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Abstract

Introduction: The mechanisms of early filter failure and clotting with different anticoagulation 

modalities during continuous venovenous haemofiltration (CVVH) are largely unknown.

Methods: Citrate, heparin and no anticoagulation were compared. Blood was drawn pre- 

and post filter up to 720 min. Concentrations of the thrombin-antithrombin (TAT), activated 

protein C-protein C inhibitor (APC-PCI), and type I plasminogen activator inhibitor (PAI-1) 

were determined.

Results: In case of early filter failure (<24h), inlet concentrations of TAT and APC-PCI were 

higher over time, irrespective of anticoagulation. There was more production of APC-PCI and 

platelet-derived PAI-1 in the filter after 10 min in the heparin than other groups. In clotting 

filters, production of APC-PCI and PAI was also higher with heparin than citrate.

Conclusion: Coagulation activation in plasma and inhibition of anticoagulation in plasma 

and filter may partly determine early CVVH filter failure due to clotting, particularly when 

heparin is used. Regional anticoagulation by citrate circumvents inhibition of anticoagulation 

and fibrinolysis by platelet activation following heparin.
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Introduction

Continuous venovenous haemofiltration (CVVH) is used to treat patients with acute kidney 

injury (AKI) in the intensive care unit (ICU). Anticoagulation is required to prevent clotting 

of the extracorporeal system and filter dysfunction. Premature clotting of the filter is a 

substantial problem causing prolonged down time and subsequently suboptimal therapy [1]. 

Modalities of anticoagulation include systemically administered unfractionated or low 

molecular weight heparin, but its use must be weighted against the associated bleeding 

risk. Alternatively, regional anticoagulation by citrate can be used. Initially citrate was mostly 

used in patients in whom heparin was contraindicated, for instance in case of a high bleeding 

tendency or heparin-induced thrombocytopenia. Recently, however, citrate has gained 

popularity due to the reported circuit survival prolongation [2-7] and improved patient 

survival in one study [8]. The mechanisms by which citrate prolongs filter survival remain to 

be elucidated.

In critically ill patients, in whom sepsis is common, the coagulation/fibrinolysis balance is often 

deranged at initiation of CVVH and this may affect circuit survival, even when anticoagulation 

is used [9-19]. Simultaneous pro- and anticoagulant and pro- and antifibrinolytic processes 

may occur, which can be unravelled by using specific indicators, as follows. The reaction of 

thrombin with its major inhibitor antithrombin leads to the formation of a stable complex, 

the thrombin-antithrombin (TAT) complex, representing a sensitive marker for thrombin 

generation. Data on activation of coagulation during CVVH are, however, conflicting. Some 

studies report evidence for thrombin generation during CVVH [10,12,15,17], whereas 

others do not [9,16,18]. Circulating zymogen protein C is activated by thrombomodulin, 

which is expressed on the surface of endothelial cells and on monocytes, once activated 

by thrombin. As soon as activated protein C (APC) is produced within the circulation, it 

undergoes inactivation by reacting with serine protease inhibitors such as protein C inhibitor 

(PCI). Therefore, concentrations of APC-PCI represent protein C activation, inhibition of 

anticoagulation and, indirectly, thrombin generation. Type I plasminogen activator inhibitor 

(PAI-1) is the principal inhibitor of fibrinolysis and its release from endothelium and platelets 

further contributes to a coagulation to fibrinolysis imbalance. A previous study observed no 

effect of CVVH on the fibrinolytic system as measured by levels of PAI-1 [15], however others 

report a decline in PAI-1 concentrations and activity over time during CVVH [13].

