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1. What is Citrasate®?
In 2003 Citrasate® was developed and registered with a U.S. patent as a new innovative concentrate for hemodialysis from the company Advanced Renal Technologies* (ART) U.S.A. In this concentrate
3 mmol/L of acetic acid were replaced by 0.8 mmol/L of citric acid, resulting in a reduced amount of
0.3 mmol/L of acetate.
The use of a weak acid is necessary in acid dialysis concentrates in order to prevent the precipitation of
calcium and magnesium carbonate. Tab.1 shows the comparision of composition of Citrasate® and an
acetate-containing standard dialysate.

units

Citrasate®

standard-dialysate

Sodium

mmol/L

139.75

138.0

Calcium

mmol/L

1.25 or 1.5

1.25

Magnesium

mmol/L

0.5

0.5

Potassium

mmol/L

2.0

2.0

Chloride

mmol/L

106.0

106.3

Acetate

mmol/L

0.3

3.0

Citrate

mmol/L

0.8

-

Glucose

g/L

1.0

1.0

mmol/L

37.4

34.2

Bicarbonate

Tab.1 The composition of Citrasate® in comparison to an acetate-containing standard dialysate

*Citrasate® is a registrated trademark of Advanced Renal Technologies (ART) U.S.A., based on the following patents of company:
U.S. Patent 5.252.213 and 6.610.206 and Eur. Patent 1124567
3

2. Why citrate is used in acid dialysis concentrate instead of
acetate and what benefits result?
With the introduction of the so-called bicarbonate dialysis the share of acetate ions was reduced to
0.3 mmol/L. However, during dialysis treatment, the acetate ions can cause a series of undesired
physiological side-effects because of their metabolism to carbon dioxide under consumption of oxygen.
The possible side-effects of acetate during dialysis have been summarised in table 2:

Physiological effects of acetate during
its metabolism

Possible symptoms during and after treatment

vasodilation

>> hypotension
>> arrhythmia

increased requirement of O2

>> hypoxemia

unphysiological formation of intermediate
products of metabolism such as aldehydes
and others

>> headache
>> nausea

cytokine induction ( IL-1) in monocytes

>> stimulation of long-term effects of dialysis
treatment such as atherosclerosis and
inflammation

Tab. 2 Possible side-effects of acetate in dialysis (1-3)

For an effective dialysis treatment it is necessary to prevent blood coagulation in the extracorporeal circuit
by suitable anticoagulants for which unfractionated heparin is used normally. The repeated use of heparin
however, can cause a number of undesirable side-effects. So, if possible, the heparin dose used should
be minimized. In the critical case of heparin-induced thrombocytopenia (HIT II) heparin has to be avoided
totally. The possible side-effects of unfractioned heparin are summarised in table 3.
Possible side-effects of unfractionated heparin
Increase of bleeding risk
Partial blockage of lipid metabolism
Osteoporosis
Pruritus
Heparin-induced release of myeloperoxidase (MPO) from atherosclerotic blood vessels
Heparin-induced thrombocytopenia (HIT II)
Tab. 3 Possible side-effects of unfractionated heparin in dialysis (4-8)
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The new innovative acid concentrate Citrasate® is acidified with citric acid to generate citrate ions. As
known from literature, citrate ions possess anticoagulant properties because of its complex formation with
calcium and magenesium ions. The extent of this anticoagulation is dependent on the citrate concentration. Because the concentration of citrate is very small in the dialysate, if Citrasate® is used for High-Flux
dialysis (HFD) or online Hemodiafiltration (HFD), it is not necessary to evaluate the concentration of free
calcium ions inside the blood or to admister calcium chloride into the blood behind the dialyser.
For the metabolism of citrate through the organism oxygen is not necessary. In comparison to acetate,
citrates half-life is much shorter.

