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Abstract 

Purpose: The need for continuous anticoagulation remains a significant drawback in 

continuous renal replacement therapy (CRRT), especially in patients with increased 

bleeding risk. Polyethyleneimine treatment of the AN69 membrane (AN69ST) reduces 

thrombogenicity through decreased contact activation and promotion of heparin binding. 

The aim of this study is to evaluate whether this membrane prolongs filter survival in 

CRRT without anticoagulation. 

Methods: single center prospective randomized double-blind controlled trial with cross-

over design comparing filter survival with the AN69ST membrane and the original AN69 

membrane in 39 patients treated with continuous venovenous hemofiltraton (CVVH) 

without additional heparin. 

Results: Filter survival with the AN69ST membrane (n=75) was 14.2+/-8.2h, which is not 

significantly different from the 13.3+/-10.3h for the original AN69 membrane (n=76) 

(p=0.59). Limiting the analysis to those treatments that were interrupted for filter clotting 

yielded similar results: 14.4+/-8.2h for the AN69 ST membrane (n=62) versus 14.1+/-7.5h 

for the original AN69 membrane (n=56) (p=0.93).  

Conclusions: Compared with the original AN69 membrane the surface-treated AN69ST 

membrane does not prolong filter survival during CVVH without systemic anticoagulation 

and with the CRRT settings used in this study. 
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Introduction 

Over the past thirty years continuous renal replacement therapy (CRRT) has gradually 

replaced intermittent hemodialysis (IHD) for the treatment of acute kidney injury (AKI) in 

critically ill patients, especially in those with hemodynamic instability. One of the 

drawbacks of CRRT is the need for continuous anticoagulation to prevent treatment 

interruptions due to clotting of the extracorporeal circuit. Premature filter clotting not only 

increases “down-time” (reducing treatment efficiency), but also blood loss, workload and 

costs. The most widely used anticoagulant is unfractionated heparin (UH) [1]. The main 

disadvantages of UH are the systemic anticoagulation with associated bleeding risk and the 

risk of heparin-induced thrombocytopenia (HIT). CRRT can be performed without 

anticoagulation (using saline flushes), however mostly at the expense of early filter 

clotting. A more favorable balance between bleeding risk and filter clotting can be 

achieved with regional citrate anticoagulation. However, citrate anticoagulation for CRRT 

is complex and requires a carefully designed protocol adapted to the local treatment 

modality with guidelines for the early detection and management of (mostly metabolic) 

complications [2]. 

An alternative method consists of using heparin-coated circuits. Since the membrane 

represents the largest surface area in the extracorporeal circuit, it might be sufficient to 

reduce the thrombogenic properties of the membrane alone. Recently a surface-treated 

polyacrylonitrile membrane (AN69ST) has been developed where the charged surface 

anionic sulfonate groups are neutralized by the polycationic biopolymer 

polyethyleneimine. This membrane has a reduced adsorptive capacity for high molecular 

weight kininogen (HMWK) resulting in reduced contact activation of the intrinsic clotting 

cascade [3]. The surface treatment also allows the almost irreversible fixing of heparin 

through very strong ionic binding between the negative charges of heparin and the free 

positive charges of the cationic polymer [4]. The principle consists of fixing heparin during 

the priming procedure. The antithrombotic properties of the AN69ST membrane have only 

been evaluated in chronic dialysis patients with controversial results  [5-9].  

The use of AN69ST membrane in CRRT has only been reported in case-series, with filter 

survival times up to 40h [10-13]. The aim of the present randomized controlled study is to 

assess whether filter survival improves with the AN69ST compared to the original AN69 

membrane during CRRT without anticoagulation. 

 



Methods 

Patient selection 

Adult patients requiring CRRT and weighing between 30 and 120kg were eligible. 

Exclusion criteria were: suspicion of HIT, pregnancy, indication for systemic 

anticoagulation, anticipated need for patient transport, poor short-term prognosis and 

absence of consent. The decision to start CRRT was taken by the treating physician. 

