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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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2 principes physiques différents… pour un même but

Dialyse

Filtration

Diffusion

Convection

Différence de Concentration

Différence de Pression

vs

Dialyse
principe de Diffusion

K+

K+

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

Dialyse
principe de Diffusion

K+

K+

c1 > c2
H2O
Petites molécules
Eléments figurés du sang

Filtration
principe de Convection

Gradient de pression
Membrane semi-perméable
Pas de Dialysat
∆P

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

p1

>

p2

H2O
Petites et moyennes molécules
Eléments figurés du sang
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Diffusion

100

Poids moléculaire en Daltons

100000
50000

Albumine (55 000 à 60 000)

ß2 microglobuline (11 800)
10000
5000

Vitamine B12 (1300)
500

Convection

1000

Aluminium (700)
Glucose (180)
Acide Urique (168)
Créatine (113)
Phosphate (80)
Urée (60)

50
10
5

Potassium (35)
Phosphore (31)
Sodium (23)

Diffusion

100

Quand faut-il associer les deux techniques ?
hémodiafiltration

L’association des 2 modes d’échange permet
d’augmenter la dose de dialyse (la clairance)

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

Si le débit sanguin insuffisant pour obtenir une hémofiltration ≥ 3000 ml/h
Si hyperkaliémie menaçante
Pour raccourcir la durée de l’EER

Pour se comprendre…

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
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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 %

50 %
37 %

Cathéter
Coagulopathie
Problèmes techniques

L’abord vasculaire

un pré-requis indispensable à l’initiation d’une EER
et à son bon déroulement

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

ml/mn

ml/h

CATHETER

∆P
EFFLUENT

POST-DILUTION
ml/h
Depner TA (2001) Catheter performance. Semin Dial 14:425–31

ml/mn

ml/h

CATHETER

Le débit sanguin
=
∆P
déterminant majeur
de l’efficacité d’une EER

EFFLUENT

POST-DILUTION
ml/h
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)

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)
rénale chronique

227

clairance diffusive se trouve
, la majoration des clairances
ses modalités favorise l’éliminaléculaires élevés. Par modélisaétabli que la contribution de la
ale pouvait être déduite du débit
elle représentait à peu près 45 %
80 ml/min.

e extracorporelle.
’utilisation sur les
émodialyseur

d’un dialyseur conditionnent en
nces. Pour garantir le rendement
est nécessaire de maintenir des
déquates. C’est au clinicien que
e un programme thérapeutique
ficacité au cours du temps.

alyseur repose sur trois facteurs
Figure 7 Clairances de solutés de poids moléculaires variables
, le débit dialysat et le maintien
en fonction du débit sanguin pour un débit dialysat constant.
Autant
avoir un abord vasculaire qui le permette…
ficace [17]. L’équilibre de pressur d’ultrafiltration dans l’hémo-

Canaud, Elsevier 2009

Traitement convectif (Filtration)

La clairance (débit convectif)
↓
une hémoconcentration en fin de filtre

Traitement convectif (Filtration)

Notion fondamentale de Fraction Filtrée

UF
FF =
< 25 %
Qs (+ Qpré)
L’objectif est d’éviter l’hémoconcentration en fin de filtre
autrement dit... NE PAS faire de la confiture

Le cathéter d’EER

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

Lumière proximale rouge = artérielle ou entrée
Lumière distale bleu = veineuse ou retour

Le cathéter d’EER
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Lumière distale bleu = veineuse ou retour
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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
« Toute manipulation au niveau du cathéter de dialyse doit se faire dans des conditions
rigoureuses d’asepsie »

■

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

■
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CATHETER

UI/h

Dialyse
principe de Diffusion
ml/mn

CATHETER
EFFLUENT
ml/h

DIALYSAT

UI/h

Filtration
principe de Convection
ml/mn

ml/h

CATHETER

∆P
EFFLUENT

UI/h

Filtration
principe de Convection
ml/mn

Restitution en post-dilution

ml/h

CATHETER

∆P
EFFLUENT

POST-DILUTION
ml/h

UI/h

150 à 250 ml/mn

P

CATHETER

P
Post-dilution exclusive

Avantage = augmentation de l’efficacité
ml/kg/h

EFFLUENT

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

POST-DILUTION
ml/h

UI/h

ml/h

Filtration
PRE-DILUTION
ml/mn

principe de Convection
Restitution en pré et post-dilution

ml/h

CATHETER

∆P
EFFLUENT

POST-DILUTION
ml/h

UI/h

ml/h

PRE-DILUTION

150 à 250 ml/mn

P

CATHETER

Pré + Post-dilution P
Avantage = dilution
pré-filtre
ml/kg/h
EFFLUENT

Inconvénient = perte d’efficacité

POST-DILUTION
ml/h

UI/h

DiaFiltration
principe de Convection et de Diffusion
ml/mn

Restitution en post-dilution

ml/h

CATHETER

ml/kg/h
EFFLUENT
ml/h

POST-DILUTION
ml/h

DIALYSAT

UI/h

ml/h

DiaFiltration
PRE-DILUTION
ml/mn

principe de Convection et de Diffusion
Restitution en pré et post-dilution

ml/h

CATHETER

ml/kg/h
EFFLUENT
ml/h

POST-DILUTION
ml/h

DIALYSAT

UI/h

ml/h

PRE-DILUTION
ml/mn

ml/h

CATHETER

ml/kg/h
EFFLUENT
ml/h

POST-DILUTION
ml/h

DIALYSAT

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

Capteur de pression (retour)
Capteur de pression (effluent)

Pompe à
effluent
Pré-pompe
à sang

Pompe dialysat
Pompe de réinjection

Pompe sang
Pousseseringue
Capteur de pression (filtre)
Capteur de pression
Entrée

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

UI/h

P
150 à 250 ml/mn

P

= mesurée

Une pompe à sang
Essentielle +++

Pression d’entrée
- 10 à -250 mmHg

150 à 250 ml/min
CATHETER

ml/kg/h

Variations permanente!!!
coudure obstruction hypovolémie...

