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A b s t r a c t: For extracorporeal blood purification treatments, an effective anti-
coagulation is needed to avoid contact activation via the intrinsic pathway of the blood-
clotting system. 

While heparin is the standard anticoagulant in dialysis, it shows some disad-
vantages which have to be considered when it is used in membrane/adsorption-based 
blood purification systems. An alternative option for anticoagulation in these systems is 
citrate, which is effective as an anticoagulant by reducing the ionized calcium 
concentration in the extracorporeal circuit. However, to avoid citrate accumulation in 
the patient during treatment, the amount of citrate infusion and the citrate removal by 
the patient’s metabolism as well as by dialysis have to be taken into consideration. 

The aim of this study was to elucidate the characteristics of heparin removal in 
membrane/adsorption-based blood purification systems, to find the correct way to pre-
coat adsorbents in order to avoid excessive adsorption of heparin by anionic exchanging 
resins, and also to find an appropriate dosage of heparin for treatments with these 
systems to ensure patient safety. 

A further aim was to find the correct ionized calcium concentration to suppress 
complement activation, and to compare different dialysis filters regarding their citrate 
clearance in order to be able to recommend the correct dialysis setup to achieve 
appropriate citrate clearance. 

We were able to show that the adsorptive removal of heparin can be signifi-
cantly reduced by pre-coating the adsorbents with heparin without a perceptible impact 
on the adsorption kinetics of bilirubin. Furthermore, we recommend the use of unfra-
ctionated heparin due to its lower sieving coefficient and therefore lower removal com-
pared to fractionated heparins. 

Reducing the extracorporeal Ca2+ concentration to 0.2 mmol/L by infusion of 
citrate solution to the extracorporeal circuit results in an effective suppression of the 
complement activation. 
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To avoid citrate accumulation, we recommend the use of high flux filters when 
citrate anticoagulation is applied. 

 
Key words: anticoagulation, citrate, heparin, liver support, adsorption, complement. 

 
 

Introduction 
 

To avoid blood-clotting in the disposable system, extracorporeal blood 
purification systems (EBPS) need anticoagulation. In membrane-based EBPS 
such as haemodialysis or haemofiltration as well as in combinations of these 
procedures, unfractionated heparin (UFH) is widely used, especially in patients 
suffering from ESRD (end stage renal disease). 

In acute patients who have more complex diseases such as acute renal 
failure, liver failure or sepsis, more complex EBPS are or will be clinically 
used. These systems are based on combined membrane/adsorbent technologies, 
which are able to eliminate protein/albumin-bound toxins, but also water-solu-
ble substances, high molecular weight substances such as endotoxins (LPS), or 
even specific mediators such as TNF-alpha, IL 10 or complement factors (C5a). 

Optimal anticoagulation for complex EBPS is one of the key factors 
which depend very much on the patient’s situation (e.g. the level of AT III) and 
the characteristics of the membranes or adsorbents. Vice versa, the type of 
anticoagulation can influence the patient’s reaction to the application of EBPS 
such as the level of Ca2+ concentration in citrate-anticoagulation to the activa-
tion of the complement system.  

In our centre we investigated how to optimize the anticoagulation based 
on heparin or citrate-anticoagulation. 
 
 

Materials and Methods 
 

Heparin 
In our in vitro studies we compared the adsorption of heparins with 

different molecular mass, namely unfractionated heparin (UFH; Heparin Im-
muno® 5000 IU/ml, Baxter, IL, USA), Lovenox (Sanofi Aventis, Paris, France) 
and Arixtra® (= Fondaparinux; GlaxoSmithKline, London, UK) to polystyrene-
divinylbenzene anionic exchange resins (PS-DVB) in fresh frozen plasma at an 
adsorbent concentration of 1:10 v/v. Furthermore, we evaluated the possibility 
of pre-coating these adsorbents with heparin and the effect of the coating on the 
adsorption kinetics for bilirubin and heparin. For the pre-coating, the adsorbents 
were incubated for 1 h in a sodium chloride solution containing 0, 10 and 100 
IU heparin/ml. After the pre-coating procedure, the adsorbents were transferred 
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to a test tube with fresh frozen plasma (FFP) at a concentration of 1:10 (ratio 
adsorbent to total volume). To check the impact of heparinization on bilirubin 
adsorption, different amounts of bilirubin were added (5, 10 and 15 mg/dl). He-
parin concentrations as well as bilirubin concentrations were measured in the 
supernatant at defined time points with a Hitachi/Roche 902 automatic analyzer 
using the photometric Choamatic Heparin test kit (Chromogenics, Epsom, UK) and 
the Bilirubin test kit (Roche Diagnostics, Mannheim, Germany), respectively. 

