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INTRODUCTION

Anticoagulation is generally required for acute renal replacement
therapy (RRT).

Renal replacement therapies used for acute kidney injury
include intermittent hemodialysis, slow low-efficiency daily dialysis,
continuous RRT (CRRT), and peritoneal dialysis.

Most intensive care unit patients can avoid any anticoagulation
during intermittent hemodialysis or sustained low efficiency daily
dialysis (SLEDD) because of short treatment duration and higher
flow rates. This may not be possible during CRRT as the contact of
blood with the foreign surface of the extracorporeal circuit results
in activation of coagulation pathways and platelets. Selecting an
anticoagulant agent is determined by the patient’s underlying
iliness, and not only the availability of the anticoagulant but also
the technical expertise.

Anticoagulation reduces filter clotting and improves the
efficacy of renal replacement therapy as well as prolongs the filter
life. Replacing the hemofilter due to clotting of the circuit may
reduce the time on CRRT from 24 to 16 hours a day, thereby reducing
the delivery of an adequate CRRT dose.'

Circuit clotting is the most frequent cause of therapy
interruption in CRRT.2

It also adds to increased cost of the therapy due to frequent
hemofilter changes.

The ideal anticoagulant for CRRT should provide optimal
antithrombotic activity with low bleeding risk and minimal systemic
adverse effects. It should also have a short half-life and have an
antidote for easy reversal.

This article will focus attention on anticoagulant strategies used
to prevent clotting in the CRRT circuit.

ANTICOAGULANT OPTIONS DURING CRRT

Unfractionated Heparin
LMWH
Citrate
No anticoagulation
Saline flushes
Prostacyclin
Direct thrombin inhibitors
Hirudin, argatroban
Serine protease inhibitors
Nafamostat
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Systemic Anticoagulation with Heparin

Unfractionated or standard heparin (UFH) is the anticoagulant
agent most commonly used in CRRT to prolong the life of the
extracorporeal circuit.

The UFH inactivates factors Xa and lla. The half-life of UFH is
90 minutes; however, in renal failure it may be increased up to
3 hours. Advantages of UFH is that it is inexpensive, has a relatively
short half-life, and is easily reversed with protamine.

Heparin is given as a continuous infusion at the arterial site of
the circuit. Circuit priming with heparin added to normal saline helps
the negatively charged heparin molecules to adhere to the circuit
tubing. For priming the circuit, 5,000 to 10,000 units of heparin can
be added to 1L of 0.9% saline. A bolus of 1,000 to 5,000 IU of heparin
can also be given. Continuous infusion of heparin ranges between
5 and 20 units/kg/hour.

Bellomo and Ronco suggest a dose of 8-10 units/kg/hour be
administered into the blood line before the hemofilter, especially
for those patients who are at low risk of bleeding.?

The anticoagulant effect of heparin is monitored by measuring
the activated partial thromboplastin time (aPTT). Aim is to target
aPTT between 1.5 and 2.0 times the normal.

Heparin-protamine Anticoagulation

Regional heparin—protamine anticoagulation is administered by
infusing UFH into the arterial line of the extracorporeal circuit
followed by post-filter infusion of protamine. The dose of protamine
must be effective to bind the pre-filter-infused UFH. This requires
measurement of aPTT in the circuit and systemically. The circuit
aPTT should be doubled, while the systemic aPTT should be within
the normal range.*

The heparin-protamine complexes after being taken up by the
reticuloendothelial system are released into the circulation. The
elimination half-lives of heparin and protamine differ significantly,
therefore, calculating an accurate dose can be challenging.’

Also protamine can exert serious adverse effects, including
hypotension, release of complement factors, histamine, and
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other inflammatory mediators. Protamine may cause pulmonary
hypertension and right heart failure. It may also impair coagulation.

Therefore, it is fair to say that regional heparin—-protamine
anticoagulation is a complexintervention with a high risk of adverse
effects. It is not superior to other forms of anticoagulation. Hence,
it cannot be recommended for clinical practice.’

Complications Associated with Heparin

Disadvantages of heparin include systemic bleeding, unpredictable
kinetics — aPTT being an unreliable predictor of bleeding, heparin
resistance, and heparin-induced thrombocytopenia (HIT).2

Heparin-induced Thrombocytopenia

Heparin-induced thrombocytopenia is an adverse effect of systemic
heparin therapy. Binding of heparin complex and platelet factor 4 (PF4)
can trigger antibody production. In medical and surgical patients, the
occurrence of this antibody production varies between 8% and 17%.°

These antibodies also cause platelet activation, leading
to a prothrombotic state, which can result in a potentially life-
threatening thrombosis or thromboembolism.

