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Abstract
Anticoagulation is essential for maintaining the fluidity of extravascular blood on the apheresis
circuit. Although both citrate and heparin are used as an anticoagulant during apheresis, citrate is
preferred for the majority of exchange procedures because of its safety and effectiveness.
Complications of citrate are primarily due to physiologic effects of hypocalcemia. Symptoms of
hypocalcemia and other citrate-induced metabolic abnormalities affect neuromuscular and cardiac
function and range in severity from mild dysesthesias (most common) to tetany, seizures and
cardiac arrhythmias. Oral or intravenous calcium supplementation is advised for decreased ionized
calcium levels and/or symptomatic management of hypocalcemia. Heparin-based anticoagulation
is limited to certain apheresis procedures (membrane-based plasma exchange, LDL apheresis, or
photopheresis) or is used in combination with citrate to reduce citrate load. While effective,
heparin anticoagulation is associated with an increased frequency of bleeding complications and
heparin-induced thrombocytopenia.
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Introduction
Anticoagulation is essential during apheresis to prevent clotting of the extracorporeal circuit.
The foreign surface of the tubing potently activates platelets and leads to contact mediated
activation of the hemostatic system. In this paper, we will provide an overview of the two
commonly used anticoagulants in therapeutic apheresis, citrate and heparin, with an
emphasis on citrate pharmacology, dosing considerations, and toxicity.

Citrate pharmacology
The sodium salt of citric acid has been used as an anticoagulant since 1914.1 Citrate is the
anticoagulant of choice for blood additives and extracorporeal circuits involving low blood
flow rates (30-70 ml/min), where citrate load is offset by clearance mechanisms. In
apheresis, citrate-based anticoagulation is preferred over heparin therapy because of its low
cost, safety, and rapid systemic clearance.

Citrate exerts its anticoagulant effect through reversible chelation of circulating divalent
cations, including Ca2+ and Mg2+, and sequestration of these ions from their normal
physiological function. In normal individuals, 40% of plasma Ca2+ is bound to proteins
(albumin), 13% is complexed with small endogenous anions (such as phosphate and lactate),

Corresponding Author: Gowthami M. Arepally, MD, Duke University Medical Center, Box 3486, Room 304 Sands Building,
Durham, NC 27710, Phone: 919-668-3696, Fax: 919-684-2420, arepa001@mc.duke.edu.

NIH Public Access
Author Manuscript
J Clin Apher. Author manuscript; available in PMC 2013 April 24.

Published in final edited form as:
J Clin Apher. 2012 ; 27(3): 117–125. doi:10.1002/jca.21222.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and 47% is free in solution as ionized calcium. This ionized calcium (iCa2+) is the
physiologically active form of calcium and is necessary for many cellular processes,
including hemostasis, regulation of muscle contraction and the stabilization of cellular
membranes.2,3 Normal ionized calcium levels range from 1.1-1.4 mmol/L (4.5-5.6 mg/dL)
and do not vary with albumin levels. During hemostasis, Ca2+ serves as a co-factor for
phospholipid-dependent assembly of the tenase and prothrombinase complexes.4 In the
extracorporeal circuit, citrate concentrations of 15-24 mmol/L reduce ionized Ca2+ levels
sufficiently (to 0.2-0.3 mmol/L) to impair hemostasis and produce an anticoagulant effect.3

In healthy individuals, exogenous citrate is rapidly metabolized by the Kreb's tricarboxylic
acid cycle in the mitochondria of the kidney, liver, and skeletal muscle. Metabolism of one
citrate molecule results in release of bound calcium, consumption of three hydrogen ions
and release of three molecules of bicarbonate,5 which contributes to blood alkalinity.
Approximately 18-20% of infused citrate remains unmetabolized and is excreted by the
kidneys.6,7 In the presence of normal hepatic metabolism, the half-life of infused citrate is
36 ± 18 minutes.8