Patients who were initially excluded because of the anticipated need for transportation 

could be included later during their ICU stay. Unless contraindicated, patients received 

prophylactic doses of a low molecular weight heparin for prevention of deep vein 

thrombosis. 

 

Regulatory issues 

The study was carried out in the intensive care unit of an academic teaching hospital in 

accordance with the “Declaration of Helsinki” and with the national and international 

legal and regulatory requirements.  Both parts of the study obtained approval by the 

ethics committee of the University Hospital Leuven and were registered at the 

International Standard Randomized Controlled Trial Register with number 

ISRCTN5852061 and ISRCTN95194850. Patients were commonly not legally 

competent. Written informed consent was obtained from a patient’s legal representative. 

The study was supported by a research grant from GambroR Renal Products. The 

company was involved in the design of the study and provided the (blinded) hemofilters. 

The data were collected and analyzed by the investigators. 

 

Study design 

We performed a single center prospective randomized double-blind controlled trial 

(RCT) with cross-over design. Each patient was treated with four hemofilters, two with 

the AN69ST (A) and two with the original AN69 (B) membrane, the sequence (group 

I=ABAB; group II = BABA) being determined by randomization (numbered and sealed 

allocation). Clinicians and investigators were blinded for the nature of the membrane. 

 

Treatment modality 

All patients were treated with a Prismaflex machine (Gambro Renal Products) in 

continuous venovenous hemofiltration (CVVH) mode. Vascular access was obtained with 

a 13F double-lumen catheter (Hemoaccess Hospal). Both the original membrane (M100) 



and the surface-treated membrane (ST100) had a surface area of 1m2. The filters were 

rinsed with 1 liter saline containing 5,000U unfractionated heparin. In patients with high 

bleeding risk, a second rinse without added heparin was applied. During the treatment no 

systemic anticoagulation was given. Thirty % of the replacement fluid was given 

prefilter. The replacement rate was set to obtain an extracorporeal small solute clearance 

of 35ml/kg/h, taking into account the effect of predilution. Blood flow (median 

200ml/min) was adapted to obtain a filtration fraction of approximately 0.20. Fluid 

removal could be adapted according to the individual patient’s needs.  

 

Data collection 

At CRRT start demographic and clinical information was obtained including admission 

diagnostic category, illness severity indices, cause and severity of AKI. Antithrombin 

levels were measured at the start of each treatment to detect heparin resistance due to 

antithrombin deficiency. Other coagulation parameters, being part of the routine patient 

management, were also recorded. Concomitant medication was recorded provided an 

impact on the study objective was suspected (e.g. antiplatelet agents). Data on machine 

alarms and on access, prefilter, return, and effluent pressures were recorded continuously. 

Transmembrane pressure (TMP) was calculated as ((prefilter + return pressure)/2) minus 

effluent pressure. Filter pressure drop (FPD) was calculated as prefilter minus return 

pressure.  

 

Outcome parameters 

The primary outcome parameter was filter survival time, defined as the time between 

circuit connection and disconnection. Recorded reasons for disconnection comprised 

filter clotting, patient’s transport, access problems, technical problems (including 

machine problems and manipulation errors) or the 72h limit being reached. Filter clotting 

was defined by the evolution of FPD and TMP with a sudden increase of FPD or a 

persistent increase of TMP above 300mmHg triggering treatment stop. Bleeding 

complications were recorded. 

 

 

Statistical analysis 

Assuming a filter life with the original AN69 membrane of 13h and taking into account 

that 30% of the filters would be stopped for other reasons than clotting, a minimum of 36 



patients had to be studied in order to show, with a power of 0.8 and an alpha error of 

0.05, a 70% prolongation of filter life with the AN69ST membrane. Finally 39 patients 

were included. Data are presented as mean ± standard deviation or median with 

interquartile range as appropriate. The difference between the two filter types was 

assessed using paired samples: the paired t-test and repeated measures analysis of 

variance, the latter screening for a period effect or treatment x period interaction. Other 

outcome and baseline variables were compared with the student’s t test, the chi square 

test and the Mann-Whitney test as appropriate. Time to treatment interruption was 

evaluated with the Kaplan-Meier method. A p <0.05 was considered significant. Analysis 

was done on intention-to-treat basis and after censoring of filters that were stopped for 

other reasons than clotting. 