Le débit réel est toujours inférieur
au débit prescrit

UI/h

Pression filtre
150 à 250 ml/mn

+ 50 à + 450 mmHg

P
P

Pression d’entrée
- 10 à -250 mmHg

CATHETER

ml/kg/h

P

= mesurée

UI/h

P

Pression filtre
150 à 250 ml/mn

= mesurée

+ 50 à + 450 mmHg

P
P

Pression d’entrée

P

- 10 à -250 mmHg
Pression effluent
CATHETER

- 350 à + 450 mmHg
EFFLUENT

Une pompe effluent (filtration)
Crée un gradient de pression
Calculé par la machine...
en fonction de la dose de filtration demandée

UI/h

P

Pression filtre

= mesurée

+ 50 à + 450 mmHg

150 à 250 ml/mn

P
P

Pression d’entrée

P

- 10 à -250 mmHg
Pression effluent
- 350 à + 450 mmHg

CATHETER

EFFLUENT

P
Pression retour
+ 15 à + 350 mmHg

UI/h

150 à 250 ml/mn

Pression filtre

P

= mesurée

+ 50 à + 450 mmHg

P

= calculée

P
P

Pression d’entrée

P

- 10 à -250 mmHg
Pression effluent
CATHETER

Pression
transmembranaire
+ 100 à + 250 mmHg

P
Pression retour
+ 15 à + 350 mmHg

P

- 350 à + 450 mmHg
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

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 de pré-filtre

Pression de filtration

Pression veineuse

Pression artérielle

Pression retour
Pression effluent

Pression artérielle

Pression filtre

Pression retour
Pression effluent

Pression artérielle

Pression filtre

Démarrage CVVHDF
Prescrit CVVH
Débit Sang
= _ _ _ ml/mn
Max 450 ml/mn

Peson

Effluent

PPS

= PPS + Restitution +
Perte patient
Max 10 000 ml/h

Pré-Pompe Sang
= _ _ _ _ ml/mn
Max 4000 ml/h

Pompe Effluent

CATHETER

_ _ ml/kg/h

Peson
Effluent

Peson

Peson

Restitution

Dialysat

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

Dialysat*
= 0 ml/h

Max 8000 ml/h

Max 8000 ml/h
* Possibilité d’ajouter du Dialysat en cours de traitement

Démarrage CVVHDF
Prescrit CVVHDF
Débit Sang
= _ _ _ ml/mn
Max 450 ml/mn

Peson

Effluent

PPS

= PPS + Restitution +
Dialysat + Perte patient
Max 10 000 ml/h

Pré-Pompe Sang
= _ _ _ _ ml/mn
Max 4000 ml/h

Pompe Effluent

CATHETER

_ _ ml/kg/h

Peson
Effluent

Peson

Peson

Restitution

Dialysat

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

Dialysat
= _ _ _ _ ml/h

Max 8000 ml/h

Max 8000 ml/h

Démarrage CVVH
Prescrit CVVH « Post »
Débit Sang
= _ _ _ ml/mn
Max 450 ml/mn

Peson

Effluent

PPS

= PPS + Restitution +
Perte patient
Max 10 000 ml/h

Pré-Pompe Sang
= _ _ _ _ ml/mn
Max 4000 ml/h

Pompe Effluent

CATHETER

_ _ ml/kg/h

Peson
Effluent

* 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

Peson

Restitution

Dialysat

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

Démarrage CVVH
Prescrit CVVH « Pré »
Débit Sang
= _ _ _ ml/mn
Max 450 ml/mn

Peson

Effluent

PPS

= PPS + Restitution +
Perte patient
Max 10 000 ml/h

Pré-Pompe Sang
= _ _ _ _ ml/mn
Max 4000 ml/h

Pompe Effluent

CATHETER

_ _ ml/kg/h

Peson
* 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).

Effluent

Peson

Peson

Restitution

Dialysat

Restitution
= _ _ _ _ ml/h et _ _ % Pré*
Max 8000 ml/h

Démarrage CVVH
Prescription CVVH-CITRATE
Débit Sang
= 150 ml/mn

Peson
PPS
PRISMOCITRATE
18/0

Max 180 ml/mn

Effluent
= PPS + Restitution +
Perte patient
Max 10 000 ml/h

Pré-Pompe Sang
= ml/mn
ASSERVIE
à la Pompe à Sang

Pompe Effluent

CATHETER

_ _ ml/kg/h

Peson
Effluent

* 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)

Peson

Peson

Restitution
PHOXYLIUM

Dialysat
PHOXYLIUM

Réinjection Post*
= _ _ _ _ ml/h
Max 8000 ml/h
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Causes des thromboses de Filtres

13 %

50 %
37 %

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

.
…
ix

A

ho
c
u

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…

.
…
ix

ho
c
u

A

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
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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

UF
< 20 à 25 %

FF =
Qs + Qpré

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

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

Patient de 85kgs

FF =

UF
Qs

=

3000
12000

= 25 %

Qs = Débit Sang
100 ml/min

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

Patient de 85kgs

FF =

UF
Qs

=

3000

=

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

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

Patient de 85kgs

FF =

UF
Qs

=

3000

=

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

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

Patient de 85kgs

FF =

UF
Qs

=

3000
6000

=

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

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

Patient de 85kgs

FF =

UF
Qs

=

3000
6000

= 50 %

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

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

Patient de 85kgs

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

UF = 70 ml/kg/h

Patient de 85kgs

FF =

UF
Qs

=

=
12000

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

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

Patient de 85kgs

FF =

UF
Qs

=

=
12000

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

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

Patient de 85kgs

FF =

UF
Qs

=

6000
12000

=

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

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

Patient de 85kgs

FF =

UF
Qs

=

6000
12000

= 50 %

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

Régime de sécurité +++
arrêt du traitement

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

FF =

UF
Qs

=

0
12000

= 0%

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 ?