Some prior studies on coagulation and fibrinolysis activation and inhibition did not differentiate 

between events in the patient and in the extracorporeal circuit, by only evaluating plasma 

levels of indicators [9-13]. In the few studies that studied specific indicators of coagulation 
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and fibrinolysis activation and inhibition directly before and after the hemofilter, the 

mechanism of filter clotting and premature failure remained incompletely understood 

[15-18]. Therefore, the aim of the current study was to gain insight in the mechanisms of 

coagulation and fibrinolysis in the patient and extracorporeal circuit and their effect on filter 

failure and clotting when using different anticoagulant modalities during CVVH treatment of 

the critically ill patient with AKI.

Methods

The data for the current study come from two prospective studies performed at our 

hospital, in part reported earlier [4,7,20-22]. The first study started one year before the 

availability of a custom-made citrate-based replacement fluid. Patients admitted to the ICU 

who developed AKI necessitating CVVH but in whom heparin was contraindicated due to a 

high bleeding tendency, either received anticoagulant-free CVVH (n=13) or, after becoming 

available, regional citrate anticoagulation (n=10) and were prospectively followed. High risk 

for bleeding was arbitrarily defined as a platelet count of less than 40 x109/L, an activated 

partial thromboplastin time (aPTT) of more than 60 seconds, a prothrombin time of more 

than 2.0 international normalized ratio, recent or active bleeding. Because all patients were 

treated according to local standards, the need for informed consent was waived for this 

study. The second study is a randomized controlled trial (‘Citrate anticoagulation versus 

systemic heparinization’, the CASH trial, clinicaltrials.gov number NCT00209378) [7]. Patients 

admitted to the ICU who developed AKI necessitating CVVH without a high bleeding risk, 

were randomised to unfractionated heparin as anticoagulant (n=8) or citrate (n=7). Informed 

consent was obtained from all study participants or their next-of-kin. Study protocols were 

approved by the local medical ethical committee and performed in accordance with the 

Declaration of Helsinki.

Treatment protocol
The reason for starting CVVH was based on standard clinical criteria that include AKI 

accompanied by hemodynamic instability, ongoing hypercatabolism, hyperkalaemia, 

diuretic-resistant fluid overload, respiratory distress, multiorgan failure, or combinations of 

these factors. CVVH was performed using a haemofiltration machine (DIAPACT, B. Braun 

Medical, Melsungen, Germany). Vascular access was obtained by the insertion of an 11F 

double-lumen catheter (GAMCATH, Gambro, Hechingen, Germany) into the femoral, 

subclavian, or jugular vein. A 1.9 m2 highly permeable cellulose triacetate filter (NIPRO 
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UF-205, Nissho Corp, Osaka, Japan, cut-off approximately 40 kDa) was used in all treatments. 

For lactate- or bicarbonate-based CVVH, commercially prepared buffer solutions were used 

(BH504 or HF32bic respectively, Dirinco, Rosmalen, the Netherlands). Patients with high 

serum lactate levels (>5 mmol/L) were routinely treated with bicarbonate-buffered rather 

than lactate-buffered CVVH. For the use of citrate, a replacement solution was custom-

made by Dirinco (Rosmalen, the Netherlands [4]). Blood flow rate was set at 180 mL/min 

in all groups. Replacement fluid was administered at a standard rate of 2000 mL/h in the 

patients receiving no anticoagulation or heparin with bicarbonate or lactate-containing 

replacement fluids. Replacement fluid rate in the citrate group was set at 2400 mL/h and 

in all cases replacement fluids were infused in predilutional mode. Patients on heparin 

were administered a heparin bolus of 5000 IU followed by a body weight based continuous 

prefilter infusion targeting an activated partial thromboplastin time (aPTT) between 45-55 

seconds. Patients receiving citrate-based therapy had a separate intravenous infusion with 

calcium glubionate (Calcium Sandoz, containing 0.225 mmol/mL calcium, Novartis Consumer 

Health, Breda, The Netherlands). Calcium administration was adapted to concentrations of 

ionized calcium in the patient by a specially designed algorithm, as described before [4]. The 

target ionized calcium concentration in the circuit was 0.3 mmol/L, but was not routinely 

monitored since this is almost uniformly achieved with the indicated settings [4]. Filters were 

used for 72 h at maximum and electively replaced if needed (n=1 functioned well beyond 

t=72 h).