 

Results  

Between November 2005 and June 2007, 144 patients were treated with CRRT. Hundred and 

five patients were excluded because of need for systemic anticoagulation (n=50), HIT (n=4), 

age<18 (n=4), anticipated transportation (n=9), bad prognosis (n=10) or no consent (n=8). 

Another 20 patients were excluded because CRRT was already stopped before consent could 

be obtained. Thirty nine patients were included (Fig 1). Baseline characteristics were well 

balanced between group I and II (table 1). Eight patients received an antiplatelet drug. Twenty 

six patients received a daily dose of 20 mg enoxaparin. In five patients with increased 

bleeding risk the hemofilter had a second rince without heparin. One patient was excluded 

after the first filter because he was diagnosed with pulmonary embolism requiring systemic 

anticoagulation. Two patients developed bleeding complications however with normal aPTT 

levels. Antithrombin levels (55±18%), taken at the start of each filter, were below normal. 

Filter survival times for the AN69ST and the original AN69 membrane in the four studied 

filters are shown in Fig 2A. Repeated measures ANOVA indicated that there was no period 

effect (p=0.78) nor treatment x period interaction (p=0.91), thus allowing pooled analysis of 

all surface-treated and original filters. Mean filter survival of the AN69ST filters (n=75) was 

14.2±8.2h, which is not significantly different from the 13.3±10.3h for the original AN69 

membrane (n=76) (p=0.59). Kaplan-Meier survival analysis also found no significant 

difference between the two membrane types (log rank p=0.74) (Fig 3A). Paired comparison 

limited to two filters per patient did not show any survival difference either (data not shown). 

Thirty five filters (23%) were stopped for other reasons than clotting: 12 for catheter-related 

problems, 5 because the patient had to be transported for an (unexpected) diagnostic or 



therapeutic procedure, 16 for “technical” reasons, 1 because the patient died and 1 because the 

72h limit was reached. Fig 2B shows filter survival, in clotted filters only, for the two 

membrane types in the four subsequent study filters. Repeated measures ANOVA of the 62 

AN69ST filters and the 56 original AN69 filters that were stopped for clotting showed no 

period effect (p=0.27) and no treatment x period interaction  (p=0.76). Mean filter survival for 

the clotted AN69ST filters was 14.4±8.2h which is not significantly different from the 

14.1±7.5h for the original AN69 membrane (p=0.93) and accordingly the Kaplan Meier 

survival analysis showed no significant difference (log rank p=0.74) (Fig 3B). Filter survival 

with the two membrane types was also not different in a paired within-patient analysis of two 

clotted filters (n=34; 14.8±7.5 versus 14.05±6.6; p=0.48). 

Survival time of the first filter showed no correlation with baseline aPTT (r2=0.0003 p=0.92), 

nor with the antithrombin level (r2=0.03 p=0.31), INR (r2=0.001 p=0.88), fibrinogen level 

(r2=0.034 p=0.27) or platelet count (r2=0.058 p=0.15). In the clotted filters survival time only 

correlated significantly with platelet count (r2=0.33 p=0.002). 

Filter life did not correlate with CRP levels (p=0.84) and was not significantly different 

between patients with septic versus non-septic AKI (p=0.64). Patients were included in the 

study after a median of 6 days (IQR 3-8) of CRRT. Filter life for the first study filter was not 

significantly different in the patients with short or long delay between the start of CRRT and 

the start of the study, independent of whether the cut-off was set at 3, 4 or 6 days, e.g. with 

cutoff at 3 days filter life for short delay was 16.7h for all filters and 11.0h for clotted filters 

compared with 12.9h (p=0.34) and 13.5h (p=0.25) for a long delay.  