Furthermore, we compared the applicability of different heparins for 
their use in membrane/adsorption-based blood purification systems regarding 
sieving coefficients and adsorption characteristics including high-flux dialysis 
but also the Albuflow® as one of the membrane filters of the Prometheus® liver 
support system. 
 

Citrate 
To find out the correlation between citrate concentration and the 

corresponding Ca2+ concentration, we added different concentrations of triso-
dium citrate solution (500 mmol/L, Mayrhofer Pharmazeutika, Austria) as well 
as ACD-A solution (113 mmol/L, Fresenius HemoCare, Germany) to freshly 
drawn blood and measured the ionized calcium and magnesium concentration 
with ion-selective electrodes (Nova 8 CRT, Nova Biomedical, MA, USA). 

Another aim of our studies was to discover the correct citrate and the 
corresponding Ca2+ concentration to prevent activation of the complement cas-
cade in the extracorporeal circuit. To check the impact on the suppression of the 
complement system, complement factor C3a was measured by ELISA (C3a-
desArg, Progen Biotechnik, Germany) after activating the complement system 
by adding 5% v/v cellulose microparticles to freshly drawn blood for 15 min at 
37 °C followed by adding different concentrations of trisodium citrate. 

Furthermore, we investigated the influence of the patient’s haematocrit 
(Hct) on the calcium reduction. This was carried out in vitro by adding defined 
amounts of trisodium citrate to fresh blood with different Hct which was 
prepared from blood drawn from one donor. 

To check the removal rate for citrate by dialysis, clearance measure-
ments were conducted by using an in vitro setup with the Fresenius 4008H 
dialysis machine and 1.2 L fresh frozen plasma at plasma and dialysate flow 
rates of 200 and 500 ml/min respectively. Citrate measurements were carried 
out by a photometric testkit (R-Biopharm AG, Darmstadt, Germany) on a 
Hitachi/Roche 902 automatic analyser. 

The clearance measurements were carried out using polysulfone high 
flux and low flux filters with a 4008H dialysis machine (Fresenius Medical 
Care, Bad Homburg, Germany) and fresh frozen plasma at standard flow rates 
(200 ml/min and 500 ml/min for plasma and dialysate, respectively). 
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Results 
 

Heparin 
Figure 1 demonstrates the fast removal of heparins with different mole-

cular weights in batch tests as well as in the whole system with an albumin 
filter. It clearly shows that the removal efficiency depends on the molar mass of 
the heparin: UFH (molar mass up to 25000) is eliminated more slowly than 
LMWH (Lovenox; molar mass 4000), while the synthetic heparin Arixtra® 
(Fondaparinux), which has a very low molar mass of 1728, shows the fastest 
removal. 

Furthermore, we were able to show that, in the system set up with an 
albumin filter which separates the blood circuit from the adsorbent circuit, the 
difference in adsorption kinetics between UFH and LMWH is significantly 
higher than in batch tests. 
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Figure 1 – Adsorption kinetics of heparins with different molar mass to anion 