Un peu de mathématiques …
(niveau…collège …)

Qpré + QPost + Perte de poids
FF =
Qs + Qpré

1000 ml/h

Qpré + QPost + Perte de poids
FF =
Qs + Qpré
1000 ml/h

1000 ml/h

2000 ml/h

Qpré + QPost + Perte de poids
FF =
Qs + Qpré
1000 ml/h

1000 ml/h

2000 ml/h

Qpré + QPost + Perte de poids
FF =
Qs + Qpré
12 000 ml/h

1000 ml/h

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

Minime !
1000 ml/h

2000 ml/h

100 ml/h

Qpré + QPost + Perte de poids
FF =
Qs + Qpré
12 000 ml/h

1000 ml/h

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

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

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

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)

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

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

Voie Intrinsèque

XII

Voie Extrinsèque

XIIa
Facteur Tissulaire
XI

Ca2+

XIa
VIIa

Ca2+

IX

VII

IXa
Ca2+

Ca2+

X

Xa
Ca2+

II

IIa

Voie Commune
Ia

I

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 %

Calcium ionisé
1,1 à 1,3 mmol/l

Calcium Total
2,2 à 2,6 mmol/l

40 %

Calcium lié aux protéines
(albumine)

0,95 à 1,2 mmol/l

<10 %

Calcium complexé
(sels et phosphate de calcium)

< 0,1 mmol/l

Le Calcium

50 %

Calcium ionisé
1,1 à 1,3 mmol/l

Calcium Total
2,2 à 2,6 mmol/l

40 %

Calcium lié aux protéines
(albumine)

0,95 à 1,2 mmol/l

<10 %

Calcium complexé
(sels et phosphate de calcium)

< 0,1 mmol/l

Le Citrate

Sel d’Acide Citrique Tri-Sodique

Le Citrate

Chélateur du Ca2+

Libère 3 Na+

Complexe Ci-Ca2+

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

5 litres

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

Pourquoi «régionale»?

Car on anticoagule exclusivement le montage extra-corporel

Pas d’anticoagulation systémique

Comment ?

Comment ?

Pompe à sang

CATHETER

Citrate

PPS

Pompe à sang

CATHETER
EFFLUENT

Citrate

PPS

Pompe à sang

CATHETER
Ca2+
Compensation Ca2+

EFFLUENT

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

trate metabolism would be impaired in central venous and arterial catheters. Electroitically ill cirrhotic patients. As a fur- cardiogram was continuously monitored to
Citrate pharmacokinetics and metabolism in cirrhotic and
er goal, we investigated citrate pharma- record heart rate and detect hypocalcemianoncirrhotictocritically
ill arrhythmia.
patients The study protocol was
induced
kinetics and metabolic implications
Ludwig Kramer; Edith Bauer; Christian Joukhadar; Wolfram Strobl; Alexandra Gendo;
Christian Madl; Alfred Gangl

Crit Care Med 2003 Vol. 31, No. 10

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, University Hospital Vienna.
Patients: Consecutive critically ill cirrhotic (n ! 16) and noncirrhotic 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 significantly 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-

R

egional anticoagulation with
sodium citrate acts by chelating calcium in the extracorporeal circulation and is increasingly recognized as an alternative to
heparin in critically ill patients with a
high risk of bleeding (1–3). Citrate reduces hemorrhage and improves patency,
clearance rates, and biocompatibility of
hemofilters, (4) mainly due to a reduced
activation of systemic and dialyzer coagulation (5, 6). Inhibition of calciummediated activation of inflammatory cells
in the extracorporeal circuit might confer
additional benefits (7). For instance, citrate

bonate concentrations increasing more slowly in cirrhotic patients. No citrate-related side effects were noted. Citrate clearance 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 pharmacokinetics 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; regional anticoagulation

could prevent disseminated intravascular
coagulation, which is a frequent complication in patients with liver failure on extracorporeal detoxification (8). In chronic hemodialysis, the use of citrate prevents
heparin-induced thrombocytopenia, hyperlipidemia, osteoporosis, and alopecia (9).
Under physiologic circumstances, citrate 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 exogenous citrate are unknown so far. However, impaired citrate metabolism has
been described in patients with acute
liver failure (11, 12) and during the an-

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 gastric varices. As a control group, consecutive
critically ill patients without cirrhosis or relevant hepatic dysfunction were evaluated. Exclusion criteria for both groups were marked

Le Montage
CVVH

Pompe à sang

Pompe Effluent

CATHETER
35 ml/kg/h
EFFLUENT

PPS

Pompe à sang

Pompe Effluent

CATHETER
35 ml/kg/h
EFFLUENT

PPS

Pompe à sang

Pompe Effluent

CATHETER
35 ml/kg/h
EFFLUENT

Post-dilution

PPS

Pompe à sang

Pompe Effluent

CATHETER
35 ml/kg/h
EFFLUENT

Post-dilution

Dialysat ou Pré-dilution ou Post-dilution
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Pompe à sang

