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CHAPTER 168 

Anticoagulation Strategies for Continuous 
Renal Replacement Therapy
Heleen M. Oudemans-van Straaten

OBJECTIVES
This chapter will:
1. Describe nonanticoagulant measures to promote circuit 

patency.
2. Identify the ideal anticoagulant for continuous renal 

replacement therapy.
3. Describe the advantages and risks of the most commonly 

used anticoagulant strategies.
4. Provide basic recommendations for the use of these 

anticoagulants for continuous renal replacement therapy 
depending on the clinical situation.

Critically ill patients receiving continuous renal replacement 
therapy (CRRT) for acute kidney injury (AKI) exhibit hyperco-
agulability and an increased risk of bleeding.1 This disturbed 
hemostasis is the consequence of a complex interaction of 
critical illness, uremia, and the extracorporeal circuit. In 
this setting anticoagulation of the circuit is challenging. 
Maintaining circuit patency during CRRT is important to 
optimize fluid and solute clearance. Anticoagulation is one 
of the necessary strategies. The goals of ideal anticoagulation 
are the following:
1. Effective anticoagulation in the circuit to optimize circuit 

patency
2. No or minimal anticoagulation in the patient to reduce 

the risk of bleeding
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Polyurethane is a stiffer material, and these catheters are 
for acute use only (<3 weeks).4 Silicone is less stressful on 
the vessel wall and more suitable for long-term use. Finally, 
during treatment interruption, appropriate measures should 
be taken to maintain access patency. There is mounting 
evidence that citrate, as a catheter lock solution, offers better 
protection against bacteremia and adequate line patency as 
compared with heparin.5

Activation of clotting at the membrane has been reduced 
greatly with the use of biocompatible membranes. However, 
modern membranes with a higher adsorptive capacity have 
a higher tendency to promote clotting. To reduce thromboge-
nicity of the membrane, surface coating with substances such 
as heparin or polyethyleneimine has been applied. Studies 
in patients receiving chronic dialysis have demonstrated the 
ability to perform dialysis without systemic anticoagulation 
with these coated membranes (heparin and low-molecular-
weight heparin).6,7 However, the use of polyethyleneimine-
coated membranes has not been shown to prolong circuit 
life during continuous venovenous hemofiltration (CVVH) 
without anticoagulation in the critically ill population.8–10 
Similarly, the addition of heparin to the priming fluid did 
not reduce thrombogenicity of the membrane in patients 
with AKI receiving continuous venovenous hemodiafiltra-
tion (CVVHDF),11 neither did intermittent saline flushing, 
albumin priming, higher blood flow, nor separate heparin 
administration (prefilter and venous chamber).12

Air traps allow for a relatively slow-moving column of 
blood to have constant contact with air, potentiating the 
formation of clots. Baldwin et al.13 examined if providing 
heparin into a prefilter line and air trap could prolong 
filter life. As compared with single-site administration, the 
dual-site administration did not prolong filter life. Gretz 
et al.14 achieved a slightly longer circuit life by raising the 
blood level in the air trap higher than the blood inlet port.

Hemodialysis Versus Hemofiltration
Hemodialysis is associated with longer circuit life than 
hemofiltration.15 Reasons are that hemofiltration confers 
hemoconcentration as ultrafiltrate is removed across the 

3. Easy and bedside monitoring
4. Minimal short- and long-term systemic side effects
5. Availability of an antidote in case of overdose

Apart from using an anticoagulant, several nonantico-
agulant measures can be considered to reduce the risk of 
filter clotting.2 These measures focus on the prevention or 
limitation of stasis of flow, hemoconcentration, and blood 
air contact (Table 168.1).