3. What is the mechanism of Citrasate® inside the dialyser?

dialysate

blood
Ca2+

CIT
C
IT
Ca2+
Ca
C
a

CIT

3-

-

CIT

3CIT 3-

Fig. 1: Transport processes in the dialyser

Step 1
At pH 1.9 of Citrasate® the calcium and citrate ions do not form a complex. The formation of Ca-Citratecomplex takes place during mixing of A- and B-component inside the dialysis machine producing the
final dialysis fluid.
- As a result of the concentration gradients in the dialyser free citrate ions diffuse into the blood and bind
there free calcium ions to form a Ca-Citrate-complex.
- At the same time, free calcium ions diffuse from the blood to the dialysate side because the ionised
calcium has been reduced as a result of Ca-Citrate-complex formation.
Both transport processes lead to a reduction of concentration of free calcium ions in the blood and cause
therefore a local anticoagulatory effect inside the dialyser.
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Step 2
The Ca-citrate-complex entering the blood circuit dissociates in free Ca2+- and citrate ions with the
result that the free calcium ions are available again for the blood pool. The citrate ions are metabolised to bicarbonate by means of the KREBS-cycle. As citrate can also be metabolised by muscle cells,
Citrasate® can be used also for patients with liver insufficiency.

CIT 3-

2+

Ca
The free Ca2+ again becomes
available for the blood pool.

The citrate is metabolised in the
KREBS-cycle, forming finally
bicarbonate
HCO3 -

HCO3-

Fig. 2: Removal of Calcium-citrat-complex in the blood

4. Indications for renal replacement therapies with Citrasate®
On the basis of present clinical experience Citrasate® can be used for the following patients performing
different treatment modes of blood purification:
- pre- or postoperative patients
- patients at risk of strong bleeding
- patients with cholesterol embolism
- patients with gastro-intestinal lesions
- patients with haemorrhagic retinopathies as a result of diabetes
- patients with heparin-induced side effects (e.g. pruritus or osteoporosis)
- patients, who have to be treated heparin-free, e.g. because of HIT II.
- patients with acetate-induced side-effects (e.g. hypotensions or nausea)
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5. Clinical results of application of Citrasate®
Reduction of thrombus formation in the dialyser as a result of Citrasate®

Fig. 3 Polysulfone hollow fibre membrane after 4h of
dialysis with fractionated heparin as anticoagulant (9)

Fig. 4 Polysulfone hollow fibre membrane after 4h of
dialysis with citrate as anticoagulant (9)

Fig. 5 Dialysator after rinseback, following 4h of
hemodialysís with actetate-containing dialysate (22)

Fig. 6 Dialysator after rinseback, following 4 h
hemodialysis with Citrasate® (22)
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Reduction of heparin dose

Heparin-Dose

Kossmann et al. (10) switched 31 patients from normal dialysate containing acetate (NCD) to Citrasate®
and gradually reduced the heparin dosage without
change of treatment parameters such as blood and
dialysate flow rates or duration of session and type
of dialyser. Despite the reduction of heparin by 55%,
all the treatments were finished successfully without
clotting problems.
This result was confirmed in some other studies
(12, 14).

Fig.7 Stepwise reduction of heparin dose after
changeover to Citrasate®

In addition to that it was found that fractionated
heparin (Fraxiparin®) can be reduced also by 50% with Citrasate® in comparison to standard dialysate
without increased clotting problems inside of the dialyser or extracorporal circuit.
The reduction of anticoagulant dose was shown to be possible using the following treatment modes: LowFlux dialysis, High-Flux dialysis and online Hemodiafiltration (HDF) in pre- or postdilution mode (10-12).
Recently Sands et al. (15) confirmed the possibility of a heparin reduction between 20-30% in a
prospective multicenter trial. In 92% of 277 dialysis patients it was found that the dialysis treatment could
be finished without adverse events like clotting or bleeding. Additionally, an increase of urea clearance by
1% was observed without change of treatment conditions.