Due to the combination of pre- and postdilution and the adaptations of blood flow, the mean 

filtration fraction was only 0.21 (range 0.17-0.28) and did not correlate with filter life span (r2 

0.006; p=0.36). Despite this, analysis of the evolution of TMP and FPD revealed that only a 

minority of the filters showed a progressive increase of both TMP and FPD, as is expected in 

clotting of filter fibers (Fig 4 A). Instead the majority showed either a progressive TMP 

increase without major change in FPD (suggesting a progressive plugging or clogging of the 

membrane potentially related to the high convective transport and filtration rate per surface 

area (Fig 4 B) or a stepwise increase of TMP and FPD after a self-test of the CVVH machine 

(suggesting movement of clots into the filter after a short interruption of blood flow) (Fig 4 

C).   

 

 

Discussion 



This is the first RCT comparing the surface-treated (AN69ST) with the original AN69 

membrane in patients treated with CRRT without anticoagulation. Our main finding implies 

that using the AN69ST membrane without anticoagulation does not prolong filter survival. 

Limiting the analysis to clotted filters sustained this conclusion. In view of its continuous 

nature, anticoagulation remains a major issue in CRRT. Different modalities have been 

proposed with distinct limitations and complications [1]. Systemic anticoagulation with 

associated bleeding risk can be avoided by regional anticoagulation that is achievable with the 

combination of heparin and protamine, with citrate or with anticoagulant-coated circuits. The 

combination of heparin and protamine is complex and cumbersome and may cause protamine-

related side effects. Citrate is a very effective regional anticoagulant, which is gaining 

popularity. For clinicians that have experience with citrate anticoagulation, membrane 

properties may therefore become less relevant. On the other hand citrate  may result in 

metabolic complications requiring intensified monitoring and continuous vigilance to avoid 

handling errors [2]. Heparin-coated membranes may therefore represent an attractive 

alternative in patients with increased bleeding risk, provided that filter survival times are 

acceptable. 

The AN69ST membrane, due to the surface treatment with polyethyleneimine has a reduced 

capacity to activate Hageman factor (the initial step in the intrinsic coagulation cascade) [3] 

and binds heparin, further contributing to reduced thrombogenicity [4]. The antithrombotic 

properties of the AN69ST membrane have been evaluated in experimental and clinical 

settings. In sheep heparin-free dialysis was possible for 6h whereas the original AN69 

membrane clotted within 90 min [14]. In chronic dialysis patients the AN69ST membrane 

allowed a 50% reduction of the heparin dose without jeopardizing treatment effectiveness 

[14,15]. Still, the AN69ST membrane, used in chronic dialysis without systemic heparin 

resulted in more clotting phenomena than regional citrate anticoagulation [6,7], and was 

equivalent to a conventional membrane with saline flushes [7]. Tow other studies found no 

difference in filter clotting in comparison with a polysulfone membrane during IHD with half 

the conventional dose of a low molecular weight heparin or without heparin [8,9]. 

The lack of improved circuit survival of the AN69ST membrane in our study may have 

several explanations First, the contribution of contact activation to filter thrombosis may be 

not as important as previously thought. Both platelets and activation of the extrinsic pathway 

through tissue factor (TF) expression on adsorbed and activated monocytes may be more 

important, especially in conditions associated with inflammation [16,17]. The effect of the 