NONANTICOAGULANT MEASURES TO 
REDUCE FILTER CLOTTING

Venous Access and Circuit
The venous access, the hemofilter, and the venous air trap are 
the most common sites in the circuit for potential thrombosis.1 
Catheter malfunction leads to intermittent stasis of blood 
flow, which promotes clotting and subsequent circuit failure. 
Measures for optimizing catheter function regard the site of 
insertion and catheter design. Blood flow reductions have 
been shown to contribute to circuit failure.3 To minimize 
blood flow interruptions, the use of a large-bore double-lumen 
central venous catheter is recommended to be positioned 
in the right jugular or femoral position (straight course). 
The length of femoral catheters is preferably 20 to 24 cm 
and possibly 30 cm in adults,2 whereas internal jugular 
catheters are best placed with their tip in the right atrium. 
The subclavian position is discouraged given the high risk of 
kinking, the potential for subclavian stenosis, and difficulties 
with future arteriovenous fistulas.4 Clinicians should try to 
avoid inserting a catheter above the diaphragm in case of high 
intrathoracic pressures and below the diaphragm in patients 
with intraabdominal hypertension. Attention must be paid 
to the position of the patient and fixation of the catheter to 
prevent kinking at the site of insertion. Catheters with side 
holes should not be used, because turbulent flow initiates 
clotting. Furthermore, contact of the holes with the vessel 
wall can inhibit flow, thereby activating clotting and treat-
ment interruption. Temporary catheters for CRRT are made 
largely of polyurethane or silicone; both are hemocompatible. 

TABLE 168.1 

Dosing and Monitoring of Anticoagulation

LOADING DOSE MAINTENANCE DOSE MONITORING TARGET

Systemic Anticoagulation
Unfractionated heparin 2000–5000 IU 5–10 IU/kg/hr APTT 1–1.4 times normal
Low-Molecular-Weight Heparins
Dalteparin 15–25 IU/kg 5 IU/kg/hr Anti-Xa 0.25–0.35 IU/mL
Nadroparin 15–25 IU/kg 5 IU/kg/hr Anti-Xa 0.25–0.35 IU/mL
Enoxaparin 0.15 mg/kg 0.05 mg/kg/hr Anti-Xa 0.25–0.35 IU/mL
Alternative Anticoagulants in Case of HIT(T)
Argatroban 100 µg/kg 0.25–1 µg/kg/min APTT 1–1.4 times normal
Fondaparinux No loading 2.5 mg/day

1.25 mg/day after 1–2 days
Anti-Xa Anti-Xa

0.25–0.35 IU/mL
Danaparoid 750 U 1–2 U/kg/hr Anti-Xa Anti-Xa

0.25–0.35 IU/mL
Nafamostat No loading 0.1–0.5 mg/kg/hr APTT 1–1.4 times normal
Anticoagulation for Combined Kidney and Liver Failure and an Increased Bleeding Risk
Prostacyclin No loading 3–5 ng/kg/min Thromboelastography
Regional Anticoagulation
Sodium citrate No loading 2.5–4 mmol/L blood flow Postfilter iCa

or fixed dose
0.25–0.35 mmol/L

APTT, Activate partial thromboplastin time; HIT(T), heparin-induced thrombocytopenia (and thrombosis).
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Low-Molecular-Weight Heparin
Low-molecular-weight heparins (LMWH) exert their anti-
coagulant effect mainly by inhibiting clotting factor Xa 
and less so factor IIa. The anti-Xa/IIa ratio varies between  
2:1 and 4:1.21 Normal half-life is 2 to 4 hours. The 
pharmacokinetic profile is more predictable than that of 
unfractionated heparin given that there is far less protein 
and cell binding. However, heparin resistance was observed 
when using the LMWH nadroparin as well.27 Heparin  
resistance was positively related to severity of organ failure. 
Monitoring of anticoagulation requires the measurement 
of anti-Xa activity. Monitoring is not done typically in 
persons with normal renal function. However, LMWH is  
partially eliminated via the kidneys. In patients with 
chronic kidney disease, serious bleeding events have been 
reported.28,29 In a recent review, accumulation appeared  
to be inversely related to molecular weight. No accumu-
lation was reported with the higher molecular weight 
LMWHs tinzaparin and dalteparin, whereas the lowest 
molecular weight LMWHs such as enoxaparin accumu-
lated.30 Protamine inhibits only the anti-II activity of  
LMWH.