The impact of Citrasate® on clotting parameters
As only 0.8 mmol/L of citrate is contained in Citrasate®, its anticoagulatory effect can only develop in the
dialyser during dialysis, i. e. no systemic anticoagulation was to be expected. Therefore, no drastic change
of clotting parameters should taken place.
Gabutti et al. (16) measured no significant changes in the formation of TAT-complex and the F1+ F2prothrombin fragments (pre- and postdialytic) in 25 patients undergoing 375 dialysis treatments, if there
was a switch from acetate-containing dialysate to one containing citrate. Leimbach et al. (17) made the
same observation for the pre- and post-dialytic ACT values in 7 patients. Ahrenholz et al. (14) confirmed
these findings. In this context the authors were also able to show that the ACT values droped even in the
case of a heparin reduction of 50%, but no clotting events occured inside of the dialyser and inside of the
extracorporeal circuit.
In cases of fractionated heparin use a reduction of dose by 50% did also not cause a critical decrease of
the corresponding clotting parameter (see fig. 8).
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Fig. 8 Post-dialytic changes of ACT respectively Antifactor Xa after change-over from standard dialysate to Citrasate® and subsequent
reduction of heparin resp. Fraxiparine® dosage during High-Flux dialysis (13,14) resp. Low-Flux dialysis (12)

Winkler et al. (11) have also investigated the influence of Citrasate® on clotting parameters, if different
treament modes were used. As shown in fig. 9, the activated Prothrombin times (aPTT) before and after
treatment did not differ significantly, if Citrasate® or standard dialysate was applied.
apTT
und
nach der
Behandlung;
aPTT
vorvor
und
nach
Behandlung
aPTT
preand
post-treatment;
n=7n = 7 ; n=7
50,00
45,00
40,00
35,00

sec

30,00
25,00
20,00
15,00

apTTprä
aPPT
pre
apTTpost
aPTT
post

10,00
5,00
0,00
HD Citrasate

HDFpost Citrasate

HDFpost Acetat

Fig. 9
The activated Prothrombin time (aPTT) before and
after treatment using with different treatment modes
with standard dialysate or Citrasate®

Decreased after-bleeding
From Kossman et al. (10) it was found that after the changeover from 31 patients with bleeding times
>15 min from standard dialysate to Citrasate® and a reduction of heparin dose by 55%, the after-bleeding
was reduced without increased clotting events. A new quantitative investigation from Weiss et al. (18) with
13 patients and after-bleeding >15 min has resulted in a decrease from 19.7 ± 2.8 min to 15.8 ± 2.1 min
after the changeover from standard dialysate to Citrasate® and a reduction of heparin dose by 50%. The
significance of this decrease was proven by means of a Wilcoxon rank sum test with p= 0.005.
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Fig. 10 Decrease of post-dialysis bleeding in 13 patients after change-over from acetate-containing dialysate to Citrasate®
and reduction of heparin dose by 50% during High-Flux dialysis

Maintenance of dialysis dose
The results from Ahrenholz et al. (11, 14) and Wunderle et al. (12) in fig.11 show in contrast to previous
results from Ahmad et al. (19), Kossman et al. (24) and Polakovic et al. (20) that no decrease of dialysis
dose occurs after changeover from standard dialysate to Citrasate® including a reduction of heparin dose
by 50%. Recently, from Schmitz et al. (21) in a multicenter study with a citrate-containing dialysate with
1.0 mmol/L citrate it was found also that there is no increase of dialysis dose in comparison to acetate-containing dialysate.

Fig. 11 The comparison of dialysis dose (spKt/V) between standard dialysate (baseline) and Citrasate® shows no significant
differences during High-Flux dialysis (left figure) or Low-Flux dialysis (right figure) after reduction of heparin dosage by 50%
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Improvement of haemodynamic stability
From Gabutti et al. (16) 25 patients were investigated, who underwent a total of 375 dialysis sessions with
a standard acetate dialysate (A) or with a citrate-containing dialysate with (C+) or without (C) calcium
supplementation (0.25 mmol/L) due to the following study design:

A

C

A

acetic
acid
dialysate

citric
acid
dialysate

acetic
acid
dialysate

C

citric
acid
dialysate

C+ citric acid dialysate
025 mmol/l calcium
supplementation

randomisation

3 dialysis

C

A

C

A

citric
acid
dialysate

acetic
acid
dialysate

citric
acid
dialysate

acetic
acid
dialysate

3 dialysis

3 dialysis

3 dialysis

3 dialysis

In hypertensive patients the citrate dialysis resulted in a significantly lower systolic blood pressure (fig. 12)
and an increase of stroke volume (fig. 13).