exchanging PS-DVB in batch tests (left; adsorbent to plasma ratio = 1:9 v/v, n = 2) 
and in the whole system incl. albumin filter (right; adsorbent to plasma ratio = 1:3.5 v/v). 
Slika 1 ‡ Kinetikata na adsorpcija na heparinot so razli~na molarna 
masa niz anjon izmenuva~ite PS-DBV vo batch-testovi (levo; adsorbent  
vo soodnos so plazma = 1:9 v/v, n = 2) i niz celiot sistem vklu~uvaj}i go  
i albumin filterot (desno; adsorbent vo soodnos so plazma = 1:3.5 v/v). 
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Our results indicate that pre-coating of anionic PS-DVD resins leads to 
a reduction of the heparin adsorption during the treatment without a perceptible 
alteration of bilirubin adsorption kinetics. While coating with a heparin concen-
tration of 10 IU/ml in the supernatant has a strong impact on the adsorption 
kinetics of heparin, only a small additional effect could be shown with heparin 
concentrations of 100 IU/ml. Furthermore, there was no significant effect on 
heparin adsorption when bilirubin was added at concentrations of 5, 10 and 15 
mg/dl (Figure 2). 

However, very high heparin amounts during the pre-coating procedure 
can slightly reduce the bilirubin-adsorption capacity. Figure 3 shows the 
bilirubin-adsorption kinetics for 3 different bilirubin concentrations (5, 10, 15 
mg/dl) and 3 different pre-coating methods (0, 10, 100 IU/ml heparin in the 
supernatant during pre-coating). 

Since unfractionated heparin binds to different proteins in the patient’s 
plasma (especially to factor Xa and thrombin), its sieving coefficient is lower 
than expected and in the range of 8–12%. In contrast, from our own studies 
(unpublished data) it can be assumed that fractionated heparins have much 
higher sieving coefficients.  
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Figure 2 – Heparin adsorption of PS-DVB adsorbent after pre-coating 
 with different amounts of heparin (batch-test) 

Slika 2 ‡ Adsorpcijata na heparin od PS-DBV adsorbent 
 po podgotvuvawe so razli~ni koli~ini na heparin (batch-test) 
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Figure 3 – Bilirubin adsorption of PS-DVB adsorbent after pre-coating with different 
amounts of heparin (batch-test) 

Slika 3 ‡ Adsorpcijata na bilirubin od PS-DBV adsorbent  
po podgotvuvawe so razli~ni koli~ini na heparin (batch-test) 

 
Citrate 
The reduction of the ionized Calcium by different concentrations of 

citrate is shown in table 1. 

Table 1 – Tabela 1 
 

Citrate concentration and the corresponding Ca2+ concentration in fresh blood 
from healthy donors. n = 10 

Koncentracijata na citratot i odgovara~kata koncentracija 
 na jonskiot kalcium vo sve`a krv od zdravi donori 

 

Citrate [mmol/L] 0 1 2 3 4 5 6 

Ca2+ [mmol/L] 1.24 ± 0.01 0.79 ± 0.01 0.52 ± 0.01 0.36 ± 0.01 0.27 ± 0.01 0.22 ± 0.01 0.18 ± 0.01 

 
Figure 4 shows the impact of citrate on the reduction of complement 

factor C3a. For an effective reduction of factor C3a, a Ca2+ concentration of 0.2 
or slightly below 0.2 mmol/L is mandatory. The corresponding citrate concen-
tration is 5 to 6 mmol/L. However, the amount of citrate needed to achieve a de-
fined Ca2+ concentration strongly depends on the patient’s Hct, since citrate 
distributes mainly in plasma [Whitfield 1981]. This is shown in Figure 5. At 
higher haematocrit, less citrate is needed to achieve a defined Ca2+ concentration. 

In our studies we were able to show that high flux filters show signi-
ficantly higher clearances than low flux filters (C = 114.2 ± 2.6 and C = 87.9 ± 
6.1 ml/min·m², respectively). 
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Figure 4 – Suppression of the complement activation (factor C3a) by reducing Mg2+  
and Ca2+ with citrate. Left: blood activated with 5 % v/v cellulose microparticles. 

Right: control without cellulose. [Hartmann 2006] 
Slika 4 ‡ Namaluvawe na aktivacijata na komplementot (faktor C3a) 

so reducirawe na nivoata na jonskiiot magnezium i kalcium so 
citratot. Levo: krv aktivirana so 5 % v/v mikro~esti~ki od celuloza. 