Several controlled trials compared the use of LMWH to 
unfractionated heparin during CRRT using either a fixed 
dose31 or an adjusted dose according to anti-Xa monitor-
ing.32 Clearance by CVVH is minimal.32 Circuit survival 
was similar31 or longer.32 No difference in circuit survival 
was found in a randomized crossover study comparing two 
nadroparin to dalteparin.33 Dosing strategies depend on 
the type of LMWH used, because various polymerization 
strategies affect the pharmacokinetics (see Table 168.1).28 For 
safety reasons, monitoring of anti-Xa (target 0.25–0.35 U/
mL) is recommended with prolonged use.24

Heparin-Induced Thrombocytopenia
In addition to bleeding resulting from systemic antico-
agulation, unfractionated heparin and LMWH can cause 
thrombocytopenia. A modest and temporary fall in platelet 
count often is observed during the use of heparin (heparin-
induced thrombocytopenia, HIT-1). However, in a small 
proportion of patients a life-threatening syndrome develops 
manifested by a severe drop in platelet count (by 50% but 
seldom below 20 × 1011/L), bleeding, and thrombotic events 
(HIT-2). The syndrome is caused by antibodies against the 
heparin-platelet factor-4 complex at the platelet membrane 
causing consumption of platelets. HIT is observed especially 
when patients are exposed to larger doses of heparins, for 
example, after cardiac and major vascular surgery.34 The 
risk of developing HIT has been reported to be lower when 
using LMWH than with unfractionated heparin (0.2% vs. 
2.6%).35 Antibodies can be shown with an ELISA that may 
be false positive or with a direct agglutination test, which 
is labor intensive. For clinical diagnosis, the so-called “4-T 
score” is used.36

The management of HIT includes direct discontinua-
tion of all heparins and initiation of an alternative anti-
coagulant, argatroban, or fondaparinux because HIT is a 
procoagulant condition.37–39 The use of hirudin, a direct 
thrombin inhibitor, is not recommended anymore because 
of severe and uncontrollable bleeding complications, 
which are related to hirudin antibodies that enhance  
the anticoagulant effect of hirudin. This is not measur-
able by APTT and necessitates monitoring anticoagula-
tion with the ecarin clotting time, which is generally not  
available.38

filter. Hemoconcentration promotes clotting because of higher 
concentrations of cells and coagulation factors in the filter. 
Furthermore, for a similar dose, hemofiltration requires 
higher blood flows. To reduce hemoconcentration, a filtration 
fraction (filtrate/blood flow) below 0.20 is recommended. 
However, if the venous access is not sufficient to deliver 
the higher blood flow needed to decrease filtration fraction, 
repeated stasis of flow may contribute to clotting.3

Predilution Versus Postdilution
The use of predilution is another way to reduce hemoconcen-
tration during hemofiltration. During predilution, the fluid 
lost by ultrafiltration is replaced before the filter rather than 
after the filter (postdilution). The predilution fluid dilutes the 
blood in the filter and thereby prevents hemoconcentration. 
Some studies suggest that delivering replacement fluid in a 
predilution mode may improve hemofilter life,16–18 whereas 
others show no significant improvement.19,20