Heparin Resistance

Thereis a large variability of heparin response among patients. The
term “heparin resistance” is used when a total dose of more than
35,000 IU of intravenous UFH per day is required to prolong the
aPTT 1.5 to 2 times from the normal.”

Heparin resistance manifests in the presence of antithrombin
(AT) lll deficiency. While congenital AT Ill deficiency is uncommon,
many clinical conditions (e.g., perioperative bleeding, shock, liver
cirrhosis, hemodialysis itself) can lead to low levels of AT IlI, resulting
in an inefficient anticoagulation by heparin which in turn results in
a reduced filter life span.

Also AT Ill has anti-inflammatory effects. By heparin binding,
this protective effect of AT Il gets diminished.'

Heparin resistance can also develop despite normal AT il levels
especially in cardiac surgery patients as they might have elevated
levels of factor VIII. Heparin binding to factor VIl can also contribute
to the development of heparin resistance."

In view of the above complication with heparin, the kidney
diseases: improving global outcome (KDIGO) guidelines suggest
using regional citrate anticoagulation (RCA) in those without
contraindications to citrate. However, administration of UFH as an
anticoagulant still remains the most preferred choice during CRRT.'?

Unfractionated Heparin vs Low-molecular-weight
Heparin

Unfractionated heparin or low-molecular-weight heparin (LMWH)
is used for patients with a low risk of bleeding and those who have
an absolute contraindication to citrate administration.

The LMWH is expensive, has a prolonged life, and has not been
found to be superior to UFH.

A main concern of using LMWH is systemic anticoagulation
and the lack of a reliable predictor of bleeding and antithrombotic
efficacy.

Disadvantages of LMWH are increased half-life compared to
UFH and poor reversibility with protamine and costs. Daily costs
of LMWH including the anti-Xa assays are 10% higher than UFH.

Studies have compared fixed-dose LMWH with UFH and found
no distinct advantage in circuit survival. Meta-analyses and the
American College of Chest Physicians guidelines conclude that the
use of LMWH is associated with major bleeding in patients with a

creatinine clearance of less than 30 mL/minute and recommend
either UFH or a reduction in LMWH dose by 50% for such patients.

Sofarevidence does not support arecommendation of LMWH
over UFH in the critically ill with acute kidney injury.'®

Thrombin Antagonists

Direct thrombin inhibitors (e.g., argatroban), AT-dependent factor
Xa inhibitors (e.g., fondaparinux), and serine protease inhibitors
(nafamostat mesilate) are the other anticoagulants though not
frequently used as most centers lack experience.

Argatroban does not cross-react with heparin antibodies and
is the preferred approach for HIT because of its hepatic clearance
(half-life ~35 minutes). It isadministered as a 0.1-0.25 mg/kg bolus
before intermittent hemodialysis or an infusion of 0.1-0.2 mg/kg/
hour during CRRT and titrated per activated partial thromboplastin
time (APPT). Bivalirudin is used as an alternative to argatroban in
patients who have combined liver and renal failure because of its
extrarenal and extrahepatic clearance. It has a short half-life with
reversible thrombin binding'* (Table 1).

Heparinoids
Danaparoid is a heparinoid derived from pig intestinal mucosa.
It has a high anti-Xa and low anti-lla effect. Although danaparoid
has been used in HIT, it has a cross-reactivity with heparin/PF4 and
antibodies are reported in 5-10% of patients. Also, in renal failure its
half-life is prolonged (36-48 hours). Danaparoid has no antagonist.
Despite a considerably lower mean anti-Xa activity (0.4 + 0.2
anti-Xa U/mL), bleeding occurred in 46% of the patients.

Citrate Anticoagulation

Citrate is an anticoagulant and a buffer. Sodium citrate administered
pre-filter results in chelation of calcium. This results in regional
hypocalcemia in the filter and as a result there will be inhibition
of thrombin generation. Citrate has a plasma half-life of 5 minutes
and is metabolized primarily in the liver to bicarbonate. It is partially
removed by convection or diffusion as complexed calcium citrate
and the remaining amount is rapidly metabolized in the citric acid
(Krebs) cycle — especially in the liver, muscle, and renal cortex.