Citrate formulations and dosing considerations
The most commonly used citrate formulations in apheresis are Acid-Citrate-Dextrose
Formula A (ACD-A) and ACD-B, both of which contain citric acid, sodium citrate, and
dextrose.9 These commercial solutions vary in citrate content. ACD-A contains 3% citrate
(112 mmol/L of citrate or 21.3 mg/mL),3,10 whereas ACD-B has a reduced citrate
concentration of 2% citrate (68 mmol/L or 12.8 mg/mL).3,11 Sodium citrate has a higher
citrate concentration (4%; 136 mmol/L citrate or 25.6 mg/mL) and is, therefore, rarely used
as an anticoagulant in apheresis procedures.12 The presence of additional citrate in blood
products particularly in Fresh Frozen Plasma (FFP) and derivatives (Plasma Frozen within
24 Hours After Phlebotomy or Plasma Cryoprecipitate Reduced), but also in Red Blood
Cells (RBCs), can augment citrate levels when used as replacement fluid during apheresis
procedures.10

Citrate delivery in apheresis can be viewed in two contexts—the rate of anticoagulant
delivery to the patient, which mediates the systemic effects of citrate, and the rate of
anticoagulant delivery in the circuit, which is necessary for maintaining effective
anticoagulation in the extracorporeal circuit. Generally, the minimum concentration of
citrate necessary to provide adequate regional anticoagulation should be utilized, as this will
in turn, reduce the systemic effects of the drug.

Citrate dosing in apheresis is based on the knowledge that citrate is infused at a higher rate
than its removal. This is done because donors can generally tolerate up to a 20% decline in
ionized calcium levels13 and because higher infusion rates permit shorter runs.11 Current
instruments use the total blood volume (TBV) to calculate the anticoagulant (AC) infusion
rate delivered to the patient (ml/min/L TBV). To minimize systemic fluctuations of ionized
calcium levels, most instruments control AC infusion parameters to maintain citrate delivery
rates between 1.0 to 1.8 mg/kg/min.14 In published studies, AC infusion rates of 0.8, 1.0 and
1.2 ml ACD-A/min/L TBV were associated with declines in ionized calcium values of
10-15%, 15-25% and 20-35%.11

Once parameters are determined for AC infusion rates based on patient TBV, the operator
configures procedural parameters for anticoagulant delivery in the extracorporeal circuit.
Three procedural settings influence citrate concentrate in the circuit: inlet pump rate, AC
flow rate and/or the whole blood (WB) to AC ratio. The inlet pump controls the rate at
which anticoagulated whole blood from the patient is delivered to the centrifuge. An
increased inlet pump flow rate delivers increased amount of citrated blood to the centrifuge,
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which is then returned to the patient. The AC flow rate is the rate at which citrate is infused
from the ACD-A bag to the inlet line containing the patient's blood. Increases in AC flow
rate or the pump controlling the AC flow (AC pump rate) also increase citrate delivery to the
circuit. The WB:AC ratio is the ratio of WB to citrate anticoagulant in the extracorporeal
circuit. For example, a WB:AC ratio of 12:1 represents 12 parts WB to 1 part AC or an AC
dilution of 1/13th. Either the WB: AC ratio or the reciprocal of the dilution factor is used by
some instruments to calculate an “AC ratio” (AC ratio of 13 in this example). In general, the
higher the AC ratio (>15), the less citrate anticoagulant is present in the circuit. A higher AC
ratio favors development of platelet clumping and interface stability. The lower the AC ratio
(<10), the greater the concentration of anticoagulant delivered to the patient, which can
increase symptoms of citrate toxicity. The effect of these procedural settings on citrate
delivery is summarized in Table 1.

In addition to these technical variables, the amount of citrate reinfused to the patient is
influenced by the centrifugation separation efficiency, the amount and type of blood
component returned containing citrate (e.g FFP contains ∼7 mmol citrate/Unit and RBC
contains ∼2-3mmol/Unit), the return speed, and the length of the entire procedure.15,16

Effects of citrate load based on various procedures and plasma replacement are provided in
Table 2. Table 3 provides a listing of recommended AC ratios by manufacturer and type of
procedure performed.

Citrate Toxicity
In general, apheresis performed with citrate anticoagulation is considered safe, and serious
side effects are uncommon.17 However, as citrate containing blood is returned to the donor,
chelation of cations can continue in the systemic circulation. Consequently, metabolic
complications ensue (hypocalcemia, hypomagnesemia, metabolic alkalosis, and other
electrolyte derangements) and are accompanied by symptoms. In several studies examining
a variety of apheresis procedures, mild citrate related reactions (usually perioral tingling or
paresthesias) have been reported as the most frequent complication. Citrate related
complications have been reported to occur in: 1.2% of donors during voluntary donation,18

7.8% of patients undergoing therapeutic plasma exchange procedures,19 and 48% of patients
undergoing large volume leukapheresis during peripheral blood progenitor cell collection.20

Although extremely rare, life-threatening hypocalcemia may develop during apheresis,
particularly during large volume exchanges that are used for stem cell collection. The
following sections describe the physiologic changes that commonly accompany citrate
infusions, manifestations of citrate toxicity, and management of symptoms.

