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Abstract 
Backround: Citrate-containing dialysis concentrate (e.g., Citrasate®) may reduce the need for systemic anticoagulation for intermittent 
hemodialysis in hospitalized patients at risk of bleeding.
Methods: 1021 intermittent hemodialysis sessions (in 276 patients; 87 females (32%), mean age 62.1±17.7 years) performed with Citrasate® 
were retrospectively assessed. Dialysis sessions initiated without heparin (group 1; n=741) were opposed to sessions with reduced doses of 
heparin (group 2; n=280). The outpatient dialysis protocols were compared with in-hospital performance regarding dialysis time and clotting 
events. Potential risk factors for clotting events were assessed via adjusted logistic regression.
Results: No systemic anticoagulation was required in 722 dialysis sessions (71%). Cumulative less heparin in group 1 during the dialysis session 
(35±242 IU vs. 2912±1866 IU in group 2; p<0.001) was accompanied by a shorter dialysis time (3:27±0:47 h vs. 3:45±0:45 h; p<0.001), more 
frequent clotting events (12% vs. 7%; p=0.018), but no clotting-associated premature termination (9% vs. 6%; p=0.716). Compared with the 
outpatient dialysis protocol, the heparin dose was reduced by 88% (p<0.001; n=196 patients) accepting a hemodialysis time of 3:42 ± 0:44 h 
(outpatient 4:20 ± 0:25 h; p<0.001). The complete omission of heparin at the beginning of the dialysis session doubled the clotting risk (OR 1.996; 
95% CI 1.10–3.63). In all hemodialysis sessions with clotting events (n=108; 11%), a mean dialysis time of more than 3 hours was monitored.
Conclusions: With the use of Citrasate®, intermittent hemodialysis without or with reduced doses of heparin is feasible for a temporary 
clinically sufficient dialysis time of largely 3.5 hours.
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Introduction

Systemic anticoagulants are essential for preventing clotting 
events during hemodialysis, a common complication leading 
to the discontinuation of dialysis or its premature termination 
[1,2]. Extracorporeal circulation with direct contact between 
the blood and tube surfaces stimulates procoagulant mediators, 
resulting in clot formation [3,4]. Unfractionated heparin and 
low-molecular-weight heparin are used as standards for 
anticoagulation during dialysis [1]. The main side effects of 
heparin are bleeding events, allergic reactions, heparin-induced 
thrombocytopenia (HIT 1 and HIT 2), alopecia, hyperlipidemia, 
and osteoporosis [5-10]. A well-established alternative, which is 
mainly used in intensive care units for continuous hemodialysis, 
is regional anticoagulation via citrate. 

Citrate is administered directly into the blood in the 
extracorporeal circuit, where it forms a reversible chelate 
complex with calcium ions. This reduces the local calcium 

concentration and leads to regional anticoagulation, which needs 
to be reversed by postfilter infusion of calcium [11-14]. When a 
citrate-containing dialysis concentrates such as Citrasate®, as 
invented by Advanced Renal Technologies Inc. (USA), free citrate 
ions from the dialysate diffuse across the dialysis membrane into 
the blood and bind free calcium ions there, forming calcium-
citrate complexes [15]. Simultaneously, free calcium ions diffuse 
from the blood to the dialysate, again forming calcium‒citrate 
complexes. Both effects lower the free calcium concentration on 
the blood side, resulting in reduced local coagulation activation 
according to the manufacturer’s information [15]. 

The calcium-citrate complexes dissociate after entering 
the blood circuit and maintain a stable serum calcium level. 
Free citrate is rapidly converted to bicarbonate and thus does 
not provide relevant systemic anticoagulation [16,17]. Calcium 
infusions to reverse the anticoagulant effect are usually not 
necessary other than in continuous veno-venous hemodialysis. 
The effectiveness of dialysis and its effects on hemodynamics 
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using citrate-containing dialysate were described previously 
[18-21]. Citrate-containing dialysate is well tolerated and 
associated with similar changes in blood chemistry as common 
dialysate does without affecting mortality rates [19,22]. 
Furthermore, as Citrasate® contains less than 10% acetate 
compared with standard dialysate, side effects of acetate, such 
as those described in the 1980s during hemodialysis, are much 
less likely [23,24]. 