Fig.12 Systolic blood pressure

Fig.13 Stroke volume
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No influence on phosphate and parathyroid hormone level
The calcium-phosphate balance is determined largely by the level of intact parathyroid hormone. Disruptions of this balance do not appear because no significant differences were found between standard
dialysate and Citrasate® using different treatment modes as shown in fig.14 and fig.15 (High-Flux dialysis
or online Hemodialfiltration postdilution. The mean dose of EPO (Aranesp®) or iron preparation (Ferrlecit)
was hold constant during all steps of investigation (11).
Recently, from Schmitz et al. (21) in a multicenter study with a citrate-containing dialysate with 1.0 mmol/L
citrate no changes were found also for the values of PTH and alkaline phosphatase.

iPTH vor Behandlung; n = 8
iPTH before
treatment; n=8

Phosphat
vor
und nach
n =n=8
8
Phosphate
before
and Behandlung;
after treatment;
1,60

100,00

1,40

90,00
80,00

1,20

70,00
pmol/l

mmol/l

1,00
0,80
0,60

60,00
50,00
40,00
30,00
20,00

0,40

Phosphat prä
phosphate
pre
phosphate
postcorr
corr
Phosphat post

0,20
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HD Citrasate

0,00
HD Citrasate

HDFpre Citrasate

HDFpre Acetat

Fig. 14 Phosphate before and after different treatment modes

HDFpre
Citrasate

HDFpre Acetat

Fig. 15 Pre-treatment concentration of intact parathyroid
hormone (iPTH) for different treatment modes

Optimal metabolisation of Citrasate®
The loss of ionized calcium by chelate formation with citrate ions can be compensated sufficiently by use
of an 0.25 mmol/L increased dialysate concentration for High-Flux dialysis and online Hemodiafiltration
in pre- or postdilution mode (11).
As shown in fig. 16 and fig. 17, the Ca2+ concentrations level out to values of about 1.10 mmol/L after treatment, just as in the case of online HDF treatments with standard dialysate (Ca2+ =1.25 mmol/L). Losses
of ionized calcium by chelation were adequately compensated by choosing a higher Ca2+-concentration
in the dialysate. Fig.17 demonstrates, that the total calcium amount is more reduced in case of online HDF
postdilution with standard concentrate instead of the same treatment with Citrasate®. This result can be
explained that chelated calcium will be released again during the treatment as a result of citrate metabolisation inside of the organism (11).
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Fig.16 Mean of Ca2+ concentrations pre- and post treatment for
different treatment modes with and without Citrasate®

HDFpre Citrasate

HDFpre Acetat

Fig.17 Mean of total Ca-concentrations pre- and post
treatment for different treatment modes with and
without Citrasate®

The extent of intracorporal metabolisation of citrate ions can be estimated by the measurement of the
so-called “Calcium-GAP“. Values lower than 0.2 indicate a sufficient quick metabolisation, which also
improves the base excess within the blood. The Ca-GAP can be calculated due to Gabutti et al. (16) as
follows:
Ca-GAP = (Total Capost – Total Capre ) – (Ca2+post – Ca2+pre )
Calcium-GAP;
n=7
Calcium-GAP;
n=7
0,30
0,20
0,10

HDFpost
Citrasate

HDFpost Acetat

%

0,00

HD Citrasate

-0,10
-0,20
-0,30
-0,40

Fig. 18
Comparison of mean values of Ca-GAP during High-Flux
dialysis (HD) and online HDF postdilution between standard
dialysate with acetate and Citrasate®.