SYSTEMIC ANTICOAGULATION

Unfractionated Heparin
Unfractionated heparin (UFH) continues to be the most 
commonly used anticoagulant for CRRT. UFH is a mixture 
of glycosaminoglycans of varying molecular weight.21 The 
higher molecular-weight component reversibly binds 
to antithrombin (AT), and the lower-molecular-weight 
heparins predominantly inhibit factor Xa. The molecular 
weight ranges from 3000 to 30,000 daltons with a mean of 
around 15,000. The anti-Xa activity occurs predominantly 
around the 3000 range. Approximately one third of the 
intravascular heparin binds to AT. By binding to AT, UFH 
enhances thrombin binding and therefore its anticoagulant 
activity. The remaining UFH is bound nonspecifically to 
endothelial cells, macrophages, and plasma proteins such 
as the acute phase proteins factor VIII and fibrinogen, which 
often are elevated in critically ill patients. For this reason the 
anticoagulant response to UFH among critically ill patients 
is unpredictable and often reduced, a phenomenon known 
as heparin resistance.21,22

Conventional dosing includes a heparin bolus of 2000 to 
5000 IU being injected into the circuit at commencement 
of the CRRT procedure, followed by a continuous heparin 
infusion at the arterial side of the circuit at 5 to 10 IU per 
kilogram body weight per hour to maintain an APTT 1.5 
to 2 times the upper limit of normal.23 Currently, a lower 
APTT target, 1 to 1.4 times normal, is recommended to 
prevent serious bleeding.24 Observational studies show that 
filter clotting decreases and the risk of bleeding increases at 
higher APTT.23 In clinical practice, the APTT target depends 
on the balance between the risk of bleeding and the need 
for systemic anticoagulation.

The use of heparin has several advantages: its half-life 
is relatively short (0.5–3 hours), its anticoagulant effect can 
be reversed with protamine, it has been used in clinical 
practice for more than 75 years, and heparin is cheap. 
However, drug resistance and bleeding are common, and 
heparin carries a risk of heparin-induced thrombocytopenia 
(HIT), a potentially life-threatening condition (see later in 
this chapter).25 Current data comparing heparin to alternate 
forms of anticoagulation reveal that the risk-benefit ratio 
of heparin in critically ill patients is unfavorable (see later 
in this chapter).26
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bleeding. In this challenging situation, the use of prostacyclin 
may prolong hemofilter life without adding the extra risk 
of bleeding,58 whereas the use of the regional anticoagulant 
citrate may be limited by the metabolic restrains of the 
failing liver. The main side effect of prostacyclin is hypoten-
sion resulting from vasodilatation. Its effects on platelet  
function can be monitored by thromboelastography or 
bleeding time.

No Anticoagulation
CRRT without anticoagulation may be an option in patients 
with a high risk of bleeding and contraindication for citrate. 
Some studies have shown similar hemofilter survival 
between circuits with no anticoagulation compared with 
low-dose heparin.3,16,18 Although a mean hemofilter life of 
up to 20 hours has been shown without anticoagulation, this 
appears to be population dependent because other studies 
found more typical hemofilter survival times of 11 to 16 
hours.59 The prime variable leading to longest life seems a 
low platelet count. Although CRRT without anticoagulation 
is an option, the indication for applying CRRT without 
anticoagulation is rare when citrate anticoagulation is 
available.

Regional Anticoagulation
Citrate
Citrate has become the first-choice anticoagulant for CRRT. 
Citrate provides regional anticoagulation of the circuit, 
without increasing the patient’s risk of bleeding. However, 
citrate is a buffer base as well, and this makes the method 
conceptually complex. The anticoagulant properties depend 
on the citrate molecule, which chelates calcium, whereas 
the buffer strength depends on the accompanying anion, 
which is mostly sodium. Modern CRRT devices have in-
built protocols that have greatly increased the safety and 
user-friendliness of the method.