AN69ST membrane on platelet and/or monocyte activation has not been studied. In vitro 



studies have shown that heparin-coated surfaces do not reduce fibrinogen adsorption and 

platelet adhesion when exposed to non-anticoagulated blood [18]. A randomized cross-over 

study in chronic dialysis patients found no difference in TF levels between the AN69ST and a 

polysulfone membrane during IHD with standard heparin anticoagulation [19]. Heparin 

coating of an extracorporeal circuit did not affect monocyte adherence and only partially 

reduced TF expression on adherent monocytes and associated clotting [20]. TF expressing 

monocytes may favor fibrin accumulation through inhibition of fibrinolysis by a TAFI-

mediated mechanism and thus make clots resistant to heparin [21]. The link between 

inflammation and coagulation may further contribute to an important role of the extrinsic 

pathway in filter clotting during CRRT in critically ill patients [22,23]. Second, low 

antithrombin levels may have contributed to the lacking effect of heparin coating on filter 

survival, although no correlation could be withheld between filter survival and antithrombin 

levels in the present study, even if the analysis was limited to the AN69ST filters (data not 

shown). Finally, besides membrane thrombogenicity, many other patient- and treatment-

related factors may be more decisive in determining filter survival [24]. Nevertheless, the 

cross-over design was specifically chosen to reduce between-patient variability and the 

treatment characteristics were strictly standardized in our study.  

The lack of filter life prolongation with the ST membrane may also be related to the CRRT 

settings with a relatively high filtration rate, particularly in relation to the membrane surface 

area. We therefore cannot exclude that using a larger membrane or using hemodiafiltration 

instead of a purely convective therapy would be able to reveal a significant effect of the ST 

treatment on filter survival.  

We studied the two membranes in a setting without anticoagulation because the major 

advantage of an” antithrombotic” membrane is in patients with bleeding risk where systemic 

anticoagulation should be avoided. Moreover, not using systemic heparin allowed to obtain a 

more unbiased comparison of the thrombogenicity of the two membranes. Indeed, 

standardizing unfractionated heparin anticoagulation in critically ill patients is difficult 

because heparin pharmacokinetics is complex and unpredictable and heparin resistance may 

result not only from antithrombin deficiency but also from binding to cells and proteins, many 

of whom are acute phase reactants [25,26].  

Strengths of the present study are the blinding and the randomized cross-over design limiting 

investigator bias and the influence of between-subject variability in coagulation parameters or 

medications such as aspirin or LMWH. This study also has limitations. (1) The power 

calculation based on a 70% expected prolongation of filter life may seem optimistic. For lack 



of data, we have chosen a clinically relevant prolongation. A more modest prolongation of 

filter survival with the AN69ST membrane can therefore not be excluded. Nevertheless, the 

absence of any signal in the 156 included filters renders this assumption highly unlikely. (2) 

The study population is very heterogeneous with wide variability in coagulation parameters. 

However, the cross-over design was specifically chosen to reduce the problem of patient 

heterogeneity. In addition, none of the coagulation parameters correlated with filter lifespan, 

except for platelet count. Filter life was not different in patients with septic or non-septic AKI. 

(3) Filters used in the first days of CRRT were not included, which, besides issues of consent, 

was done to limit the number of treatments that had to be stopped for reasons not related to 

filter clotting. The relatively “late” inclusion may have induced some selection bias. 

However, filter life was not significantly different between patients with “early” versus “late” 

inclusion. In addition, at the start of the study 98% of the patients were on mechanical 

ventilation, 69% required vasopressor therapy and mean CRP was 138±64 mg/L (pointing to 

significant illness severity).  

In conclusion, the AN69ST membrane does not represent the “holy grail” for patients at risk 

of bleeding. Our prospective randomized double-blind cross-over study failed to detect a 

prolonged filter survival with the surface-treated AN69ST during CVVH without 

anticoagulation  in the CRRT settings used of this study. Whether this also applies to settings 

with less hemoconcentration or with the addition of a low dose heparin requires further 

clinical investigation. . 
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Table 1: baseline characteristics of the patients : n=39 
 All patients Group I Group II p 

