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Abstract Objective: To compare the
efficacy and safety of adjusted-dose
unfractionated heparin with that of
regional citrate anticoagulation in in-
tensive care patients treated by con-
tinuous venovenous hemofiltration
(CVVH). Design and setting: Pro-
spective, randomized, clinical trial 
in a 32-bed medical and surgical
ICU in a university teaching hospi-
tal. Patients: ICU patients with acute
renal failure requiring continuous 
renal replacement therapy, without
cirrhosis, severe coagulopathy, or
known sensitivity to heparin. Inter-
ventions: Before the first CVVH run
patients were randomized to receive
anticoagulation with heparin or tri-
sodium citrate. Patients eligible for
another CVVH run received the 
other study medication in a cross-
over fashion until the fourth circuit.
Measurements and results: Forty-
nine circuits (hemofilters) were ana-

lyzed: 23 with heparin and 26 with
citrate. The median lifetime of
hemofilters was 70 h (interquartile
range 44–140) with citrate anti-
coagulation and 40 h (17–48) with
heparin (p=0.0007). One major
bleeding occurred during heparin 
anticoagulation and one metabolic
alkalosis (pH=7.60) was noted with
citrate after a protocol violation.
Transfusion rates (units of red cells
per day of CVVH) were, respec-
tively, 0.2 (0.0–0.4) with citrate and
1.0 (0.0–2.0) with heparin (p=0.0008).
Conclusions: Regional citrate antico-
agulation seems superior to heparin
for the filter lifetime and transfusion
requirements in ICU patients treated
by continuous renal replacement
therapy.
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Introduction

Continuous renal replacement therapy (CRRT) is increas-
ingly employed for the management of acute renal failure
in critically ill patients with hemodynamic instability.
However, one of the main disadvantages of CRRT is the
requirement for anticoagulation to prevent clotting of the
extracorporeal circuit. Heparin may be associated with a
high risk of hemorrhagic complications [1]. Various alter-
native methods have been developed for the anticoagula-
tion of the circuit with reduced risk of bleeding, including
low molecular weight heparins [2], prostacyclin [3], and
the serine protease inhibitor nafamostat [4], but these ap-

proaches have not been widely accepted because of their
limitations. Pre-dilution continuous venovenous hemofil-
tration (CVVH) without anticoagulation or with low-dose
heparin has been reported as an acceptable strategy in
high-risk patients [5, 6]. However, with these strategies
the extracorporeal circuit lifetime is between 16 and 19 h
in patients without coagulopathy [5, 6]. Recurrent filter
clotting and the need for frequent circuit replacement
would be economically undesirable and the source of ex-
cessive “down” time periods [6]. Moreover, the hemofil-
ter lifetime is an important determinant of blood transfu-
sion in critically ill patients treated by CRRT, and the 
average number of packed red cells transfused to these
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patients has been reported as 1.1 per day with heparin 
anticoagulation [7]. Thus, therapeutic strategies prolong-
ing filter lifetime without increasing the bleeding risk of
the patient could reduce transfusion requirements.

Several descriptive studies in recent years have dem-
onstrated the effectiveness of regional citrate anticoagu-
lation in various forms of CRRT [8, 9]. Citrate causes
anticoagulation by chelation of ionized calcium in the
extracorporeal circuit. Systemic anticoagulation does not
occur if the patient’s serum ionized calcium is restored.
No randomized study has compared the efficacy and
safety of adjusted-dose unfractionated heparin with that
of regional citrate anticoagulation in CRRT.

The aim of this prospective, randomized, clinical trial
was to compare the efficacy and safety of adjusted-dose
unfractionated heparin with that of regional citrate anti-
coagulation in intensive care patients treated by CVVH.
The primary outcome measure was time to failure of the
hemofilter. Secondary outcomes included transfusion re-
quirements and the incidence of major bleedings and
metabolic complications.

