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EXTRACORPOREAL THERAPY

BLOOD PURIFICATION
DIALYSIS/HAEMOFILTRATION
APHARESIS
ALBUMIN BASED DIALYSIS (‘MARS’)
C02 DIALYSIS

EXTRACORPOREAL MEMBRANE OXYGENATION



Since ancient times…
Removal of pathogenic 
substances from the blood had 
been postulated to be therapeutic 
or even curative for some 
diseases. 

Phlebotomy was known as 
bloodletting when it was first 
used and dates back to the 
ancient Egyptians, around 
1000 BC.

APHARESIS IS NOT NEW



In the modern era…
The term apheresis refers to 
the general technique of 
extracorporeal removal of a 
blood constituent.

WHAT ABOUT APHARESIS NOW?



Procedure Target Molecule

Adsorptive cytapheresis Monocytes, granulocytes
ß2-microglobulin column ß2-microglobulin
Double filtration plasmapheresis Autoantibodies, immune complexes, lipoproteins
Erythrocytapheresis Red blood cells
Extracorporeal photopheresis Buffy coat (white blood cells and platelets)
Immunoadsorption Immunoglobulins
Leukocytapheresis White blood cells
Lipoprotein apheresis Lipoprotein particles
Red blood cell exchange Red blood cells (exchanged for replacement fluid)

Rheopheresis/
Double filtration plasmapharesis

High-molecular-weight plasma components (fibrinogen, 
α2-macro-globulin, low-density lipoprotein cholesterol, and 
IgM)

Therapeutic plasma exchange Plasma (exchanged for replacement fluid)
Thrombocytapheresis PlateletsA
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APHARESIS MODALITIES



DIFFUSION     VS    CONVECTION



Tolwani. N Engl J Med 
2012;367:2505-2514

CONVECTION

DIFFUSION VS



HOLLOW FIBRE TECHNOLOGY



MEMBRANE SEPARATION



Zhang et al. RSC Adv., 2015,5, 21532-21543
. 

Example of dialysis membrane. 

HOLLOW FIBRE TECHNOLOGY



HAEMODIALYSIS = MAINLY DIFFUSION
Intermittent or continuous therapy



HAEMOFILTRATION = CONVECTION
Usually, a continuous therapy



HAEMODIAFILTRATION = DIFFUSION + CONVECTION
Intermittent or continuous therapy



ADSORPTION

Intensive Care Med 48, 1397–1408 (2022)

Adsorption is the adhesion of atoms, ions or molecules 
from a gas, liquid or dissolved solid to a surface. This 
process creates a film of the adsorbate on the surface of 
the adsorbent. In blood purification, hollow fibres or 
microspheres can be used as the adsorbent surface.

Cartridge filled with 
microspheres



HAEMOPERFUSION

An extracorporeal procedure in which the anticoagulated patient’s blood passes through a 
volume of adsorbent material (usually activated charcoal, microporous inorganic material, 
polymeric resins arranged in microspheres or hollow fibre)



IMMUNOADSORPTION
Immunoadsorption is a selective apheresis method for the removal of specific antibodies and 
immune complexes, leaving other plasma components and obviating the need for plasma 
replacement.



Molloy, E. et al. Optimizing the Apheresis Product. Chimeric Antigen Receptor T-Cell Therapies for Cancer, 7–16 (2020). 

SEPARATION BY CENTRIFUGATION



Cervantes et al Am J Kidney Dis. 81(4):475-492 2023

THERAPEUTIC PLASMAPHARESIS



Cervantes et al Am J Kidney Dis. 81(4):475-492 2023

THERAPEUTIC PLASMAPHARESIS



Extracorporal selective double-filtration procedure with an initial separation of plasma 
from the whole blood and a further filtration of the plasma through a second filter in 
order to eliminate a certain number of high molecular weight proteins such LDL, Lp(a), 
fibrinogen, α2-macroglobulin, von Willebrand Factor, and IgM. 

DOUBLE FILTRATION PLASMAPHARESIS
= rheopheresis



Clin J Am Soc Nephrol 9: 181–190, 2014.