Because in fig.18 in all cases the values are lower than 0.2, a sufficient quick metabolisation of citrate
ions was indicated (11, 13, 14).
According to studies of E. Bauer et al. (23), this result was to be expected. In this study the citrate kinetics
during citrate anticoagulation was investigated in both, patients with normal renal function or those on
hemodialysis. It was found that citrate is also metabolized adequately in patients with renal failure as well
as with mild hepatic dysfunction. Only in patients with severe liver failure citrate anticoagulation was not
indicated. If one considers that with citrate anticoagulation the citrate infusion rate is about 0.3 mmol/
kg/h, while with online HDF postdilution with Citrasate® dialysate it is only about 0.04 mmol/kg/h, then
problems arising from incomplete citrate metabolisation were not to be expected.
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Improvement of treatment compatibility
During the extracorporal renal replacement

0HFKDQLVPRIJHQHUDWLRQRIR[LGDWLYHVWUHVVPLFUR
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H[SUHVVLRQ
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long-term outcome. In fig.19 these correlations
are shown schematically, which are based on
the so-called „Interleukin-I hypothesis“ (25).
This hypothesis explains parts of the develop-

Fig. 19 Schematic presentation of molecular and cellular processes
during dialysis treatment, which can induce the plaque formation and
atherosclerosis

ment of plaques and atherosclerosis in dialysis
patients.
Decisive factors are the release of myeloperoxidase (MPO) and Interleukin I from the
activated monocytes. MPO is considered as a
marker for oxidative stress and inflammation
in patients suffering from kidney disease or
treated with dialysis (31, 32). The release of
Interleukin I triggers for example the synthesis
of acute-phase proteins inside of the liver (44).
This mechanism is presented schematically in

DFXWHSKDVHSURWHLQV

fig. 20.
The overall context between malnutrition, inflammation and atherosclerosis in patients
with chronic kidney failure was investigated
by Stenvinkel et al. (26) and referred to as
„MIA-Syndrome“. In numerous studies it was
found that the plasma level of albumin (27.45)
and C-reactive protein (28) serve as important
markers of inflammation. Additionally, a direct
context was found between the plasma level
of this proteins and the risk of cardiovascular
disease and/or mortality (35).
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Fig. 20 Schematic presentation of induction of synthesis of
acute-phase proteins inside of the liver by cytokines (44)

Improved treatment quality by reduced oxidative stress
Myeloperoxidase (MPO) is considered as a marker for oxidative stress and as parameter of inflammation
in patients (6) suffering from kidney disease or to be treated with extracorporal blood purification (29).
MPO is able to induce vascular complications with several and different mechanisms:
- Inhibition of NO-dependent vasorelaxation
- Production of endogenous NO-inhibitors
- Oxidation of LDL with consecutive increased reception in local macrophages
- Production of reactive species
The plasma levels of MPO are associated with the extent of atherosclerotic complications and mortality of
patients with acute renal failure (29).
Heparin was shown to stimulate the release of MPO from atherosclerotic vessels and to stimulate the
activation of leucocytes (30), independently from the stimulation by the membrane material (31).
Using unfractionated or low molecular weight heparin for anticoagulation, MPO and platelet factor 4 will
be released immediately after starting dialysis treatment (32). Using citrate for the regional anticoagulation, however, the release of MPO could be inhibited totally (32). By means of the regional citrate anticoagulation for critical ill acute patients a significant decrease of mortality was observed using CVVH as
treatment mode. A better recovery of kidney function was supposed as reason (33).
Winkler et al. (10) respectively Bunia et al. (13) examined the MPO plasma levels and leucocyte numbers pre- and post-dialytic and 15 min after the beginning of High-Flux dialysis with acetate-containing
dialysate and change-over to Citrasate®. The dose of heparin was reduced in two steps by 50%.