Acetate-associated side effects such as hypotension, 
headache, or hypoxemia mainly apply to women, who tend 
to have a lower muscle mass and consequently a reduced 
capacity to metabolize acetate to acetyl-coenzyme A. In a recent 
prospective, multicenter, randomized and cross-sectional 
study, less arterial hypotension was observed when citrate-
containing dialysate was used instead of acetate-containing 
dialysate, while no differences in the efficiency of dialysis were 
detected [25]. Furthermore, an increase in the lean mass index 
of 0.96±2.33 kg/m², along with an improvement in nutritional 
status caused using citrate-containing dialysate, was reported 
by the authors. Hospitalized dialysis patients, who are already 
at increased risk of bleeding, might require surgical, endoscopic 
or angiographic interventions or suffer from acute disorders of 
blood coagulation or active bleeding [26]. The administration of 
systemic anticoagulation for hemodialysis is contraindicated in 
these patients. Previous reports on the sensible use of Citrasate® 
in intermittent hemodialysis without or with reduced systemic 
anticoagulation are heterogeneous and limited to smaller study 
cohorts [21,27-34]. Thus, the current study aims to investigate 
the possibility and potential limitations of heparin-free 
dialysis treatment using Citrasate® in a larger patient cohort, 
particularly regarding clotting events, reasons for premature 
dialysis termination, bleeding events and the dose of heparin 
required.

Materials and Methods

All intermittent dialysis sessions from 2013 to 2016 
(n=1021) in 294 patients conducted at our University Hospital 
using Citrasate® (MTN Neubrandenburg GmbH, Germany, 
Nipro Medical Europe) as dialysis concentrate were analyzed 
retrospectively. In all these dialysis sessions analyzed, the 
dialysis staff assessed an increased risk of bleeding in advance 
based on the medical records, which justified the primary use 
of citrate-containing dialysate. Citrasate® consists of 139.75 
mmol/l Na, 1.25 or 1.5 mmol/l Ca, 0.5 mmol/l Mg, 2.0 mmol/l 
K, 106 mmol/l Cl, 0.3 mmol/l acetate, 0.8 mmol/l citrate, 37.4 
mmol/l HCO3, and 1 g/l glucose [15]. Patients with incomplete 
dialysis protocols or the use of alternating dialysis concentrates 
were excluded (n=18). If systemic anticoagulation was used 
other than heparin, the dialysis session was excluded from 
analyses of quantitative doses of heparin (n = 48). 

The data collection was based on periprocedural dialysis 
documentation. Baseline and laboratory data were taken from 

the electronic patient records (SAP GUI Copyright SE 1993–
2022; Lauris/Nexus Swisslab GmbH, Berlin, Germany). Dialysis 
machines used were the 5008 CorDiax by Fresenius Medical 
Care®, Bad Homburg, Germany (FMC). The filters used were 
FX8 (low flux), FX 60, and FX 80 (both high flux) by FMC®. 
The dialysate flow rate was set at 500 ml/min. Sessions with 
hemodiafiltration were usually performed as post-dilution 
hemodiafiltration (96%), reflecting the standard of care at 
our dialysis unit. On the basis of the semiquantitative score of 
clotting events applied by De Troyer et al. [35], three categories 
of clotting events were assessed: (i) indirect signs of clotting, 
such as increasing transmembrane pressure, increasing venous 
pressure or preemptive administration of additional heparin; 
(ii) macroscopic clots in the extracorporeal circuit; and (iii) 
premature termination of the dialysis session due to clotting 
events, including the need to change the bloodline system or the 
dialyzer.