Pompe Effluent

CATHETER
35 ml/kg/h
EFFLUENT

Post-dilution

Dialysat ou Pré-dilution ou Post-dilution

PPS

Pompe à sang

Pompe Effluent

CATHETER
35 ml/kg/h
EFFLUENT

Post-dilution

Dialysat ou Pré-dilution ou Post-dilution

PhoxyliumⓇ

PrismoCitrate
18/0

PPS

Pompe à sang

Pompe Effluent

CATHETER
35 ml/kg/h
EFFLUENT

Post-dilution

Dialysat ou Pré-dilution ou Post-dilution

PhoxyliumⓇ

PrismoCitrate
18/0

PPS

Pompe à sang

Pompe Effluent

CATHETER
35 ml/kg/h
Ca2+

EFFLUENT

Compensation Ca2+

Post-dilution

Dialysat ou Pré-dilution ou Post-dilution

PhoxyliumⓇ

PrismoCitrate
18/0

PPS

Pompe à sang

Pompe Effluent

CATHETER
35 ml/kg/h
Ca2+

EFFLUENT

Compensation Ca2+

Post-dilution

Dialysat ou Pré-dilution ou Post-dilution

PhoxyliumⓇ

PrismoCitrate
18/0

PPS

Pompe à sang

Pompe Effluent

CATHETER
35 ml/kg/h
Ca2+

EFFLUENT

Compensation Ca2+

PhoxyliumⓇ

PhoxyliumⓇ

PrismoCitrate
18/0

Dose de Citrate
3 mmol/l
calculé par Prismaflex

PPS

Pompe à sang

Pompe Effluent

CATHETER
35 ml/kg/h
Ca2+

EFFLUENT

Compensation Ca2+

PhoxyliumⓇ

PhoxyliumⓇ

CVVHF

PrismoCitrate
18/0

Post-Dilution
Dose de Citrate
3 mmol/l
calculé par Prismaflex

PPS

Objectif Ca2+ Patient
1 à 1,2 mmo/l

Pompe à sang

Pompe Effluent

mesuré

CATHETER
35 ml/kg/h
Ca2+

EFFLUENT

Compensation Ca2+

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

PhoxyliumⓇ

PhoxyliumⓇ

PrismoCitrate
18/0

Dose de Citrate
3 mmol/l
calculé par Prismaflex

PPS

Objectif Ca2+ Patient
1 à 1,2 mmo/l

Pompe à sang

Pompe Effluent

mesuré

CATHETER
35 ml/kg/h
Ca2+

EFFLUENT

Compensation Ca2+

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

PhoxyliumⓇ

PhoxyliumⓇ

Asservissement
de la PPS à
la Pompe à Sang
PrismoCitrate
18/0

PPS

Dose de Citrate
3 mmol/l
calculé par Prismaflex

Pompe à Sang

CATHETER

Dose de Citrate

3 mmol/l

Prescrit

Pompe à Sang

150 ml/mn

Prescrit

PPS

1500 ml/h

asservi

PrismoCitrate
18/0

PPS

Dose de Citrate
3 mmol/l
calculé par Prismaflex

Pompe à Sang

CATHETER

PrismoCitrate
18/0

Pas de
de Ca
pas
Ca2+2+

PPS

CVVHF
Pré et Post-Dilution

Pré-dilution

Pompe à sang

Pompe Effluent

CATHETER
Ca2+
Compensation Ca2+

PhoxyliumⓇ

EFFLUENT

PrismoCitrate
18/0

CVVHDF

pas de Ca2+

Pré et Post-Dilution

PPS

Pompe à sang

Pompe Effluent

CATHETER
Ca2+

EFFLUENT

Compensation Ca2+

Pas de Ca2+

Dilaysat

PhoxyliumⓇ

Début
EER
Citrate

Changement
de dose de Citrate
ou de Calcium

H+1
1

2

3

H+1
4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Ca2+ Ionisé

Ca2+ Post-Filtre Ca2+ Post-Filtre
+
+
2+
2+
Ca Ionisé
Ca Ionisé
+
GDS
+
Iono Complet
+
Calcium Total

Ca2+ Post-Filtre
+
2+
Ca Ionisé
+
GDS

Ca2+ Post-Filtre
+
2+
Ca Ionisé
+
GDS
+
Iono Complet

Ca2+ Post-Filtre
+
2+
Ca Ionisé
+
GDS

Ca2+ Post-Filtre
+
2+
Ca Ionisé

/6h

GDS artériel,
Ca ionisé
Ca ionisé post-filtre

/12h Iono sang complet
/24h

Ca Total
Ca Ionisé

Objectif Ca2+ Post-Filtre
0,25 à 0,35 mmo/l
Mesure du Ca2+ Post-Filtre/6h

< 0,25 mmol/l

0,25 à 0,35 mmol/l

> 0,35 mmol/l

↓

↓

↓

pas de changement

➚ de 0,5 mmol/l

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

Objectif Ca2+ Patient
1 à 1,2 mmo/l

Mesure du Ca2+ Patient/6h

Adaptation de la Dose de Ca2+

< 1,0 mmol/l

1 à 1,2 mmol/l

> 1,25 mmol/l

↓

↓

↓

➚ 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

«Rien ne sert de courir, il faut partir à point»

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

Les Complications

Hypocalcémie

Alcalose métabolique

Hypernatrémie
Intoxication au citrate
Acidose métabolique
et/ou
Accumulation de Citrate

Hypocalcémie

Alcalose métabolique

Hypernatrémie
Intoxication au citrate
Acidose métabolique
et/ou
Accumulation de Citrate

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

Hypocalcémie

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

Hypocalcémie

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)

Augmentation de la DIF
Stewart

Hypocalcémie

Alcalose métabolique

Hypernatrémie
Intoxication au citrate
Acidose métabolique
et/ou
Accumulation de Citrate

Ci-Na3 + 3H2C03

3Na+ + 3HC03- + Ac Citrique
(C6H8O7)

1 mmol de Citrate donne
1 mmol d’Ac Citrique

H20 + CO2

➚

Ci-Na3 + 3H2C03

3Na+ + 3HC03- + Ac Citrique

➚

(C6H8O7)

X
H20 + CO2

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

Accumulation de Citrate

Le citrate en excès
se lie au calcium

Accumulation
de complexe Ci-Ca2+

Hypocalcémie (ionisé)

Augmentation du
Ca Complexé

(< 0,95 mmol/l)

Monitorage une fois par jour

CaTotal
Ca2+

Monitorage une fois par jour

CaTotal
Ca2+

≥ 2,5

Accumulation de Citrate

Stop Citrate

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

PrismoCitrate
18/0

PPS

Pompe à sang

Pompe Effluent

Ci-Ca2+

CATHETER
35 ml/kg/h
Ca2+

Ci-Ca2+
Ci-Ca2+
Ci-Ca2+

Compensation Ca2+

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

Ce taux dépend :
Débit de Filtration
Type de Membrane
Surface de la membrane
PhoxyliumⓇ

Hypomagnésémie

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

Ionogrammes réguliers et supplémentation quotidienne

La Surveillance

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

/6h

GDS artériel,
Ca ionisé
Ca ionisé post-filtre

/12h

Iono sang complet

/24h

Ca Total
Ca Ionisé

Objectif Ca2+ Post-Filtre
0,25 à 0,35 mmo/l
Mesure du Ca2+ Post-Filtre/6h

< 0,35 mmol/l

0,25 à 0,35 mmol/l

> 0,35 mmol/l

↓

↓

↓

pas de changement

➚ de 0,5 mmol/l

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

Objectif Ca2+ Patient
1 à 1,2 mmo/l

Mesure du Ca2+ Patient/6h

Adaptation de la Dose de Ca2+

< 1,0 mmol/l

1 à 1,2 mmol/l

> 1,25 mmol/l

↓

↓

↓

➚ 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

Recommandations

2012

Causes des thromboses de Filtres

13 %

50 %
37 %

Cathéter
Coagulopathie
Problèmes techniques

Littérature sur l’EER-Ci…

1961
Première description d’une hémodialyse au Citrate
Morita Y. et al. - Regional anticoagulation during hemodialysis using citrate. Am. J. Med. Sci., 1961; 242: 32-43.