Leucocyte number during HD; n=8
8,00

LeukoprH
Leuko15min

7,00

Leukopost

6,00

Gpt/L

5,00
4,00
3,00
2,00
1,00
0,00
baseline

Citrasate

50%Bolus

50%Heparin

Fig. 21 Number of leucocytes during High-Flux dialysis with
acetate-containing dialysate or Citrasate® and stepwise
reduction of heparin dose (11)

Fig. 22 Time course of MPO plasma level after change-over
from acetate-containing dialysate to Citrasate® and
stepwise reduction of heparin dose (13)
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Fig. 21 shows that no significant changes of leucocyte numbers could be observed as function of used
dialysate or applied amount of heparin.
In fig. 22 it can be seen, however, that after 15 min dialysis time a significant drop of MPO-plasma levels
could be observed between acetate-containing dialysate and Citrasate®, whereas the reduction of heparin
dose indicates only a very small influence on the decreased MPO levels.
These results can be considered as first evidence that dialysis treatments with Citrasate® seem to be more
biocompatible for chronic dialysis patients. The reduction of acetate and heparin concentration inside of
the dialysate diminishes obviously the inflammatoric and oxidative potential that stimulates monocytes.

Reduced Inflammation during long-term use
From Bunia et al. (37) and Weiss et al. (18) it was found that the long-term use of Citrasate® over more
than 12 months results in a significant decrease of plasma level of C-reactive protein (CRP) in chronic
dialysis patients. This decrease was independent from the type of anticoagulant used before the changeover to Citrasate® (18, 37).

Fig. 23 Derease of plasma level of CRP after changeover to
Citrasate® and reduction of heparin dose by 50% (18, 37)

Fig. 24 The difference of CRP mean values of all patients treated
with standard dialysate or Citrasate® was significant
(p=0.001) after reduction of heparin dose by 50% (18, 37)

As shown schematically in fig. 20, CRP is regarded as positive acute-phase reactant, which correlates
negatively with serum proteins such as albumin. The deviations of plasma levels of both acute-phase proteins from the normal values of healthy persons are considered as strong predictors of morbidity and/or
mortality of dialysis patients (35, 38).
In fig. 25 and fig. 26 is shown, how the mean values of albumin increase significantly (p=0.032) after
change-over from acetate-containing dialysate to Citrasate complete including a reduction of heparin
dose by 50%.
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Fig. 25 Increase of plasma level of albumin after change-over to
Citrasate® and reduction of heparin dose by 50% (37)

Fig. 26 The difference of albumin mean values of all patients
treated with standard dialysate or Citrasate® was
significant (p=0.032) after reduction of heparin dose by
50% (37)

In recent investigations from Jyh-Chang-Hwang et al. (38) it was suggested that the CRP/albumin ratio
can count as a better predictor of treatment outcome as the single time courses of plasma levels of CRP
(27) or albumin (45).
The calculation of this ratio is shown in fig. 27 using the data from fig. 24 and fig. 26. It can be seen,
there is a significant decrease of the CRP/albumin ratio for Citrasate® in comparison to acetatecontaining dialysate.

Fig. 27
Change of CRP/albumin ratio calculated from the data of
fig. 25 and fig. 26 counting as predictor of treatment outcome
using Citrasate® or acetate-containing dialysate

Taken the results of Bunia et al. (37) and Weiss et al. (18) as a whole, it can be concluded that
Citrasate® is suited to reduce the impact of dialysate as a proinflammatory factor in chronic dialysis
patients. Whether this reduction actually leads to a long term decrease of cardiovascular morbidity and/
or mortality remains reserved for further long term investigations with a larger numbers of patients.
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Heparin free treatment with Citrasate®
The heparin free dialysis plays an important role in treatment of acute ill patients at high risk of bleeding.
The use of regional citrate anticoagulation counts as an important established method.
However, this method counts as material and labour intensive because there is special need for calcium
free dialysate, citrate solution and calcium chloride solution as substituate and a special machine for
acute treatments. Additionally, the plasma level of free calcium has to be measured periodically (39).
It was not far to seek, to check the application of Citrasate® for the heparin free treatment of patients at
high risk of bleeding. The common treatment modes were expected not to be so labour- and material
intensive as the regional citrate anticoagulation. Furthermore there is no need of a special machine for
acute treatments.
The previous results of heparin free treatments with Citrasate® and different treatment modes are
summarised in the following tables:

Methods, patients, results and conclusion
Slow Low Efficiency Dialysis (SLED) (36)
31 patients, in total 117 heparin free treatments
QB = 200 ± 50 ml/min, QD = 290 ± 70 ml/min, duration of treatment: 12 h
Results:

- 90% of treatments finished without clotting
- no change of concentration of free calcium.

Conclusion:

SLED can be used for the treatment of critical ill patients with
hemodynamic instability. The therapy is suited also for patients with
liver disease.

Methods, patients, results and conclusion
Online Hemodiafiltration postdilution (40)
10 patients, in total 120 heparin free treatments with Citrasate®, duration of treatment: 4h
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Control:

10 patients with acetate-containing dialysate and usual
dose of unfractionated heparin

Results:

1x clotting after fistula stenosis, no changes of spKt/V and predialytic
bicarbonate, phosphate, ß2-microglobulin and PTH.

Conclusion:

The use of Citrasate® is safe and allows the treatment of most patients.

Methods, patients, results and conclusion
Online Hemodialfitration Predilution (41)
10 patients, heparin free treatments with Citrasate®
Control:

10 patients treated with acetate-containing dialysate and usual
dose of fractionated heparin duration of treatment: 4 h

Results:

1x clotting after fistula stenosis, no changes of spKt/V and predialytic
bicarbonate, free calcium and pH. After treatment the values of TAT are
increased strongly in comparison to standard dialysate.

Conclusion:

The heparin free online HDF postdilution with Citrasate® can serve as
an alternative, if the regional citrate anticoagulation has to be avoided.

Methods, patients, results and conclusion
Intermittent hemodialysis with heparin-coated polyacrylonitrile membranes (42)
In total 309 heparin free treatments with Citrasate®
Duration of treatment: up to 4 h
Results:

- 19% clotting inside of the extracorporal circuit that could reduce
the dialysis time about 15%
- 4.2% total clotting

Conclusion:

The use of Citrasate® and above mentioned membrans for heparin
free treatments causes a higher reduction of clotting events during
heparin free dialysis as usual methods with saline flushing.

Methods, patients, results and conclusion
Heparin free hemodialysis (43)
24 patients:

1 heparin free treatment with citrasate-containing dialysate with
1.0 mmol/L citrate duration of treatment: 4h

Control:

1 treatment with acetate-containing dialysate and earlier rinsing of
dialyser with saline solution and 3000 units of unfractionated heparin.
duration of treatment: 4h

Results:

8% of treatments were not finished because of clotting. A significantly
increased thrombus formation was observed in the drop chambers, if
acetate-containing dialysate was used. Hypocalcaemia was not observed. However, 30 min after the end treatment, a slight decrease of
free calcium was found for the citrate group.

Conclusion:

The heparin free hemodialysis seems to be feasible and much more
simpler than a coventional, intermittent saline flushing method.
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6. For which dialysis machines Citrasate® can be used?
Methods
• Polakovic et al. (20) carried out double measurements with A-concentrate with acetic acid (AA)
or citric acid with 7 types of dialysis machines from 4 manufacturers. All machines were preset
for conventional acetate-containing A-concentrates.
• Concentrations of Na+-, K+-, Ca2+ in final dialysate were measured by ion selective electrodes. The
bicarbonate concentration was calculated from measured pH- and pCO2-values.
• Measurements were performed for 4 different combinations of sodium and bicarbonate set
values covering the whole range of practically used settings (132/28, 132/39, 148/28 and
148/39 mmol/L).

Results
1.