Study protocol
At inclusion, demographic variables were recorded such as age, gender and reason of 

ICU admission. Assessment of disease severity on ICU admission was done with help of 

the Simplified Acute Physiology Score II (SAPS II). We collected systemic inflammatory 

response syndrome (SIRS) criteria: body temperature >38 °C; a heart rate of >90 beats/

min; a respiratory rate of >20 breaths/min or mechanical ventilation; and white blood cell 

counts of <4.0 *109/L or >12.0 *109/L. When SIRS (2 or more criteria) and an infection were 

present (either clinically suspected or microbiologically confirmed), patients were classified 

as having sepsis. Venous blood samples were collected from the filtration catheter from 

each patient before the initiation of CVVH and administration of heparin (first filter n=36 and 

second filter, for technical reasons, n=2). Serum creatinine concentrations, platelets, aPTT 

and PT-INR were measured before initiation of CVVH. Heparin was given immediately after 

filter connection. Thereafter, blood samples were collected after 10, 60, 180 and 720 min 

from the pre- and post filter pole (at t=180 92% and at t=720 min 68% of filters were patent 
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and allowed sampling). Prefilter blood was drawn before the infusion port of replacement 

fluids. Samples were collected in Vacutainer tubes containing 3.2% buffered sodium citrate 

(Becton, Dickinson and Company, Erembodegem, Belgium). Samples were centrifuged at 

1,300 g for 10 minutes at 4 °C and stored at -80 °C until assayed. In all patients a zero 

fluid balance was achieved during the time points at which blood samples were drawn. The 

survival time of the first filter was studied and the reason for first filter disconnection was 

recorded, as well as the CVVH dose prescribed.

Measurements and calculations. Concentrations of the markers were measured by 

commercially available enzyme-linked immunosorbent assays (ELISAs) employing a mono-

clonal capture antibody to polyclonal detecting antibody with a peroxidase-detecting system 

(for TAT: AssayMax Human Thrombin-antithrombin (TAT) Complexes ELISA Kit ET1020-1, 

Assaypro USA, lower detection limit 0.1 ng/mL, normal values 1.8-3.8 ng/mL, for APC-PCI: 

APC-PCI Elisa Kit 040, BioPorto Diagnostics Denmark, lower detection limit 0.017 ng/mL, 

normal values 0.07-0.26 ng/mL, for PAI-1: AssayMax Human Plasminogen ActivatorInhibitor-1 

(PAI-1) ELISA Kit EP1100-1, Assaypro USA, lower detection limit 0.2 ng/mL, normal values 

5 to 40 ng/mL). All measurements were done according to the protocols provided by the 

manufacture. Each sample was run in duplicate and the mean concentration was calculated.

Formulas used to evaluate fluxes
Qi = Qb ×(1−Ht), Qo = Qi

Mi = Qi ×Ci

Mo = Qo ×Co

Mtp = Mo −Mi

Abbreviations: Qi Inlet plasma flow rate (mL/min), Qb Inlet blood flow rate (mL/min), Qo Outlet 

plasma flow rate (mL/min), Mi Mass inlet rate (ng/min), Ci Concentration in inlet plasma 

before addition of replacement fluid (ng/mL), Mo Mass outlet rate (ng/min), Co Concentration 

in outlet plasma (ng/mL), Mtp Mass production rate (ng/min).
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Statistical analysis
Due to mostly non-Gaussian distributions (Kolmogorov-Smirnov test P<0.05), data are 

presented as median and range. Since there were no baseline differences between the two 

separate citrate groups (citrate vs. no-anticoagulation and citrate vs. heparin), the citrate data 

were pooled. When appropriate, data were log-transformed to achieve normal distributions. 