EXTRACORPOREAL THERAPIES EFFECTIVENESS 
VS TARGET MOLECULES SIZES



Plasmapheresis removes plasma from a patient

Therapeutic plasma exchange (TPE) involves the removal of 
plasma from blood and replacement of the plasma with another 
fluid (crystalloid, colloid, allogenic plasma)

Can be membrane-based or centrifuged-based

(THERAPEUTIC) PLASMAPHARESIS
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THERAPEUTIC PLASMAPHARESIS



CENTRIFUGATION VS MEMBRANE FILTRATION

Characteristic
Therapeutic Plasma Exchange

Haemodialysis
Centrifugation Membrane Filtration

Mechanism Centrifugal force Convection Diffusion and/or convection

Blood flow, mL/min 10-150 150-200 Continuous: 100-300; 
intermittent: 200->400

Vascular access Peripheral vein Dual lumen catheter AVF/AVG/Catheter

Blood volume in circuit, mL 180 125 160-280

Plasma extraction, % 80 30 NA

Molecular weight cutoff, Da >15,000 >15,000 <15,000

Vd, L/kg Low (<0.3) Low (<0.3) Moderate (≤1.5-2)

Protein binding, % >80 >80 <80

Anticoagulation Citrate Heparin HeparinA
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The relationship of percentage decrease in initial concentration for a given substance as 
a function of volume exchanged (Ve) relative to estimated plasma volume (EPV)
Kaplan, 1999 (A Practical Guide to Therapeutic Plasma Exchange; Blackwell Science)

TPE CLEARANCE



Clin J Am Soc Nephrol 9: 181–190, 2014.

IDEAL TARGET MOLECULE ATTRIBUTES FOR TPE



Intensive Care Med (2022) 48:1382–1396

PLASMA CLEARANCE IN CONSECUTIVE TPE SESSIONS

1.2 plasma volume 
treated per session



PRACTICAL OVERVIEW OF TPE

Intensive Care Med (2022) 48:1382–1396











The results of several CTs show :
TPE can accelerate motor recovery, decrease time on the ventilator, and decrease time to attainment of 
other clinical milestones. 

The  review of TPE in AIDP  updated in 2017 concluded that TPE is an effective treatment of GBS and 
should be initiated within 7 days of disease onset

Furthermore, TPE was reported to be more cost effective in India than IVIG (Maheshwari, 2018). 

Combining of TPE and IVIG in sequential order was not advantageous

There are insufficient data to conclude on the efficacy of TPE after IVIG failure. 

Treatment decisions must be made on a case-by-case basis.

The typical TPE strategy is to exchange 1-1.5 plasma volumes 5-6 times over 10-14 days, some 
patients may need additional treatments. Replacement fluid: Albumin or Plasma

ASA GUIDELINES FOR AIDP/GBS



Disease Indication Category Evidence
Acute disseminated encephalomyelitis Steroid-refractory II 2C

AIDP (including GBS) Primary treatment I 1A
CIDP (Chronic inflammatory demyelinating
polyradiculoneuropathy)

I 1B

Lambert-Eaton myasthenic syndrome II 2C

Multiple sclerosis Acute attack/relapse II 1A

Myasthenia Gravis Short-term treatment
Long-term treatment 

I
II

1B
2B

Neuromyelitis optica spectrum disorders Acute attack/relapse II 1B

N-methyl-D-aspartate receptor antibody NMDA 
encephalitis

I 1C

Paraproteinemic demyelinating neuropathies
Chronic acquired demyelinating polyneuropathies 

IgG/IgA/IgM I 1B

PANDAS (pediatric autoimmune neuropsychiatric 
disorders associated with streptococcal infections)

Exacerbation II 1B

Phytanic acid storage disease (Refsum disease) II 2C

VGKC (voltage-gated potassium channel) 
antibody–related diseases 

II 1B

Padmanabhan et al. J Clin Apher. 2019;34:171–354

NEUROLOGICAL INDICATIONS FOR TPE



Disease Indication Category Evidence

Cardiac Desensitization II 1C

HSCT Major ABOi HPC(M)
Major ABOi HPC(A) 

II
II

1B
2B

Liver Desensitization, ABOi living donor I 1C

Kidney,  ABO compatible
Antibody mediated rejection
Desensitization, living donor 