Progrès technologiques

Surveillance Biologique

Machines - Asservissement

Fiabilité - Biologie délocalisée

2012
Recommandations KDIGO

1582

Hofbauer et al: Effect of anticoagulation

Effect of anticoagulation on blood membrane interactions
during hemodialysis

1999

ROLAND HOFBAUER, DORIS MOSER, MICHAEL FRASS, RAINER OBERBAUER, ALAN D. KAYE,
O. WAGNER, STYLIANOS KAPIOTIS, and WILFRED DRUML
Department of Medical and Chemical Laboratory Diagnostics, Department of Oral and Maxillofacial Surgery, Department of
Internal Medicine I (MICU), and Department of Internal Medicine III, Nephrology and Dialysis, University of Vienna, Austria,
and Department of Anesthesiology and Intensive Care Medicine, Texas Tech University, Health Science Center, Lubbock,
Texas, USA
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Table 2. Dialyzer clottin
dialysis membrane du
hemodialysis thera
molecular weight
a

Surface area involved
Fibrin net formation
Involvement of erythroc
Involvement of platelets
Obstruction of fiber lum
Total “DCS”
a

P , 0.05

such as an improvem
tion of platelets, an
Effect of anticoagulation on blood membrane interactions durin the extracorporeal circuit and to improve biocompatiing hemodialysis.
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Abstract Objective: To compare the
efficacy and safety of adjusted-dose
unfractionated heparin with that of
regional citrate anticoagulation in intensive care patients treated by continuous venovenous hemofiltration
(CVVH). Design and setting: Prospective, randomized, clinical trial
in a 32-bed medical and surgical
ICU in a university teaching hospital. Patients: ICU patients with acute
renal failure requiring continuous
renal replacement therapy, without
cirrhosis, severe coagulopathy, or
known sensitivity to heparin. Interventions: Before the first CVVH run
patients were randomized to receive
anticoagulation with heparin or trisodium citrate. Patients eligible for
another CVVH run received the
other study medication in a crossover fashion until the fourth circuit.
Measurements and results: Forty-

Randomisée
EERC

CVVH (post-dilution)

lyzed: 23 with heparin and 26 with
citrate. The median lifetime of
hemofilters was 70 h (interquartile
range 44–140) with citrate anticoagulation 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, respectively, 0.2 (0.0–0.4) with citrate and
1.0 (0.0–2.0) with heparin (p=0.0008).
Conclusions: Regional citrate anticoagulation seems superior to heparin
for the filter lifetime and transfusion
requirements in ICU patients treated
by continuous renal replacement
therapy.

Héparine (n=26) vs Citrate (n = 23)
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quarter of all patients in the United States and Canada
Regional citrate versus systemic heparin anticoagulation for
continuous renal replacement in critically ill patients.
with acute renal failure are treated with CRRT [6–8].
Background. We determined the effect of regional citrate
The requirement for continuous systemic anticoagulaversus systemic heparin anticoagulation for continuous renal retion
is a major drawback to the use of CRRT. Systemic
placement therapy in critically ill subjects suffering from acute
anticoagulation
with unfractionated heparin has been the
renal failure who were not at high risk for hemorrhagic complications.
anticoagulant
of
Médico-Chirurgicale choice, with regional citrate anticoaguMethods. Between April 1999 and June 2002, 30 critically
lation being used as the method of choice in only 13% of
ill subjects requiring continuous renal replacement therapy and
patients in Canada [8, 9]. The use of regional citrate anusing 79 hemofilters were randomly assigned to receive regional
ticoagulation has been described in the setting of CRRT,
citrate or systemic heparin anticoagulation.
and one randomized trial has suggested its superiority
Results. The median hemofilter survival time was 124.5 hours
(95% CI 95.3 to 157.4) in the citrate group, which was signifiover that of heparin [10–12]. However, a recent confercantly longer than the 38.3 hours (95% CI 24.8 to 61.9) in the
ence on CRRT failed to provide a consensus on the preheparin group (P < 0.001). Increasing illness severity score,
ferred anticoagulant for most CRRT patients, offering a
male gender, and decreasing antithrombin-III levels were inderecommendation to avoid systemic anticoagulation with
pendent predictors of an increased relative hazard of hemofilheparin in patients at high risk for hemorrhage [7].
ter failure. After adjustment for illness severity, antithrombinIII levels increased significantly more over the period of study
We have previously described an algorithm for regional
in the citrate as compared to the heparin group (P = 0.038).
citrate anticoagulation in CRRT [11]. The objective of
Moreover, after adjustment for antithrombin-III levels and illthis study was to compare the hemofilter survival times
ness severity score, the relative risk of hemorrhage with citrate
and bleeding risks in critically ill patients undergoing
anticoagulation was significantly lower than that with heparin
CRRT for ARF. Patients were randomized to receive ei(relative risk of 0.14; 95% CI 0.02 to 0.96, P = 0.05).
Conclusion. Compared with systemic heparin anticoaguther systemic unfractionated heparin or regional citrate
lation, regional citrate anticoagulation significantly increases
anticoagulation.
hemofilter survival time, and significantly decreases bleeding
risk in critically ill patients suffering from acute renal failure
and requiring continuous renal replacement therapy.
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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 critically ill patients has become accepted, and based on two
North American surveys, it has been estimated that one

Eligible patients were 18 years old or older and suffering 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]. Patients were excluded if they had a contraindication to
the use of systemic heparin or trisodium citrate or if
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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 re1.00
placement therapy in critically ill subjects suffering from acute
renal failure who were not at high risk for hemorrhagic complications.
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 or0.75
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 significantly longer than the 38.3 hours (95% CI 24.8 to 61.9) in the
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The requirement for continuous systemic anticoagulation is a major drawback to the use of CRRT. Systemic
anticoagulation with unfractionated heparin has been the
28 vs 124 h
anticoagulant of choice, with regional citrate anticoagulation being used as the method of choice in only 13% of
patients in Canada [8, 9]. The use of regional citrate anticoagulation has been described in the setting of CRRT,
and one randomized
trial has suggested its superiority
Citrate group
over that of heparin [10–12]. However, a recent conference on CRRT failed to provide a consensus on the preferred 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 either systemic unfractionated heparin or regional citrate
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[1–6]. The use of continuous renal replacement therapy
(CRRT) in the management of acute renal failure in critically ill patients has become accepted, and based on two
North American surveys, it has been estimated that one