The values for the total mass production rate were ranked, since some values were negative 

and could not be log-transformed. Because of the interest of the study, differences between 

groups were evaluated in a two by two manner using the Mann-Whitney U or Χ2 tests. 

To evaluate differences according to anticoagulation modalities in time (two by two) we 

used generalized estimating equations (GEE), comparing the anticoagulation groups, time 

and their first order interaction, taking repeated measurements in the same patient into 

account. Additionally, we performed an analysis to evaluate differences in parameters over 

time between patients with early filter failure (<24 h, n=20) versus longer filter survival 

(>24 h, n=18). Also, an analysis comparing filter failure due to clotting (n=20) versus other 

reasons than clotting (n=18) was performed. Spearman’s correlation coefficients were used 

to express relations. A P <0.05 was considered statistically significant. Exact P values are 

given unless <0.001.

Results

Patient characteristics are presented in Table 1. At baseline, all patients (n=38) met the 

criteria for SIRS and 17/38 (45%) of patients those for sepsis. The no anticoagulation group 

had higher SAPS II scores than the citrate and heparin group. Also, the creatinine and platelet 

levels at baseline were lower in the no anticoagulation group than in the other groups. The 

aPTT did not differ between groups at baseline, but was longer in the heparin group than the 

other groups after 12 hours of CVVH. The survival time of the filter was longer in the citrate 

group than the no anticoagulation group but did not differ from that in the heparin group. 

Heparin and no anticoagulation groups also did not differ. Filter non-survival was mainly 

determined by clotting.
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Table 1 Patient characteristics

No anticoagulation 
n=13

Heparin
n=8

Citrate
n=17

Heparin vs. no 
anticoagulation
P

Citrate vs. no 
anticoagulation
P

Citrate vs. heparin
P

Gender, male 7 (54) 6 (75) 11 (65) 0.40 0.71 1.00
Age, yrs 70 (34-84) 57 (23-81) 61 (32-79) 0.30 0.25 0.93
Weight, kg 70 (50-100) 74 (55-135) 75 (60-110) 0.30 0.34 0.98
Sepsis 8 (62) 3 (38) 10 (59) 0.39 1.00 0.41
SAPS II 75 (43-112) 47 (37-77) 52 (32-86) 0.003 0.002 0.48
Mortality in ICU 9 (69) 1 (13) 5 (29) 0.011 0.030 0.36
Biochemical data 
at start CVVH
Creatinine, µmol/L 249 (100-410) 420 (156-626) 311 (47-622) 0.007 0.07 0.16
aPTT, sec 48 (39-72) 40 (36-81) 48 (34-94) 0.34 0.47 0.62
aPTT 24 hrs, sec 46 (41-118) 62 (40-125) 46 (33-68) 0.04 0.53 0.01
PT, INR 1.6 (1.0-6.0) 1.4 (1.2-2.6) 1.5 (1.1-2.0) 0.21 0.17 0.71
Platelets, x109/L 68 (22-173) 167 (44-332) 117 (35-332) 0.03 0.06 0.26
CVVH data
Prescribed dose,  
mL/kg/h

22 (16-32) 22 (11-32) 23 (16-31) 0.75 0.65 0.41

Filter survival, h 10 (3-66) 17 (1-70) 30 (5-74) 0.55 0.03 0.19
Filter failure within 
24 h, n

10 (77) 5 (63) 5 (29) 0.48 0.01 0.12

Reason for filter dis-
connection within 24 h 

0.39 0.39 1.00

Clotting 6 (46) 3 (38) 3 (18)
Termination of CVVH 2 (15) 0 0
Catheter problems 2 (15) 1 (13) 1 (6)
Transport 0 1 (13) 1 (6)

Reason for disconnec-
tion first filter

0.12 0.21 0.82

Clotting 7 (54) 4 (50) 9 (53)
Termination of CVVH 4 (31) 0 2 (12)
Elective 0 2 (25) 4 (24)
Catheter problems 2 (15) 1 (13) 1 (6)
Transport 0 1 (13) 1 (6)

Median (range) or number (percentage). SAPS II = Simplified Acute Physiology Score II, CVVH = continuous 
venovenous haemofiltration, aPTT = activated partial thromboplastin time, PT = prothrombin time, INR = 
international normalized ratio.
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APC-PCI (Figure 2)
The baseline concentration of APC-PCI complex in all patients was 1.1 (0.1-36) ng/mL. 