CITRATE: REGIONAL ANTICOAGULATION. The 
anticoagulant properties of citrate are due to the chelation 
of ionized calcium (iCa), which causes hypocalcemia in 
the circuit. Calcium is a necessary cofactor in the formation 
of thrombin. Coagulation is inhibited as soon as iCa falls 
below 0.50 mmol/L and is maximal at an iCa concentration 
of 0.25 mmol/L.60

During CRRT, sodium citrate is administered before 
the filter. Citrate dose is titrated to blood flow, and many 
protocols use a fixed citrate to blood flow proportion. In the 
filter, part of the calcium citrate complexes are removed by 
dialysis or filtration. The remaining citrate that enters the 
patient’s circulation is metabolized in the Krebs cycle of 
liver, kidney, and muscle. The chelated calcium is released, 
while the calcium lost by dialysis or filtration is replaced. 
Regional anticoagulation is the result, and this is the main 
benefit of citrate.2,12

CITRATE: BUFFER. Sodium citrate is a buffer base as 
well. Each mole of trisodium citrate provides a buffer 
equivalent of three moles of bicarbonate, if and when citrate 
is metabolized. Sodium citrate increases the strong ion 
difference

SID Na K Ca Mg Cl lactate= + + + − + −+ + + + −( ( ))2 2

provided that citrate is metabolized (Stewart concept). This 
concept explains why the buffer strength of the citrate solu-
tion depends on the accompanying cation.61 The buffer 

Argatroban
Argatroban is the first-choice anticoagulant in patients with 
proven HIT.40 Argatroban is a direct thrombin inhibitor that 
is cleared predominantly by the liver. It inhibits thrombin 
by reversibly binding to its catalytic site without the aid of 
a cofactor.41 Half-life is short, about 35 minutes. However, 
in cardiac surgery patients with suspected HIT a half-life 
of 2.7 hours was measured, with a wide interquartile range, 
1.8 to 7.3 hours.42 Half-life was not different in a subgroup 
of patients on CRRT.41,42 Half-life was positive related to 
total bilirubin41 and inversely to severity of illness scores 
and indocyanine green clearance.41–43 A recent randomized 
controlled double-blind trial compared two direct thrombin 
inhibitors, argatroban and lepirudin, in critically ill patients 
with suspected HIT, among which 28 patients (42%) required 
CRRT. The study found similar circuit survival times but 
suggested fewer bleeds with argatroban anticoagulation.44 
In this randomized controlled trial, the patients received 
a low starting dosage of argatroban, 0.25 µg/kg/min, which 
subsequently was adjusted by APTT. Mean administered 
dosage was 0.33 ± 0.25 µg/kg/min during CRRT. In cardiac 
surgery patients, an initial dosage of 0.5 µg/kg/min was 
used.42

Fondaparinux
Fondaparinux is a pentasaccharide with a low molecular 
weight causing antithrombin-dependent Xa inhibition. It 
does not interact with other proteins and is a potential 
alternative in patients with HIT.39 Because of its short length, 
there is no cross-reactivity with the HIT antibody. Normal 
half-life is 17 hours. However, removal is mainly by the 
kidneys. Thus accumulation occurs in renal insufficiency, 
and dose adjustments are necessary.45

Nafamostat
Nafamostat is a synthetic serine protease inhibitor that 
originally was intended for use in the treatment of acute 
pancreatitis, because it has activity against pancreatic 
enzymes such as trypsin and kallikrein.46 Its anticoagulation 
properties come from acting against factors IIa, Xa, and 
XIIa and inhibiting the TF-VIIa complex. Its main benefit 
is its extremely short half-life (8 minutes). Several studies 
have compared the use of nafamostat with UFH or no 
anticoagulation. Reported studies noted a similar or better 
filter survival and less bleeding compared with UFH.47–52 
However, adverse reactions are significant: agranulocytosis, 
hyperkalemia, and anaphylaxis.24 Nafamostat is currently 
available only in Japan.