For retrospective analysis, we differentiated two groups of 
dialysis sessions depending on the anticoagulation strategy: 
a first group for dialysis sessions without any systemic 
anticoagulation at the beginning (group 1) and a second group 
receiving additional systemic anticoagulation despite the use of 
citrate-containing dialysate (group 2). For the dialysis sessions of 
the first group, an explicitly high risk of bleeding complications 
was assumed, mostly associated with acute medical interventions 
(e.g., surgery), resulting in a decision against the administration 
of systemic anticoagulation and favoring citrate-containing 
dialysate. In contrast, low-dose systemic anticoagulation was 
necessary for either (acute) medical reasons in the second 
group, where both an elevated clotting risk or high threat of 
thrombotic events (e.g., shunt thrombosis) and an increased risk 
of bleeding were assumed. Information for these assumptions 
was routinely taken from the hospital patient’s medical record 
and the outpatient dialysis protocol (if provided), where the 
patient’s comorbidities as well as the regular necessary dose of 
anticoagulation were stated. 

This represents our standard procedure; however, the 
individual reasons for or against systemic anticoagulation were 
not assessed. In general, for the dialysis sessions in group 2, 
a lower dosage of heparin than in the outpatient setting was 
administered. The combination of (low-dose) heparin and 
citrate-containing dialysate should balance the risks of bleeding 
and clotting and thereby facilitate intermittent hemodialysis. 
The dialysis sessions of group 1 with clotting events are labeled 
subgroup C1. Among the dialysis sessions of C1, we differentiated 
those with a completely heparin-free dialysis protocol (C1hepfree) 
and those in which clotting occurred despite the administration 
of heparin during the dialysis session (C1hepdemand). Subgroup C2 
comprises the dialysis sessions of group 2 with clotting events.

Statistics were performed using Chi-Square-, Mann-
Whitney-U-, or Kruskal-Wallis-Test as appropriate. Risk factors 
for clotting events were assessed by binary multivariable 
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logistic regression (inclusion model). The variables included 
were age (years), male sex (reference: female), vascular access 
(central venous catheter; reference: arteriovenous fistula), 
hemodiafiltration (reference: hemodialysis), acute kidney failure 
(reference: end-stage kidney failure), dialysis duration (per 10 
minutes), ultrafiltration rate (per 100 ml/h), session of group 
1 (reference: group 2), medication with vitamin K antagonist 
reference: no), and antiplatelet medication (reference: no). 
Missing data was excluded from the final model. Statistical 
significance was generally considered for p < 0.05. The software 
used for the statistical analysis was IBM SPSS Statistics version 
26. The study was conducted in accordance with the Declaration 
of Helsinki and was reviewed and approved by the local ethics 
committees. Individual written informed consent was not 
needed because of the retrospective design and anonymized 
data analysis.

Results

Dialysis protocol data using Citrasate®

A total of 1021 dialysis sessions in 276 patients were 
analyzed. No relevant baseline differences were noted between 
group 1 (with heparin) and group 2 (without heparin at the 
beginning of the dialysis session), except for a tendency toward 
a greater body mass index in patients in group 2 (Table 1). The 
mean effective dialysis duration and relevant dialysis parameters 
are presented in Table 2. In the first group, low-flux dialyzers 
were used more frequently, with a shorter effective and a shorter 
prescribed dialysis time, a higher mean blood flow rate, lower 
doses of heparin (if administered on demand during the course 
of the dialysis session), and more clotting events than were 
observed in the second group when additive anticoagulation 
was used (p=0.018; Table 2). No difference in the frequency of 
clotting-induced dialysis discontinuation was observed between 
groups 1 and 2 (p=0.716; Table 2). 

Table 1: Characteristics of 276 patients and subgroup 

characterization at baseline.

Total Group 1 Group 2 p - value N missing

Number of patientsa 276 164 (59%) 38 (14%) n.a. 0

Number of dialysis 
sessions 1021 741 (73%)           (4.5/

patient)
280 (27%) (7.4/

patient) n.a. 0

Age (years) 62.1 ± 14.7 61.7 ± 15.1 63 ± 15 0.619 1

Male gender 189 (68%) 117 (71%) 26 (68%) 0.528 0

Body mass index (kg/
m²) 27 ± 6 26.2 ± 5.2 27.9 ± 6 0.055 18

Diabetes mellitus 113 (41%) 64 (39%) 19 (50%) 0.308 2

Acute kidney injury 41 (15%) 28 (17%) 7 (18%)

Chronic kidney 
disease 234 (85%) 135 (82%) 32 (84%) 0.909 1

Medication with:

-      vitamin K 
antagonists 38 (14%) 22 (13%) 8 (21%) 0.275 1

-      Acetylsalicylic acid 123 (45%) 68 (41%) 21 (55%) 0.191 2

-      Clopidogrel 28 (10%) 14 (9%) 4 (11%) 0.751 1

Quick (%) 90 (11-130) 87 ± 23 90 (11-130) 87 ± 23 91 (12-130) 88 ± 23 0.898 5

INR 1.1 (0.8-5.1) 1.2 ± 0.5 1.1 (0.8-5.1) 1.2 ± 0.5 1.1 (0.9-4.9) 1.2 ± 0.5 0.892 5

aPTT (sec) 30.3 (18-180)                 
34.7 ± 19

30.3 (21.4-180)    34.5 
± 19

30.6 (18-180)        35 
± 21 0.775 5

Hemoglobin (mmol/l) 5.6 (3.2-10.7) 5.9 ± 
1.8

5.5 (3.2-10.7) 5.9 ± 
1.8 6.1 (3.6-9.8) 5.9 ± 1.8 0.258 0

Thrombocytes (Gpt/l) 181 (7-670) 200 ± 
101

181 (7-613) 199 ± 
105

181 (10-670) 204 ± 
92 0.499 0

Values are given in n (%), mean ± standard deviation, or median (min–max), aPTT: activated Partial Thromboplastin Time, INR: 
International Normalized Ratio patients with more than one dialysis session and matching criteria of both group 1 and group 2 are 
not subcategorized.
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Table 2: Dialysis protocol data including associated complications for dialysis sessions without (group 1) and with (group 2) heparin 
at the start of dialysis.

Total (n=1021) Group 1 (n=741) Group 2 (n=280) p value

Type of dialysis

-       Hemodialysis 833 (82%) 605 (82%) 228 (81%) 0.928

-       Hemodiafiltration 188 (18%) 136 (18%) 52 (19%) 0.928

Dialyzer

-       Low flux 119 (12%) 96 (13%) 23 (8%) 0.038

-       High flux 902 (88%) 645 (87%) 257 (92%) 0.038

Heparin administered at any time during dialysis

-       n (%) 297 (29%) 17 (2.3%) 280 (100%)

-       total IE, only if Heparin 
was administered 2890 ± 1863 1500 ± 612 2912 ± 1866 < 0.001

Dialysis time (hh:min)

-       Prescribed 3:38 ± 0:45 3:33 ± 0:44 3:51 ± 0:44 < 0.001

-       Effective 3:32 ± 0:48 3:27 ± 0:47 3:45 ± 0:45 < 0.001

o    heparin-free - 3:27 ± 0:47 - -

o    additional heparin 
(group 1) - 3:20 ± 0:53 - -

-       Ratio effective/
prescribed time 0.97 0.97 0.98 0.415

Mean ultrafiltration rate 
(ml/h) 484 ± 329 478 ± 329 509 ± 365 0.382

Mean blood flow rate (ml/
min) 220 ± 35 221 ± 35 215 ± 38 0.01

Vascular access

-       Arteriovenous fistula 592 (58%) 460 (62%) 132 (47%) 0.11

-       Goretex graft 83 (8%) 49 (7%) 34 (12%) 0.007

-       Tunneled central 
venous catheter 154 (15%) 110 (15%) 44 (16%) 0.769

-       Shaldon catheter 192 (19%) 122 (16%) 70 (25%) 0.002

Single-needle dialysis 34 (3%) 22 (3%) 12 (4%) 0.329

Systolic blood pressure (mmHg)

-       Start of dialysis 132 ± 26 132 ± 26 130 ± 25 0.218

-       End of dialysis 125 ± 26 127 ± 26 121 ± 26 0.002

Diastolic blood pressure (mmHg)