Concentrations measured at the filter in- and outlet were similar across anticoagulation 

groups and did not change over time. After 10 minutes of CVVH, there was more production 

of APC-PCI in the filter in the heparin group than in the other groups (P=0.025 vs no 

anticoagulation, P=0.031 vs citrate).

Figure 1 Concentration of thrombin-antithrombin (TAT) complexes (median and interquartile 
range) during continuous venovenous haemofiltration over time at inlet, outlet and the total mass 
production rate. Symbols: ● no anticoagulation, ■ heparin, ▲citrate. Total mass production rate 
decreased over time irrespective of anticoagulation applied (P=0.049).

TAT (Figure 1)
The baseline concentration of TAT complexes in all patients, measured at the inlet, was 1.9 

(0.1-28) ng/mL. Concentrations measured at the filter in- and outlet were similar across 

anticoagulation groups and did not change over time during CVVH. The mass production of 

TAT in the filter decreased over time in all groups (P=0.049).
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Figure 2 Concentration of activated protein C-protein C inhibitor (APC-PCI, median and interquartile 
range) during continuous venovenous haemofiltration over time at inlet, outlet and the total mass 
production rate. Symbols: ● no anticoagulation, ■ heparin, ▲citrate. After 10 minutes of CVVH, 
there was more net production of APC-PCI over the filter in the heparin group as compared to the 
other groups (P=0.031 or lower).

PAI-1 (Figure 3)
The baseline concentration of PAI-1 of all patients was 73 (2-976) ng/mL. The concentration 

at the filter inlet was higher in the no anticoagulation than in the heparin group (P=0.020). 

After 10 minutes of CVVH, there was more mass production of PAI-1 in the filter in the 

heparin group than in the citrate group (P=0.038). Thereafter, the mass production of PAI-1 

decreased more in the heparin group than the citrate group (P=0.004, also when adjusted 

for baseline platelet levels).
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Early versus late filter failure (Figure 4)
In 20/38 (53%) of patients filter failure occurred, mostly due to clotting (Table 1), within 

24 h and less in the citrate group than in the no anticoagulation group: 5/17 (29%) versus 

10/13 (77%) patients, respectively (P=0.010). The incidence of early filter failure did not 

differ between the heparin group and the no anticoagulation or citrate groups (Table 1). 

Concentrations of TAT at filter inlet, representing patient plasma, increased more over time 

in case of early (vs late) filter failure (P=0.021), irrespective of anticoagulation administered. 

Baseline concentrations of APC-PCI at inlet were also higher in early filter failure: 1.4 (1.0-36) 

versus 0.7 (0.1-4.5) in late failure (P=0.017) and concentrations continued to be higher over 

time (P=0.028), irrespective of anticoagulation. In both failure groups, the mass production 

of PAI-1 in the filter similarly increased over time (P=0.045), irrespective of anticoagulation.

Figure 3 Concentration of plasminogen activator inhibitor type I (PAI-1)(median and interquartile 
range) during continuous venovenous haemofiltration over time at inlet, outlet and the total mass 
production rate. Symbols: ● no anticoagulation, ■ heparin, ▲citrate. The concentration at inlet was 
higher in the no anticoagulation group than in the heparin group (P=0.02). After 10 minutes of CVVH, 
there was more net production of PAI-1 over the filter in the heparin group than the citrate group 
(P=0.04). The total mass production rate of PAI-1 over the filter decreased more in the heparin group 
than the citrate group (P=0.004 for interaction time and anticoagulation).
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A.