Citrate-Induced Hypocalcemia
Risk factors for citrate toxicity

The most common reactions during apheresis are principally related to effects of
hypocalcemia.20-23 Factors influencing symptom development include rate of citrate
infusion, the rate of decline in ionized calcium levels and hepatic metabolism of the infused
citrate. A routine citrate infusion rate of 1-1.8 mg/kg/min is known to result in a 25-35%
reduction in ionized calcium levels.11,24,25 A 0.5-0.6 mmol/L increase in plasma citrate
lowers iCa2+ levels by 0.1 mmol/L.3 As ionized calcium levels decrease, protein bound
calcium levels will also decrease by 35%, as Ca2+ dissociates from albumin to maintain
homeostasis.26 As ionized calcium levels fall, signs and symptoms of hypocalcemia will
invariably develop. Tetany is seen when the ionized calcium level falls below 1.1 mmol/L
(4.4 mg/dL), and an ionized calcium level less than 0.8 mmol/L (3.2 mg/dL) have been
associated with fatal arrhythmias.27
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There is considerable individual variability in the development of symptoms and signs of
citrate-induced hypocalcemia. Predictors of citrate toxicity include older age, female gender,
lower body weight, and blood volume less than 4 liters.9,20,24,28,29 Patients with comorbid
conditions such as hepatic or renal insufficiency may be at increased risk of citrate toxicity
due to impaired metabolism of citrate.10,30 Patients with thrombotic thrombocytopenia
purpura (TTP) or others with renal failure are at risk of developing metabolic alkalosis given
decreased bicarbonate excretion, and they may benefit from closer monitoring of their acid-
base status.10,31,32 Metabolic alkalosis is especially of concern in the mechanically
ventilated patient where respiratory compromise cannot occur.2 Patients with pre-existing
cardiac dysfunction33 or underlying neuromuscular disorders (such as myasthenia
gravis)17,34 may be especially susceptible to the neurotoxic effects of citrate-induced
hypocalcemia.33 A low baseline serum albumin also places patients at risk for developing
citrate-related symptoms, as albumin-bound calcium normally disassociates to counter-act
decreases in ionized calcium levels.28,29 Presence of these risk factors and/or comorbidities
may identify patients who will benefit from procedural modifications or calcium
supplementation.

Technical issues may also predispose a patient to developing citrate toxicity. Longer
procedures will result in citrate accumulation.11,24 Large volume procedures will inevitably
result in a larger volume of infused citrate.35,36 The final citrate load to the patient is also
considerably higher when FFP is used as replacement fluid, as it contains approximately
15% citrate by volume.10,11,16,37-39 Not surprisingly, the risk of citrate toxicity and
hypocalcemia will also be higher when apheresis is performed on consecutive days.9,31

Signs and symptoms of hypocalcemia
Hypocalcemia is defined as an iCa2+ of <4.5 mg/dL (1.1 mmol/L). Symptoms manifest
variably when iCa2+ levels fall below normal range. Symptoms of hypocalcemia can be
categorized as mild, moderate or severe (See Figure 1). Transient episodes of hypocalcemia
are usually mild, well tolerated, and often inconsequential. Nonspecific mild symptoms of
hypocalcemia in donors include headaches, nervousness, irritability, lightheadedness,
flushing, shivering, nausea, vomiting, chest discomfort, and abdominal cramping.
Hypocalcemia can also alter neuromuscular function by enhancing motor nerve excitability
and by causing spontaneous depolarization of nerve membranes. These changes in
neuromotor excitability range from mild (loss of deep tendon reflexes, dysesthesia, muscle
cramps, tremors, perioral or acral paresthesias), to moderate (involuntary muscle
contraction, carpopedal spasm), or severe symptoms (tetany, laryngospasm, or
seizures).3,9,11,21,22,40 Of these neurologic symptoms, local paresthesias are by far the most
common side effect, constituting 12.1%41-39%42 of adverse reactions reported by donors.