Age - mean (SD) 59.2 (15.4) 60.1 (17.9) 58.4 (13.0) 0.74 

Male gender: n (%) 30 (77) 15 (79) 15 (75) 0.77 

weight (kg) : mean (SD) 79.4 (15.1) 79.8 (17.0 79.1 (13.4 0.90 

Admission diagnosis    0.52 

abdominal sepsis 14 6 8  

Cardiothoracic surgery 14 9 5  

Vascular surgery 5 1 4  

trauma 4 2 2  

medical 2 1 1  

Baseline Screat (mg/dL)– median (IQR) 1.10 (0.8-1.43) 1.10 (0.74-

1.57) 

1.20 (0.84-

1.35) 

0.86 

Screat (mg/dL) at start CVVH – mean 

(SD) 

3.96 (1.79) 3.76 (1.66) 4.18 (1.92) 0.44 

AKIN at start CRRT    0.61 

Stage 1 6 4 2  

Stage 2 4 2 2  

Stage 3 28 13 15  

ESRD 1  1  

Main cause of AKI    0.31 

Hemodynamic – n (%) 16 (41) 10 6  

sepsis 20 (51) 8 12  

Renal transplant 1 (2.5) 1 0  

rhabdomyolysis 1 (2.5) 0 1  

ESRD 1 (2.5) 0 1  

Delay admission – CVVH (d) -  median 

(IQR) 

2 (1-4) 2 (2-3.7) 2 (1-5) 0.63 

Delay start CVVH – study (d) - median 

(IQR) 

6 (3-8) 6 (3.2-7.7) 5.5 (2.5-9) 0.83 

N filters before study start - median (IQR) 5 (3-7) 6 (4-7) 4 (2-9) 0.44 

Apache II at study start -  mean (SD) 26 (5) 27 (6) 25 (5) 0.13 

SOFA at study start: mean (SD) 14 (3) 14 (3) 14 (3) 0.58 

Mechanical ventilation -  n (%) 38 (98) 18 (94.7) 20 (100) 0.30 

Need for vasopressor -  n (%) 27 (69) 13 (68.4) 14 (70) 0.91 

aPTT (sec) – median (IQR) 35 (31.5-43) 34.6 (31.3-

43) 

35.9 (32.7-

43.3) 

0.64 

antithrombin (%) – mean (SD) 55.4  (17.8) 59.3 (21.3) 51.7 (13.1) 0.20 

Fibrinogen (g/L) mean (SD) 4.5 (1.5) 4.2 (1.6) 4.8 (1.4) 0.20 



INR – median (IQR) 1.2 (1.1-1.3) 1.2 (1.1-1.3) 1.2 (1.1-

1.3) 

0.59 

Platelets (x109/L) - median (IQR) 93 (52-197) 83 (54-177) 120 (55-

179) 

0.63 

Hematocrit (%) – median (IQR) 25 (22-27) 25 (22-27.5) 25 (22.5-

26.8) 

0.98 

CRP (mg/L) – mean (SD) 138.4 (64.5) 103.6 (55.0) 171.5 

(55.6) 

0.000

5 

 

 

 



144 patients eligible 

105 patients excluded 
 50 need for systemic anticoagulation 
 4 HIT 
 4 age <18 
 9 anticipated transport for procedure 
 10 bad short-time prognosis 
 8 no consent 
 20 short CRRT duration 

39 patients randomized 

20 patients assigned to M100 19 patients assigned to ST 100 

19 patient ( 76 filters) included 

1 patient excluded because  
of pulmonary embolism 

19 patients (75 filters) included 

Fig 1. Consort diagram 



Fig 2. Filter survival times (mean +/- SD) for AN69ST (black bars) and conventional AN69 (gray 
bars) membranes in the four sequentially studied filters. A. In all filters. B. In clotted filters only 
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Fig 3. Kaplan-Meier survival curve for AN69ST (full line) and conventional 
AN69 filters (dashed line). A. For all filters. B. For clotted filter only. 
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Fig 4. Three typical patterns of the evolution of transmembrane pressure 
(TMP, black line) and filter pressure drop (FDP, gray line) during CVVH. 
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