Prostacyclin
Prostacyclin is produced by endothelial and vascular muscle 
cells. It is available as a synthetic analogue, epoprostenol. 
Prostacyclin has potent and fast-acting antiplatelet effects 
but causes vasodilation at a higher dose. Prostacyclin has 
a short half-life, with vasodilator and platelet effects of 
about 30 minutes.53,54 Its use has been reported in combina-
tion with low-dose heparin infusions and on its own as 
an adjunct to prolong hemofilter life during intermittent 
dialysis and CRRT.55–57 Prostacyclin is indicated primarily 
as an anticoagulant for CRRT in patients with combined 
acute kidney injury, acute liver failure, and a high risk of 
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Monitoring of magnesium concentrations is advocated to 
adjust replacement. Postfilter iCa can be monitored to 
fine-tune anticoagulation by adjusting citrate dose to iCa 
targets (0.25–0.35 mmol/L). However, a recent study compar-
ing six different blood gas devices showed that iCa con-
centrations in the postfilter range are unreliable, because 
the instruments cannot be validated in the low iCa range. 
The maximum mean difference between two instruments 
was as high as 0.33 mmol/L (range 0.21–0.50 mmol/L).75

CITRATE ACCUMULATION. Metabolism of citrate is 
conditional for its safe use. Citrate is metabolized in the 
mitochondria of liver, kidney, and muscle and is decreased 
in patients with liver cirrhosis76 and systemic hypoperfusion. 
Citrate accumulation is a rare condition that occurs in about 
3% of the patients receiving citrate anticoagulation for 
CRRT.77 Although a high lactate concentration at the start 
of CRRT should raise awareness of the risk of citrate 
accumulation, septic patients with a high lactate level and 
other shock patients generally tolerate citrate remarkably 
well if circulation improves. Citrate anticoagulation is 
feasible even in patients with severe lactate acidosis resulting 
from metformin intoxication (personal experience). Citrate 
is likely to accumulate in patients with persistent severe 
cardiogenic shock, ischemic hepatitis, and poor muscle 
perfusion, because the Krebs cycle operates only under 
aerobic conditions. However, most critically ill patients 
tolerate citrate better than heparin.65,78 Even in patients 
with liver failure, the use of citrate is feasible with intensified 
monitoring.79

When citrate accumulates, iCa concentration in the 
patient’s blood falls, whereas total calcium rises because 
of chelation with citrate and replacement of calcium 
according to the protocol. A fall in iCa in combination 
with a low total calcium indicates insufficient replacement 
and not accumulation. A rise of total/iCa ratio is the most 
sensitive sign of citrate accumulation.80 A rise above 2.25 
to 2.5 indicates citrate accumulation. Second, if citrate is 
not metabolized, acidosis will ensue and anion gap will 
rise, because the alkalizing effect of citrate depends on its 
metabolism. Because of liver failure or severe hypoperfusion, 
citrate accumulation is associated with a rise in lactate as 
well. Citrate accumulation is seen in the most severely ill 
patients and seems a predictor of mortality.81

Thus iCa, total calcium, total/iCa ratio, blood gas analysis 
(for acid base), and lactate are used to monitor citrate 
accumulation. In patients at risk, intensified monitoring 
is recommended, initially at 2-hour intervals. If the total/
iCa ratio rises, the risks of continuing citrate should be 
weighed against the use of alternative anticoagulation (with 
risk of bleeding) or CRRT without anticoagulation (early 
circuit clotting). In general, citrate is not toxic. If acid base 
is in balance and ionized calcium can be controlled with 
additional calcium supplementation, the continuation of 
citrate seems safer than the alternatives.79 If calcium ratio 
plateaus, the monitoring interval can be prolonged.

BENEFITS OF CITRATE ANTICOAGULATION. Clinical 
benefits of citrate are related primarily to less bleeding, a 
better circuit survival, and lower requirement for blood 
products. The use of citrate does not increase the patient’s 
risk of bleeding. In addition, anticoagulation with citrate 
seems more effective than with heparin, especially when 
higher doses are used, and the calcium is replaced outside 
the CRRT circuit. Several meta-analyses are performed. 
The most recent included 14 randomized controlled trials 
(three in Chinese). These studies compared citrate to 
unfractionated heparin,69,78,82–86 to LMWH65 or to heparin/
protamine87,88 with a total of 1134 patients. The overall 
conclusion is that citrate confers less bleeding and a longer 

strength is higher when using a trisodium citrate solution 
and lower when part of the cations are hydrogen, as is the 
case in the acid dextrose citrate (ACD-A) solution, as used 
in some protocols, in which 30% of the cations consist of 
hydrogen.62–64