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]. Patients were excluded if they had a contraindication to
the use of systemic heparin or trisodium citrate or if
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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

Number of included patients

66

73

P value Citrate
97

LMWH

P value Citrate

103

87

Heparin

P value

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)

Septic

41%

37%

43%

49%

77%

Ischemic (cardiogenic + hypovolemic)

50%

51%

80%

61%

Not reported

Cause of acute kidney injurya
75%

Safety
Adverse events needing discontinuation 5 (8%)

24 (33%)

<0.001

2 (2%)

19 (19%)

<0.001

Bleeding percentageb

10 (14%)

0.09

0 (0%)

16 (16%)

<0.001

3 (5%)

5 (5.7%)

12 (14.7%) 0.09
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Objective: Continuous venovenous hemofiltration (CVVH) is applied in critically ill patients with acute renal failure for renal replacement. 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, transfusion, 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. Threemonth 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 anticoagulation for CVVH was similar, however, citrate was safer. Unexpectedly, 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 severe multiple organ failure, suggesting interference with inflammation. (Crit Care Med 2009; 37:545–552)
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nadroparin; anticoagulation; sepsis
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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.
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, transfusion, 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

A

cute renal failure (ARF) in critically ill patients represents a
strong and an independent risk
for mortality (1). Prognosis is especially 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. Heparins are the classic choice. Their main
drawback is bleeding because of systemic
anticoagulation (4). Citrate is an attractive

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
Mortalité
plasma calcium (p < 0.001).
Circuit survival was similar. Threemonth 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 anticoagulation for CVVH was similar, however, citrate was safer. Unexpectedly, 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 severe multiple organ failure, suggesting interference with inflammation. (Crit Care Med 2009; 37:545–552)
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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 sufficient (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 randomized controlled studies comparing citrate with heparin in critically ill patients
found longer or similar circuit life and less

comparing the safety and efficacy of two anticoagulant 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 performed under responsibility of the intensivists. 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 modalities were standard practice in the unit, and
patients with an increased risk of adverse
events to either intervention were not included (13, 14, 17). All patients or their legal
representatives received written information
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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

Number of included patients

66

73

P value Citrate
97

LMWH

P value Citrate

103

87

Heparin

P value

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)

Septic

41%

37%

43%

49%

77%

Ischemic (cardiogenic + hypovolemic)

50%

51%

80%

61%

Not reported

Cause of acute kidney injurya
75%

Safety
Adverse events needing discontinuation 5 (8%)

24 (33%)

<0.001

2 (2%)

19 (19%)

<0.001

Bleeding percentageb

10 (14%)

0.09

0 (0%)

16 (16%)

<0.001

3 (5%)

5 (5.7%)

12 (14.7%) 0.09

the primary efficacy parameter confirmed equivalence between citrate- and bicarbonate-buffered CVVH treatment.
At inclusion, standard bicarbonate values were similar be-

Nephrol Dial Transplant (2011) 26: 232–239
doi: 10.1093/ndt/gfq575
Advance Access publication 27 September 2010

from baseline values in these patients (155 ± 71 mg/dL
in the HF-Citrate group and 146 ± 68 mg/dL in the HFBicarbonate group) was comparable
in both groups.
Réanimation

2011

Médico-Chirurgicale

Table 3. Patient characteristics at baseline
Characteristic

HF-Citrate

Regional citrate versus systemic heparin for anticoagulation in
critically
Total ill
(n) patients on continuous venovenous haemofiltration: a
Gender (n,
male)
prospective
randomized
multicentre trial

(65.5%)
(15.29)
(97.7%)
(77%)
(47.1%)
(2.95)
(5.07)

Department of Nephrology, Medical Faculty, Heinrich-Heine University Düsseldorf, Germany, Department of Anesthesiology and
Intensive Care, University Hospital Frankfurt, Germany, 3Department of Medicine, Diakonissen-Hospital Flensburg, Germany,
4
Data
are givenHelios
as mean
(SD)
or nGermany,
(%). 5Department of Nephrology, General Hospital Solingen, Germany,
Department
of Nephrology,
Hospital
Krefeld,
6
Department of Medicine, General Hospital Ludwigshafen, Germany, 7Department of Nephrology, University Hospital Essen,
Germany and 8Fresenius Medical Care, Germany
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morning
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as the primary parameter of efficacy
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Age (years)
Ethnic 1,*
group (n, Caucasian)
Gerd R.Sepsis
Hetzel (n), Michael Schmitz1,*, Heimo Wissing2, Wolfgang Ries3, Gabriele Schott4,
5
, Frank(n)
Isgro6, Andreas Kribben7, Rainer Himmele8, Bernd Grabensee1
Peter J. Heering
Post-operative
1
and Lars C. Rump
SOFA score
APACHE II score (Glasgow Coma Scale excluded)
1
2

87
57
61.72
85
67
41
9.95
21.83

Multicentrique (9 sites)
HF-Bicarbonate
Allemagne

Citrate (n = 62)

CVVH (prédilution)