I
I

1B
1B

Kidney,  ABO incompatible
Antibody mediated rejection
Desensitization, living donor 

I
I

1B
2B

Padmanabhan et al. J Clin Apher. 2019;34:171–354

TRANSPLANT INDICATIONS FOR TPE



49 year old male. Past history of  SLE and HD for KF.
Living donor kidney transplant from his wife in 2017 (in India)
Baseline creatinine last year 100. Admitted with creatinine of 250 in December 2023, 
Given  IV methyl prednisolone 0.5/day for 3 days
Kidney biopsy done one week after
Not responded, anti-thymocyte globulin (ATG-Thymoglobuline) given
Biopsied on 20/2/24, reported locally as 'AMR or infection’. Second opinion sought abroad.
CRP normal and no clinical signs of infection
High dose IV IgG given on 24/2/24 and PEX x5 started in 25/2/24
Creatinine is still stuck at 320
Patient went to India. Second biopsy. Creatinine went up to 700.
Started on HD, antibacterials, antifungals and valganciclovir
Back to Mauritius – all immununosuppression stopped
HD stopped after 3 months

PATIENT SL



Disease Indication Category Evidence

Anti-GBM disease (Goodpasture syndrome) Not receiving dialysis at presentation I 1B

CAPS (catastrophic antiphospholipid syndrome) I 2C

FSGS Recurrent in kidney transplant I 1B

Myeloma cast nephropathy II 2B

SLE Severe complications I 2C

AAV (ANCA-associated vasculitis) TPE MPA/GPA/RLV: RPGN, SCr ≥500μmol/l
MPA/GPA/RLV: Diffuse alveolar 
haemorrhage

II
I

1A
1C

Vasculitis, other Hepatitis B polyarteritis nodosa II 2C

Padmanabhan et al. J Clin Apher. 2019;34:171–354

RENAL/MULTISYSTEM INDICATIONS FOR TPE



Disease Indication Category Evidence

Autoimmune hemolytic anemia, severe Severe cold agglutinin disease II 2C

Cryoglobulinemia Severe/symptomatic II 2A

Hyperviscosity in hypergammaglobulinemia Symptomatic 
Prophylaxis for rituximab 

I
I

1B
1C

TMA, complement mediated CFH autoantibody I 2C

TMA, drug associated Ticlopidine I 2B

TMA, TTP (Thrombotic thrombocytopenic purpura) I 1A

Padmanabhan et al. J Clin Apher. 2019;34:171–354

HAEMOTOLOGICAL INDICATIONS FOR TPE



Disease Indication Category Evidence

Acute liver failure (needs high volume TPE) I 1A

Wilson disease, fulminant I 1C

Familial hypercholesterolemia Homozygotes/heterozygotes II 1B

Steroid-responsive encephalopathy associated with 
autoimmune thyroiditis (Hashimotoencephalopathy) 

II 2C

Thyroid storm II 2C

Overdose, envenomation, and poisoning iI - III 2C

Padmanabhan et al. J Clin Apher. 2019;34:171–354

OTHER INDICATIONS FOR TPE

Evidence based on case reports and series.

TPE most used in amanita mushroom poisoning. Other uses: castor bean ingestion, 
pesticide/organophosphate poisoning, snake or spider bites, scorpion or Africanized bee stings.

Various drug overdoses/ poisonings – best used for the removal of drugs with a low volume of distribution 
(<0.2 L/ kg) and/or high-plasma protein binding (>80%). Important factors include the timing of poisoning.

















COMPLICATIONS OF TPE



COMPLICATIONS OF TPE



COMPLICATIONS OF TPE



Hospital Sex Age Indication No of sessions

AGJH M 46 Guillain-Barre Syndrome 4
BCH F 48 SLE - complications 4

BCH M 43 Guillain-Barre Syndrome 4
BCH M 50 SLE - complications 4

VH M 76 Guillain-Barre Syndrome 4

VH M 38 Acute antibody mediated rejection 5

SSRNH M 72 Myasthenia Gravis 4

VH F 13 Guillain-Barre Syndrome 5

FIRST YEAR OF TPE IN MOHW



THANK YOU!



https://karger.com/bpu/article/53/5/358/867584/Nomenclat
ure-of-Extracorporeal-Blood-Purification