-       Start of dialysis 66 ± 18 67 ± 18 64 ± 18 0.011

-       End of dialysis 64 ± 18 65 ± 18 61 ± 17 < 0.001

Prepump arterial pressure (mmHg), extracorporeal circuit

-       Start of dialysis

-       End of dialysis 100 (0-280) 100 (15-180) 105 (0-280) 0.162

110 (25-350) 110 (30-300) 118 (25-350) 0.13

Venous pressure (mmHg), extracorporeal circuit

-       Start of dialysis 105 (0-500) 105 (0-500) 100 (30-280) 0.785

-       End of dialysis 125 (20-500) 125 (25-500) 120 (20-500) 0.007

Clotting events (any) 108 (11%) 88 (12%) 20 (7%) 0.018

i.            Indirect clotting 
signs 16 (15%) 16 (18%) 0 < 0.001

ii.            Macroscopic clotting 11 (10%) 8 (9%) 3 (15%) 0.95
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iii.            Premature 
termination due to clotting 81 (75%) 64 (72%) 17 (85%) 0.716

-        Increased Venous 
pressure 28 (26%) 21 (24%) 7 (35%) 0.669

-        Increased 
transmembrane pressure 1 (1%) 1 (1%) 0 0.32

-        Additional systemic 
anticoagulation needed 5 (5%) 3 (3%) 2 (10%) 0.436

-        Visible coagel in 
extracorporal circuit 19 (16%) 14 (16%) 5 (25%) 0.64

-        Other, not further 
specified in protocol 28 (26%) 25 (28%) 3 (15%) 0.008

Premature termination not 
associated with clotting 33 (3%) 25 (3%) 8 (3%) 0.566

-     Due to bleeding 
complication 1 (3%) 1 (4%) 0 0.32

-     Due to death during 
dialysis session 2 (6%) 1 (4%) 1 (13%) 0.494

-     Due to other reasons 30 (91%) 23 (92%) 7 (88%) 0.835

Values are given in n (%), mean ± standard deviation or median (min–max).

The main difference in the occurrence of clotting events was 
indirect clotting signs rather than macroscopic clotting events 
(Table 2). The mean prescribed and effective dialysis time 
differed by 6 minutes in both groups 1 and 2. Correlation analysis 
revealed a positive correlation between the administered dose 
of heparin and the effective duration of dialysis (r = 0.172, p 
< 0.001). No episode of citrate-associated hypocalcemia was 
recorded. Clotting occurred in 108 (11%) of all dialysis sessions. 

Among those, n=88 (81%) was allocated primarily to Group 1 
(= Group C1; Table 3). During the dialysis sessions in group 1, 
heparin was administered secondarily in 17 dialysis sessions 
(2.3%). In these studies, impending clotting was monitored and 
led to the administration of heparin (group C1hepdemand; Table 
3). Based on the number of coagulation events (n=88) in group 
1, 71 (81%) patients had clots without receiving any heparin 
(group C1hepfree; Table 3). 

Table 3: Comparison of dialysis sessions with clotting events.

Group C1 total (n=88) Group C2 (n=20) with 
adapted heparin from 

the beginning
p - value

Group C1hepfree (n=71) Group C1hepdemand (n=17)

Age (years)
60 ± 15 55 ± 15 0.087

60 ± 16 62 ± 14 0.539

Male gender
56 (63%) 8 (40%) 0.034

44 (62%) 12 (71%) 0.506

Dialysis time (hh: min)
3:05 ± 0:51 3:03 ± 0:44 <0.001

3:01 ± 0:50 3:21 ± 0:54 0.181

Central venous catheter
39 (44%) 6 (30%) 0.005

34 (48%) 5 (29%) 0.163

Acute kidney injury
17 (19%) 1 (5%) 0.572

15 (21%) 2 (12%) 0.328

Platelet aggregation 
inhibitor

34 (39%) 5 (25%) 0.49

23 (32%) 11 (65%) 0.022

V i t a m i n - K- a n t a g o n i s t 
medication

13 (15%) 1 (5%) 0.161

10 (14%) 3 (18%) 0.735

Hemodiafiltration
16 (18%) 3 (15%) 0.936

12 (17%) 4 (24%) 0.571
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Mean ultrafiltration rate 
(ml/h)

506 ± 324 547 ± 368 0.471

454 ± 307 718 ± 315 0.014

The values are given in n (%), mean ± standard deviation.