Hypocalcemia also affects cardiac function.6,43 A low ionized calcium level from citrate
administration has been demonstrated to cause a prolonged QT interval on
electrocardiography (ECG). This is a sensitive marker of citrate toxicity and has been found
to occur in all patients during plateletpheresis.44 Other ECG abnormalities reported with
citrate exposure include increases in ST segment duration and decreases in T wave
amplitude.45 This is a direct result of hypocalcemia and subsequent prolongation of the
plateau phase of myocardial depolarization which can lead to cardiac arrhythmias.3,19,46

Although citrate-related cardiac abnormalities are usually brief and self-limited, one case
report of fatal cardiac arrest after plasma exchange has been reported, secondary to citrate
toxicity.47 Decreases in myocardial contractility, decreases in cardiac output, and increased
vascular smooth muscle relaxation from citrate-induced hypocalcemia have also been seen
as serum citrate levels rise above 2.5 mmol/L and can result in systemic
hypotension.21,44,48,49 Symptomatic hypocalcemia can be exacerbated when replacement
fluids are administered which do not contain calcium (such as albumin) or when
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replacement fluids are given which contain additional citrate (such as FFP).3,17,23,39

Alkalosis can also accentuate citrate-induced symptoms.

Management of hypocalcemia
The presence of hypocalcemia (iCa2+ less than 4.5 mg/dL or 1.1 mmol/L) and severity of
clinical symptoms dictates replacement strategies. Calcium replacement can be administered
by the oral or parenteral route for prophylactic, intermittent, or continuous supplementation.

Mild symptomatic hypocalcemia
Strategies for management of mild hypocalcemia include using an anticoagulant solution
with a lower citrate concentration (such as ACD-B), using a lower TBV estimate, altering
citrate infusion rates through adjustment of the inlet pump or AC ratios, or using oral
calcium supplements.7,11,19,49 Slowing the whole blood processing rate, inlet pump rate,
citrate infusion rate, or reinfusion rate during the apheresis session has immediate effects
and often suffices to mitigate symptoms.14,16,19,20,49 Simply pausing the apheresis
procedure is also effective as it allows for citrate metabolism to catch up with citrate
accumulation.14 Inevitably, these technical adjustments will extend procedure times.

Oral calcium supplements have been shown to be effective for management of mild
symptomatic hypocalcemia. Oral calcium carbonate (2 grams in the form of an antacid, such
as TUMS) can be given prophylactically 30 minutes before the initiation of apheresis. In a
randomized, double blind, placebo controlled trial of 23 donors undergoing plateletpheresis,
2 grams of oral calcium carbonate was shown to increase total and ionized serum calcium
levels during apheresis, while attenuating the compensatory rise in PTH.28 Additionally,
prophylactic oral calcium significantly reduced the severity of paresthesias when compared
to placebo, with a trend toward lower frequency of overall symptoms.28 Although oral
supplements are recommended for patients with a history of paresthesias, routine
prophylaxis is not recommended as 70-80% of donors will have minimal symptoms that do
not require intervention.29,41 In another study, ingestion of 50-240 mL of an isotonic sport
drink (containing ∼5 g of calcium) can significantly increase ionized calcium levels after 2-5
minutes and resolve ongoing clinical symptoms.9

Moderate to severe symptomatic hypocalcemia
Intravenous (IV) calcium supplementation is indicated for management of moderate to
severe symptomatic hypocalcemia. IV calcium can be administered intermittently as
scheduled boluses during apheresis or it can be given continuously throughout the entire
procedure.

Two IV formulations are available for calcium replacement: calcium gluconate (CaGluc) or
calcium chloride (CaCl2). Dosing guidelines for calcium supplementation is shown in Table
4. Calcium gluconate contains about 94 mg of elemental calcium per gram50, whereas CaCl2
has three times the elemental calcium content (270 mg elemental calcium/g) and has greater
bioavailability.51 In one prospective study comparing the two formulations, continuous
infusion of calcium chloride during leukapheresis resulted in higher total calcium and higher
ionized calcium levels when compared to calcium gluconate.24 Administration of calcium
chloride results in greater increases in serum ionized calcium and improvement in blood
pressure when compared to calcium gluconate.51 However, the benefits of IV CaCl2 are
offset by its vesicant properties (as 10% solution) and requirement for a central line for
infusion.

