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Apheresis
·From the Greek - ȰÔÏ ÔÁËÅ Á×ÁÙȱ

·Blood separation

·Donor apheresis

·Therapeutic apheresis



Donor Apheresis
·Platelets

·Plasma

·Red blood cells

·Red blood cells and plasma

·Granulocytes

·Allogeneic progenitor cells



Therapeutic Apheresis

·Therapeutic Apheresisis an Umbrella term 
covering multiple procedures in three 
categories:

·Removing a blood component

·Removing and replacing a component

·Blood component alteration



ApheresisHistory



Principles of Blood Separation
·Filtration

·Centrifugation



MembraneSeparation
·Blood is pumped through a membrane with pores 

allowing plasma to pass through whilst retaining 
blood cells.

·Available as a hollow fiber membrane (older 
devices used parallel-plate membranes)

·Pore diameter for plasma separation: 0.2 to 0.6ʏm.

·A number of parameters need to be closely 
controlled



Detailof MembraneSeparation
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Hollow Fiber Membrane Diagram



Membrane Blood Separation



MembraneSeparation:
KeyParameters
·Trans-membrane Pressure

· Difference between the pressures at both sides of the membrane 
(blood/plasma).

· Usually must be kept below 50 mmHg to avoid RBC hemolysisand/or pore 
blocking.

·Hematocrit
· As blood is flowing along the fiber, plasma is being continuously removed 

and the HCT increases.

· Plasma removal must be limited to avoid exceeding a critical HCT and 
blood viscosity that could cause membrane blocking.

·Shear Rate
· Flow below which blood cells adhere to the membrane

· Blood flows need to be faster the shear rate to avoid blocking of the pores.



CentrifugalSeparation
·Based on thedifferent specific gravity of the blood 

components.

·In some instruments, also based on the cellular size
(Elutriati on).

·All apheresisdevices need to be able to control the 
Separati on Factor .



Densityof BloodComponents
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Separation of the Buffy Coat 
Components

Courtesy of CaridianBCT



Separation Factor (SF)
·Is a combination of centr i fugal acceleration (g) 

and centrifugation time (dwelling time)

·Or also

·4ÈÅ ȰÃÅÎÔÒÉÆÕÇÁÌ ÅØÐÅÒÉÅÎÃÅȱ ÔÈÁÔ ÄÅÔÅÒÍÉÎÅÓ ÔÈÅ 
degree of cell separation and sedimentation

·A.K.A. Packing Factor (same concept, different 
units)



G and SFcorrelate if dwelling time or inlet flow are constant

Courtesy of CaridianBCT

Separation Factor



Sedimentation Velocity: {ǘƻƪŜΩǎ
Law

Sv = 2 w2 R r2 (r-ro)

9m

Cellular Sv is proportional to:

Centrifugal Acceleration (w2 R ) or g

Square of the radius (r) of the cell

Difference between plasma and cell densities (r-ro)

Inverse of fluid viscosity (m)



CentrifugalSeparation
·Is a function of Sv and time. 

·In other words, depends on:

·The inlet f low, which determines the dwelling time.

·Design of the separation chamber, mostly the 
centrifugation radius (R).

·Angular speed of the centrifuge or RPM (ʝ)

·Plasma viscosity (µ)

·Cellular density and size, (ʔ) y (r ).



CentrifugalSeparation
Discontinuous Continuous

·Blood is processed in batches of 
a size that can be tolerated by 
the subject.

·Once the separation of that 
blood is completed, the 
separation chamber must be 
emptied to repeat the process 
(cycle) again.

·Large extracorporeal volume 
(ECV).

·Pediatric tubing sets (with 
smaller ECV) must be used with 
small patients.

·Blood is processed and 
separated in a continuous way.

·Once the tubing set is primed, 
the separation chamber is not 
emptied till the end of the 
process.

·Medium ɀsmall ECV.

·No pediatric tubing sets are 
necessary; instead, a blood 
prime is performed with smaller 
patients.



CentrifugalApheresisSystems

·Intermittent / Discont inuous Flow

·Haemonetics : PCS-2, MCS+ 8150 and 9000, Cymbal

·Continuous Flow

·CaridianBCT : COBE Spectra, Trima, Trima Accel, 
Spectra Optia

·Fenwal : Amicus, Alyx.

·Fresenius : AS 104, Com.Tec



Haemonetics Corporation
·HaemoneticsMCS+ LN 8150

· Collection of two RBC units

·HaemoneticsMCS+ LN 9000
· Platelets and plasma collection
· Plasma Exchange
· MNC Collection
· Granulocytes
· Platelet and leucocytes depletion

·HaemoneticsPCS 2
· Plasma (and WBC)collection

·Cymbal
· Collection of two RBC units



HaemoneticsDevices

PCS 2

MCS+

Cymbal

Courtesy of Haemonetics Corp.



PCS 2 bowl; Plasma (and RBC) collection process

Courtesy of Haemonetics Corp.



Fenwal, Inc. 

·Amicus
· Platelet & plasma collection (DN, SN; +1 concurrent RBC in 

SN as an option) 

· MNC collection (DN)

·Alyx
· Double RBC & plasma collection (SN)

Courtesy of Fenwal, Inc.



Amicus
ÅLaunched in Europe in 1995 (US, 
1998).
ÅPlatelet collection DN & SN, MNC 
Collection protocols.
ÅOptional concurrent collection of 1 
RBC unit with SN Platelet.
ÅTouch screen
ÅContinuous Flow
ÅApproximate weight 400 lbs.

Courtesy of Fenwal, Inc.



Alyx

ÅLaunched in 2003 in the US
ÅAble to collect 2 RBC units 
(leukoreduced or not).
ÅPortable, SN device
ÅContinuous Flow

Courtesy of Fenwal, Inc.



CaridianBCT 
·COBE Spectra

· Platelet collection & depletion (ELP, ELP LRS)(DN, SN)

· Plasma Exchange (TPE) (DN, SN)

· WBC collection and depletion (DN)

· Mononuclear Cells (MNC, AutoPBSC)

· Granulocytes (PMN)

· Bone Marrow Processing (BMP)

· RBC exchange and depletion (RBCX)(DN)

·Trima and Trima Accel
· Platelet, Plasma and RBC (dRBC) collection (SN)

·Spectra OPTIA
· TPE

· MNC (available in some world markets)



Trima
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