However, despite (imminent) clotting, patients who 
received heparin during the dialysis session (group C1hepdemand) 
tended to have a 20-minute longer effective dialysis time than 
patients with clots without any heparin (201 ± 54 min in group 
C1hepdemand versus 181 ± 50 min in group C1hepfree; p=0.181; Table 
3). Furthermore, the mean ultrafiltration rate was significantly 
higher (718 ± 315 ml/min in group C1hepdemand versus 454 
± 307 ml/min in group C1hepfree; p=0.014; Table 3). Between 
sessions with detected clotting with and without heparin at the 
beginning of the dialysis session (group C1 versus group C2) the 
effective dialysis time differed not clinically relevant, although 
statistically significant (185min ± 0:51 versus 183 min ± 44; 
p<0.001; Table 3). Approximately half of the dialysis sessions 
with clotting and without initial systemic anticoagulation (group 
C1) had a central venous catheter for vascular access (44% 
versus group 2: 30%; p=0.005; Table 3).

Comparison of Outpatient and In-Hospital Dialysis

A total of 234 patients (85%) with kidney failure were on 

chronic outpatient hemodialysis therapy prior to hospitalization 
(without any use of Citrasate®). For 198 (85%) of these, the 
outpatient dialysis protocols were available and could be 
compared with the in-hospital regimen using Citrasate®. Two 
patients (1%) received systemic anticoagulation other than 
heparin and were excluded from this analysis. In 196 patients 
who underwent a total of 647 in-hospital dialysis sessions, 
heparin doses were reduced by 88% compared with their 
outpatient dialysis regimen (4650 ± 2982 IU outpatient vs. 550 ± 
1265 IU in-hospital; p<0.001); however taking into account a 38 
min shorter effective dialysis duration (260 ± 25 min outpatient 
vs. 222 ± 44 min in-hospital; p<0.001) (Figure 1). The mean 
heparin dose in all patients in group 2 was 2907 ± 1863 IU per 
session, which was 35 ± 25 IU/kg body weight. Compared with 
the outpatient heparin dose, this reflects a reduction of 45% 
and 47% (mean 5307 ± 3960 IU; 66 ± 46 IU/kg body weight; 
p=0.002) in patients who’s in-hospital dialysis sessions were all 
allocated to Group 2.

Figure 1: (A) Mean heparin doses and (B) mean effective dialysis time using Citrasate® compared with the outpatient dialysis protocol with 
regular dialysate (n=196 patients).



JOJ Urology & Nephrology

How to cite this article: Johannes Ruhe, Jana Petzinna, Mandy Schlosser, Gunter Wolf and Martin Busch. Use Of Citrate-Containing Dialysis 
Concentrate for In-Hospital Intermittent Hemodialysis: Opportunities and Limitations. JOJ Urology & Nephrology, 2025; 9(4): 555767. DOI: 10.19080/
JOJUN.2025.09.555767

007

Factors Associated with Clotting

If dialysis sessions were initiated without heparin (Group 1), 
the clotting risk was doubled compared with an adjusted dose 
regimen of heparin (Group 2; OR 1.997; p=0.024; Table 4). For 
every ten minutes of longer dialysis time, the risk of clotting 
increased by 6%. (OR 1.057; p=0.05; Table 4). Central venous 

catheters used for dialysis access tended to be associated with 
increased clotting risk (OR 1.706; p=0.072; Table 4). The use of 
vitamin K antagonists did not significantly affect clotting risk 
according to the adjusted regression. Notably, if patients were 
on vitamin K antagonists, the heparin dose administered was 
significantly lower than that given to patients without such 
therapy (375 IU ± 912 IU versus 702 IU ± 1549 IU; p = 0.003).

Table 4: Adjusted odds ratios due to binary multivariable logistic regression analysis for clotting events in 246 patients undergoing 
750 dialysis sessions using citrate-containing dialysate.