In certain situations, where the risk of citrate toxicity is high, continuous infusion of
intravenous calcium may be indicated. For example, during large volume leukapheresis
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(involving a 3-volume or greater exchange) there is a high incidence of citrate related
complications. Continuous infusion of IV calcium has been shown to be effective in raising
total calcium levels,24 maintaining ionized calcium levels within the normal range,9 and
reducing the PTH response to hypocalcemia.20,24 This results in a significant reduction in
the incidence of citrate-related symptoms from 48%20-54%24 down to 17%20-20%,24

without affecting the technical performance or efficacy of the procedure. Prophylactic
continuous infusion of IV calcium has also been shown to decrease the severity of citrate-
induced symptoms,20 and it has been used successfully in other studies of peripheral blood
progenitor cell harvesting9,43 or plateletpheresis.52 Similarly, supplementation of return
fluid with a constant infusion of calcium gluconate has been demonstrated to significantly
decrease the incidence of citrate reactions during therapeutic plasma exchange, although the
severity of the reactions was not affected in this study.14 Dosing guidelines for IV calcium
supplementation in the return fluid are shown in Table 4.

Infusions of IV calcium before the initiation of apheresis has demonstrated limited efficacy
because of its transient nature.9 Likewise, intermittent boluses of 10% calcium gluconate
during apheresis have not been shown to decrease the rate of citrate reactions when
compared to simply adjusting the apheresis process or administering oral calcium
carbonate.14 Patients with a significant cardiac history should not receive continuous IV
calcium infusions during apheresis.20 In addition, calcium should never be added directly to
citrated plasma as this may activate clotting factors and initiate clotting in the returned
blood.11

Other Citrate-Induced Metabolic Abnormalities
Several metabolic complications other than hypocalcemia have been described with citrate
administration including hypomagnesemia, metabolic alkalosis, hypokalemia, and changes
in parathyroid hormone levels (PTH). These metabolic complications are citrate mediated
and often related to citrate infusion rates or donor characteristics.29

Magnesium is a divalent cation which has a similar affinity to citrate as calcium. During
apheresis, magnesium levels decrease by as much as 30-50% depending on the procedure
performed and the citrate infusion rate, although the fall in magnesium levels is more rapid
and takes longer to recover when compared to calcium.25,53 Hypomagnesemia may also
result from increased urinary excretion of magnesium, which has been recorded during and
after apheresis.24,29 Clinically, the symptoms of hypomagnesemia are very similar to the
symptoms of hypocalcemia and include muscle spasm, muscle weakness, decreased cardiac
contractility, and decreased vascular tone. In studies, decreased levels of ionized magnesium
is significantly associated with the development of citrate-associated symptoms.24,29 Unlike
the symptoms of hypocalcemia, symptoms of hypomagnesemia will not respond when
calcium supplementation is administered. Administration of magnesium sulfate can improve
paresthesias and other symptoms due to decreased ionized magnesium levels.49 Dosing
guidelines for oral and IV magnesium supplementation are provided in Table 4.

Metabolic alkalosis can also develop as a direct result of apheresis. Normally, the liver
metabolizes citrate, consuming hydrogen ions and producing sodium bicarbonate, thus
raising serum pH levels.36 The subsequent development of metabolic alkalosis is usually
tempered by renal excretion of excess bicarbonate, but in patients with renal failure or who
are anuric, excess bicarbonate can accumulate resulting in a metabolic alkalosis.24,29,31,32

Still, no significant morbidity has been shown with the development of metabolic
alkalosis10.