Materials and methods

Patient selection

Between February 2002 and February 2003 we treated 96 patients
suffering from acute renal failure by renal replacement therapy: 49
by daily dialysis and 47 by CRRT. Exclusion criteria were cirrhosis,
severe coagulopathy, high risk of bleeding, and known sensitivity to
heparin. Among the 47 patients receiving CRRT 26 had a high risk
of bleeding (13 recent surgery, 6 leukemia, 7 cirrhosis), and informed
consent was unavailable for one patient. Thus 20 patients were en-
rolled in the study. The cause of renal failure was postoperative con-
gestive heart failure in 11 and septic shock in 9. All of the patients
required mechanical ventilation and had circulatory dysfunction with
vasopressor dependency. CRRT was chosen in each case because of
hemodynamic instability. Patient demographic and clinical character-
istics are summarized in Table 1. Eleven patients died in ICU. The
study was approved by the local ethics committee and an informed
consent was obtained from the patients or surrogates.

Study design

Before the first CVVH run patients were randomized to receive
heparin or trisodium citrate. After each circuit failure patients eli-

gible for another CVVH run received the other study medication
in a cross-over fashion until the fourth circuit. This allowed each
patient to be studied twice with each method of anticoagulation.
Time to circuit (hemofilter) failure, the primary outcome variable,
was measured from the time of commencement to the time of
elective discontinuation (e.g., for surgery) or spontaneous failure.
Spontaneous failure was defined as circuit clotting or persistently
high transmembrane pressure (>300 mmHg) prohibiting the con-
tinuation of the therapy. There was no predefined limit to the time
that a hemofilter could be used. The incidence and severity of 
major bleedings, defined as the occurrence of bleedings resulting
in death, retroperitoneal, intracranial or intraocular hemorrhage, or
requiring transfusion of more than 2 U red cells were recorded.
Transfusions were initiated in response to hemoglobin concentra-
tion measurements obtained from regular blood sampling, with a
threshold of 7.0 g/dl. The volume of packed red cells transfused
during CVVH was recorded for each circuit, including transfusion
requirements due to circuit clotting. The volume of the extracor-
poreal circuit was approximately 300 ml, and if the reason of the
hemoglobin fall below 7.0 g/dl was a circuit clotting, the transfu-
sion was indicated as due to the circuit clotting. The average num-
ber of units transfused per day was calculated for each type of 
anticoagulation.

Hemofiltration procedure

Vascular access was obtained via a 12-F double-lumen catheter
(Arrow-Howes multiple-lumen hemodialysis catheter, Arrow Inter-
national, Reading, Pa.,USA) introduced into the jugular, subclavian,
or femoral vein. Hemofiltration was performed using a Baxter
CM11-CM14 device and a 1.6 m2 highly permeable polysulfone
membrane (Arylane H6, HOSPAL Renal Care, Lyon, France). The
minimal blood flow rate was 150 ml/min and was increased if the
filtration rate was above 25% of the blood flow. The filtration rate
was adjusted to achieve a dose of hemofiltration of 35 ml per kilo-
gram of body weight per hour [10]. The substitution fluid was
added after the hemofilter (postdilution). The substitution fluid 
for hemofiltration consisted of 120 mmol/l Na, 1.0 mmol/l K,
122 mmol/l Cl, and 0.5 mmol/l Mg. For the circuits randomized to
heparin 25–28 mmol/l sodium bicarbonate and 1.1 mmol/l calcium
chloride were added to the substitution fluid. A total of 49 circuits
(hemofilters) were analyzed: 23 circuits with heparin anticoagula-
tion and 26 with citrate.