Variable B ± SE OR 95%-CI p - value

Group 1 (reference: group 2) 0.691 ± 0.306 1.996 1.096-3.634 0.024

Dialysis time (per 10 minutes) 0.056 ± 0.028 1.058 1-1.118 0.049

Central venous catheter (reference: arteriovenous fistula) 0.538 ± 0.299 1.706 0.953-3.081 0.072

Male gender (reference: female gender) 0.077 ± 0.261 1.079 0.647-1.799 0.77

Age (per year) -0.007 ± 0.009 0.993 0.977-1.01 0.443

Acute kidney failure (reference: end-stage kidney failure) -0.129 ± 0.4 0.879 0.402-1.924 0.747

Platelet aggregation inhibitor (reference: no) -0.143 ± 0.278 0.867 0.503-1.494 0.608

Vitamin-K-antagonist medication (reference: no) 0.237 ± 0.377 1.268 0.605-2.656 0.53

Hemodiafiltration (reference: hemodialysis) 0.029 ± 0.33 1.029 0.539-1.967 0.93

Ultrafiltration rate (per 10 ml/h increase) 0.021 ± 0.039 1.021 0.946-1.102 0.596

B=regression coefficient; SE=standard error; OR= Odds Ratio; interactions were not modeled.

Discussion

Patients with kidney failure are at excess risk for 
bleeding events [26,36]. As heparin and its derivatives, which 
are commonly used for systemic anticoagulation during 
hemodialysis, further increase the risk of bleeding, alternatives 
are required especially for hospitalized patients undergoing 
interventional or surgical procedures. This retrospective study 
with a representative number of more than 1000 dialysis sessions 
demonstrates that intermittent hemodialysis in hospitalized 
patients using a citrate-containing dialysate is a reasonable 
alternative to reduce heparin doses if some limitations are 
considered. Differentiating patients without (group 1) or with 
(group 2) systemic anticoagulation at the start of their dialysis 
session, baseline characteristics were similar in both groups 
except for a tendentiously higher body mass index (BMI) in the 
second group. 

A higher BMI was associated with increased thromboembolic 
risk and a greater body distribution volume, which may have 
affected the physician’s prescription of heparin [37]. The lower 
blood flow rate in the dialysis sessions of the second group 
seemed to be associated with a more frequent use of central 
venous catheters as vascular dialysis access encompassing a 
higher risk for clotting as recently shown in a cross-sectional 
study [35]. According to Virchow’s triad, lower blood flow, 
especially through thin-lumen plastic lines, is related to an 
increased risk of clotting, requiring intensified anticoagulation. 
Nearly half of the patients without initial anticoagulation but 

with clotting events during hemodialysis had a central venous 
catheter for vascular access, indicating that these patients were 
at special risk. The extracorporeal venous pressure at the end of 
the dialysis session was lower in patients in the second group, 
indicating less micro clotting after the administration of heparin.

A total of 741 dialysis sessions (71%) were conducted 
without any systemic anticoagulation. This is remarkable, as 
most previous studies involved smaller patient cohorts or used 
only moderately reduced doses of heparin. The findings of these 
studies are heterogeneous. A retrospective Belgian cohort study 
comprising 94 patients was able to reach a dialysis duration of 
4:00 h (240 minutes) in 81% (n=309 treatments) of patients by 
using Citrasate® without adding systemic anticoagulation but 
with a heparin-coated dialyzer [28]. In contrast, 11 (48%) of 
23 patients necessitated the administration of tinzaparin after 
having started the dialysis session with Citrasate® without 
systemic anticoagulation, resulting in a mean dialysis time of 
210 minutes. In total, a 40% reduction in the tinzaparin dose 
compared with the patient’s standard dialysis protocol was 
observed [27]. 

In our study, only uncoated dialyzers were used. Among 
all the dialysis sessions that were initiated without systemic 
anticoagulation, only 19 (2.5%) required the administration 
of heparin during the course, thereby reaching a similar mean 
effective dialysis time of 207 minutes. Although clotting events 
could be averted in only 2 of these dialysis sessions, the other 
17 tended at least toward a longer effective dialysis time. 
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Additionally, these patients had comparably high ultrafiltration 
rates, which illustrates a certain impact of the ultrafiltration rate 
on the formation of clots during hemodialysis. Both the effective 
and the prescribed dialysis time were shorter in heparin-free 
initiated dialysis sessions, suggesting that the treating physician 
supposed in advance that a shorter dialysis duration would be 
achieved or would be sufficient when deciding against additional 
anticoagulation. 