Background. Continuous venovenous haemofiltration ic standard, since there is no advantage of one of these sub(CVVH) Day
in the0intensive
care setting requires
morning
61/47anticoagula- stances with
22.2regard
(4.7)to patient mortality.
22.9 (4.6)
tion to prevent
clotting
of
the
extracorporeal
circuit.
Day 1 morning
62/47
23.1
(3.3)
24.1 (4.0)
Several protocols avoiding heparin and using regional cit- Keywords: acute renal failure; anticoagulation; citrate; haemofiltration
Day 2 morning
24.0 (2.8)
24.6 (2.5)
rate anticoagulation
have been developed62/47
to diminish blee3 morning
62/47
24.2 (3.1)
25.1 (2.7)
ding risks.Day
However,
data from randomized
trials comparing
Day 4 morning
55/39
24.3 (2.6)
25.2 (2.5)
citrate anticoagulation
with systemic heparinization
are
very limited.
Day 5 morning
50/34
24.7 (3.4)
25.0 (2.6)
Methods.Day
One 6
hundred
and seventy-four43/28
patients on mech- Introduction
morning
24.9 (2.9)
24.2 (2.3)
anical ventilation, requiring renal replacement therapy for
Day
7 morning
33/22
24.8
(3.1)in critically ill patients with
24.3
(2.9)
mortality
acute
renal
acute renal
failure,
were included in this prospective
rando- In-hospital
Day 8 morning
29/19
often (3.1)
exceeding 50% [1–4]. Though24.4
there(2.6)
is still
mized multicentre
trial comparing regional
citrate with sys- failure is 24.7
Day 9The
morning
24.7 for
(3.5)
24.8 therapy
(2.3)
the optimal renal replacement
temic heparin.
study was performed27/17
at nine different no consensus
venovenous haemofiltration24.0
(CVVH)
intensive Day
care units
at university or academic
teaching hos- [5–7], continuous
10 morning
20/15
24.4 (2.7)
(2.8)is
intermittent techniques in order
to provide
pitals. The
participants
were randomized20/12
to either CVVH often preferred
Day
11 morning
24.6 to
(2.9)
24.2
(2.5)
using regional citrate anticoagulation or CVVH using sys- tight control of volume and acid base status. However, a
Day
11
noon
20/12
24.7
(2.8)
23.3
(2.8)
need
temic anticoagulation with unfractionated heparin. The pri- major disadvantage of continuous procedures is the
mary outcome was to compare treatment eff icacy for continuous anticoagulation to prevent clotting of the
extracorporeal
circuit.
clinical practice,
anticoarepresented
the patients’
status standard
on Day 3 and
Anbyoverview
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morning
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values.
The Inhierarchical
testsystemic
procedure
started on Day 3 and
on each consecutive day. Several parameters of safety gulation with unfractionated heparin is common. As this can
confirmatory test procedure for equivalencebe
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no longer statistically significant.
associated with severe adverse effects, such as heparinand efficacy were analysed as secondary outcomes.
Results. Comparison of standard bicarbonate from Day 3 induced thrombocytopenia (HIT) or an increased risk of
to Day 11 revealed no difference between both treatment bleeding, regional anticoagulation with citrate was develmodalities. Use of citrate resulted in less systemic anticoa- oped to avoid systemic anticoagulation.

83
59
65.11
81
61
41
9.55
22.04

(71.1%)
(12.46)
(97.6%)
(73.5%)
(49.4%)
(2.59)
(5.51)

Difference

95% CI

–
–
–
−0.827
−0.850
−0.317
0.645
0.489
0.307
−0.013
0.392
0.393
1.397

–
–
–
(−1.948–0.294)
(−1.927–0.228)
(−1.703–1.069)
(−0.672–1.961)
(−1.182–2.160)
(−1.422–2.036)
(−1.947–1.921)
(−1.501–2.286)
(−1.669–2.456)
(−0.682–3.475)

ended at noon on Day 11 when the

Nephrol Dial Transplant (2011) 26: 232–239
doi: 10.1093/ndt/gfq575
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2011

Regional citrate versus systemic heparin for anticoagulation in
critically ill patients on continuous venovenous haemofiltration: a
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0.03 ± 0.12, P < 0.001; hypocalcaemia: 0.08 ± 0.16 versus
0.05 ± 0.20, P < 0.001).
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Haemofilter patency. Mean haemofilter patency as a parameter of technical
safety was significantly longer in the
Abstract
heparin anticoagulation should be regarded as a therapeutBackground. Continuous venovenous haemofiltration ic standard, since there is no advantage of one of these subgroup
stances withcompared
regard to patient mortality. with the HF-Bicarbonate
(CVVH) in the intensiveHF-Citrate
care setting requires anticoagulation to prevent clotting of the extracorporeal circuit.
Several protocols avoiding
heparin and using
regional citgroup
(37.5
± 23 h versus 26.1 ± 19 h, P < 0.001, n =
rate anticoagulation have been developed to diminish bleeding risks. However, data from randomized trials comparing
87/81).
The aremean duration of interruption of CVVH was
citrate anticoagulation with
systemic heparinization
very limited.
Introduction
Methods. One hundred and
seventy-four
patientsday
on mech- in
1.7
h per
the HF-Citrate group compared with 2.8 h
anical ventilation, requiring renal replacement therapy for
acute renal failure, were included in this prospective rando- In-hospital mortality in critically ill patients with acute renal
per day in the HF-Bicarbonate group, a difference that was
mized multicentre trial comparing regional citrate with sys- failure is often exceeding 50% [1–4]. Though there is still
temic heparin. The study was performed at nine different no consensus for the optimal renal replacement therapy
continuous venovenous haemofiltration (CVVH) is
intensive care units at university
academic teaching hos- [5–7],
notorstatistically
significant.
pitals. The participants were randomized to either CVVH often preferred to intermittent techniques in order to provide
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using regional citrate anticoagulation or CVVH using systemic anticoagulation with unfractionated heparin. The primary 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 anticoagulation, a lower risk of bleeding and a longer haemofilter

Discussion

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 anticoagulation with unfractionated heparin is common. As this can
be associated with severe adverse effects, such as heparininduced thrombocytopenia (HIT) or an increased risk of
bleeding, regional anticoagulation with citrate was developed to avoid systemic anticoagulation.
Citrate acts as an anticoagulant in the extracorporeal

ation in the d
the complexi
the calcium s
to blood flow
justed to the
explain the s
others [12].
Irrespectiv
seen in our
of citrate anti
of a randomi
rate with sys
mortality rate
patient group
dominant rea