Heparin anticoagulation

Heparin and trisodium citrate were infused after the blood-pump
and before the hemofilter. For the circuits randomized to heparin
an “adjusted-dose” protocol was used. A bolus of 2000–5000 U
was injected into the circuit at the commencement of CVVH, the
exact dose being based on patient size and preexisting activated

Table 1 Patient characteristics
according to the first anti-
coagulation used (n=20); 
continuous data are presented
as median (parentheses inter-
quartile range) (SAPS II Sim-
plified Acute Physiology 
Score II [14])

Heparin (n=12) Citrate (n=8) p

Age (years) 64 (52–74) 67 (52–77) 0.85
Sex: M/Fa 11/12 12/14 0.91
SAPS II (first day in ICU) 42 (33–55) 40 (31–53) 0.82
Septic shock 5 (42%) 4 (50%) 0.82
Plasma urea before CVVH 0.31

g/l 1.55 (1.01–1.90) 1.32 (0.92–1.45)
mmol/l 25.8 (16.8-31.7) 22.0 (15.3–24.2)

Plasma creatinine before CVVH 0.58
mg/l 29.9 (22.9–38.5) 28.5 (24.2–33.5)
µmol/l 264 (202–340) 252 (214–296)
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partial thromboplastin time (APTT). At the same time an infusion
of heparin was commenced at an initial rate of 1000 U/h and ad-
justed between 500 and 2000 U/h to maintain APTT at 60–80 s in
the patient (normal value 32–42 s). Patient APTT was determined
every 4–6 h after connection of a new hemofilter until a stable level
of anticoagulation was achieved. Thereafter, it was determined
daily.

Regional citrate anticoagulation

A molar solution (1 mmol/ml) of trisodium citrate was made by
our hospital pharmacy. As indicated in Table 2, trisodium citrate
was administered at a starting rate of 4.3 mmol/l of extracorporeal
blood flow. Citrate infusion rate was then adjusted to maintain 
the serum ionized calcium concentration below 0.3 mmol/l in the
circuit. The hemofiltration rate was augmented if the patient de-
veloped metabolic alkalosis or hypernatremia. In cases of impor-
tant metabolic alkalosis (pH>7.55), important hypernatremia
(>150 mmol/l), or signs of citrate accumulation (increased total to
ionized calcium ratio) the citrate infusion was decreased, and an
ionized calcium value up to 0.5 mmol/l was tolerated. The CaCl2
replacement solution (1 g/10 ml) was administered via a central
line at an initial rate adjusted to the citrate rate (Table 2). The
CaCl2 infusion rate was then adjusted to maintain the patient ion-
ized Ca concentration in the normal range (1.05–1.15 mmol/l).
Magnesium sulfate (1 mmol/l) was added to the substitution fluid.

Samples for arterial blood gas, Na, K, bicarbonate, and serum
ionized Ca were drawn through an arterial line at baseline before
the start of the procedure and every 6 h thereafter. Samples for cir-
cuit ionized Ca (before the hemofilter), serum total Ca, serum Mg
and a full metabolic profile, including urea, creatinine, liver func-
tion tests, and complete blood count were drawn every 24 h. All
laboratory results were communicated to the ICU physicians who
make the necessary adjustments in the CRRT prescription. If the
circuit lifetime was longer than 96 h, to evaluate the hemofilter
properties b2-microblobulin was measured in the serum and the 
ultrafiltrate for the calculation of the sieving coefficient.

Statistics

Continuous data are presented as median and interquartile range
(25th–75th percentiles). Dichotomous data are presented as per-
centages. Statistical analysis were performed using nonparametric
statistical tests. The c2 test or Fisher’s exact test was applied for
dichotomous and categorical data. The Mann-Whitney test was
used to compare numerical data of the two groups. Time to hemo-
filter failure, the primary outcome variable, was measured from
the time of commencement to the time of elective discontinuation
(e.g., for surgery) or spontaneous failure (clotting or trans-mem-
brane pressure above 300 mmHg). For the determination of the
median time to spontaneous failure, using survival analysis metho-
dology, elective discontinuations were treated as censored data
and spontaneous failures as uncensored data. Kaplan-Meier sur-
vival curves were used to present the results and generate estimat-
ed median times to spontaneous failure. Log rank tests were used
to compare time to failure between groups.