The chelated calcium is released and the lost calcium is
replaced. The extracorporeal clearance of citrate is the same as that
of urea (sieving coefficient 0.87-1.0).

Post-filterionized calcium (iCa) is monitored and used to titrate
the citrate rate to ensure anticoagulation. The goal is to maintain
the iCa at less than 0.40 mmol/L which is essential to inhibit the
coagulation pathway. The returning blood combines with the
venous blood in the body, which normalizes the iCa and prevents
systemic anticoagulation.

This means that the patient loses some of their calcium.
Calcium must therefore be given back to the patient via a central
line. Calcium-free dialysate solution should be used, as no calcium
should be present in the circuit.

The commercially prepared citrate formulations for CRRT are
not available universally. These citrate solutions used for RCA are
either custom-made or available in a concentrated formulation
with high sodium content that are not safe for CRRT use. These
hypertonic citrate formulations often require compensatory
hyponatremic replacement or dialysate solutions with either nil or
reduced bicarbonate concentrations to prevent the development
of metabolic alkalosis. The most commonly used hypertonic citrate
formulations include 2.2% anticoagulant citrate dextrose solution,
which contains 224 mmol/L sodium, 74.8 mmol/L citrate, and
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Table 1: Dosing recommendations for anticoagulation during continuous renal replacement therapy

Loading Maintenance Monitoring Target
Unfractionated heparin 2000-5000 U 5-101U/kg/hour aPTT 1-1.4 times normal
Dalteparin 15-251U/kg 51U/kg/hour Anti-Xa 0.25-0.35 IU/mL
Enoxaparin 0.15 mg/kg 0.05 mg/kg/hour Anti-Xa 0.25-0.35 IU/mL
Danaparoid 750U 1-2 U/kg/hour Anti-Xa 0.25-0.35 IlU/mL
Fondaparinux No loading 2.5 mg/day Anti-Xa 0.25-0.35 IU/mL
Argatroban 250 pg/kg 0.5-2 pg/kg/minute aPTT 1-1.4 times normal
R-Hirudin No loading 0.005-0.01 mg/kg/hour and after 1-2 days 0.005 ECT 80-100 seconds
mg/kg/hour or intermittent bolus 0.002 g/kg

Nafamostat No loading 0.1-0.5 mg/kg/hour aPTT Prefilter aPTT >

2-2.5 times normal

aPTT, activated partial thromboplastin time; ECT, ecarin clotting time
Calcium gluconate supplementation
through a separate central line
Calcium-free
Citrate bicarbonate-buffered
replacement solution dialysate solution
Post-filter
blood sample
port
E Hemofilter ~—
Outflow Return
(arterial) (venous)
line line

Ultrafiltrate

Fig. 1: Regional citrate anticoagulation for continuous venovenous hemodiafiltration

38 mmol/L citric acid and 4% trisodium citrate solution, which
contains 420 mmol/L sodium and 136 mmol/L citrate.

Two isotonic dilute citrate formulations specifically for
CRRT have become commercially available. These isotonic
solutions are meant to function as a combined anticoagulant
and replacement fluid for convective clearance in continuous
venovenous hemofiltration (CVVH) and continuous venovenous
hemodiafiltration (CVVHDF).”®

An iCa concentration below 0.35 mmol/L is required to inhibit
coagulation.'®

Metabolic Complications Associated with Citrate
Anticoagulation

Complications include metabolic alkalosis, metabolic acidosis,
hypocalcemia, hypernatremia from hyperosmolar citrate solutions
(4% sodium citrate), and hypercalcemia from inappropriate calcium
supplementation. The risk factors for citrate toxicity include fulminant
hepatic failure or shock liver and nursing errors leading to overdose.

Citrate toxicity can be suspected when there is evidence of a
rising anion gap, worsening metabolic acidosis, a falling systemic
iCa, escalating calcium infusion requirements, or a total calcium-
systemic iCa ratio greater than 2.5:1.
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Citrate toxicity can be minimized by decreasing the citrate
infusion rate, decreasing the blood pump speed, and increasing
the dialysate flow rate.

Circuit survival with citrate is favorable as compared to UFH.
The major advantage with citrate being that adequate circuit
anticoagulation can be obtained without systemic anticoagulation,
thereby minimizing the risk of bleeding.