PRINCIPLES OF THE CITRATE CIRCUIT. Citrate is 
administered before the filter, either as a separate more or 
less concentrated trisodium citrate solution65–69 or as part 
of an isotonic balanced calcium-free predilution hemofiltra-
tion solution. In the latter, the bicarbonate is replaced by 
citrate and the solution is calcium free.19,70,71 When a separate 
sodium citrate solution is used, the associated dialysate or 
postdilution hemofiltration solution contains no or less 
bicarbonate and less sodium to compensate for the citrate 
buffer and the sodium content of the citrate solution. In 
most protocols, calcium is replaced separately. In addition, 
citrate chelates magnesium and therefore citrate CRRT can 
lead to a negative magnesium balance because the magne-
sium content of most CRRT solutions is too low.72–74 
Depending on the fluids in use, additional magnesium 
should be replaced.

MODALITIES. Citrate protocols are reported for continu-
ous hemodialysis,67 predilution hemofiltration,19,70,71 postdilu-
tion hemofiltration,65,69 or hemodiafiltration.68 Modern CRRT 
devices have a strict citrate protocol incorporated in the 
software. These protocols allow for choices to determine 
the desired citrate concentration in the filter (2.5–4.5 mmol/L 
blood flow) to adjust acid-base derangements (more or less 
buffer supply) and to adjust calcium infusion rate to 
compensate for calcium loss (zero calcium balance). Citrate 
dosing, acid-base compensation, and calcium replacement 
are interrelated closely and vary between protocols. In 
general, a higher dose of citrate delivers more buffer to the 
patient and requires a lower bicarbonate concentration in 
dialysis or replacement fluids. The use of a strict protocol, 
adherence to the protocol, and training are crucial for safety 
of the method.

MONITORING OF CITRATE ANTICOAGULA-
TION. Citrate anticoagulation is monitored by measuring 
ion- and total calcium concentration, magnesium concentra-
tion, and blood gas analysis (for acid base) in systemic 
blood at 6- to 8-hour intervals (Box 168.1). iCa concentrations 
are used to adjust calcium infusion rate and the total/iCa 
ratio to detect citrate accumulation (see earlier in chapter). 

BOX 168.1 

Key Messages of Citrate Anticoagulation

•	 Citrate	anticoagulation	is	the	first-choice	anticoagulant	
for CRRT.

•	 The	main	benefit	of	citrate	anticoagulation	for	CRRT	is	
that it does not increase the patient’s risk of bleeding.

•	 Citrate	anticoagulation	is	associated	with	a	less	bleeding,	
less transfusion, and longer circuit life than heparin in 
patients without an increased risk of bleeding.

•	 The	main	limitation	of	citrate	anticoagulation	is	
accumulation, developing in case of hypoperfusion or 
liver dysfunction. Its incidence is rare (3%).

•	 Citrate	accumulation	is	associated	with	a	decrease	in	iCa	
(despite increased supplementation), a rise in total Ca, 
and increase in total/iCa ratio, metabolic acidosis, and 
an increase in lactate.

•	 If	the	total/iCa	ratio	is	higher	than	2.5,	continuation	of	
citrate is safe only when acid-base balance and ionized 
calcium concentration are under control. If not, citrate 
should be reduced or discontinued.
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and doctors are trained, and the protocol is strictly 
maintained. Regional anticoagulation with citrate 
is better tolerated, reduces the risk of bleeding, 
and increases circuit life when compared with 
heparin.

5. Continuous renal replacement therapy may be run 
without anticoagulation in selected individuals if 
and when the bleeding risk is increased and citrate 
anticoagulation is not available or not tolerated.