Results

Median circuit lifetime was 40 h (interquartile range
17–48) with heparin and 70 h (44–140) with citrate 
(p=0.0007). The rate of spontaneous circuit failure (clot-
ting or transmembrane pressure greater than 300 mmHg)
was 87% with heparin anticoagulation and 57% with ci-
trate ( p =0.03). The reasons for circuit termination with
regional citrate anticoagulation were clotting in 12 cases
(46%), high transmembrane pressure in 3 (11%), catheter
dysfunction needing catheter exchange in 5 (19%), and
elective discontinuation in 6 (23%). With heparin antico-
agulation, the reasons for circuit termination were clot-
ting in 17 cases (74%), high transmembrane pressure in
4 (17%), catheter dysfunction needing catheter exchange
in 1 (4%), and elective discontinuation in 1 (4%). Medi-
an time to spontaneous failure of the hemofilters was
140 h with citrate and 45 h with heparin (p<0.0001);
Fig. 1 presents Kaplan-Meier curves of the time to spon-
taneous failure of the hemofilters.

As demonstrated in Tables 3 and 4, plasma urea and
creatinine levels did not differ significantly between the
two groups at the initiation of CVVH circuits. However,
with the longer circuit lifetime, plasma urea was sig-
nificantly lower in the citrate group at the end of CVVH
circuit. The circuit lifetime was longer than 96 h in 12
cases: 11 with regional citrate anticoagulation and 1 with
heparin. After 96 h the sieving coefficient for b2-micro-
globulin (molecular weight 11.8 kDa) was higher than

Table 2 Initial citrate and calcium infusion rates, according to the extracorporeal blood flow

Extracorporeal blood flow (ml/min)

150 175 200 250 300

Trisodium citrate (1 mmol/ml) infusion rate (ml/h) 38 45 52 65 77
CaCl2 (1 g in 10 ml) infusion rate (ml/h) 10 12 13 17 20

Fig. 1 Kaplan-Meier curves of time to spontaneous failure of the
hemofilters, according to the anticoagulation used (p<0.0001)
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0.80 in all cases (median 0.89), indicating that the clear-
ance of middle molecular weight uremic toxins remained
adequate.

One major digestive bleeding related to a gastric ulcer
occurred with heparin anticoagulation 3 h after heparin
initiation that led to heparin interruption and the transfu-
sion of 3 U packed red cells. No major bleeding occurred
in the citrate group. Transfusion rates differed signifi-
cantly between anticoagulation strategies (Table 5), with
a major reduction in transfusion requirements with re-
gional citrate anticoagulation. This reduction in transfu-
sion requirements was associated with a trend (p=0.06)
to lower transfusion for circuit clotting (Table 5). In both
groups 19% of patients were transfused without any cir-
cuit clotting. In the citrate group one case of major alka-

losis (arterial pH=7.60) occurred due to a protocol viola-
tion by decreasing the hemofiltration rate to 20 ml/kg per
hour. There was also one case of decreased serum ion-
ized calcium to 0.90 mmol/l, without hemodynamic in-
stability. These two cases of metabolic complications
were rapidly resolved.

Discussion

To our knowledge, this is the first prospective, random-
ized, controlled trial of citrate vs. heparin for anticoagu-
lation in CRRT. We tested the hypothesis that regional
anticoagulation of the circuit with citrate, given accord-
ing to extracorporeal blood flow and adjusted to circuit

Table 3 Parameters at the initiation of CVVH circuit; continuous data are presented as median (parentheses interquartile range)