Performance of all tested dialysis machine types was problem-free without any alarms.

2. Control of Na+- and HCO3--concentration worked over the whole concentration range for all
machines tested.
3. The concentration of ionized calcium was found to be 0.35 – 0.55 mmol/L lower in the
citrate-containing dialysate
4. Bicarbonate concentration exhibited tendency towards slightly higher values (0.5 – 2.5 mmol/L),
when using Citrasate® concentrate as compared to dialysate to conventional acidified type,
depending on the type of mixing system (volumetric or conductometric) of the dialysis machine.

Conclusion
The following machines have been checked successfully with Citrasate® so far (20) :
- Dialog (BBraun)
- 4008/5008/6008 (Fresenius),
- AK 100/ 200/200S (Gambro)
- DBB05/07 (Nikkiso)

7. Guidlines for use of Citrasate®
Treatment modes, used so far:
• Low-Flux-Dialysis (12)
• High-Flux-Dialysis (10, 11, 13-19)
• Online-Hemodiafiltration in pre- or postdilution mode (11, 40, 41)
• Slow Low Efficiency Dialysis (SLED)(36)
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Recommendation during changeover to Citrasate®
Ca2+ - concentration of dialysate

Treatment mode
Low-Flux-Dialysis*

equal to standard dialysate

High-Flux-Dialysis**

0.25 mmol/l above standard dialysate

Online-HDF pre or post-dilution**

0.25 mmol/l above standard dialysate

based on results of Low-Flux (12) or **High-Flux and online HDF studies (11-14, 18, 20)

Time schedule* for heparin reduction by Citrasate®
Anticoagulant

week 0

after week 2

after week 4

unfractionated
heparin

as before

50% in the bolus

50% in the bolus + 50%
in the continuous dose

fractionated
heparin

as before

25% in the bolus

50% in the bolus

* The stepwise reduction of heparin was chosen in line with former studies to avoid clotting complications
in patients, which could be not suited for anticoagulant reduction by unknown reasons (11-14, 18)

8. Advantages of renal replacement therapies with Citrasate®
for patients and users
• Reduction of dose of unfractionated or fractionated heparin up to 50% without clotting the inside of the
dialyser and extracorporal circuit for the following treatment modes: Low- and High-Flux dialysis and
online Hemodialfiltration in pre- or postdilution mode.
• Post-dialysis bleeding times >15 min can be reduced at about 20%.
• Maintenance of described dialysis dose (spKt/V) despite reduced anticoagulant dosage up to 50%.
• Improvement of acid-base status and hemodynamic stability of hypertensive patients.
• The calcium-phosphate-balance will be maintained in the physiological range.
• The compatibility of treatment will be improved by the reduction of acetate and heparin concentration
within the blood. Thereby a significant reduction of oxidative stress and inflammation takes place within
the patients that can reduce the long-term complications of treatment and improve the outcome.
• The successful application of Citrasate® has been proven on the following dialysis machines: Dialog BBraun; 4008/5008 - Fresenius, AK 100,200,200S - Gambro and DDB05/07 – Nikkiso
• The heparin free treatment of patients at high risk of bleeding was found to be possible using different
treatment modes
• For users an economical benefit results in saving the amount of coagulants by 50% for chronic renal
replacement therapies and heparin free treatments, followed by a reduction of labour and material
costs, too.
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Delivery
Citrasate® can be delivered in canisters of 5, 6 or 10 L, bags of 3.8 L, 4.5 L , 5.5 L or containers of 300,
500 and 800 L, BIB system 300, 500 L from MTN Neubrandenburg GmbH*.
The components of Citrasate® can be also delivered as powder sets for 100, 500 and 1000 L self mixing
units.

6 L canister

Na-Acetate

Citric acid

CaCl2

NaCl

MgCl2

KCl

powder set for 500 L self mixing units

* MTN Neubrandenburg GmbH, Germany is the licensed manufacturer for Citrasate® for Germany
and many other European and Asian countries.
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