The generation of a metabolic alkalosis contributes to the development of hypokalemia. For
example, the simultaneous development of metabolic alkalosis and hypokalemia, with serum
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potassium levels less than 3.0 mEq/L, has been found to occur frequently in patients with
TTP after plasma exchange.10 Metabolic alkalosis directly induces hypokalemia, as high
serum bicarbonate levels cause a compensatory shift of hydrogen ions out of the intracellular
compartment in exchange for potassium. The concurrent presence of hypocalcemia and
hypomagnesemia also contributes to the development of hypokalemia, as the development
of citrate-induced hypocalcemia has been found to be strongly associated with the
subsequent development of citrate-induced hypokalemia.36,53 Metabolic processing of the
dextrose contained in citrate anticoagulants is also hypothesized to contribute to potassium
shifts and to the development of hypokalemia. Clinically, hypokalemia may exacerbate
neurologic and cardiac abnormalities causing muscle weakness and hypotonia, as low serum
potassium levels and decreased potassium conductance contribute to unstable membrane
potentials.36,54 Finally, serum glucose levels rise during apheresis because of the dextrose
contained in ACD-A and ACD-B, prompting increased insulin secretion.28

Heparin Anticoagulation
Unfractionated heparin (UFH) can be used as an anticoagulant during apheresis; however,
because of the efficacy of citrate based anticoagulation in routine exchange procedures,
heparin use is limited to certain apheresis indications: combined citrate/heparin therapy in
pediatric apheresis, large volume leukapheresis in adults, or as a stand alone agent in
membrane based plasma exchange, LDL-apheresis, or photopheresis.20,24 When heparin is
administered as a simultaneous continuous infusion with citrate,55 WB:citrate ratios are
lowered to1:25 to 1:30 and heparin is given by bolus dosing (20-40 IU/kg) followed by
continuous infusion (0.1-0.5 IU/kg/min) with monitoring of activated clotting time (ACT) to
maintain clotting time to 180-210 seconds56. Alternatively, heparin can be added to ACD
solution (5000 units to 500 mL ACD-A bag) and infused at a WB:AC ratio of 1:30.56

Combining heparin with citrate anticoagulation does not completely eliminate citrate
reactions; in one study, 39% of patients still experienced paresthesias due to citrate-related
hypocalcemia.42 For membrane based plasma exchange, LDL apheresis or photophoresis,
we advise following manufacturer guidelines for heparin dosing as recommendations vary
by membrane system and instrument.

All heparins exert their primary anticoagulant effect by binding antithrombin (AT) and
altering its conformation to produce rapid inactivation of clotting factors, particularly
thrombin and Factor Xa. Thus, the major complication of UFH therapy is bleeding (major
bleeding 0-7%, fatal bleeding 0-3%).57 Hemorrhagic episodes are correlated with the
intensity of anticoagulation, concomitant use of anti-platelet therapy, gender (F>M),
comorbidities such as recent surgical or interventional procedures, and coexisting hemostatic
defects.58 In patients receiving heparin therapy for continuous renal replacement, bleeding
risk was shown to be increased by 50% for every 10 second rise in the aPTT.59 Other
complications include heparin-induced thrombocytopenia (HIT) 1-5%,60 and osteoporosis
(2-3% risk of vertebral fracture with >1 month treatment).57 Heparin-Induced
Thrombocytopenia (HIT) is a life-threatening immune complication of heparin therapy
caused by antibodies directed to complexes containing heparin and an autologous platelet
protein, Platelet Factor 4 (PF4). The diagnostic hallmark of HIT is the development of
thrombocytopenia during heparin therapy, usually within 5-7 days of drug initiation.
Clinically, thrombocytopenia is mild (usually 50-100,000), rarely causes bleeding, and often
times, is manifested only as a relative drop (30-50%) in platelet counts.60 Thrombocytopenia
in HIT, however, serves as a marker for thrombotic complications that develop in
approximately 20-50% of patients. Mortality from thrombotic complications in
unrecognized HIT is exceptionally high (6-27%).60 HIT is diagnosed based on clinical
features (temporal relationship of thrombocytopenia with recent heparin exposure, 30-50%
drop in platelet counts, and exclusion of other causes). Clinical evaluation for HIT can be
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challenging in patients with other causes for thrombocytopenia, such as infection and/or
underlying TTP.