Analyzing data from the Program to Improve Care in
Acute Renal Disease study, Claure-del Granado and colleagues
evaluated the association of an anticoagulation strategy and
effective solute clearance and circuit life. The investigators
showed that the use of regional citrate for anticoagulation in
CRRT significantly prolonged filter life and increased its efficacy
in terms of delivered dose."”

Anticoagulation with citrate is associated with a lower
activation of coagulation and leukocytes than heparins, suggesting
improved biocompatibility.'®

Current evidence shows that anticoagulation with citrate is safe
if liver function is adequate and if CRRT is guided by a strict protocol.
Monitoring of electrolytes, iCa, and acid-base is mandatory.
Numerous trials have shown citrate yields no additional bleeding
risk and leads to longer filter life compared with UFH (Fig. 1).”'°
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Advantages of Citrate

Safe to use on patients with active bleeding, recent bleeding, or
who are at risk of bleeding, e.g., recent surgery.

Safe to use with patients at risk of HIT.

Citrate acts as a buffer and is metabolized into three molecules
of bicarbonates. This may be beneficial in cases of severe metabolic
acidosis.

Disadvantages of Citrate

In patients with severe liver disease, citrate metabolism may be
inadequate, resulting in citrate accumulation, metabolic acidosis,
and hypocalcemia.

Close monitoring of Ca, pH, HCO,, and electrolytes is required.

No ANTICOAGULATION

The option of no anticoagulation is used in patients with
coagulopathies, hepatic failure, or thrombocytopenia. Circuits
are primed with saline solution or heparin. Intermittent saline
solution flushes may be used as well. The rates of filter clotting
using this method vary widely; however, the mean filter life with
no anticoagulation is generally suboptimal between 12 hours and
48 hours.

Bellomo and Ronco suggest no anticoagulation for patients
who have a platelet count <50,000, an international normalized
ratio >2.0, an aPTT >60 seconds or who are actively bleeding or
have had a hemorrhagic event in the previous 24 hours.?

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. Catheter
malfunction leads to intermittent stasis of blood flow, which
promotes clotting and subsequent circuit failure.

Reduction in blood flow has been shown to contribute to circuit
failure. To minimize blood flow interruptions, the use of a large-bore
double-lumen central venous catheter is recommended. Access
being either the right jugular vein or the femoral vein. The length
of femoral catheters is preferably 20-24 cm and possibly 30 cm in
adults, whereas internal jugular catheters are best placed with their
tipintherightatrium.The subclavian position is discouraged, given
the high risk of kinking, the potential of subclavian stenosis, and
difficulties with future arteriovenous fistulas. Catheters with side
holes should not be used, because turbulent flow initiates clotting.

To reduce thrombogenicity of the catheter membrane, surface
coating with substances such as heparin or polyethylenimine has
been applied. The use of polyethylenimine-coated membranes
has not shown to prolong circuit life during CVVH without
anticoagulation in the critically ill population.

Air traps allow for a relatively slow-moving column of blood to
have constant contact with air, potentiating the formation of clots.
At times a slightly longer circuit life can be achieved by raising the
blood level in the air trap higher than the blood inlet port.

Predilution vs Postdilution

The use of predilution is another way to reduce hemoconcentration
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 and may improve
hemofilter life.

CoNcLUSION

The CRRT most often than not requires anticoagulation to maintain
filter patency, thereby ensuring the delivery of an adequate dialysis
dose, and patient’s underlying medical condition should be taken
into consideration prior to deciding the anticoagulation strategy.

Different systemic anticoagulants are available, including
heparin anticoagulation. All these are generally associated with
significant adverse effect, especially bleeding complications.

Regional citrate anticoagulation is superior to systemic
anticoagulation because it prolongs filter life and reduces bleeding
complications.

Adverse effects of regional citrate anticoagulation are citrate
accumulation and hypo-/hypercalcemia.

Protocol-driven monitoring often allows the continuation of
RCA with a reduced citrate dose. Patients at risk of adverse effects
are those with liver failure, hypoxemia, severe lactic acidosis, and
shock. In hypoxemic patients, especially with acute respiratory
distress syndrome, there is a risk of citrate accumulation and RCA
might not be well tolerated.

Regional citrate anticoagulation can be recommended as the
therapy of choice for the majority of critically ill patients require
CRRT. This choice is also influenced by local expertise, nursing
comfort, ease of monitoring, and availability of fluids. Although
UFH is most commonly used, citrate anticoagulation is gaining
wider acceptance as an alternative anticoagulation approach with
the implementation of simplified protocols.
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