B.
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C.

Figure 4 Filter survival <24 h (dotted line) versus >24 h (continuous line). Concentration of A. thrombin-
antithrombin (TAT), B. activated protein C-protein C inhibitor (APC-PCI) and C. plasminogen activator 
inhibitor type I (PAI-1) over time (median and interquartile range) during continuous venovenous 
haemofiltration at inlet, outlet and the total mass production rate (□ filter survival >24 h; ■ filter 
survival <24 h). A. TAT. Concentrations of TAT at inlet increased over time (P=0.007) and more in case 
filter survival was <24 h (P=0.021 for interaction), irrespective of anticoagulation applied. The total 
mass production rate of TAT decreased over time in both groups (P=0.017).
B. APC-PCI. Concentrations of APC-PCI at inlet (P=0.029) and outlet (P=0.049) were higher in case 
filter survival was <24 h.
C. PAI-1. The total mass production rate of PAI-1 increased over time in both groups (P=0.045).

Clotting versus non-clotting
If the filter failed due to clotting (n=20), the mass production of APC-PCI in the filter was 

higher than when the filter failed due to other reasons (n=18, P=0.040), and higher in the 

heparin group than in the no anticoagulation and citrate groups (P=0.040 and P=0.028, 

respectively). The mass production of PAI-1 was higher in the heparin than citrate group  

(P= 0.043).
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Correlations
Concentrations of APC-PCI at inlet correlated with those of TAT (rs= 0.42, P<0.001).

Sepsis and mortality
In case of sepsis, concentrations of APC-PCI at inlet were lower over time during CVVH 

(P=0.003). Fifteen of the 38 patients died in the ICU (39%). Concentrations of TAT and PAI-1 

measured at inlet, representing patient plasma levels, were higher in non-survivors than in 

survivors over time (P=0.022 and P<0.001, respectively). There was no difference in filter 

survival between survivors and non-survivors.

Discussion

The present study suggests that in critically ill patients with AKI on CVVH, coagulation 

activation (TAT) and inhibition of anticoagulation (APC-PCI) in plasma and filter may partly 

determine early CVVH filter failure due to clotting, particularly when heparin is used. The 

production of APC-PCI complex and of PAI-1 in the filter are increased by heparin and are 

independent of calcium and therefore not affected by citrate. Regional anticoagulation 

by citrate thus circumvents heparin-induced inhibition of anticoagulation and fibrinolysis 

following platelet activation in the filter (without endothelium) and this may help to explain 

often observed prolonged filter survival with citrate.

When administering anticoagulation for CVVH to keep the filter and extracorporeal 

circuit open, securing antithrombotic efficacy while avoiding bleeding complications 

remains clinically challenging. Anticoagulation by citrate has the advantage that only the 

extracorporeal circuit is anticoagulated, as opposed to systemically administered heparin. 

Previous studies also demonstrate superior filter survival times with citrate [2-7]. Indeed, 

in the present study filter failure within 24 hours of CVVH occurred less in the citrate 

group than in the no anticoagulation group. Also, filter survival times were superior in the 

citrate group as compared to the no anticoagulation group. CVVH with heparin, however, 

did not result in less early filter failure or improved filter survival as compared to the no 

anticoagulation group with a bleeding tendency. Indeed, heparin has been suggested to only 

partly determine filter survival in previous studies. A poor relation with aPTT is suggested, 

as found in this study also, possibly following dosing problems or heparin resistance, for 

instance by low antithrombin levels [9,10,17,23]. We did not observe a difference in filter 

survival between heparin and citrate as suggested by others [3,5-7], possibly due to the 

relatively small number of patients.
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To elucidate mechanisms of early, clotting-induced filter failure, we studied markers of 

thrombin generation, the protein C pathway and inhibition of fibrinolysis. Concentrations 

of TAT were low as compared to concentrations reported by others in critically ill patients, 

but higher in non-survivors than in survivors indicative of the harmful effects of coagulation 

activation in critically ill patients, many of them having sepsis, activating coagulation 