Conclusion
Citrate is the preferred anticoagulant for maintaining patency of apheresis circuits.
Symptoms of citrate toxicity are generally due to symptomatic hypocalcemia and can be
prevented through monitoring of ionized calcium and monitoring of patients symptoms.
Prophylactic oral calcium supplementation or a continuous infusion of intravenous calcium
can be effective in reducing the incidence of citrate-induced symptoms during high risk
procedures. Unfractionated heparin is reserved for procedures requiring high blood flow
(membrane-based plasma exchange or LDL apheresis) or for use in conjunction with citrate
to minimize symptoms of citrate toxicity.
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Figure 1. Severity of symptoms associated with hypocalcemia
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Table 1
Procedural settings and influence on systemic citrate concentrations

Setting Description Effect

Inlet Pump controls the rate of blood delivery from the patient to the
centrifuge

↑pump rate: increases citrate delivery
↓pump rate: decreases citrate delivery

AC flow rate or AC pump
rate

rate at which citrate is infused from the anticoagulant bag to the
inlet line containing the patient's blood

↑AC flow rate: increases citrate delivery
↓AC flow rate: decreases citrate delivery

Whole blood (WB):AC
ratio

ratio of WB to citrate anticoagulant in the extracorporeal circuit ↑WB:AC ratio: decreased citrate delivery
↓WB:AC ratio: increased citrate delivery
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Table 2
Effects of exchange procedure and replacement fluid on citrate load

Amount of citrate administered
for anticoagulation (A)

If FFP used as replacement
fluid† (B)

Total amount of citrate
administered (A+B)

Centrifugal TPE using citrate 14 mmol/hr 50 mmol/hr 64 mmol/hr

Membrane TPE using citrate 28-56 mmol/hr 50 mmol/hr 80+ mmol/hr

Membrane TPE using heparin 0 mmol/hr 50 mmol/hr 50 mmol/hr

†
Based on following estimates: FFP infusion rate of 30 ml/min (or 1800 mL/hr), ∼ 7mmol citrate/FFP Unit, 250 mL/Unit FFP, yielding ∼50 mmol

citrate/hr

Modified with permission from 2011 Therapeutic Apheresis Academy presentation by Dr. David M. Ward, Professor of Medicine, Division of
Nephrology, University of San Diego
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Table 3
Recommended AC ratios by Apheresis Instrument and Procedure

Apheresis machine
(Vendor, Location)

Apheresis procedure Default AC ratio* WB:AC
dilution/ratio

Cobe Spectra
(Caridian BCT, Lakewood, CO)

TPE 10 9:1

AutoPBSC procedures 12 11:1

MNC procedures 12 11:1

PMN procedures 13 12:1

Spectra Optia
(Caridian BCT, Lakewood, CO) TPE 10 9:1

Fresenius-Kabi AS104
(Fresenius-Kabi, Bad Homburg, Germany)

TPE with albumin 12 12:1

TPE with FFP 14 14:1

Platelet
collection/depletion

8 8:1

RBC
exchange/depletion

12 12:1

WBC
collection/depletion

10 10:1

Fresenius-Kabi COM.TEC TPE with albumin 12 12:1

TPE with FFP 14 14:1

*
AC ratio as provided by the manufacturer

Table modified with permission from 2011 Therapeutic Apheresis Academy presentation by Dr. Gay Wehrli, Associate Medical Director of Blood
Bank and Transfusion Medicine Services and Assistant Professor of Pathology, University of Virginia, 2011
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Table 4
Calcium and Magnesium Supplement Guidelines

Formulation Description Dosing Notes

Calcium Carbonate Oral supplement
(400 mg elemental

calcium per g)

2 grams po

Calcium Gluconate 10% solution
(1gram/10mL:
contains 90 mg

elemental Ca2+ per
g)

• IV infusion: 5-10 mL of a 10% solution
over 10-15 minutes50

• Piggyback to return line: 10 mL of a 10%
solution in 100 mL normal saline via
return line14

• Albumin supplementation: 1 g CaGluc
per liter albumin61

• Repeat every 4-6
hours as needed
based on serum iCa2+

• Pediatric dosing:
100-200 mg/kg IV
over 5-10 min for
maximum rate 5 ml/
min

Calcium Chloride 10% solution
(1 g/10mL;

contains 270 mg
elemental Ca2+ per

g)

• 3.3 mL of 10% solution given by slow IV
infusion

• 3.3 mL of 10% solution added to 100 mL
normal saline and piggybacked onto
return line

Vesicant if delivered via
peripheral line; must be given by
central venous access

Magnesium Sulfate PO 3 grams 3 g po every 6 hours for 4 doses

Magnesium Sulfate IV 1-2 grams 1 to 2 g of IV MgSO4 over 5-60 minutes. For
Torsades, 1-2 g may be given by IV push over 5-20
minutes

Pediatric dosing: 25-50 mg/kg IV
or IM
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