Heparin (n=23) Citrate (n=26) p

Logistic organ dysfunction [15] score 8 (6–15) 8 (4–11) 0.31
Blood flow for CVVH (ml/min) 175 (150–200) 175 (150–200) 0.48
Hemofiltration volume (l/h) 2.5 (2.5–3.0) 2.5 (2.5–3.0) 0.41
Transmembrane pressure (mmHg, first h) 40 (25–50) 40 (30–50) 0.28
Plasma Na (mmol/l) 144 (141–147) 142 (138–144) 0.25
Plasma Mg (mmol/l) 0.91 (0.78–1.08) 0.93 (0.81–1.10) 0.88
Plasma ionized Ca (mmol/l) 1.12 (1.03–1.18) 1.1 (1.04–1.12) 0.34
Plasma urea (g/l) 0.74 (0.34–1.7) 0.74 (0.32–1.2) 0.69
Plasma creatinine (mg/l) 20 (9.4–31.4) 16 (9.7–24.4) 0.51
International normalized ratio 1.0 (0.95–1.11) 0.97 (0.88–1.07) 0.28
APTT (s) before CVVH 44 (36–66) 51 (47–61) 0.35
APTT (s) during CVVH 70 (64–77) 44 (33–49) 0.04
Hemoglobin (g/dl) 8.3 (7.5–9.7) 8.2 (7.5–9.6) 0.69
Leukocytes (¥109/l) 16.9 (11.9–24.7) 18.0 (12.3–21.0) 0.91
Platelets (¥109/l) 168 (97–255) 172 (104–216) 0.86
Plasma bicarbonate (mmol/l) 23 (21–24) 23 (22–26) 0.17
Arterial blood pH 7.37 (7.33–7.44) 7.36 (7.29–7.43) 0.42
C-reactive protein (mg/l) 140 (70–242) 130 (73–208) 0.64
Fibrinogen (g/l) 5.0 (4.0–5.5) 5.2 (3.3–6.1) 0.97

Table 4 Parameters at the end of CVVH circuit; continuous data are presented as median (parentheses interquartile range)

Heparin (n=23) Citrate (n=26) p

Plasma Ionized Ca (mmol/l) 1.09 (1.04–1.16) 1.10 (1.08–1.19) 0.11
Plasma urea (g/l) 0.46 (0.33–0.76) 0.37 (0.22–0.45) 0.04
Plasma creatinine (mg/l) 13.2 (8.3–18.0) 8.8 (7.6–10.6) 0.09
Plasma bicarbonate (mmol/l) 23 (21–26) 25 (24–28) 0.01
Arterial blood pH 7.39 (7.35–7.44) 7.39 (7.36–7.45) 0.98
Plasma Na (mmol/l) 143 (142–147) 142 (141–147) 0.87
Plasma Mg (mmol/l) 0.70 (0.65–0.87) 0.79 (0.75–0.86) 0.39
Hb (g/dl) 8.0 (7.3–8.2) 9.2 (7.9–10) 0.07

Table 5 Red cells transfusion rates

Heparin (n=23) Citrate (n=26) p

Patients transfused 15 (63%) 9 (38%) 0.03
Patients transfused after circuit clotting 10 (44%) 5 (19%) 0.06
Number of units transfused per day of CVVH, median (interquartile range) 1.0 (0–2.0) 0.2 (0–0.4) 0.0008
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ionized calcium, would provide better circuit lifetime to
adjusted-dose, full systemic anticoagulation with hepa-
rin. We found that the time to circuit failure was signifi-
cantly higher and transfusion requirements significantly
lower with regional citrate anticoagulation. Even with a
long lifetime (>96 h), the membrane properties remained
adequate, as indicated by a sieving coefficient higher
than 0.80 for b2-microglobulin and a low level of blood
urea.

Adequate concentration of citrate in the extracorporeal
circuit is necessary to chelate calcium in sufficient
amounts to avoid coagulation. Thus we decided to de-
crease the circuit ionized calcium level below 0.3 mmol/l
by adjusting the citrate infusion rate. Citrate also chelates
magnesium. We decided to restore plasma magnesium
concentrations by adding 1.0 mmol/l of magnesium to our
standard hemofiltration solution because we used a post-
dilution method. The infusion of magnesium before the
hemofilter can in fact lead to competition between magne-
sium and calcium and to elevation in ionized calcium.

