.4 (0.9 to 2.2) 1.1 (0.9 to 1.4) 0.50

Side effects 32 27 0.17

Bleeding 0 4 (8)

HIT 1 (2) 2 (4)

Filter clotting 3 (6) 18 (37)

Metabolic disorders: 14 3

Metabolic alcalosis 3 0

Respiratory alkalosis 0 1

Metabolic acidosis 3 1

Severe hypocalcemia 6 1

Ca total/calcium ion ratio >2.5 1 0

CRRT, days 3 (2 to 6) 3 (2 to 5) 0.30

ICU, days 7 (4 to 15) 7 (4 to 12) 0.79

Hospital, days 22 (6 to 35) 16 (9 to 30) 0.45

Survival at 28 days 43 (80) 36 (74) 0.46

Survival at 90 days 40 (74) 35 (73) 0.90

Data are expressed as mean (SD) or median (IQR) according to the distribution, and categorical data are expressed as number (%). *Including elective filter
downtime. RRT, renal replacement therapy; CRRT, continuous renal replacement therapy.
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