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Therapeutic Aphresis

 Definition

 Extracorporeal procedure

 blood separation technology 

 Removal of abnormal blood cells and/or plasma constituents

 According to specific blood element that is removed:

 Plasmapheresis (Therapeutic Plasma Exchange: TPE)

 Leukapheresis

 Erythrocytapheresis

 Thrombocytapheresis
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Kinetic of TPE
 macromolecule reduction ratio (MRR)

 Similar to URR in HD

C0 = initial concentration of the macromolecule

Ct = its concentration at time t

Ve = volume of plasma exchanged at time t

Vp = estimated plasma volume
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Relation between MRR and 
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 Largest decrease in MRR occurs with removal of first 
plasma volume

 subsequent plasma volume removal during the same 
session: 

 Only 32% increase in MRR

 Dilution effect

9



10



Reaccumulation
 Reaccumulation rom two sources: 

 Redistribution:
 From extravascular space occurs via lymphatic drainage  

 diffusion of the macromolecule across capillaries to 
intravaculature

 further synthesis
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Distribution volume of macromolecules 
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TPE interval

 IgM: 
 Higher endogenous synthesis
 predominantly intravascular distribution

when removing IgM antibodies or paraproteins, daily 
TPE is warranted.

 IgG

every other day TPE to allow IgG redistribution from 
extravascular into the intravascular compartment
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Technical consideration
 Centrifugal apheresis

 Membrane plasma separation (MPS).
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Centrifugal 
apheresis

 blood elements are separated 
by gravity, based on different 
densities of blood 
components

 RBC moves to outside of 
spinning container

 plasma (the lightest 
component) remains on the 
inside
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Inside centrifugal machine
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Membrane plasma 
separation
 Hollow-fiber filters for MPS very similar to 

dialysis

 hemofiltration procedure without dialysate

 Membranes with MWcutoff of 3 million 
daltons

 sufficient to allow passage of immune 
complexes (MW ≈1 million)

 pores are small enough to hold back the 
formed elements of the blood

 sieving coefficient between 0.8 and 0.9 for 
albumin, IgG, IgA, IgM, C3, C4, fibrinogen, 
cholesterol, and triglycerides
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MPS

 During water is removal, extravascular fluid can diffuse in to 
buffer the volume removal

 When plasma is removed, refilling rate of vascular compartment is 
reduced.

 higher risk of cardiovascular complication

 Qb should exceed 50 mL/min (100-150)

 Qb =100 mL/min, plasma removal rate of 30–50 mL/min
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ANTICOAGULATION

 Anticoagulation is mandatory for therapeutic 
apheresis procedures

 filtration devices use heparin

 Centrifugal machines require  citrate

 Complications related to citrate:
 Lowering ionized calcium

 Metabolic Alkalosis
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REPLACEMENT SOLUTION
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FFP
 Similar to filtrate removed from patient

 side effects:

 Allergic reactions (urticaria, hives, anaphylaxis)

 TRALI

 IgA-containing FFP to a patient with selective IgA
deficiency

 ABO compatibility is necessary

 Viral transmission
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FFP
 indications for replacing some or all of the removed 

plasma with FFP:

 HUS-TTP

 defect in hemostasis and/or low pretreatment serum 
fibrinogen level (<125 mg/dL)

 risk for bleeding: pre- or postsurgery

 replacement by albumin and crystalloid alone may 
result in depletion of coagulation factors, 

 but not  after one or two plasma exchanges
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Albumin
 HSA does not transmit viral diseases because of prolonged 

heat treatment during processing

 albumin as initial replacement solution

 0.9% saline must be used as the diluent of concentrated 
albumin
 water as a diluent has resulted in severe hyponatremia and 

hemolysis

 Crystalloid Shift
 Replace 20%–30% of the removed plasma volume with 

crystalloid
 The remaining by albumin
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Complications
 most common complication of TPE with centrifugal 

machines is related to citrate toxicity

 Hypotension:

 mainly due to: intravascular volume depletion

 Vasovagal reflex

 hypo-oncotic fluid replacement

 Anaphylaxis

 Arrythmia
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Complications
 Hemorrhage: 

 rare

 Multiple sessions of TPE: replace 2 units of FFP at end of each 
session

 Device-specific thrombocytopenia

 anaphylactoid reactions in patients taking ACE inh

 Infection

 Electrolyte abnormality:
 Hypokalemia

 Metabolic alkalosis
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Drug removal
 Supplemental dosing of prednisone, digoxin, 

cyclosporine, ceftriaxone, ceftazidime, valproic acid, 
and phenobarbital is not necessary after TPE

 dosages of salicylates, azathioprine, and tobramycin
should be supplemented
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Mechanism of action
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Guideline on the Use of therapeutic 
Apheresis in Clinical Practice-Evidence-
based Approach
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Ex-vivo effects of TPE
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Ex-vivo effects of TPE
Ex-vivo effect of plasma obtained from

patients with septic shock on
endothelial morphology and
function. a HUVECs were incubated
for 30 min with patients plasma
obtained immediately before (left
panel) and after (right panel)
therapeutic plasma exchange (TPE) ex
vivo. Immunofluorescent
cytochemistry for the cell-cell contact
protein VE-cadherin (green) and the
cytoskeletal component f-actin (red)
show severe alterations of the
endothelial architecture and the
formation of paracellular gaps (i.e.,
the cellular correlate of the clinical
capillary leakage syndrome).
Incubation of HUVECs with the same

patients plasma obtained after TPE
did not induce these changes any
more. This assay was performed with
plasma from all patients. Shown are
images from a representative patient.
b Transendothelial electrical
resistance (TER), a highly quantitative
method to assess permeability in real
time in vitro, revealed that 60%
(12/20) of patients plasma did induce
a severe drop in resistance (grey dots).
The same patients plasma after TPE
did not induce permeability any more
(white bars). c 40% (8/20) of patients
did not show any response to
therapeutic TPE with regard to TER
before and after the procedur
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Thanks a lot for your attention 73