The fact that, in both groups, the prescribed and effective 
dialysis durations differed equally by 6 minutes confirms this 
assumption. One bleeding complication was observed during a 
dialysis session started without anticoagulation; obviously, a high 
bleeding risk was assessed in advance. For chronic hemodialysis 
patients, regular heparin doses were reduced by 88% compared 
with their outpatient dialysis standard protocol. Concurrently, 
the mean dialysis time was 38 minutes shorter. Even in group 
2, where heparin was administered individually from the 
beginning of the dialysis session, the doses were largely reduced 
by 45% of the regular outpatient dose. Sands and colleagues 
reported no loss of dialysis effectiveness when Citrasate® was 
used, with a mean dialysis time of 3:40 h and a 33% reduction 
in heparin [32]. Since a sufficient urea clearance index (Kt/V) is 
not the primary aim in hospitalized dialysis patients, a dialysis 
duration of approximately 3.5 hours using Citrasate® can be 
considered effective enough when, on the other hand, the risk of 
periinterventional bleeding is not further increased. 

The same holds true for patients with acute kidney injury, 
who, on the one hand, require a slow increase in dialysis 
efficiency and, on the other hand, are usually dialyzed daily. The 
clotting event rates were with 12% (group 1) and 7% (group 2) in 
the same range (8%) than reported previously in a heparin-free 
trial [29], however, they were clearly greater than the rates (3.1-
-5.1%) when heparin was not or was only partly reduced [32]. 
Compared with the administration of reduced heparin doses, the 
omission of heparin at the start of the dialysis session (group 1) 
doubled the clotting risk, indicating that the anticoagulant effect 
of Citrasate® is limited to a certain extent. Furthermore, per ten 
minutes of longer dialysis time, the clotting risk increased by 
6%, matching findings of increased clotting rates of up to 19% 
in patients with a dialysis duration of >4:00 h [28]. In line with 
previous findings, clotting was not associated with age, sex, or 
ultrafiltration rate [28]. 

However, in our study, clotting events were less frequently 
associated with premature dialysis termination (group 1: 8%; 
group 2: 6%) than reported previously (15%), potentially due to 
shorter prescribed dialysis durations [28]. Our study is mainly 
limited by its retrospective design without predefined criteria 
for group allocation and target dialysis time, which does not 
allow statements about potentially longer dialysis durations 
than those prescribed. Unfortunately, the precise reasons 
for or against the administration of heparin and the use of 
Citrasate® were not documented in most cases, including the 

initial assessment concerning the assumed risk of bleeding and 
the potential risk of coagulation events. Furthermore, the study 
design does not allow any assumptions about the endpoint of 
reduction in bleeding complications. When outpatient dialysis 
protocols were compared with in-hospital data, patients 
without available outpatient protocols were excluded from this 
set of analyses to reduce potential bias. Moreover, we assumed 
that outpatient dialysis sessions proceeded as stated in the 
outpatient protocol without complications.

Conclusions

In conclusion, this study provides evidence that by using 
Citrasate®, further systemic anticoagulation is not necessarily 
required to reach a dialysis time of largely 3:30 hours accepting 
a moderately increased rate of clotting events after 3 hours. 
The administration of low heparin doses in addition to the use 
of Citrasate® may allow longer dialysis durations and reduce 
clotting events while still balancing the bleeding risk. Patients 
with an outpatient need of > 5300 IU heparin per dialysis session, 
those who have a central venous catheter as vascular access or 
those with the clinical need for longer dialysis durations may 
benefit from the combination of Citrasate® and additional low 
heparin doses (e.g., 2000-3000 IU) with close monitoring for 
active bleeding events to achieve a sufficient dialysis session. 
Experienced dialysis staff should carefully select patients for 
heparin-free hemodialysis. Thorough assessment of individual 
clotting risk and close monitoring for impending clot formation 
are necessary; however, in the event of unexpected clotting 
before the planned duration of dialysis is reached, a moderate 
increase in the dose of systemic anticoagulation should be 
considered for the next dialysis session if there are no strict 
contraindications.
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