[9,13,16,19]. In case of early filter failure, concentrations of TAT were higher over time than 

when the filter lasted >24 h, suggesting that thrombin generation in the patient affected filter 

survival. This finding is in concordance with reports by some investigators [10-13,15,17], but 

in contrast to those by others [9,16,18]. There were no differences in concentrations of TAT 

at in- or outlet or the mass production rate over time between groups, however, suggesting 

the anticoagulation modality applied did not affect thrombin generation in the filter. In the 

literature, reports on production of TAT over the filter vary from no to significant production 

[16,18].

Concentrations of APC-PCI at baseline and over time during CVVH were higher in case of 

early filter failure. There was more production of APC-PCI over the filter after 10 minutes 

of heparin-based CVVH as compared to CVVH with citrate or without anticoagulation. Also, 

when comparing clotting to other reasons of filter failure, the production rate of APC-CI was 

higher in clotting and highest in the heparin group. In vitro studies show heparin accelerates 

the maximal rate of inhibition of APC by PCI over 2000 fold [24]. Although there was transiently 

enhanced production of APC-PCI during CVVH with heparin, this did not cause a difference in 

concentration at inlet, probably because of the short half-life of the complex of about 20 min 

[25]. The transiently increased production of APC-PCI, however, could contribute to inferior 

filter survival times when heparin is used for anticoagulation.

Concentrations of PAI-1 were higher at the filter inlet over time during CVVH in non-

surviving patients, supporting the finding that PAI-1 concentrations predict mortality [19]. 

Concentrations of PAI-1 at inlet were higher in the no anticoagulation group than in the 

heparin group, presumably because the former group consisted of more severely ill patients 

with higher SAPS II scores. There was more production of PAI-1 in the filter after 10 minutes 

of CVVH in the heparin group and production of PAI-1 in the filter decreased more over 

time than in the citrate group. Since concentrations directly before and after the filter were 

compared, the produced PAI-1 could not have been endothelium-derived. Indeed, apart from 

being produced by the endothelium, PAI-1 is also stored in platelets. It has been suggested 

citrate could prevent degranulation of neutrophils by the chelation of calcium during CVVH 

[21]. Likewise, citrate appears to induce less platelet degranulation during hemodialysis, since 

the release of PAI-1 from platelets seems to occur in a calcium-dependent manner [26,27]. 
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Concentrations of PAI-1, however, did not correlate with filter survival. Nevertheless, better 

biocompatibility is suggested for citrate than for heparin use during CVVH by less platelet 

activation. Indeed, heparin-induced platelet activation in the filter has been described before 

[9]. It is possible that decreased release of other platelet-derived products, such as platelet 

factor 4 or beta-thromboglobulin, contribute to prolonging filter survival with citrate.

Limitations of the present study include the relatively small size of groups and absence 

of randomisation in some of the groups. At baseline there were differences between the 

groups, by virtue of the study design. The mass production rates represent net rates since 

any production in the filter could be offset by adsorption. We cannot exclude earlier start 

of CVVH in the no anticoagulation group than in the citrate group, since initial creatinine 

was lower. Early filter failure was mostly due to clotting, but we cannot exclude that factors 

such as catheter malfunctioning or clogging contributed to presumed clotting and early filter 

failure.

Conclusions

In critically ill patients with AKI on CVVH, coagulation activation and inhibition of 

anticoagulation in plasma and filter may partly determine early CVVH filter failure due to 

clotting, particularly when heparin is used. Regional anticoagulation by citrate circumvents 

inhibition of anticoagulation and fibrinolysis following platelet activation in the filter by 

heparin and this may help to decrease filter clotting.
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