The most important risks of the trisodium citrate infu-
sion are metabolic alkalosis, hypernatremia, and hypo-
calcemia. The metabolic alkalosis is due to the meta-
bolization of citrate by the liver and muscle cells. The
metabolization of each citrate molecule generates 2 to 3
molecules of bicarbonate. With regional citrate anticoag-
ulation some studies report up to 38% of metabolic alka-
losis requiring treatment with hydrochloric acid [11].
Some authors suggest the interruption of citrate antico-
agulation in the case of metabolic alkalosis [12]. In our
study the infusion of concentrated trisodium citrate was
counterbalanced by using an appropriate amount of hy-
potonic bicarbonate-free solution for hemofiltration. We
observed only one case of metabolic alkalosis when the
hemofiltration rate was clearly inadequate (20 ml/kg per
hour), and the metabolic alkalosis was resolved by in-
creasing the hemofiltration rate up to 35 ml/kg per hour.
Thus the actual established hemofiltration rate of
35 ml/kg per hour [10] using a bicarbonate-free solution
seems sufficient to prevent the risk of metabolic alkalo-
sis. We believe that with an appropriate hemofiltration
rate and a good metabolic monitoring (every 6 h in our
study) the risk of citrate anticoagulation is below that of
heparin anticoagulation.

We used unfractionated heparin because of its low
initial cost, ease of administration, simple monitoring,

and rapid reversibility with protamine. The transfusion
rate with heparin anticoagulation seems high in our
study. However, Cutts et al. [7] reported the same trans-
fusion requirements with heparin or prostacyclin and
more than 69% of transfusion requirements are due to
circuit clotting in our study (Table 5). Anticoagulation
with low molecular weight heparin during CRRT provid-
ed identical hemofilter lifetime, similar incidence of side
effects, but increased direct costs compared with unfrac-
tionated heparin [2]. The level of heparin anticoagulation
used in our study was adjusted to maintain APTT at
60–80 s in the patient. To limit bleeding risks some au-
thors have used a lower level of APTT (<40 s) [5, 6].
However, these levels of APPT with heparin anticoagu-
lation are associated with a filter lifetime of 16–19 h,
augmenting the cost and the transfusion requirements by
clotting. A lower level of heparin anticoagulation was
also associated with a mean “down” time of 5.4 h per
day, reducing the prescribed hemofiltration dose by 22%
[6]. Our study clearly underlines the importance of the
anticoagulation method for transfusion requirements.

Several observational studies [9, 13] have reported
that regional citrate anticoagulation is associated with a
median filter lifetime longer than 48 h. A recent observa-
tional study [12] reported a median filter lifetime of 24 h
with regional citrate anticoagulation. However, the level
of ionized calcium in the extracorporeal circuit was not
monitored in this study, and the citrate anticoagulation
was adjusted according to the patient’s pH.

There were some unavoidable limitations in our
study. (a) ICU physicians were not blinded to the type of
anticoagulation used. (b) Only patients without a high
risk of bleeding were included; thus we found only one
major hemorrhagic complication with heparin. (c) We
excluded patients with liver cirrhosis. Thus, with our
standardized protocol, we observed a low incidence of
metabolic complications. Regional citrate anticoagula-
tion in patients with liver cirrhosis may be associated
with a higher level of metabolic complications due to a
lower hepatic clearance of citrate.

In conclusion, we found that regional citrate anticoag-
ulation using an appropriate protocol augments CRRT
circuit lifetime and reduces transfusions requirements.
We therefore believe that regional citrate anticoagulation
could be the reference method of anticoagulation in
CRRT even in patients without high risk of bleeding.
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