Desno: kontrola bez celuloza [Hartmann 2006] 
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Figure 5 – Influence of the Hct on the Ca2+ reduction by citrate 
Slika 5 ‡ Vlijanieto na hematokritot na namaluvawe 

 na nivoata na jonskiot kalcium so citrat 
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Discussion 
 

Since the removal rate of heparins is inversely proportional to their 
molar mass, it is strongly recommended to use UFH in membrane/adsorption-
based blood purification systems. There are two reasons for the fast removal of 
smaller heparins. On the one hand, since the used adsorbents are highly porous 
substances with different pore sizes, the total accessible surface of the adsor-
bents is higher for small heparin molecules than for larger ones. Furthermore, 
smaller heparins have a higher sieving coefficient, which means a higher 
transfer rate of small heparins into the secondary circuit where the adsorption 
takes place. This is the explanation why the difference between UFH and 
LMWH removal was higher in the system experiments, where the albumin filter 
was used, than in the batch tests where the adsorbents were brought in direct 
contact with the heparin. 

The reason for the relatively low sieving coefficient of UFH (8–12 %) 
for the Albuflow® filter is obviously the fact that heparins bind to different 
protein fractions in blood, especially to AT III, thrombin and factor Xa, but also 
to Hageman factor (XIIa) and factor IXa and fibrinogen, resulting in protein 
complexes of higher total molecular weight. 

When the adsorbent circuit is not sufficiently anticoagulated, the clot-
ting system could be activated and thrombin would be generated in the secon-
dary circuit, which, after backfiltration through the albumin/plasma filter, could 
form fibrin, leading to blood clotting in the venous line of the extracorporeal 
system. This effect should especially be expected in patients with low ATIII 
levels. In order to avoid a heparin-free adsorbent circuit in combined mem-
brane/adsorption-based EBPS, the use of UFH should be managed by heparin 
preloading, especially when anionic exchanger-based adsorbents are used. Since 
UFH partly acts via activation of AT III, anticoagulation with UFH is less 
efficient at low AT III levels. Therefore, at AT III levels below 50%, citrate 
anticoagulation should be preferred. 

When citrate anticoagulation is applied, ionized calcium concentrations 
of 0.2 mmol/l in the extracorporeal circuit should be targeted to achieve ade-
quate suppression of the coagulation as well as the complement cascade. Since 
citrate is mainly distributed in plasma, the patient’s Hct has to be considered 
when citrate anticoagulation is applied. For patients with lower Hct, more cit-
rate is necessary to achieve the target concentration of calcium but, for safety 
reasons, citrate concentration in the blood should not be higher than 6 mmol/L. 

Citrate can be effectively removed via dialysis. The total removal rate 
depends on the filter type used and the filter surface, as well as on the blood and 
dialysate flow rates. Under optimal conditions, which means a high dialysate to 
blood-flow ratio, the citrate clearance can reach up to 95% of the blood-flow rate. 
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Since the total amount of infused citrate depends on the blood-flow rate, 
a higher blood-flow rate yields to higher citrate infusion to the patient. To avoid 
citrate accumulation, which is existent at a ratio of total to ionized calcium of > 2.5 
[Meier-Kriesche 2001], we suggest avoiding high blood-flow rates of more than 
300 ml/min in combination with citrate anticoagulation since, even in combi-
nation with an effective dialysis, the total amount of citrate which is infused 
into the patient is higher. Furthermore, some dialysis machines, especially those 
for acute dialysis treatment in the intensive care unit, are not able to provide 
high dialysate flow rates of several 100 ml/min. 

Patients with a severe disturbance of liver function have to be especially 
closely monitored when citrate anticoagulation is applied, since their citrate 
metabolism is impaired, leading to a higher risk of citrate accumulation and 
metabolic disorders. On the other hand, in patients with intact liver function, 
citrate is metabolized about twice as fast, increasing the risk of metabolic 
alkalosis due to an increase of bicarbonate in the patient’s blood [Kramer 2003, 
Apsner 1997]. To overcome this risk, it is recommended to use dialysis con-
centrate with lower bicarbonate concentration when citrate anticoagulation is 
used. Furthermore, when citrate is infused in the form of trisodium citrate, the 
patient could suffer from hypernatriaemia. Special dialysis concentrates with 
lower sodium concentrations are recommended in combination with trisodium 
citrate anticoagulation to reduce the risk of hypernatriaemia. Furthermore, 
ACD-A solution (acid citrate dextrose) can be used, in which tridodium citrate 
is partly substituted by citric acid, resulting in a lower amount of sodium 
infusion into the patient. 