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–
Nephrol Dial Transplant (2011) 26: 232–239
doi: 10.1093/ndt/gfq575
Meier survival analysis showed that there was no statistiAdvance Access publication 27 September 2010
cally significant difference in survival up to Day 30 between
the two treatment groups (P = 0.67) (see Figure 3).
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Abstract
Background. Continuous venovenous haemofiltration
(CVVH) in the intensive care setting requires anticoagulation to prevent clotting of the extracorporeal circuit.
Several protocols avoiding heparin and using regional citrate anticoagulation have been developed to diminish bleeding risks. However, data from randomized trials comparing
citrate anticoagulation with systemic heparinization are
very limited.
Methods. One hundred and seventy-four patients on mechanical ventilation, requiring renal replacement therapy for
acute renal failure, were included in this prospective randomized multicentre trial comparing regional citrate with systemic heparin. The study was performed at nine different
intensive care units at university or academic teaching hospitals. The participants were randomized to either CVVH
using regional citrate anticoagulation or CVVH using systemic anticoagulation with unfractionated heparin. The primary 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
Fig. 3. Kaplan–Meier
to Day 11 revealed no difference between both treatment
modalities. Use of citrate resulted in less systemic anticoagulation, a lower risk of bleeding and a longer haemofilter

heparin anticoagulation should be regarded as a therapeutic standard, since there is no advantage of one of these substances 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 anticoagulation with unfractionated heparin is common. As this can
be associated with severe adverse effects, such as heparininduced thrombocytopenia
survival
analysis up to Day(HIT)
30. or an increased risk of
bleeding, regional anticoagulation with citrate was developed to avoid systemic anticoagulation.
Citrate acts as an anticoagulant in the extracorporeal
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HIT. The incidence of HIT was higher in the HFBicarbonate
compared
with the HF-Citrateingroup
Regional citrate versus
systemicgroup
heparin
for anticoagulation
both during the treatment phase (7.2% versus 3.4% of
critically ill patients on
continuous venovenous haemofiltration: a
all patients) as well as the whole study period (9.6% verprospective randomized
trial One surviving patient in the
sus multicentre
4.5% of all patients).
HF-Bicarbonate group retained permanent health defects
1,*
that1,*were
attributed
HIT, andRies
the3, Gabriele
other patients
Gerd R. Hetzel , Michael Schmitz
, Heimo
Wissing2to
, Wolfgang
Schott4,experi5
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, Rainer
Himmele , Bernd
Grabensee
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secondary
complications
as judged
by1 the local
1
and Lars C. Rump
investigator.

tient with known liver cirrhosis developed a high ratio of
total to ionized calcium due to vigorous calcium supplementation 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, derangements 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 patient by the number of total measurements per patient. For
both parameters, the mean occurrence rates were significantly higher in the HF-Citrate group compared with the
HF-Bicarbonate group (hypercalcaemia: 0.08 ± 0.14 versus
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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

Number of included patients

66

73

P value Citrate
97

LMWH

P value Citrate

103

87

Heparin

P value

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)

Septic

41%

37%

43%

49%

77%

Ischemic (cardiogenic + hypovolemic)

50%

51%

80%

61%

Not reported

Cause of acute kidney injurya
75%

Safety
Adverse events needing discontinuation 5 (8%)

24 (33%)

<0.001

2 (2%)

19 (19%)

<0.001

Bleeding percentageb

10 (14%)

0.09

0 (0%)

16 (16%)

<0.001

3 (5%)

5 (5.7%)

12 (14.7%) 0.09
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Citrate anticoagulation versus systemic
heparinisation in continuous venovenous
hemofiltration in critically ill patients with
acute kidney injury: a multi-center
randomized clinical trial
Louise Schilder1*, S Azam Nurmohamed1, Frank H Bosch2, Ilse M Purmer3, Sylvia S den Boer4, Cynthia G Kleppe5,
Marc G Vervloet1, Albertus Beishuizen6, Armand RJ Girbes6, Pieter M ter Wee1, AB Johan Groeneveld7 and for the
CASH study group
Abstract

Randomisée

HNF (n = 73)

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.

2014

Citrate (n = 66)

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.

CVVH (prédilution)
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Figure 1 Patient survival. (a) Survival 28 days after initiation of
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after initiation of CVVH. Continuous line represents citrate, dotted
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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.

Conclusion
The CASH trial confirms the superiority of citrate in patients 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 anticoagulation is really problematic. Randomized studies in this
population will, however, never be available. Thus, stubborn objectors: surrender! Citrate is the first choice.
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-

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, enrollment in the CASH trial was extremely slow and the
study was prematurely discontinued. Despite its multicenter 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 contrasts with the 56% enrollment rate in the OLVG trial.
Thus, the selection of patients in the CASH trial was extreme, downgrading its generalizability. The authors suggest 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 therapeutic 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 anticoagulation policy. At the time of the OLVG study, atrial fib-
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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
Fabien Stucker1†, Belen Ponte1†, James Tataw1, Pierre-Yves Martin1, Hannah Wozniak2, Jérome Pugin2
and Patrick Saudan1*
Abstract
Introduction: A systemic anticoagulation is often
required to prevent circuit and filter clotting in ICU patients
Réanimation
undergoing continuous renal replacement therapy (CRRT). A regional citrate-based anticoagulation (RCA) does not
Médico-Chirurgicale
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.

Monocentrique
Methods: One hundred and three patients with
AKI requiring CRRT were included. The patients were randomized
to either CRRT with RCA or heparin anticoagulation.(Suisse)
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
Randomisée
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.
HNF (n = 49)
Trial registration: ClinicalTrials.gov NCT01269112. Registered 3rd January 2011.
Systemic anticoagulation is often required to prevent
Introduction
clotting
of the filter and extracorporeal circulation. Until
Acute kidney injury (AKI) is a common complication
in (n
Citrate
= 54)
the ICU setting, occurring in nearly 5 to 7% of the recently unfractionated heparin was the standard and
patients and burdened by a high mortality rate [1]. Renal the most-used anticoagulation therapy in the ICU setting
replacement therapy (RRT) is needed in 70% of ICU [2]. However, ICU patients are at higher risk of bleeding
for many reasons (surgical procedures, trauma, liver dyspatients with AKI and continuous renal
replacement(prédilution)
CVVHDF
therapy (CRRT) is implemented in 80% of the cases [1]. function, thrombocytopenia), and this risk is increased
Filtration 30when
ml/kg/h
systemic anticoagulation is used.
By
chelating calcium, citrate inhibits the clotting casDialysat
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ml/kg/h
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fied as a Ca ratio (total calcium/ionized calcium >2.5),

mean filter lifespan significantly increased in the RCA
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Figure 1 Flow chart of the trial.
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Figure 2 Kaplan-Meier analysis of the filter lifespan.
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