6. Systematic monitoring of appropriate clinical 
parameters optimizes efficacy and minimizes 
systemic complications of anticoagulation.

7. Choice and selection of appropriate anticoagulation 
are dependent on pathophysiologic considerations 
of disease process, as well as available support 
systems for appropriate delivery of care.
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circuit survival time. Only one randomized controlled trial 
(200 patients) found an unexpected survival benefit for 
citrate.65 This benefit could not be fully explained by less 
bleeding and less circuit clotting. It was seen especially in 
younger patients, surgical patients, and patients with sepsis 
or those with a high degree of organ failure, suggesting a 
role of citrate limiting inflammation or oxidative stress.65 
Compared with heparin, citrate confers less complement 
activation and neutrophil degranulation in the filter and 
less endothelial activation.83,89

The key messages regarding regional anticoagulation 
with citrate are summarized in Box 168.1.

Unfractionated Heparin: Protamine
Regional heparin anticoagulation involves providing heparin 
prefilter at the point of blood entry into the dialysis circuit 
and giving protamine at a ratio of 100:1 (units of heparin to 
milligrams of protamine) postfilter before return of blood to 
the patient. Although older studies showed that the heparin/
protamine strategy is feasible,12 in a recent large randomized 
controlled trial circuit life during regional heparin/protamine 
anticoagulation was significantly shorter compared with 
regional citrate anticoagulation.88 Thus regional anticoagula-
tion with citrate is the preferred strategy.

RECOMMENDATIONS

To promote circuit patency several nonanticoagulant 
measures can be taken in addition to anticoagulation. 
These measures are summarized in Box 168.2. Regarding 
anticoagulation, heparin anticoagulation is still the most 
commonly used modality and can be chosen if systemic 
anticoagulation is indicated. However, citrate is the first 
choice provided that accumulation is monitored, nurses and 
doctors are trained, and the protocol is strictly maintained. 
Regional anticoagulation with citrate is better tolerated, 
reduces the risk of bleeding, and increases circuit life when 
compared with heparin. Citrate accumulation is rare and 
occurs only in the most critically ill patients (e.g., those with 
decompensated liver cirrhosis or persistent hypoperfusion 
with shock liver). Accumulation can be monitored easily. 
No anticoagulation is an option in case of an increased risk 
of bleeding if citrate is not available or not tolerated. In the 
case of HIT, heparin should be discontinued and alternative 
systemic anticoagulation, preferably with argatroban, should 
be initiated because HIT is a procoagulant condition.

Key Points

1. Anticoagulation is necessary in the majority of 
cases requiring continuous renal replacement 
therapy to maintain filter life and efficacy; several 
options are available.

2. Several nonanticoagulant measures can be taken 
to optimize filter life.

3. Heparin still is the most frequently used antico-
agulant. However, it increases the patient’s risk of 
bleeding.

4. Citrate is the first-choice anticoagulant strategy 
provided that accumulation is monitored, nurses 

BOX 168.2 

Nonanticoagulant Measures Reducing Circuit and 
Access Clotting

Catheter design
•	 Increase	diameter
•	 High	inner	diameter	(thin	material)
•	 Avoid	side	holes
•	 Use	short-gun	tip
Catheter position
•	 Chose	individually
•	 Chose	position	with	lowest	pressures
•	 Choose	straight	direction	:	right	jugular,	left	or	right	

femoral vein
•	 Prevent	kinking
•	 Tip	of	jugular	vein	catheter	in	right	atrium
•	 Tip	of	femoral	vein	catheter	in	inferior	caval	vein
CRRT mode
•	 Avoid	or	reduce	hemoconcentration

•	 Hemodialysis
•	 Hemofiltration	with	low	filtration	fraction
•	 Predilution	hemofiltration

Circuit
•	 Avoid	blood	flows	< 100 mL/min
Venous access during CRRT interruptions
•	 Use	a	citrate	lock

CRRT, Continuous renal replacement therapy.
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