Although heparin anticoagulation has some disadvantages in combi-
nation with membrane/adsorption-based blood purification systems, in this study 
we were able to show that it can be safely applied when the characteristics of 
these blood purification systems regarding heparin removal are considered. In 
the case of HIT (heparin induced thrombocytopenia) or other contraindications 
for heparin anticoagulation, citrate is a very elegant and effective alternative, 
due especially to its additional ability to suppress complement activation. 

Currently, in our centre an automated system for citrate anticoagulation 
is under development, which is controlled by a software algorithm based on the 
results of this study [Brandl 2007]. 
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R e z i m e 
 

ANTIKOAGULACIJATA VO KOMBINIRAN 
MEMBRANA/ADSORPCIJA SISTEM 
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Pri tretman so ekstrakorporalno pro~istuvawe na krvta, za izbeg-
nuvawe na aktivacijata na vnatre{niot pat na koagulirawe na krvta preku 
kontakt, potrebna e efektivna antikoagulacija.  

Heparinot kako standarden antikoagulant vo dijalizniot proces 
istovremeno  poka`uva nekoi nedostatoci koi treba da se razgledaat koga 
se koristi pri membrana/adsorpcija baziranite sistemi na pro~istuvawe 
na krvta. Kako alternativen izbor za antikoagulacija vo ovie sistemi e 
citratot, ~ija delotvornost kako antikoagulant e vo namaluvawe na nivoata 
na jonskiot kalcium vo ekstrakorporalniot krug. Sepak, za da se izbegne 
akumulacijata na citratot vo pacientot za vreme na tretmanot, potrebno e 
da se razgleda koli~inata na infundiraniot citrat kako i citratot ot-
stranet od pacientot so negoviot metabolizam i so procesot na dijalizata. 

Celta na ovaa studija be{e da se razjasnat karakteristikite na 
otstranuvaweto na heparinot vo membrana/adsorpcija baziraniot sistem na 
pro~istuvawe na krvta, da go pronajde pravilniot na~in za (oblo`uvawe) 
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na adsorbentite za da se izbegne pregolema adsorpcija na heparinot od 
neorganski izmenuva~kite smoli, i isto taka da se iznajde soodvetno 
dozirawe so heparin za tretman so tie sistemi za da se obezbedi sigurnost 
za pacientot. 

Ponatamo{na cel be{e da se iznajde pravilno nivo na jonski kal-
cium za da se suprimira aktivacijata na komplementot i da se sporedat 
razli~ni dijalizni filtri vo pogled na nivniot klirens na citratot za da 
bidat vo sostojba da prepora~aat to~no postavuvawe na dijalizata za da se 
postigne pogoden klirens na citratot. 

Nie bevme vo sostojba da poka`eme deka otstranuvaweto na hepa-
rinot so adsorpcija mo`e da bide zna~ajno reducirano so oblo`uvawe na 
adsorbentite so heparin bez zna~ajno vlijanie vrz kinetikata na adsorp-
cijata na bilirubinot. Pokraj toa, nie prepora~avme koristewe na ne-
frakcioniran heparin soglasno so negoviot pomal koeficient na pominu-
vawe niz otvorite na membranata i poradi toa pomaloto otstranuvawe spo-
redeno so frakcioniraniot heparin. 

Namaluvaweto na nivoto na ekstrakorporalniot jonski kalcium na 
0.2 mmol/L so infuzija na rastvor na citrat vo ekstrakorporalniot krug 
rezultira so delotvorno namaluvawe na aktivacijata na komplementot. 

Pri primena na citrat kako antikoagulans, za izbegnuvawe na aku-
mulacijata na citratot, nie prepora~avme upotreba na filtri so golema 
propustlivost. 

 
Klu~ni zborovi: antikoagulacija, citrat, heparin, hepatalna poddr{ka, 
adsorpcija, komplement. 
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